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INTRODUCTION 


TO THE ARTICLES ON INORGANIC CHEMISTRY. 


It has been thought advisable to include in an Addenda brief accounts of 
the chief work done in descriptive inorganic chemistry since the publication of 
Vols. I M II., and III., and the printing off the final proofs of Vol. IV. 

Nothing bearing on organic chemistry has been included in the Addenda, 
as to give an account of what has been done in this department since the various 
volumes were published would occupy many hundred pages. 

Dates are attached to the references made to original memoirs in the 
Addenda ; and references are frequently made to abstracts of the memoirs in 
the Journal of the Chemical Society . 


M. M. Pattison Muib. 



INTRODUCTION 


TO THE ARTICLES RELATING TO ORGANIC CHEMISTRY. 


The names used to denote ring formula are given below for convenience of 
reference. 

Since the publication of the last volume I have been assisted in the work of reading 
and making abstracts of original memoirs by Drs. T. Cooksey, T. A. Lawson, Samuel 
Rideal, Messrs. J. Wilkie, G. N. Huntly, and J. T. Norman. I have also been assisted 
by Mr. Arthur G. Green and Mr. Cecil W. Cunnington in the work of revising tne 
proof-sheets. I have great pleasure in thanking these gentlemen for the energetic and 
efficient manner in which they have oarried out their share of the work. 

H. Forster Morlry. 


Nomenclature of Ring Formulae. 

Hydrocarbons. 

OH,<^ Trimethylene. 1 ™^' CH 

CH,<^^>CHj Tetramethyltne. 

Pentamethylene. 


CH<£H>CH Tetramethenyl. 
CH 2<CcH : CH Pentamethenyl hydride. 
Cja^Q^OH Indonaphthme. 


»=<si 


Nitrogen compounds. 


Pyrrole . 
Pyrazole . 
Olyoxaline . 
Metapyr azole. 

»=<K»-<S H 


®K£g 

vtt ^CH:N 

Nfl \CH:CH 

CH:N 
CH.CH, 


Triazole . 


✓N:CH 

“:CH 


Osotriazole . 


ra <OHl 

«h<S H 

OA<Sh> OH Indole . 
C«H,<$ H >NH Indazine. 


Tetr azole. 


Pyrrodiazole. 




Pseudo-indazine, 


O.H.4 H >OA AoriMtt. 
QJEL,<^ jj ^>C,H 4 Thenaiint. 

N <^fl.OH> CH P V ridint ‘ 


N ^c£oH^ OH Py r 'Aazine. 

n <oh!ch> n p y ratine - 


N <cl!cH> CH 

N <cl; £ > CH 


Pyrimidine, 
Triazoline . 


N^ ^ '(^^OH Osotetrazole . 

OA<?« h 


CH:N 
N :<?H 


c a<s;Sh 

<w<2»i 


Quinoline. 
IsoqumoUne . 
QumoxaUne. 
QumazoUne. 
CinnoUne . 


C,H 4 <£ H $ Phentriazine. 

c * h * < Cc(NH).OH Ro * i » Min *' 

C * H < < Co(NH).OH :O.NPb^ >0l » H » { ^mduUne! 
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°<CH-CH Fwrfurane. 

0< NCH.-6H OxatoU. 

°<0H:6l Iso-oxazole or Isoxazole. 
0< CcH:N Biazole. 

C A < C *>CH Coumarone . 

Indoxazine. 

Sulphur 

8< vCH:CH ThAophem. 
a^'CH:CH 

fl >0 =«6 Thiophthene. 

S <CH:CH 

C H ^ g^OF Mcthmyl-amidophenyl-mer- 


Oxygen compounds. 


00 <^ 


Oarbisine. 


°<OH:CH> OH » P^ida^- 
°<CH:CH> NH Pj^oxatint. 

Pyroximidine. 

C,H 4 <^£^jg Qwnoxarin*. 

r tt / O w f Phenoxazine or Pton* 

°* H <SNH> C « H < i azoxine. 


Sulphur compounds. 


®<CH:N 

a^<?H — N : 
b \ch . CH 2 

tt a 


Oiazthiole. Thiobiazole. 
>CH Penthiazole. 


H XCH:C] 


Thiazole. 


CJlX^ 8 Piazthiole. 
C,H 4 <^ I ^'^>0 # H 4 Imido -diphenyl-sulphide. 



INITIALS OF SPECIAL CONTRIBUTORS . 


S. A. SVANTE ABRHENIUS, Ph.D., Professor of Chemistry in Stockholm . Contributes 
Solutions I. 

J. W. C. J. W. CAPSTICK, D.Sc., M.A., Fellow of Trinity College , and Demonstrator in 
Physics in the University, Cambridge , Contributes Capillarity, methods based 
on ; and Viscosity op liquids. 

G. G. GEORGE GLADSTONE, Esq. Contributes Optical methods, section Refraction and 
Dispersion. 

W. D. H. W. D. HALLIBURTON, M.D., F.R.S., Professor of Physiology at King's College , 
London, Contributes Proteids. 

W. N. H. W. N. HARTLEY, F.R.S., Professor of Chemistry in the Royal College of Science 
Dublin, Contributes Optical methods, section Spectroscopic methods. 

i 

E. A. L. E. A. LETTS, Ph.D., Professor of Chemistry at Queen's College , Belfast Contributes 
Phosphines. 

R. M. RAPHAEL MELDOLA, F.R.S., Professor of Chemistry in the Finsbury Technical 

College. Contributes Photographic chemistry. 

W. 0. WILHELM OSTWALD, Ph.D., Professor of Chemistry in the University of Leipzig, 
Contributes Electrical methods. 

C. 0*8. CORNELIUS O’SULLIVAN, F.R.S., Burton-on-Trent. Contributes Starch and 
Sugars. 

S. U. P. SPENCER PICKERING, M.A., F.R.S. Contributes Solutions II. 

S. R. SAMUEL RIDEAL, D.So. Contributes Tannin. 

W. A, T. WILLIAM A. TILDEN, D.Sc., F.R.S., Professor of Chemistry at the Royal College 
of Science , South Kensington . Contributes Terpenes. 

T. E, T. T. E, THORPE, D.Sc., Ph.D., F.R.S., Head of the Government Laboratories, Somerset 

House, Contributes Specific volumes. 

Articles by Mr. MUIR are initialed M. M. P. M. 

Umotgned Articles are by Dr. MOBLEY, except those in the Addenda, which are by 
Mi. 



ABBREVIATIONS 


I. JoUBNAIiS AND BOOKS. 

When an author has been mentioned in an article , he is usually referred to thereafter 
in that article by his initial only . 

A. . . Liebig's Annalen der Chemie. 

A. A. . • Annales de la Sociedad Cientifiea Argentina. 

A. Oh. . Annales de Chimie et de Physique. 

P. Am, A, Proceedings of the American Academy of Arts and Sciences. 

Am. . . American Chemical Journal. 

Ann. M . . Annales des Mines. 

Am. S. « American Journal of Science. 

A. C. J. * Journal of the American Chemical Society. 

Am . Ch. American Chemist. 

Am. J. American Journal of Pharmacy. 

Pharm. 

An. . . The Analyst. 

A. Ph. S. Proceedings of the American Philosophical Society. 

Ar . N. . Archives n6erlandaises — The Hague. 

Acad. . M6moires de l’Acad&mie des Sciences. 

Ar. Ph. . Archiv der Pharmacie. 

Ar. Sc. . Archives des Sciences phys. et nat. 

B. . . . Berichte der deutschen ohemischen Gesellschaft. 

B. A . . Reports of the British Association. 

Bl. . . Bulletin de la Soci6t6 chimique de Paris. 

B. B. • Berliner Akademie-Berichte. 

B. O. . Biedermann’s Central blatt fiir Agricultur-Chemie. 

B. J. . . Berzelius’ Jahresberichte. 

B. M. . Berliner Monatsberichte. 

C. S. Mem. Memoirs of the Chemical Society of London. 

C. J. . . Journal of the Chemical Society of London. 

C.J.Proc. Proceedings of the Chemical Society of London. 

C. N. . Chemical News. 

C. B. . Comptes-rendus hebdomadaires des S6ances de l'Acad6mie des Science*— 
Paris. 

C. O . • . Chemisohes Central -Blatt. 

D. P. J. Dingler’s poly tech nisches Journal. 

Fr. . . Fresenius’ Zeitschrift fiir analytische Chemie. 

G. . . . Gazzetta chimioa italiana. 

G. A.. . Gilbert’s Annalen der Physik und Chemie. 

JOT. . . Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie. 

X. . . . Proceedings of the Royal Irish Academy. 

JT. . . . Jahresbericht liber die Fortsohritte der Chemie und verwandter Theilc 

anderer Wissenschaften. 

J. C. T. • Jahresbericht fiir Chemisohe Teohnologie. 

J. M. . Jahrbuch fiir Mineral ogie. 

J. de Ph* Journal de Physique et des Sciences aocessoires. 

J. Ph. * Journal de Pharmacie et de Chimie. 

J.pr. ♦ Journal fiir praktische Chemie. 

J. Th . 4 Jahresbericht iiber Thierchemie. 

J*. JR. . • Journal of the Russian Chemical Society. 

J. Z. . • Jenaische Zeitschrift fiir Medicin und N aturwissenschaft. 

L. V. • Landwirthschaftliche Versuchs-Stationen. 

M. . . Monatshefte fiir Chemie und verwandte Theile anderer Wissonp^h aften. ' 

M. S. * Le Moniteur Scientihque. 

MSm. S. M6moires de la Soci6t6 d’Aroueil. 

PA. j 4 

M&m. B. M6moirea oouronnAs par PAcad6mie de Bruxelles. 

Von. IV. 
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N. • , Nature, 

J N.EdJPJ. New Edinburgh Philosophical Journal, 

JV. /. P, Neuer Jahresberioht der Pharmacie. 

N. B. P. Neues Bepertorium tdr die Pharmaoie. 

N. J. 37. , Neues Journal von Trommsdorff. 

N. Z. R. Neue Zeitschrift fur Biibenzuckerindustrie. 

P. M. • Philosophical Magazine. 

P. • . • Poggendorff’s Annalen der Physik und Ohemie 

P.B.. • Beiblfitter zu den Annalen der Physik und Chemie. 

Pf. . , Pflttger’s Archiv fiir Physiologic. 

Pr. E. • Proceedings of the Boyal Society of Edinburgh. 

Ph. . • Pharmaceutical Journal and Transactions. 

Ph. O. * Pharmaceutisches Oentral-Blatt. 

Pr. . • Proceedings of the Boyal Society. 

P. R. I. • Proceedings of the Boyal Institution of Great Britain. 

P. JZ. • Pharmaoeutisohe Zeitschrift fur Bussland. 

JR. T. O. • Becueil des travaux ohimiques des Pays-Baa. 

JR. P. • Bepertorium fflr die Pharmacie. 

Q. J. 8. . Quarterly Journal of Soienoe. 

8 . . • . Sohweigger’s Journal der Physik. 

Scher. J . Soherer's Journal der Ohemio. 

8. O. I . • Journal of the Society of Chemical Industry. 

SiUs.W. . Sitzungsberichte der K. Akademie zu Wien. 

T. or Tr. Transactions of the Boyal Society. 

37. E.. • Transactions of the Boyal Society of Edinburgh. 

W. . • Wiedemann’s Annalen der Physik und Chemie. 

W.J. • Wagner’s Jahresberioht. 

Z. • . Zeitschrift fiir Chemie. 

Zeit.ang. Zeitschrift fiir angewandte Chemie. 

Oh. 

Z. B. . Zeitschrift fiir Biologic. 

Z.f. d. g. Zeitschrift fdr die gesammten Naturwissenschaften. 

Natur- 
wiss . 

Z.K.. . Zeitschrift fiir Erystallographie und Mineralogie. 

Z. P. O. Zeitschrift fiir physikalische Chemie. 

Z. V.. • Zeitschrift des Vorsins fiir die Biibenzuckerindustrie des deutsohen 
Beiches. 

Bn. . * Handbuch der organisohen Chemie : von F. Beilstein, 2te Auflage. 

E. P. • English Patent. 

G. P. • Gorman Patent. 

Gm. . . Gmelin’s Handbook of Chemistry — English Edition. 

Gm.-K. . Gmelin-Kraut : Handbuch der anorganisohen Chemie. 

Gerh. . Trait6 de Chimie organique : par Charles Gerhardt. 

K. . . . Lehrbuch der organisohen Chemie : von Aug. KekulA 

G. O. . Graham-Otto : Lehrbuoh der anorganisohen Chemie [5th Ed.] 

8tas, Stas* Reoherches, Ac. 

Rech. s Aronstein’s German translation is re- 

Stas, Stas* Nouvelles Beoherches, Ac . J f erred to as Chem. Proport. 

Nouv. R. 

Th. . • Thomsen’s Thermochemisohe Untersuohungen. 


II. Tebms ant> Quantities, Ao., tbequently used. 

Aq • • Water ; e.g. NaOHAq means an aqueous solution of caustic soda, 
aq • • 18 parts by weight of water. 

A' • I Besidues of mono-, di-, and tri-besio adds. Thus, in describing the salts 
A" . > of a monobasio acid NaA', CaA' 2 , ALA', may be written f BLA' standing 

A"' . J for the acid. For a dibasic acid we should write NaaA", GaA", ALA", Ao. 

B' B" Ac. Stand for bases of the ammonia type, in describing their salts. Thus the 
hydrochloride would be B'HCl or B"2HC1, according as the base is 
mon acid or diacid, Ac. 

9onc. • Concentrated. 
dlL . ( Dilate, 

g. . . | gram. 
mgm « milligra m, 
mm. • • millimetre, 
mol • • molecule 



ABBREVIATIONS. *1 

oil. • • liquid, nearly, or quite, insoluble in water. 

pp. . • precipitate. 

to ppt. • to precipitate. 

ppg. . . precipitating. 

ppd. • • precipitated. 

sol. . . soluble in. 

insol. . • insoluble in. 

v. e. sol. • very easily 

v. sol. . very 

m. sol. • moderately soluble in. 

si. sol. • slightly 

y. si. sol. very slightly - 

v. . . . see. 

e/. . . . compare. 

c. • . . about. 

[ °] . . a melting-point. 

(°) . . a boiling-point. 

H. . . . Hardness (of minerals). 

At. w. . Atomic weight. 

Mol. w. or Moleoular weight. 

M. w. 

D. . . . Density, 
cor. . . corrected, 

unoor. . uncorrected. 
i.V. . . in vapour. 

V.D. . . vapour-density, i.e. density of a gas compared with hydrogen or air. 

S.G. . . Specific gravity compared with water. 

S.G. . „ „ at 10 J compared with water at 0°. 

S.G. ¥ . „ ,, ,1 15° ,, ,t »» »» 4°. 

S.G. . „ „ „ 12° ; compared with water of which the temperature is 

not given. 

S.H. . . Specific heat. 

S.H.v. . „ „ of a gas at constant volume. 

S. H.p. . „ „ „ „ „ pressure. 

H.C. . • Quantity of heat, in gram-units, produced during the complete com- 

bustion of the mass of a solid or liquid body represented by its 
formula, taken in grams. 

H.O.v. • Heat of combustion in gram-units of a gram-molecule of an element or 
compound, when gaseous, under constant volume. 

H.O.p. • The same, under constant pressure. 

H.F. • Quantity of heat, in gram-units, produced during the formation of the 
mass of a solid or liquid body represented by its formula, taken in 
grams, from the masses of its constituent elements expressed by 
their formulas, taken in grams. 

H.F.v. • Heat of formation of a gram-molecule of a gaseous compound from the 
gram-molecules of its elements under constant volume. 

H.F.p. . The same, under oonstant pressure. 

H.V. . • Heat of vaporisation of a liquid, i.e. gram-units of heat required to change 
a gram-molecule of the liquid compound at B.P. into gas at same 
temperature and pressure. 

T. O. . . Thermal oonduotivity (unit to be stated). 

S.V. • • Specific volume ; or the moleoular weight of a gaseous compound divided 
by the S.G. of the liquid compound at its boiling-point oompared with 
water at 4°. 

S.V.S. • Specific volume of a solid ; or the mass of the solid expressed by its 
formula, taken in grams, divided by its S.G. 

B.G. . . Electrical conductivity (the unit is stated in each case). 

CJ.E. (10° Coefficient of expansion (between 10° and 20°). 
to 20°) 

{ of a gas — volume dissolved by 1 volume of water, 
of a liquid or solid « number of grms. dissolved by 
100 grms. of water. In both cases the temperature 
is stated. 

• • • Index of refraction for hydrogen line £. 

Md« Ac. . „ „ „ sodium „ x>, Ac. 

Rd V • » Moleoular refraotion for sodium light, i.e. index of refraction for line, » 
minus one, multiplied by molecular weight, and divided by S.G. at i5 w 
compared with water at 0°. 

R© • • The same ; S.G. being determined at 15°-20° and referred to water at 4°. 
Boo • « The same for line of infinite wave-length, index being determined by 
Cauchy’s formula (Brfihl’s RJ. 



xii 


ABBREVIATIONS. 


Mb • . Specific rotation for sodium light. 

Mi • • n •• tt neutral tint, [a] - ^55 x % a— observed rotation for 

p Ct 

100 mm. of liquid, d «= S.G-. of liquid, p ~ no. of grammes of active 
substance in 100 grammes of liquid. 

M. M Molecular magnetic rotatory power = ^ x m 7 * w ^ erem molecular 

weight of the body of S.G. — d, a =* angle of rotation under magnetic 
influence, af « angle of rotation of water under same influence, and 
m' - molecular weight of water (18). 

Ac , . Acetyl C 2 H s O. 

Bz . • Benzoyl G 7 H ft O. 

Oy . . Cyanogen ON. 

Et . . Ethyl CaHs. \ 

Me . • Methyl CH S . 

Ph . . Phenyl G 6 H 5 . fin formulae. 

Pr . . Normal Propyl CH*. CH 2 . CH 8 . I 

Pr . . Isopropyl CH(CH S ) 2 . ' 

R, R' <fec. Alcohol radicles or alkyls. 

prim . . primary. 

sec • • secondary. 

tert . . tertiary. 

n . . • normal. 

m, o, p . meta — ortho — para. 

c . . . consecutive. 

i . • - irregular. 

8 . • . symmetrical. 

u . • . unsymmetrical. 

if/ . . • pseudo. 

y . . . attached to nitrogen. 

r Employed to denote that the substituent is attached to a carbon atom 
a . . I which is next, next but one, or next but two, respectively, to the 

0 . . < terminal carbon atom. The end to be reckoned from is determined 

y . . I by the nature of the compound. Thus CH 8 .CHBr.C0 2 H is a-bromo- 

^ propionic acid. 

«... denotes that the element or radicle which follows it is attached to a ter- 
minal carbon atom. 

a t 0,y, <fec. indicate position in an open chain, only. 

1*2,3, &c. indicate position in a ring only. 

(a), (0), Used when a, 0, <feo. are employed in a sense different from the above, 

<feo. e.g. (a)-di-bromo-camphor. 

Baeyer’s Nomenclature : 

! J5.) . . benzene ring. 

Py.) . . pyridine ring. . , , . „ . 

Thus (J3. 1:3) diohloroquinolme, means a meta-dichloroquinolme in 
which the chlorine atoms are both in the benzene ring. 

While {Py. 1:8) dichloroquinoline, means a similar body, only the 
ehlorine atoms are in the pyridine ring. The numbers are counted 
from two carbon atoms which are in different rings, but both united 
to the same carbon atom. 

(A.) . • denotes the central ring in the molecule of anthracene, acridines, and 

azines. # . 

880 - . • means that the element or radicle it precedes is in a closed nng. 
exo- . . „ „ „ „ . .. not in a benzene ring. 

alio- • • denotes isomerism that is not indicated by ordinary formulas ; thus maleic 

acid may be called oZZo-fumaric acid, 
thio- . • denotes displacement of oxygen by sulphur, 

sulpho- . „ the group SO s H, except in the word sulphocyamde. 

sulphydro- „ the group SH. 

Tribromonitr&benzene sulphonic acid [i:2:8:4:5] means that the three 
bromines occupy positions 1, 2, and 3; the nitro- group the position 4, 
and the sulpho- group the position 5. 


* Denotes that the formula to which it is affixed^ has not been determined by 
analysis. But it by no means follows that formulas without this mark are those of 
analysed compounds. . , _ . „ , . . 

All ten peratures are given in degrees Centigrade unless when specially stated, 
otherwise. 

Wave-lengths are given in 10 7 mm. _ _ 

Formula when used instead of names of mbstanoes, have a qualitative meaning 
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PHEHTX, - AZOXAZOLE £p h :^>0. [30°]. 

Formed by the action of C0 2 on an alkaline 
solution of the oxim of phenyl-glyoxal (Russa- 
noJ, B . 24, 3503). Needles, insol. water. 

PHENYL - BENZAMIDINE C n H 12 N 2 i.e. 
G fl H & C(NH).NHPh or C a H 5 .C(NPh).NH 2 [112°]. 
Formed from benzonitrile and aniline hydro- 
chloride at 230° (Bernthsen, A. 184, 348 ; 192, 
33). Formed alio from benzimido-ether and 
aniline, and from CPhCkNPh and NH S (Kobbert, 

A. 265, 138). Nodules (from alcohol), si. sol. 
water. Forms a crystalline nitrate. 

Reactions. — 1. Split up by heat into aniline 
and benzonitrile. — 2. Dry H 2 S at 130° forms 
C tf H ft .CS.NHPh and some thio-benzamide.-— 
8. CS 2 at 100° forms thio-benzanilide and phenyl- 
benzamidine sulphocyanide.— 4. Reduced by 
sodium-amalgam to C 8 H v CH(NH 2 ).NHPh. — 
5. Nitrous acid forms benzanilide (Mieran, 

A. 265, 141). 

The derivatives C 8 H,C(N.S0 2 Ph).NHPh 
[139°] and C 8 H*(S0 2 N:C(NHPh).C B H 5 ) 3 [196°] 
have been prepared (Wallach, A. 214, 214 ; 
Jackson, Am. 9, 346). 

s - Di - phenyl - benzamidine C 1B H lfl N 2 i.e. 
C (j H ft .C(NPh).NHPh. [144°]. 

Formation.- !. From be^anilide by treat- 
ment with PC1 5 and aniline (Gerhardt, A. 108, 
219 ; Hofmann, Z. 1866, 161 ; Wallach, A. 184, 
83). — 2. From Ph.CCl 3 and aniline with or with- 
out ZnC^ (Limpricht, A. 135, 82 ; Dobner, 

B. 15, 233).— 3. A product of the action of 
aniline hydrochloride at 250° on benzonitrile, 
tbiobenzamide, or phenyl-benzamidine (Bernth- 
sen, A . 184, 852).— 4. By heating benzanilide 

-Hh phenyl cyanate at 190° (Kuhn, B. 18, 
1476). — 5. By heating the hydrochloride of 
benzimido-ether in alcohol with aniline for a 
long time (Kobbert, A. 265, 155). 

Properties.— Needles (from alcohol), m. sol. 
benzene. Its alcoholic solution is neutral to 
litmus. Not affected by nitrous acid. Split up 
into aniline and benzanilide when boiled for a 
long time with alcohol. 

Reactions . — 1. Dry H 2 S at 160° forms thio- 
benzanilide.— 2. ,CS 2 at 140° forms PhCS.NHPh 
and NPhCS (Bernthsen, A. 192, 84).— 3. Cone. 
HClAq at 150° yields aniline and benzoic acid. 

Salts.— B'HCl, v. si. sol. water.— Bg^PtCl*. 
— B / C 2 H 2 N s 0 7 : yellow needles. 

u-Di-phenyl-benzamidine 
G e H,,C(NH).NPh 2 . [112°]. Formed by heating 
diphenylamine hydrochloride with benzonitrile^ 
at 180° for 5 days (Bernthsen, A. 192, 5). 
Trimetric tablets, v. sol. alcohol and benzene. 
Von. IV. 


Its alcoholic solution turns litmus blue. Cone. 
ELjSOj gives a violet-blue colour on warming. 

Reactions. — 1. Dilute HClAq at 180° forms 
NPhjjBz. — 2. The free base and its hydro- 
chloride yield benzonitrile and diphenylamine 
on heating. — 3. Nitrous acid forms NPh-Hz 
(Klobbert, A. 265, 157).-4. H 2 S at 130° forms 
Ph.CS.NH 2 , diphenylamine, PhCS.NPh^ and 
NH3.— 5. CS 2 at 140° forms PhCS.NPh. and 
HNCS. 

Salts. — B'HCl. [c. 223°]. Monoclinio 
crystals, a:b:c » *529:1: *507 ; 0 = 85°52\ V. sol. 
water, sol. alcohol, insol. ether. — BoHaPtCL. — 
B'HNCS. [203°). Yellow prisms. 

PHENYL-BENZAMIDOXIM 
C 8 H 4 .C(NOH).NHPh. [136°]. Formed by boil- 
ing Cyi 5 .CS.NHPh with an alcoholic solution of 
hydroxylamine (Muller, B. 19, 1669). Needles 
(from water). Yields B'HCl. ClC0 2 Et forms 
C 14 H 10 N 2 O 2 [167°]. 

DI-PHENYLBENZAZIDINE C I2 H I8 N. i.e. 
C a H i C(N.NHPh).NH.NHPh. [179°]. Formed by 
the action of phenyl-hydrazine on PhCCl 3 or 
on the hydrochloride of benz-imidoether dis- 
solved in absolute alcohol (Pinner, B. 17, 182 ; 
Marckwald, C. C. 1888, 1410). Dark -red needles. 

PHENYL-BENZENE v. Diphenyl. 

p-Di-phenyl-bensene C 18 H, 4 i.e . C 8 H 4 Ph 2 . 
Mol. w. 230. [207°]. (c. 405°). 

Formation. — 1. A product of the action of 
sodium on an ethereal solution of p-di-bromo- 
benzene, or, better, of a mixture of p-di- 
bromo-benzene with bromine (Riese, Z. [2] 
6, 192, 735 ; A. 164, 168). — 2. Together with its 
isomeride, and other products, by passing the 
vapour of benzene, or of a mixture of benzene 
and toluene, through a red-hot tube (G. Schultz, 

B. 6, 415; A. 174, 230; 203, 118; Carnetley, 

C. J. 37, 712).— 3. Together with the isomeride 
and other products, by the action of A1C1, on a 
mixture of MeCl and diphenyl (Adam, Bl . [2] 
49, 97; A. Ch. [6] 15, 241). 

Properties . — Needles (from benzene), or iri- 
descent lamina? (by sublimation) ; insol. alcohol, 
v. si. soL HOAc. Its solution in benzene shows 
blue fluorescence. Cone. H 2 S0 4 gives a dirty- 
green solution changing to purple. CrO s in 
HOAc oxidises it to diphenyl p-carboxylic [216°] 
and terephthalic aoids. Docs not form a com- 
pound with picrio acid. Not volatile with steam. 
Yields C l8 Cl M on exhaustive ch location with 
SbCl, (Merz a. Weith, B. 16, 2884). 

References . — Bboho - and Tri-chloro- Di- 
phenyl-benzenes. 

Ito-di-phenyl-benxene C, g H u . [85°J. (c. 370°). 
Formed ad above. Slender prismas, v. sol. al- 
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cohol. Yields benzoic acid on oxidation by 
CiO s . 

s-Tri-phenyl-benzene C 2 ,H, ft i.e. C a H 3 Ph3. 
Mol. w. 806. [171°]. (above 360°). Formed from 
acetophenone by treatment with P 3 0 4 , with alco- 
holic NH S , or with dry HOI (Engler, B. 6, 638 ; 7, 
1153). Formed also by heating C^H^C^H^ C0 2 H) 3 
with KOH (Gabriel a. Michael, B. 11, 
1007). It is also a by-product in the action of 
Acetophenone on dimethylaniline in presence of 
ZnCl 2 (Dobner a. Petschoff, A. 242, 336). Tri- 
metric crystals ; a:b:c * *566:1: *766, si. sol. alcohol. 
Yields benzoic acid on oxidation by Cr0 3 in 
HOAc (Mellin, B. 23, 2533). By exhaustive 
chlorination with SbCl 4 it yields per-chloro- tri- 
phenyl-benzene (Merz a. Weith, B. 16, 2883). 
•On heating with I and red P at 275° it yields the 
crystalline dodeca-hydride C 24 H 80 and finally oily 
C 24 H 3f , (Mellin, B. 23, 2534). Fuming HgSOf at 
100° forms a disulphonic acid, which yields the 
Ba salt C 24 H 6 S 2 O s Ba crystallising in needles. 

PHENYL-BENZENE-SBLPHAZIDE v. 
Phenyl-hydrazide of Benzene sulphonio acid. 

DI-PHENYL-BENZENYL-DI-BREA 
NHPh.CO.NH.CPh:N.CO.NHPh. [172°]. 

Formed from benzamidine hydrochloride, phenyl 
cyanate, and NaOHAq (Pinner, B. 22, 1607). 
Needles, insol. water, v. si. sol. hot alcohol. 

PHENYL-BENZIMIDO-ETHER C 15 H 15 NO i.e. 
CPh(NPh).OEt. A product of the action of 
aniline on benzimido-ether (Lossen, A. 265, 138). 
Oil. Decomposed by cone. HClAq into EtCl and 
benzanilide. 

PHENYL BENZOATE v. Benzoyl derivative 
of Phenol. 

PHENYL-BENZOIC ACID v. Diphenyl- carb- 
oxylic ACID. 

PHENYL-BENZOPHENONE C 19 H 14 0i.c. [1:4] 
C a H 4 .C u H 4 .C0.C«H 5 . [104°]. Y.D.9 0. Formed by 
oxidation of ^-benzyl-diphenyl with chromic 
acid (Goldschmiedt, M. 2, 437 ; Roller, M. 12, 
501). Formed also from diphenyl, BzCl, and 
Aid, (Wolf, B. 14, 2032). Scales, sol. alcohol. 
Yields Denzophenone-p-carboxylic acid on further 
oxidation by CrO*. 

Oxim. [194°]. Needles. When HC1 is 
passed into its solution in HOAc containing 
Ac 2 0 and the mixture heated in sealed tubes 
at 100°, it is converted into the isomeric 
C fl H 5 .C # H 4 .C0.NH0 6 H 5 [224°]. The oxim is re- 
duced by sodium-amalgam to the corresponding 
amine ^.^.^(NHJ.O^ [77°]. 

Benzoyl derivative of the Oxim [193°]. 
Needles (from alcohol). 

Phenyl-hy dr azide. [144°]. Yellow 

needles (from dilute alcohol). 

Di - phenyl - benzophenone (0 B H 5 .C ri H 4 ) 2 C0. 
[229°]. Formed by the action of CO CL* on 
diphenyl in presence of A1C1„ (Adam, Bl. [2] 47, 
688 ; A. Oh, [6] 15, 259). Got also by oxidising 
CH 2 (C a H 4 Ph) 3 ( Weiler, B. 7, 1188). White needles, 
sol. acetone, v. el. sol. alcohol. Not attacked by 
fuming HNO, or by H 3 S0 4 and HNO a at 100°. 
By adding Na to its solution in alcohol-benzene 
it is { reduced to (C a H 5 .CJH 4 ) 2 CH.OH, [151°], S. 
(ether) 6 ; S.\alcohol) 1*25 at 15°. Potash-fusion 
gives diphenyl-p-carboxylic acid [218°]. 

PErtSNYL-BENZOFHENOKE CARBOXYLIC 
ACID C a H J Ph.CO.C,H 1 .C0 2 H. [220°]. Formed 
from diphenyl, phthaiio anhydride, and A1C1, 
/Kaiser. A. 2 57. 96). Nfiftdlefl Yields an ntim 


[140°], a phenyl-hydrazide [194°], and a methyl 
ether MeA' [85°-90°]. 

PHENYL-BENZOYL is Benzophenone. 
PHENYL-BENZOYL-ACETIC AC T D 


CHBzPh.C0 2 H. Methyl ether Mek'. Formed 
from de-oxybenzoln, NaOEt, and ClC0 2 Me 
(Rattner, B. 21, 1316). Oil, decomposed by ais- 
tillation into 0 2 H 2 Ph 2 , GO* and HOBz. 

PHENYL-BENZOYL-BDTYBIC ACID 


CHBzPh.CH 2 .CH2.C0 2 H. (j8) - Dcsyl-propionic 
acid. [136°]. Formed from deoxybenzoin, 
NaOEt, and £-iodo-propionic ether (Knoevenagel, 
B. 21, 1344). Needles. Yields MeA' [64°] 
and EtA' [34°]. 

The isomeric acid CHBzPh.CHMe.COJH 
[215°], formed from 0-bromo-propionic acid, is 
less sol. alcohol and ether. 

PHENYL-BENZOYL-CARBINOL v. Benzoin. 

PHENYL-BENZOYL-PROPIONIC ACID 
CHBzPh.OH2.CO3H. [156°]. Formed from de- 
oxybenzoin, NaOEt, and chloro-aoetic ether 
(Meyer a. Oelkers, B. 21, 1295 ; Knoevenagel, 
B. 21, 1344). Small tables (from alcohol). 

Di-phenyl-benzoyl-propionic acid 
CRBz.CPh^CO^H. [183°]. Got by the action of 
alcoholic potash on the lactone of oxy-tri-phenyl- 
crotonic acid (Japp a. Klingemann, B. 22, 2882). 
Yields a phenyl-hydrazide C^H^N-jO [185°], 
and an oxim C 2 .,H„ 7 N0 2 [152°]. 

PHENYL-BENZYL ALCOHOL C 13 H 12 0 i.e, 
C 6 H 4 Ph.CH 2 OH. Got from C a H 4 Ph.CH s by treat- 
ment with Br and alcoholic potash ; the resulting 
Byrupy CaH^h.CHjOEt being treated with HI 
(Adam, Bl. [2] 49, 97). Syrup. 

PHENYL - BENZYL - AMID0 - DI - PHENYL- 


METHANE C M H 23 N i.e. CH 2 Ph.C„H 4 NPh.C 7 H 7 
Formed by heating NPh 2 H (1 mol.) with benzyl 
chloride (2 mols.) and ZnCl 2 at 210° (Meldola, 
C. J. 41, 200). Solid ; v. sol. ether, insol. alcohol 
and HOAc. 

PHENYL-BENZYL-AMINE v. Benzyl-anil* 


ine. 

Nitros am in #C 7 H 7 NPh.NO. [58°]. Needles 
(Antrick, A. 227, 360). Yields benzyl-aniline 
and benzylidene-aniline on treatment with 
alcoholic HC1 (O. Fischer, A. 241, 828). 

Phenyl-di-benzyl-amine v. Di-benzyl-anil 
ink. 

Di-phenyl-benzyl-amine NPh 3 .CH 2 Ph. [87°]. 
Got from C 8 H s .CSNPh 3 , zinc-dust, and HClAq 
(Bernthsen a. Trompetter, B. 11, 1761 ; cf. Wilra 
a. Girard, B. 8, 1196). Needles, si. sol. c^u 
alcohol. Yields a green dye on heating with 
HClAq and arsenic acid (Meldola, B. 14, 1385). 

DI-PHENYL-DI-BEN ZYL-TETRAZ0NE 
NPh (CH 2 Ph) .N :N.NPh (CHjPh). [109°]. Formed 
from (o) -phenyl -benzyl-hydrazine, CHC1 S , and 
HgO (Michafelis a. Philips, A. 252, 290). Needles. 

PHENYL-BENZYL-CARBINOL C J4 H )4 0 i.e . 
CH2Ph.CH(OH).C a H 5 . Toluylene hydrate. [42°]. 
Formed by reducing deoxybenzoin, and by the 
action of alcoholic potash oir the same body 
(Limpricht a. Schwanert, A. 155, 62 ; Golden- 
berg, A. 174, 332 ; Zagoumenny, A. 184, 163 ; 
Anschutz, A. 261, 298). Formed also [62°] by 
the action of nitrous acid on CH 2 Ph.CHPh.NH, 
(Leuckart, B . 22, 1410). Long slender needles 
(from alcohol), insol. water. Reduced by HIAq 
to dibenzyi. Yields a liquid acetyl derivative. 

PHENYL BENZYL ETHER v. Phenyl ethef 

nf "Rwk7vt. iLnrtimL. 
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PHBNYL-BENZYX-ETHYL-THIO-1JRBA 

C, A 8 N 2 S. [91°]. Formed from ethyl-thio- 
carbimide and benzyl-aniline in alcohol (Dixon, 
C. J* 59, 5t>6). Rectangular prisms, insol. cold 
water, v. e. sol. boiling alcohol. 

An isomeride [91° uncor.] formed from 
benzyl -thiocarbimide and ethyl- aniline crystal- 
lises in oblique prisms grouped in rosettes. 

PHENYL-BENZYL-HYDRAZINE C 13 H U N 2 
i.e. CHgPh.NPh.NHjf. [26°]. Formed from 
sodium phenyl-hydrazine and benzyl chloride, 
and got also by reduction of phenyl-benzyl- 
nitrosamine (Antrick, A. 227, 361 ; Michaelis a. 
Philips, A. 252, 286). Needles (containing aq), 
decomposed by heat. Benzoio aldehyde forms 
CH^Ph.NPh.N :CHPh. [111 0 ]. In benzene solu- 
tion it gives with SOCLj the thionyl compound 
C^NPh.NrBO [65°] (Michaelis a. Ruhl, .4.270, 
122), O tf H 4 PCL 2 forms C 7 H 7 NPh.N:PCA [141°], 
crystallising from ether in needles.— BTIC1. 
[167°]: colourless needles. Benzene phos- 
phinate B'C fi H a PHA [108°] (Michaelis, A. 
270, 135). 

Acetyl derivative . [121°]. Scales. 
Benzylo-chloride (C 7 H 7 ) 2 NPhCl.NH 2 . 
[154°]. 

PHENYL - BENZYLIDENE-ALLYL-HYDRA- 
ZINE NPh(C 3 H A ).N:CHPh. [52°]. Formed 
from phenyl-allyl-hydrazine and benzoic alde- 
hyde (Michaelis a. Claesson, B. 22, 2237). 
Needles, v. sol. ether and hot alcohol. 

PHENYL-BENZYLIDENE-AMINE v. Benz- 

YUPENE-ANILINE. 

Pheny 1-benzy lidene-dia min e 
C 8 H 5 . CH (N By (N HPh) . [115°]. Formed by 

reduction of phenyl-benzamidine with zinc and 
HC1 (Bernthsen a. Szymanski, B. 13, 917). 
Small crystals.— B'HCl. [224°]. Thick prisms. 
— B'jEyPtLla : spikes or plates. 

DI-FHENYL-BENZYLIDENE - ETHYLENE- 

DIAMINE CHPh<^p£> G,H ( . [137°]. Formed 

from benzoic aldehyde and di-phenyl-ethylene- 
diamine (Moos, B. 20, 732). Needles, split up 
by dilute HOI into the parent bodies. 

PHENYL - BENZYLIDENE - ETHYL- 
HYDRAZINE PhNEt.N:CHPh. [59°]. Formed 
from benzoic aldehyde and phenyl-ethyl- 
hydrazine (Michaelis a. Philips, A. 252, 272). 

PHENYL-BENZYLIDENE-HYDRAZINE v. 
^ henyl-hydrazide of Benzoic aldehyde. 

DI - PHENYL - BENZYLIDENE - DI -INDOLE 
CHPh(O 14 H, 0 N) 2 . [263° uncor.]. Formed from 

benzoic aldehyde and C 6 H 4 <^^^CPh (E. 

Fischer a. Schmidt, B . 21, 1074). Slender 
leaflets, v. si. sol. hot alcohol. 

PHENYL-BENZYL-INDOLE C 21 H 17 N i.e. 

CA^’^CPh. [101°]. Formed by 

heating the phenyl-hydrazide of di-benzyl 
ketone with alcoholic HC1 (Trenkler, A. 248, 
112). Hexagonal prisms (from hot ligroin). 
Does not give the pine-wood reaction. 

PHENYL BENZYL KETONE C u H 12 0 i.e. 
CgH4.CH3.CO.CA. Desoxy benzoin. Deoxyben - 
soin. Mol. w. 196. [60°]. (322° cor.). (177*6° 
at 12 mm.) (Anschutz a. Beras, B. ^0, 1392). 

Formation. — 1. By the action of zinc and 
HClAq on benzoin (Zinin, A. 119, 179 ; 126, 
918; 149, 375 ; Z. [2] 4, 718; V. Meyer, 


B. 21, 1296; Wachter, B. 25, 1728).— 2. By 
passing benzoin over heated zinc-dust (Lim- 
pricht a. Schwanert, A. 155, 59). — 8. By heating 
bromo-di-phenyl-ethylene with water at 190° 
(L. a. S.).— 4. By distilling a mixture of calcium 
benzoate and calcium phenyl-acetate (R&dziB- 
zewski, B. 6, 489 ; 8, 756).— 5. By the action of 
A1C1 S on a mixture of phenyl-acetyl chloride and 
benzene (Graebe a. Bungener, B. 12, 1079). — 
6. From phenyl-acetic acid, benzene, and P 2 0, 
(Zincke, B. 9, 1771). — 7. By the action of alco- 
holio ammonium sulphide (or KHS) on benzil 
(Zinin, J. j or. 33, 35 ; Jena, A. 155, 87).— 8. By 
dissolving s-di-phenyl-acetylene in H 2 S0 4 and 
adding water (B6hal, J 31. [2] 49, 337). 

Properties.— White plates (from alcohol) ; 
b1. sol. hot water, volatile with steam. 

Reactions . — 1. On heating with alcoholic 
potash it yields phenyl-benzyl-carbinol and 4 di- 
ethyl carbobenzonic ’ acid C 18 H 18 0 2 [100°], which 
gives Et A' (209° at 11 mm.) (Zagoumenny,4.184, 
163 ; Anschutz, A. 261, 298). The acid C, 8 H 18 0 2 
i8 converted by P and HI into an isomeric 
acid [134°], by HNO, (S.G. 1*18) into C I8 H ltt 0 3 
[120°], by cone. HNO* into 
[156°], and by potash-fusion into £-benzyl- 
isobutyric acid.- -2. KOH in propyl alcohol at 
150° forms C^HA [90°] and also an isomeride 
[139°] which yields C 20 H 20 (NO 2 ) 2 O 2 [176°].— 
3. KOH in isobutyl alcohol at 140° forms 4 di* 
isobutyl-carbobenzonio * acid C 22 H 2fl 0 2 [148°], S. 
(alcohol) 5. The homologous isoamyl compound 
C 24 H w O 2 [160] may be got in like manner. — 4. Re- 
duced by HI to di-phenyl-ethylene and di-phenyl- 
ethane. — 5. Sodium-amalgam reduces it to 
CjAA; and finally to phenyl-benzyl-carbinol. — 
6. Nitric acid (S.G. 1*2) yields benzil, nitro-benzil, 
and p-nitro-benzoic acid. Cone. HNO, (S.G. 
1*475) at 0° forms C 14 H n (NO.JO [142°], whence 
C u H n (NH.,)0 [95°]. The nitro- and amido- 
compounds yield oxims melting at 107° and 
141° respectively. Fuming HNO* (S.G. 1*51) 
at 0° forms three isomeric di-nitro- derivatives 
[116°], [126°] and [155°] (Golubeff, B. 13, 
2403 ; J. R. 13, 28).— 7. Bromine forms 

C, 4 H n BrO [55°] (Knoevenagel, B. 21, 1355) 
and C 8 H v CO.CBr 2 .C 6 H 5 [112°].— 8. PC1 5 yields 
CHPh:CClPh. — 9. Alcoholic potash and benzoic 
aldehyde form benzamarone C 70 H 5fl O 4 [215°] 
(Japp a. Klingemann, B. 21, 2934 ; cf. Zinin, 
Z. 1871, 127). — 10. NaOEt and nitrous acid 
yield the mono- oxim of benzil. — 11. NaOEt 
and CSC1 2 yield golden (CA-C(CS).CO.OAL 
[286°] (Bergreen, B. 21, 350). — 12. NaOEt and 
Mel yield phenyl phenyl-ethyl ketone 
C 8 H fl .CO.CHMePh. Other alkyl iodides act 
in like manner (Y. Meyer, B. 21, 1295). — 
13. Sodium acting on a benzene solution in 
absence of air forms CyH4.CO.CHNa.CA> a vei 7 
hygroscopic yellow substance converted by C0 2 
into an acid, whence hydroxylamine forms 

CHPh'cO>° [ 160 °J (Beckmann a. Paul, 4.200, 
22).— 14. CSCLj or CS 2 forms desaurin CA^NA 
which is fiery yellow, sparingly soluble, and yields 
a violet solution in H 2 S0 4 (Bergreen a. Meyer, 
B. 21, 353 *, Meyer a.Wege, B. 24, 3635 ; Wachter, 
B . 25, 1727). HN0 3 and R,S0 4 convert desaurin 
into O, ASN s 0 8 ? [60°]. Fuming HNO, forms 
jC,,H > SN*O 10 [60°] and w-nitro-benzoio acid. 
Desaurin when heated for a long time with 
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aniline yields phenyl benzyl ketone, tri-phenyl- 
guanidine, and KjS. 

Oxim C < H s .0H 2 .0(N OH) .C„H a . [98°]. 
Phenyl-hy dr azide 

CH 2 Ph.C(N 2 HPh).Ph. [106°]. Needles (from 
alcohol) (Ney, B. 21, 2447). 

PHENYL BENZYL XETONE-o-CARBOXY- 
LIC ACID C 15 H 12 O s i.e. C,H 5 .C0.CH 2 .C 6 H 4 C0 2 H. 
Deoxy -benzoin-carboxylic acid. [163]. Formed 
by heating isobenzylidene-phthalide with NaOH 
(Gabriel, B. 18, 2446). Needles, v. sol. 
alcohol. Reduced by sodium-amalgam to 
C 6 H s .CH(0H).CH 2 .C 6 H 4 .€0 2 H. Ammonia forms 
isobenzylidene-phthalimidine. Hydroxylamine 
hydrochloride in alcoholic solution at 100° 

forms C,H 4 <{®’_£ Ph >N [139°]. AgA': pp. 

Anhydride v. Isobenzylidene-phthalide. 
Methylamide CH.jBz.CgH4.CO.NHMe. 
[144°]. Formed from isobenzylidene-phthalide 
and methylamine in alcohol at 100° (Gabriel, 
B. 20, 2866). White needles. 

Phenyl benzyl ketone o-carboxylic acid 
C 6 H 5 .CH 2 .C0.C 6 H 4 .C0 2 H. Deoxybenzoin carb- 
oxylic acid. [76°]. Formed by boiling benz- 
ylidene-phthalide with KOHAq (Gabriel a. 
Michael, B. 11, 1018). Prisms (containing aq). 
—AgA' : crystalline pp. 

Anhydride v. Benzylidene-phthalide. 
Amide CH 2 Ph.CO.C 6 H 4 .CO.NH 2 . [166°]. 
Formed from benzylidene-phthalide and alco- 
holic NH, at 100° (Gabriel, B. 18, 2434). 
Needles, sol. hot water, converted into benzyl- 
idene-phthalimidine by boiling with HOAc. 

Ethylamide CHPh.CO.C fl H 4 .CO.NHEt. 
[140°]. Formed from benzylidene-phthalide 
and alcoholic NEtH 2 at 100° (Gabriel, B. 18, 
1258, 2434). Converted by boiling HOAc into 

0«H<<CQ HPh) >NEt. [77°]. Hydroxylamine 

forms C 8 H<^CH ! Ph) >N whioh ig ftlg0 

formed by the action of hydroxylamine on 
phenyl benzyl ketone carboxylic acid. 

Phenyl benzyl ketone dicarboxylio acid 
C«H 4 fC0.jH).C0.CH 2 .C fi H 4 .C0 2 H. [239°]. Formed 
together with an isomeride [250°] by heating 
phenyl-acetic-o-carboxylic acid with phthalic 
anhydride and NaOAc at 190° (Ephraim, B. 24, 
2821). Needles. Gaseous HC1 acting on its 
alcoholic solution forms the anhydride 

C « H <<CO.b!cO> C » H *' PM*]. Hydroxyl- 

amine yields 0,H 4 <^q s ^^C.C 8 H 1 .CO. i1 H 

[230°] crystallising in needles. Alcoholic NH, 
forms crystalline C, 8 H„NO r 

PHENYL-BENZYL-METHYL- AMINE 
C 14 H 1& N i.e. NMePh.CHjPh. [306°] (Ndlting, 
M. S. [3] 13, 39). 

Methylo-chloride B'MeClaq. [110°]. 
Formed from di-methyl-aniline and benzyl 
chloride (Michler, B. 10, 2079). Tables, v. sol. 
water and alcohol. Converted by successive 
treatment wi + h Ag 2 S0 4 and baryta into a syrupy 
hydroxide, which is split up on distillation into 
benzyl alcohol and di-methyl-aniline. 

PHENYL-BENZYL-M ETHYL-THIO-URE A 
C l4 H le N 2 S i.e. NPhMe.CS.NHC,H 7 . [85°]. 
Formed from benzyl-thiocarbimide and methyl 
aniline (Dixon, O. J. 59, 563). Prisms. 


Isomeride NHMe.CS.NPhC 7 H 7 . [121°] 
Formed by boiling methyl-thiocarbimide with 
benzyl-aniline in alcoholic solution (D.). Tufts 
of white prisms, v. si. sol. hot water. 

PHENYL-B ENZ YL-METHYL -URE A 
CH 2 Ph.NH.CO.NPhMe. [84°]. Formed from 
CH <2 Ph.NH.COCl and methyl-aniline (Kuhn a. 
Riesenfeld, B. 24, 3817). V. sol. alcohol. 

BENZYL-PHENYL-NITBOSAMINE 
C T H 7 NPh(NO). Nitrosamine of benzyl-aniline . 
[58°]. Formed from benzyl-aniline (10 g.), 
alcohol (125 c.c.), H 2 S0 4 (6 c.c.), and NaN0 2 in 
the cold, the product being poured into water 
(500 c.c.) (Antrick, A. 227, 360). Pale-yellowish 
needles, v. sol. alcohol and ether. 

PHENYL-BENZYL-OXIDE v. Phenyl ether 
of Benzyl alcohol. 

PHENYL-BEN Z YL-PH0S PHI N E ? 
CH^h.PHPh or C M H 24 P 2 . [171°]. Formed : y 
heating C U H 5 PC1 2 with benzyl chloride and zinc 
(Michaelis a. Gleichmann, B. 15, 1961). Needles, 
converted by successive treatment with chlorine 
and alkalis into C 13 H ls PO or C 25 H 24 P 2 0 2 [155°]. 

Di-phenyl-benzyl-phosphine dichloride 
C 7 H 7 PC1 2 (C„H s ) 2 . [187°]. Formed from (C 6 H ft ) 2 PCl 
and benzyl chloride at 180° (Dorken, B. 21, 
1506 ; cf. Michaelis, B. 18, 2117). Prisms. 

Di-phenyl-benzyl-phosphine oxide 
C 7 H 7 PO(C 6 H 5 ) 2 . [196°J. Formed by decom- 

posing the preceding body with water. Yields a 
tri-nitro- derivative [206°]. 

DI-PHENYL-DI-BENZYL-SUCCINIC ACID. 
Nitrile. CN.CPh(CH 2 Ph).CPh(CH 2 Pli).CN. 
[235°]. Formed from CN.CNaPh(CH 2 Ph) and I 
(Chalanay a. Knoevenagel, B. 25, 290). White 
crystalline powder, si. sol. alcohol. 

PHENYL BENZYL SULPHONE C 15 H J2 S0 2 
i.e. C 6 H ft .S0 2 .CH 2 Ph. [148°]. Formed from 
CgH5.SO.jNa and benzyl chloride (Knoevenagel. 
B. 21, 1344). SI. sol. ether, m. sol. alcohol. 

DI-PHENYL-BENZYL - THIOSEMIC ARBAZ- 
IDE NPh(C 7 H 7 ).NH.CS.NHPh. [150°]. Formed 
from phenyl-benzyl-hydrazine in alcohol and 
phenyl-thiocarbimide (Michaelis a. Philips, A. 
252, 289). Crystals, v. sol. hot alcohol. 

PBENYL-BENZYL-THIO-UREA C I4 H 14 N 2 S 
i.e. NHPh.CS.NHCH 2 Ph. [154°]. Formed by 
mixing alcoholic solutions of benzylamine and 
phenyl-thiocarbimide (Dixon, C . J. 55, 300). 
Prisms (from alcohol), si. sol. CS 2 . 

Phenyl-di-benzyl-thio-urea C 2I H 20 N 2 S i.e 
NPh(C 7 H 7 ).CS.NH.C 7 H 7 . [103°]. Formed from 
phenyl-thiocarbimide and benzyl-aniline (D.). 
White prisms, v. si. sol. hot water. 

PHENYL-BENZYL-p-TOLYL-BIURET 
CijuHsjNgOjf. [95°-104°]. Needles (from dilute 
alcohol) (Kiihn a. Henschel, B. 21, 504). 

PHENYL-BENZYL-UREA C 14 H I4 N 2 0 i.e. 
NHPh.C0.NHCH 2 Ph. [168°]. Formed by mix- 
ing benzyl cyanate with aniline (Letts, O. J. 25, 
448). Needles, v. sol. alcohol. 

Phenyl-di-benzyl-urea C 21 H 20 N 2 O. [128°]. 

Got from (CfHJ^.COCl and aniline (Ham- 
merich, B. 25, 1819). Silky needles (from 
alcohol). 

PHENYL-BISKUTHINE 1?. vol. i. p. 517. 

PHENYL-BIURET QJBJU&.U. 

NHPh.GO NH.GO.NHj. Formed from phenyl- 
hrea and PCl a (Weith, B. 10, 1744). Crystals. 

s-Di-pheayl-biuret NH(CO.NHPh) r [210°]. 
Formed by boiling allophanie ether, biuret, or 
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ethyl- allophanic ether, with aniline (Hofmann, 

B. 4, 250 ; Leuckhart, J. pr. [2] 21, 27). Formed 
also by the action of phenyl cyanate on phenyl- 
urea (Kuhn a. Henschel, B. 21, 504). NeedleB. 

w-Di-phenyl-biuret NH r CO.NPh.CO.NHPh. 
[165°]. Got from di-phenyl dicyanate and alco- 
holic NH S (Hofmann). Prisms, sol. alcohol. 

s-Tri-phenyl-biuret NPh(CO.NHPh) 2 . [148°]. 
Formed from di-phenyl dicyanate and aniline 
(H.) and by heating phenyl cyanate with di- 
phenyl-urea at 150°. Prisms (from alcohol). 
An isomeride [105°] was got by Schiff (B. 3, 651) 
by distilling phenyl-carbamic ether. 

References.— Bi-Bnom-m- and Oxy- phenyl- 
biuret. 

PHENYL-BORATE C.H.BO,. Formed by 
heating phenol (3 pts.) with B 2 0 3 (2 pts.), or, 
better, by heating tri-phenyl borate with alcohol 
at 150° (Schiff, A. Suppl. 5, 202). Sticky mass. 

Tri-phenyl borate (C ti H 5 )AO v Formed by 
boiling phenol with B 2 0 3 . Glassy mass, decom- 
posed by hot water. 

Tetra-phenyl diborate (C b H s ) 4 B 3 0 5 . S.G. & 
1T24. Formed, with the preceding body, by 
heating C^BO., at 350°. Thick oil, quickly de- 
composed by water. 

Phenyl-boric acid C„H 3 .B(OH) 2 . [204°]. 

Formed from C 3 HJBC1 2 and water (Michaelis a. 
Becker, B. 15, 181). Needles, sol. alcohol, 
ether, and hot water. Powerful antiseptic, with 
but slight physiological action. With HgCl 2 it 
gives a pp. of PhHgCl. Reduces ammoniacal 
AgNO s , forming a mirror. On heating, it yields 
the oxide C^H^BO [190°] (above 360°), which 
lorms crystals, sol. alcohol. 

Salts. — NaA": dimetric tables. — CaHgA" s : 
crystals. — AgHA" : yellow pp. 

Ethyl ether Et,A". (176°). Oil. 

Chloride v. vol. i. p. 531. 

PHENYL BROMIDE v. Bromo-benzene. 

PHENYL BROMO-ALLYL OXIDE v. Bromo- 
allyl derivative of Phenol. 

PHENYL BROMO-BENZYL KETONE 
C # H a .CO.CHBrPh. [55% Got by brominating 
phenyl benzyl ketone (Knoevenagel, B. 21, 1355). 

PHENYL BROMO-BUTYL KETONE 
€ # H 6 .CO.CH 2 .CH 2 .CH 2 .CH 2 Br. [61°]. Formed 
from phenyl oxy-butyl ketone anhydride or its 
carboxylic acid and cone. HBrAq (W. H. Perkin, 
jun., C. J. 51, 732 ; B. 19, 2559). Six-sided 
plates, v. sol. alcohol. Converted by warm 
alcoholio potash into the parent 

ch <ch s : .cS>0- 

Phenyl di-bromo-butyl ketone 

C, H,.CO.CH 2 .OH r CHBr.CH 2 Br. Formed from 
allyl-acetophenone and Br (Perkin, C. J. 45, 
188). Oil. Bromine yields C u H n Br 8 0 [122°] 
crystallising from dilute alcohol in prisms. 

PHENYL BROMO-ETHYL KETONE 
CaHg.CO.GaH^Br. Formed from phenyl ethyl 
ketone ana Br in CS 2 (Pampel a. Schmidt, B. 
19, 2897). Oil with pungent odour. 

PHENYL BROMO-ETHYL OXIDE v. Bromo - 
-ethyl derivative of Phenol. 

PHENYL BROMO-ETHYL SULPHONE 
€ja 4 .S0 2 .CHMeBr. [50°]. Formed by boiling 
*an aqueous solution of the Na salt of the acid 
CA.SO3.CMeBr.COJH [134°], which is got by 
bromination of C 6 H 6 -S0 2 .CMeH.C0 2 H (Otto, 
J. pr. [2„ 40, 550). Rectangular tables. J 


PHENYL BROMO-IMESATIN v. Isatin. 
PHENYL - BROMO-METHENYL-DI-ETHYL * 
TRI - SULPHONE CA*S0 2 .CBr(SO a .CA)2‘ 
[135°]. Formed by bromination of the sulphone 
CH(S0 2 Ph)(S0 2 Et) 2 (Laves, B. 25, 364). Plates 
(from alcohol) or needles (from Aq). 

TRI-PHENYL-BROMO-METHENYL TRI- 
SULPHONE CBr(SO >2 Ph) 3 . [255°]. Got by 
brominating CH(S0 2 Ph) 3 (Laves, B. 25, 351). 
Amorphous insoluble pp. 

PHENYL BROMO-METHYL KETONE v. 
w-Bromo-acetophenone. 

PHENYL BROMO-METHYL SULPHONE 
CA.SOrCHjBr. [48°]. Formed, together with 
C t> H A -S0 2 .CHBr 2 [76°], from C tt H v S0 2 .CH 2 .C0 2 H 
and Br (Otto, J. pr. [2] 40, 542). Both compounds 
form monoclinie tables, v. sol. hot alcohol. 

PHENYL BR0M0-(a)-NAPHTHYL KETONE 
C, i H a .CO.C 10 H <j Br. [98°J. Formed by bromina- 
tion of phenyl (o)-naphthyl ketone (Elbs a. 
Steinike, B. 19, 1966). Yields a crystalline di- 
nitro- derivative decomposing at about 90°. 
Yields C, 7 H I0 Br(SO 3 H) [116°] on Bulphonation. 

PHENYL - BROMO - NITRO - METHANE v. 
Bromo-nitro-toluene. 

PHENYL -BROMO - DI - NITRO - PHENYL - 
AMINE v. Bromo-di-nitro-di-phenyl-amine. 

PHENYL - BROMO - NITRO - PHENYL- 
HYDRAZINE G b H A .N JEL. CaHjBr (N 0 2 ) . [3:1:4]. 
[165°]. Formed from phenyl-hydrazine and 
C u HgBr(N0 2 ) 2 (Willgerodt, J . pr. [2] 37, 453). 
Red needles (from alcohol). 

PHENYL-p-BROMO-PHENYL-HYDRAZINE 
CA.NACABr. [115°]. Formed by reduc- 
tion of C tt H 5 .N 2 .C,.II 4 Br by alcoholic ammonium 
sulphide (Janovsky, B. 20, 364). Tables. 

PHENYL BROMO-PHENYL KETONE v . 
Bromo-benzophenone. 

DI-PHENYL BR0M0-PR0PYLENE DISUL- 
PHONE C s H 5 Br(S0 2 Ph)->. [160°]. Got from 
CH,Br.CHBr.CH 2 Br and NaSPh in alcohol 
(Stuffer, B. 23, 1411). Needles. 

PHENYL BROMO-PROPYL KETONE 
C H H 5 .CO.CH 2 .CH 2 .CHJBr. [39°]. Formed from 
4 benzoyl- trimethylene carboxylio * acid and 
fuming HBr (W. H. Perkin, jun., C . J. 47, 844). 
Crystalline mass, v. sol. alcohol. 

PHENYL-BUTANE v. Butyl-benzene. 

Di-phenyl - butane CHJPh.CH 2 .CH 2 .CH 2 Ph. 
[52°]. Formed by heating di-phenyl-butylene 
with HI and P at 250° (Freund a. Immerwahr, 
B. 23, 2858). Crystals, v. sol. alcohol. 

Di - phenyl - butane CHMePh.CHMePh. 
[123*5°]. Formed by the action of zinc-dust or 
Na on CHMePhBr (Radziszewski, B. 7, 142; 
Engler, B . 7, 1127). Needles (from ether). 

Di - phenyl - butane CPh 2 MeEt. [128°]. 
Formed from CPh 2 Me.CO.CH # , phosphorus, and 
HI (Zincke a. Thorner, B. 11, 1990). Tables or 
prisms, m. sol. alcohol. 

Di-phenyl-butane CH 3 .CH(CHPh) 2 . (300°). 
Formed by heating acetophenone with HIAq 
and P at 180° (Graebe, B. 7, 1627). Oil. 

References.— Amiuo-, Tri-chloro-, and Tri* 
chloro-di-nitro- and Oxy- phenvl-bctanes. 

PHENYL-BUTANE TRICARBOXYLIC ACID. 
Ethyl ether C l( H & .CH 2 .C(C0 2 Et) 2 .CHMe.C0 2 Et« 
(338° cor.). S.G. 1*1003. fi D 1*4850 at 20°. 
Formed from sodium-propane tri-carboxylio 
ether und benzyl chloride (Bischoff a* Mint?; 
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B. 23, 654). The free acid gives benzyl- 
jnethyl-sucemic acid on heating. 

Di-phenyl-butane dicarboxylic acid 
C - H 4 (C0 2 H).CH 2 .CH^GH 2 .CH 2 .C <# H 4 .G0 2 H. 
[198°]. Formed by heating 0 2 H 4 (00.C,H 4 .G0 s H) t 
with HIAq and P at 160° (Gabriel a. Michael, 
B . 10, 2208). Nodules, insol. water.— AgjA": pp. 

PHENYL-BUTENYL ALCOHOL C l8 H l2 0 Le. 
C b H 4 .C 2 H(OH).C 2 H 6 . (225°), S.G. 14 -985. Got 
from its acetyl derivative (223°-230°), formed 
from CPhiCEt by successive treatment with HBr 
and AgOAc (Morgan, C. J. 29, 162). Liquid. 

PHENYL-BUTENYL KETONE 
CH 2 :CH.CH 2 .CH r CO.Ph (235°-238°) at 710 mm. 
Obtained from allyl-benzoyl-acetic acid and 
boiling dilute alcoholic potash (W. H. Perkin, 
jun., C. J . 45, 187). Oil, smelling like camphor. 
Insol. water. Combines with Br. Excess of 
Br added to a glacial acetic acid solution forms 
bromo-phenyl-butenyl ketone dibromide, [122°]. 

PHENYL-BUTINENE C 10 H 10 i.e. CPh:CEt. 
Phenyl-ethyUacetylene . (202°). S.G. — *923. 

Formed from sodium phenyl-acetylene and EtI 
(Morgan, C. J. 29, 162). Liquid. 

Phenyl-butinene C 10 H I0 . (185°-190°). Got 
from CH f Ph.CH i .CHBr.CH 2 Br and alcoholic 
potash at 180° (Aronheim,^!. 171, 231). Liquid. 

Di-phenyl-butinene CHPh:CH.CH:CHPh. 
[148°]. (320°~340°). Obtained by heating 

CHPh : CH.CH: CPh.C0 2 H (Rebuffat, G. 15, 107 ; 
20, 164). Micaceous plates. 

References. — Amido - and Oxy - phenyl - 

BUT1NENE8. 

PHENYL . BUTINENE . DICAEBOXYLIC 
ACID CHPh:CH.CH:C(CO.^I) 2 . [208°]. Formed 
by heating cinnamic aldehyde with malonic acid 
and HOAc at 100° (Stuart, C . J. 49, 366). 
Needles ; gives off C0 2 when melted. 

DI-PHENYL-DI-BUTINYL KETONE 
CO(CH:CH.CH:CHPh) r [142°]. Formed from 
cinnamic aldehyde, acetone, and NaOHAq 
(Diehl a. Einhorn, B. 18, 2325). Needles. 

PHENYLBUTINYL METHYL KETONE 
CH s .CO.CH:CH.CH:CHPh. [68°]. Formed from 
cinnamic aldehyde, acetone, and NaOHAq 
(Diehl a. Einhorn, B . 18, 2321). Plates (from 
ether). Yields a dibromide [174°] and a phenyl- 
bydrazide [180°] crystallising in plates. 

DI-PHENYL-BUTONENE 0„H 12 . Phenyl 
naphthalene ? [101°]. (346°). Formed from 
di-oxy-ethyl-benzene (styrolene alcohol) by 
treatment with H 2 S0 4 (16 pts.) and water (9 pts.) 
(Zincke a. Breuer, A. 226, 23). Plates, v. sol. 
alcohol. Oxidised by KgOi^O, and HOAc to 
C ie H I0 O 2 [110°], which crystallises in golden 
needles, m. sol. alcohol, and is readily poly- 
merised by exposure of its solution to light, 
yielding two polymerides [207°] and [225°-229°j. 
The quinone C, 6 H, 0 O 2 is reduced by SnCl 2 to 
the hydroquinone C J8 H 10 (OH) 2 [93°] which gives 
C l8 H lo (OAc) 2 [152°]. The quinone C 18 H 10 O 2 is 
reduced by aqueous S0 2 at 120° to the quin- 
bydrone C 5t2 H 22 0 4 [133°]. On heating the 
quinone with NaOHAq it is converted into the 
oxy-quinone G la H e (OH)0 2 [144°], which gives 
CiA(OAo)O s ,rill\) f an ^ may be reduced to the 
oxy-quinhydrone [155°], and the oxy- 
hydro^uinone [73°]. The oxyquinone is 
oxidised by alkaline KMn0 4 to an acid 
Cm [177°-197°] whence BaA"2aq, KA", 
0u. i l0H) 2 A" 6aq, and Ag.A". Alcoholic NH S 


converts the quinone into C Je H u N0 2 [174°] 
while ethylamine, aniline, a- and p- toluidine, 
and naphthylamine form compounds melting at 
[130°], [168°], [108°], [155°], and [148°] respec- 
tively. The compound C l4 H n N0 2 forms an 
acetyl derivative [201°], and on treatment with 
aqueous S0 2 at 140° gives the oxyquinone and a 
substance O^H^Oj [187°]. 

P HEN YL-spc- BUTYL -ALCOHOL C 10 H 14 O Le. 
C 8 H 8 .OH 2 .CH 2 .CH(OH).CH,. [68°]. Formed 
by reducing styryl methyl ketone with sodium- 
amalgam (Engler a. Leist, B. 6, 255). Crystals. 

Phenyl-tarJ-butyl alcohol C^H^O Le. 
O e H 6 .OH 2 .CMe 2 .OH. [22°]. (220°-28G°). Got 
from phenyl -acetyl chloride and ZnMe 2 followed 
by wateT (Popoff, B. 8, 768). Needles.* 

Tri-phenyl-ter^-butyl-alcohol CPh 8 .CMe 2 OH. 
(above 260°). Formed from OCl 8 .CMe 2 .OH, 
benzene, and A1C1 3 (Willgerodt a. Genieser, 
J. pr . [2] 37, 368). 

DI-PHENYL-DI-ISOBUTYL-TETRAZONE 

CANPh.NiN.NPh.C.H,. [107°]. Got from 
phenyl-isobutyl-hydrazine in ether by treatment 
with HgO (Michaelis a. Philips, A. 252 , 284). 

PHENYL-BUTYLENE C 10 H 12 Le. 
C d H s .CH r CH:CH.CH 8 or C fl H v 0H 2 .GH r CH:CH 2 . 
(177°). S.G. 11? *915. Formed from benzyl 
chloride, allyl iodide, and Na (Aronheim, B. 5, 
1068 ; A. 171, 219). The same hydrocarbon 
appears to be formed by distilling the lactonic 
acid of 7 -oxy- 7 -phenyl-s-di-methyl-succinicacid 
(Penfield, A. 216, 125). Oil, yielding a liquid 
dibromide. KN0 2 and HOAc form C 10 H, 2 N 2 O s , 
which gives on reduction a base C 10 H U NO, 
whence B'HCl and B' 3 H s PtGl a (Tdnnies, B. 11, 
1511). 

(a) -Phenyl-butylene C e H 5 .CH:CH.CH r CH 3 . 
(186°). Formed by distilling C 10 H, ,Br obtained by 
bromination of w-butyl-benzene (Radziszewski, 
B. 9, 260). Forms a dibromide C l0 H l2 Br 2 [71°] 
crystallising in white needles. Probably identical 
with the phenyl-butylene (187°} obtained by 
Perkin (C. J. 32, 667 ; 35, 140) from phenyl- 
angelic acid by successive treatment with HBr 
and Na 2 C0 8 Aq or with HI and KOH. Perkin’s 
phenyl-butylene forms a crystalline dibromide 
[67 °] converted by alcoholic potash into oily 
0„H „Br, which forms oily O ]0 H n Br s . 

(3) -Phenyl-butylene C fl H fi .CH:CMe 2 . (185°). 
Formed by heating benzoic aldehyde with sodium 
isobutyrate and isobutyric anhydride for 3 hours 
with inverted condenser (Perkin, C. J. 85, 188), 
and by distilling /3-oxy-phenyl- valeric acid (Fittig 
a. Jayne, A. 216, 118). Oil. Forms an oily 
dibromide converted by alcoholic potaBh into 
C 10 H,,Br, which forms crystalline C l0 H„Br 3 
[63*5°]. Yields benzoic and acetio acids on 
oxidation. Nitrous acid forms Ci 0 H 12 N 2 O 2 [112 0 ] 
(Angeli, B. 25, 1962). 

DI-PHENYL-BUTYLENE C W H I6 U. 
C 6 H fi .CH:CH.CH 2 .CK 2 .C <i H 4 . [39°J. Formed by 
reduction of the nitrile of a-phenyl-3-styryl- 
acrylic acid (Freund a. Immerwahr, B.23, 2858). 
Crystals, v. sol. alcohol. Yields a dibromide [83°]. 

DI-PHENYL-BUTYLENE-DIAMINE 
C 4 H a (NHPh) 2 . Formed from isobutylene di- 
bromide and aniline (Colson, C. R . 105, 1014 ; 
Bl. [2] 48, 800). OiL Yields a nitrosamine [90°]. 
—R'lLCl,. [98°]. S. 10 at lS^-B^Br*. 
[122°]. B. 10 at 15° ; 20 at 100°. 
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DI-PHENYL-ISOBUTYL-GLYOXALINE 

CwHjjN, i.e. aPh:N H >CCH 2 Pr. [223=]. 
Formed from benzil, isovaleric aldehyde, and 
NH,Aq (Japp a. Wynne, C. J. 49, 468).— 
B"H s PtCl (l : crystalline. 

PHENYL-ISOBUTYL-HYDBAZINE 
C4H.NPh.NH2. (240°-245°). Formed from iso- 
butyl bromide and sodium phenyl-hydrazine 
(Michaelis a. Philips, B. 20, 2485; A. 252, 282 ; 
270, 122). Liquid, which reduces hot Fehling’s 
solution. Converted by thionyl-aniline into oily 
C 4 H 0 NPh.N:SO — B'R 2 S0 4 ; plates. 

Acetyl derivative ^HgNPh.NHAc. 
[114°]. 

PHENYL BUTYL KETONE C.H^CO.CH^r. 
Mol. w. 162. (237°) at 720 mm. Got by boil- 
ing propyl-benzoyl-acetic ether with alcoholic 
potash (Perkin a. Caiman, C. J. 49, 162). Oil. 

Phenyl isobutyl ketone C b .H v OO.CH 2 Pr. 
(228°) at 720 mm. S.G. !L 5 *993. Formed from 
isopropyhbenzoyl-acetic ether (P. a. C.) and also 
by distilling a mixture of calcium benzoate and 
calcium iso valerate (Popoff, A. 162, 153). Liquid. 
Does no* combine with NaHSO g . YieldB benzoic, 
isobutyric, and acetic acids on oxidation. 

PHENYL BUTYL KETONE CABBOXYLIC 
ACID C <5 H 5 .C0.CH 2 .CHEt.C0 2 H. Ethyl-benzoyl - 
propionic acid . [83°]. Formed by heating the 
dicarboxylic acid. Small needles. — CaA' 2 aq. 
Ethyl ether EtA'. Oil. 

Phenyl butyl ketone carboxylic ether 
C tt H v CO.CHPr.C0 2 Et. Propyl - benzoyl - acetic 
acid (251° at 300 mm.). Formed from benzoyl- 
acetic ether, NaOEt, and PrI at 100° (Perkin a. 
Caiman, C. J . 49, 160). Liquid. 

Phenyl isobutyl ketone carboxylic ether 
C fl H & .C0.CHPr.C0 2 Et. (237° at 225mm.). Formed 
in like manner, using isopropyl iodide. 

Phenyl butyl ketone dicarboxylic acid 
C J1 H 5 .C0.CH2.CEt(C0 2 H) 2 . Benzoyl-ethyl-isosuc- 
cinic ether. Got by saponifying its ether, which 
is formed from sodium-malonic ether and «- 
bromo-acetophenone (Dittrich a. Paal, B . 21, 
3453). Crystalline mass.— (NHJaA" : amorphous. 
— K 2 A" : pearly plates, v. sol. water. — CaA" aq. — 
Ag 2 A" : plates. Hydrazine salt. [103°]. 
Phenyl hydrazide CJEI^N^*. [132°]. 
PHENYL BUTYL METHYLENE DIKETONE 
C tt H & .CO.CH 2 .CO.CH 2 Pr. Valeryl-acetophenone. 
(184° at 30 mm.). Oil. Got from aoetophenone, 
; so valeric ether, and NaOEt (Stylos, B. 20, 2181). 

PHENYL - BUTYL METHYL KETONE 
CABBOXYLIC ETHEB 

CH,.CO.CEt(CR;Ph).C0 2 Et. (c. 297°). Formed 
from sodium benzyl-aoetoacetate and EtI (Con- 
rad, B. 11, 1057). 

PHENYL BUTYL OXIDE v . Butyl derivative 
of Phenol. 

PHENYL-ISOBUTYLPHENYL-THIO-UBEA 

O e H 5 NH.CS.C e H 4 .CH 2 Pr. [152°]. Formed from 
C H H 4 (NH 2 ).CII 2 Pr and., phenyl-thiocarbimide 
(Mainzer, B . 16, 2023). Plates, sol. alcohol. 

DI-PHEN Y L-ISOBUT YL-QUIN 0XALIN E 

O.H,(CH^r)<^;^. [144°]. Formed from 

benzil and isobutylphenylene-diamine (Gelzer, 
B . 20, 8257). Needles, v. sol. alcohol. — B'gHCl. 

PHENYL-BUTYL-THIO-ALLOPHANIC ACID 
NHPh.CS.N (C 4 HJ.CN [139°]. Formed from 
sodium cyanamide, phenyl thiocarbimide, aneb 


isobutyl iodide (Heoht, B, 25, 822). Slender 
needles, v. si. sol. hot water. 

DI-PHENYL-I8OBUTYL-THIO-8EMI-C ABB- 
AZIDE NHPh.CS.NH.NPh(CHjPr). |140 0 ]. 
Formed from phenyl-isobutyl-hydrazine and 
phenyl-thiocarbimide (Michaelis a Philips, A. 
252, 284). White orystals. 

PHENYL-ISOBUTYL-THIO-UBEA 
NHPh.CS.NHC 4 H B [82°]. Formed from phenyl- 
thiocarbimide and isobutylamine (Hecht, B. 25, 
815). Needles, m. sol. hot water. 

PHENYL-BUTYL-THIOHYDANTOfN 

CS < N NH.CH(C,H,)- C 179 ° “J- For “ ed 
by fusing phenyl-thiocarbimide with leucine 
(Aschan, B. 17, 426). Minute colourless prisms. 

PHENYL-BUTYBIC ACID C 10 H ia O„ i.e. 
CH 3 CH 2 .CHPhCO;jH. [42°]. (272°). Formed 
by saponifying the nitrile which is made by 
the action of EtI and solid NaOH on benzyl 
cyanide (Neure, A. 250, 153). Crystalline 
mass.— CaA' 2 2aq ; groups of needles.— AgA'. 
Methyl ether MeA'. (228°). 

Nitrile PhCHEt.CN. (245°). 
7-Phenyl-n-butyric acid 
CH 2 Ph.CH 2 .CH 2 .C0 2 H. [47-5°]. (290°). Formed 
from oxy-phenyl-butyric acid and HI (Burcker, 

A. Gh. [5] 26, 459) and from phenyl-isocrotonic 
acid by protracted treatment with sodium - 
amalgam (Jayne, A. 216, 107). Long flat plates 
(from water). — CaA' 2 : amorphous mass. 

Phenyl-isobutyric acid OH 2 Ph.CHMe.C0 2 H. 
Benzyl-methyl-acetic acid. [37°]. (272°). S. 

•31 at 15°. 

Formation. — 1. By heating benzyl-methyl- 
malonic acid (Conrad, B. 13, 598). — 2. By 
heating benzyl-methyl-acetoacetic ether with 
cone. KOHAq. — 3. By reduction of the phenyl- 
crotonic acid obtained from benzoic aldehyde, 
sodium propionate, and propionic anhydride. — 
4. By reducing phenyl-angelic (methyl-cin- 
namic) acid with sodium-amalgam (von Miller, 

B. 23, 1888). 

Properties. — Plates. Converted by H 2 S0 4 at 
150° into oxy-methyl-indonaphthene. 

Salt.— AgA'. S. *248 at 20°. 

Ethyl ether EtA'. (287°). S.G. f? 1*05. 
Oil (Conrad a. Bischoff, A. 204, 177). 

Benzyl ether C 7 H 7 A'. (320°~325°). S.G. 
1*046. A product of the action of sodium on 
benzyl propionate (Conrad a. Hodgkinson, A. 
193, 312). 

Amide CH 2 Ph.CHMe.CONH 2 . [109°). 
Formed by heating the NH 4 salt (Edeleano, B. 
20, 618). Needles, v. sol. alcohol and ether. 
Di-phenyl-butyrio acid 

CHjPh.CMePh.COgH. [126°]. Got from its 
nitrile, which is obtained from a-phenyl-pro- 
pionitrile and benzyl chloride (Janssen, A. 250, 
137). Needles, v. sol. ether and alcohol. — 
NaA' 7aq ; long thin needles.— CaA'- — BaA' r 
— CuA 2 \ [73°J. — AgA'; white insoluble powder. 
Nitrile C 14 H, 5 .CN. (337°). Oil. 

Isomeride v. Di-benzyl-acetio acid. 
References. — Bromo-, Nitro-, Nitro amido-, 
and Oxy- phenyl-butyric acid. 

PHENYL-IS0BUTYBI0 ALDEHYDE 
CH a .CH(CH s Ph).CHO. (227°). Formed by dis- 
tilling the corresponding lime salt with calcium 
forma to (Miller a. Rohde 4 B. 23, 1080). Oil. 
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PHENYI^BUTYRIO-CARBOXYLIC ACID. 


>-PHRNYL-BUTYRIC-o-CARB0XYLIC acid 

C u H i# 0 4 i.e. C 8 H*(C0 2 H).CH 2 .CH 2 .CH 2 .C0 2 H. 
[189°]. Formed by heating atl80°-190° the 
double-lactone of benzoyl-propionic-o-carboxylio 

*° 5d °« H <<co^o> 0 <o<jb> CH2 with HI 

and P (Roser, B. 18, 3118). Small plates. 
Y. sol. alcohol, si. sol. cold water. — A"Ba ; very 
soluble in wa ter. 

PHENYL-BTJTYRO-LACTONE v. Lactone of 

OXYPHENYL BUTYRIC ACID. 

PHENYL-CACODYL v. vol. i. p. 320. 
PHENYL-CAMPHORAMIC ACID v. Gam. 

PHOBIC ACID. 

FHENYL-CAMPHYL-THIO-TJREA t?. Cam- 

PHYIr-THIO-URKA. 

PHENYL CARBAMATE NH^CO^h. [148°]. 
Formed by the action, in ethereal solution, of 
NH, on CICOjjPh or of NH^COCl on phenol 
(Kempf, B. 2, 740; Gattermann, A. 244, 48). 
Formed also, together with Et 2 CO s , by heating 
phenyl ethyl carbonate at 300° (Bender, B. 19, 
2268). Needles (from water), sol. alcohol and ether. 
Decomposed by NaOHAq into NH 3 , phenol, and 
Na*CO g . NH*Aq at 150° forms phenol and urea. 

PHENYL-CARBAMIC ACID NHPh.C0 2 H. 
Carbanilic acid . The ethers of this acid are 
got by the action of aniline on the chloroformic 
ethers Cl.CO.OR, and also by the action of phenyl 
cyanate on alcohols. They are decomposed by 
potash into C0 2 , aniline, and alcohols. 

Acetyl derivative NPhAc.CO.H- The Na salt 
is formed by passing C0 2 over sodium acetanilide 
in the cold (Seifert, B. 18, 1358). It is decom- 
posed by water into acetanilide and NaHCO,. 
By heating at 140° under pressure it is converted 
into NPhH.0O.CH 2 .CO 2 Na. 

Methyl ether NHPh.CO.OMe. [47°](Hent- 
schel, B. IS, 978). Prisms. Converted by HNO g 
(S.G. 1-48) into C 8 K 9 (N0 2 ) 2 NH.C0 2 Me [127°] 
and [6:4:2 :l]C 8 R,(N0 2 ) 3 .NH.C0 2 Me [192°] 

(Van Romburgh, B. T. C. 10, 135). HgSO* 
forms S0 9 H.C 8 H 4 .NH.C0 2 Me which is converted 
by bromine into (^HaBr.jNH.CO.jMe [96‘5°] 
(Hentschel, J. pr. [2] 34, 423). Distillation 
with lime at 260° gives aniline, methyl-aniline, 
di-methyl-aniline, and di-phenyl-urea (Nolting, 
B. 21, 3154). 

Ethyl ether NHPh.COjjEt. [52°]. (238°) 
(Wilm a. Wisohin, C. J. 21, 192). Formed as 
above and also by boiling the product of the 
action of phenyl-urea on aceto-acetic ether 
with cone. HOI (Behrend, A. 233, 6) and by the 
action of sodium acetanilide on ohloro-formic 
ether (Paal a. Otten, B. 23, 2590). Needles 
(from water). Not affected by boiling cone. 
HClAq, but decomposed by HClAq at 150° into 
CO*< aniline, and EtCl. Boiling alcoholic KOH 
gives aniline and K 8 CO r Yields a bromo- 
derivative [81°], a di-nitro- derivative [110°], and 
a tri-nitro- derivative [144°]. When distilled 
with NaOPh at 220° it gives phenol and di- 
phenyl-urea [235°] (Hentschel, J, pr. [2] 27, 
498). — NKPh.GO.fEt. Formed by dissolving 
phenyl-carbamic ether in alcoholic potash. 
Hy grot cop ic needles, decomposed by water. 
Chlorv-ethyl ether 

NHPh.CO-.CHj.CHjjCl. [51°]. Formed from 
aniline ana 01.00.00^01 (Nemirowsky, J. pr. 
[2] 31, 174; Otto, J. pr. [2] 44, 15). Needles, 
•L sol. hot water. When boiled alone and after- 


wards with cono. KOH it yields NPh<^^>CH, 

[124°], whioh is converted by HClAq at 170° into 
ohloro-ethyl-aniline. 

Ethylene ether OftA" [158°]. Formed 
from ethylene glycol and phenyl cyanate 
(Snape, B. 18, 2430; 0. J. 47, 778). Prisms. 

Propyl ether PrA'. [59°]. Slender needles, 
v. sol. alcohol (Romer, B. 6, 1101). 

Isopropyl ether PrA. [90°] (Gumpert, 
J. pr. [2] 81, 119; 82, 278); [43°) (Spica, 
0. 17, 165). Needles (from dilute alcohol). 

J Di-chloro-propyl ether (Otto, J. pr. [2] 
44, 22) CHgCl.CHCLCHA'. [74°]. Prisms. 

Isobutyl ether C 4 H „A'. [80°]. (216°). 
Needles, v. sol. alcohol (Mylius, B. 5, 972). 

Heptenyl ether G 7 H lt A'. [85°]. Formed 
by the action of phenyl cyanate on the heptenyl 
alcohol got by reducing suberone (Markownikc^f, 
C . B. 110, 466). Prisms (from alcohol). 

Glyceryl ether v. Glyceryl-tri-phenyl- 

TRI-C AltBAMATE . 

Phenyl ether NHPh.COgPh. [126°]. 
Formed from phenyl cyanate and phenol 
(Gumpert ; cf. Hofmann, B. 4, 249). Needles (from 
benzene). With NH a Aq it forms phenyl-urea. 

Phenylene ethers. The o [165°], m [164°] , 
and p [207°] compounds are got by heating pyro- 
catechin, resorcin, and hydroquinone respectively 
with phenyl cyanate (Snape, B. 18, 2428). 

Phenylphenyl ether C fl H v C 8 H 4 A'. 
[110°]. Formed from p-amido-diphenyl and 
CICOjjEt (Zimmermann, B. 13, 1965). 

(a)-Naphthyl ether C 10 H 7 A'. [178*5°]. 
Slender needles (Leuchart a. Schmidt, B. 18, 
2340 ; Snape, C. J. 47, 776). Decomposed by 
heat into (a)-naphthol and phenyl cyanate. 

(0 )• Naphthyl ether C I0 H 7 A'. [230°]. 
(L. a. S.); [155°] (S.). Thick prisms. The 
tetrahydride C J0 H n O.CONPhH [98*5°] is 
formed from (jS)-naphthol oc-tetrahydride and 
phenyl cyanate. 

Di-phenyl-carbamic acid. 

Chloride NPh^COCl. [85°]. Formed from 
C0C1 2 and diphenylamine in CHC1, (Michler, 
B. 9, 396). White scales (from alcohol). 

Ethyl ether NPh 2 .C0 2 Et. [72°]. (above 
360°). Formed by heating diphenylamine with 
OlCOjjEt (Merz a. Werth, B. 6, 1511 ; Hager, B. 
18, 2573). Large prisms (from benzene). 

Phenyl ether PhA'. [104°]. Formed 
from the ohloride and KOPh (Lellmann a. Bor 
hdffer, B. 20, 2122). The compound C 8 H 4 (N0 2 )A' 
[114°], made in like manner from o-nitrophenol, 
may be reduced to C 8 H 4 (NH 2 )A' [191°]. The m- 
and p - nitro-phenyl ethers [90°] and [116°] yield 
m - and p- amido-phenyl ethers [133°] and [146°] 
(Lellmann a. Benz, B. 24, 2111). 

p>Tolyl-ether C 7 H 7 A\ [81°]. (L. a. B.). 

References. — Amido-, Bbomo-, Di-bromo- 
nitbo-, Nitro-, Nitro-amido*, Nitro-oxy-, OxY-f 
Oxy-amido-, and Nitro- phbnyl-oarbamio acid 
and ether. 

PHENYL-CARBAKINE C tf H 4 NC. Mol. w. 
103. (167°). S.V. 121-6 (Lossen, A. 254, 73). 
Formed by distilling aniline with chloroform 
and alcoholic potash (Hofmann, A. 144, 117). 
Stinking liquid, quickly decomposed by acids 
into aniline and formic acid. Changes into the 
isomeric benzonitrile by heating at 210° 
(Weith, B. 6, 210). Yields phenyl-thioc&rbimide 
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on beating with sulphur. Mixed with propio- 
nitrile and ether, it yields, by successive treat- 
ment with sodium and water, the compound 
CPh(NH).|3QMe.ON [97°] (Von Meyer, J. pr. 

Chloride NPh.CCl 2 . (212°). Formed from 
phenyl-thiocarbimide and Cl (Sell a. Zierold, 
B, 7, 1228). Pungent liquid, with nasty smell, 
yielding s -di-phenyl-urea when heated with 
water at 100°. 

PHEN YL-C ABB AZIC ACID. The crystal- 
line salt N 2 H 2 Ph.CO.ON 2 H 4 Ph is formed by the 
action of C0 2 on phenyl-hydrazine and water. 
It is deliquescent, and si. sol. water and ether 
(Fischer, A. 190, 124). 

Methyl ether NHPh.NH.C0 2 Me. [117°]. 
Short prisms (Heller, A. 263, 281). 

Ethyl ether NHPh.NH.CO,Et. [87°](F.); 
[82°] (N.). Formed from phenyl-hydrazine 
and CICOsEt (E. Fischer, B . 22, 1936), or 
AcC(CO„Et) 3 (Nef, A. 266, 107). Needles. Ac 2 0 
forms CX-N 2 HAc.C0 2 Et [103°] (H.). 

PH ENYL-settn-C ARB AZIDE C 7 H 9 N 3 0 i.e. 
NHPh.NH.CO.NH 2 . [172°]. Formed from 
potassium cyanute and phenyl -hydrazine hydro- 
chloride (E. Fischer, A. 190, 113; Freund, B. 
21, 2463). Formed also by heating phenyl- 
hydrazine hydrochloride (1 mol.) with urea (2 
mols.) at 160° for 4 hours (Pinner, B. 20, 2358 ; 
21, 2329) and by heating di-phenyl-carbazide 
with urea (Skinner a. Ruhemann, G. J . 53, 550 ; 

B . 20, 3373). Prisms, v. sol. hot water. Yields 
di-oxy-phenyl-triazole [263°] on heating with 
urea. By heating at 160° it is converted into 
di-phenyl-urazine C 14 H 12 N 4 0 2 [264°] and other 
products. COCl 2 forms C 8 H 7 N s 0 2 [167°]. 

Benzoyl derivative NPhBz.NH.CO.NH 2 . 
[203°]. Formed from benzoyl-phenyl-hydrazine 
cyanate (Michaelis a. Schmidt, A . 252, 317). 

Di-phenyl-semi-carbazide 
C <l H a NH.CO.N 2 HPb. [173°]. Formed from 
phenyl-hydrazine by combination with phenyl 
cyanate ; and also by heating phenyl-hydrazine 
with phenyl-urea (Ktihn, B. 17, 2884 ; Skinner, 

C. J. 53, 552). Needles or plates (from alcohol 
or benzene), si. sol. water. COCl* in benzene 
forms C l4 H n N 8 0 2 [173°] (Freund, B. 21, 2465). 

Di-phenyl-carbazide 00(N 2 H 2 Ph) 2 . [151°] 

(S. a. K.) ; [164°] (E. Fischer, B. 22, 1930). 
Formed by heating phenyl-hydrazine (2 mols.) 
with carbamio ether (1 mol.) (Skinner a. Ruhe- 
nann, C. J. 53, 550 ; B. 20, 3372). Formed 
alsofrom phenyl-hydrazine and COCl 2 (Heller, A. 
268,277). Crystalline. Forms with HgCla a crys- 
talline compound B'HgCl 2 not melted at 136°. 
Alcoholic potash forms a red solution contain- 
ing duphenyl-carbazone N-jHJPh.CO.NiNPh 
crystallising in orange needles [157°]. Benzene 

and OSOl, form C3<^ Fh,N ^C.N:NPh [170’] 

(Freund a. Kuh, B. 23, 2833). 

PHENYL-CARBIMIDE v. Phenyl isocyanate, 
vol. ii. p. 315. 

DI - PHENYL - DI - C ARBIMIDO - TET BA - p - 
AMIDO-TETRA-TOLYL-DI-o-SULPHIDE 


PhN:o<^|;gA;|;g;5;^> c :NPh. duuo - 

p4olybdi-phmyl‘di-guanidine . [c. 119°]. Formed 
by heating di-thiocarbonyl-tetra-amido-tetra- 
tolyl-di-sulphide with aniline and HgO (Truhlar, 
B. 20, 674). Amorphous ; v. sol. alcohol* 


DI-PHENYL-CARBINOL C 1Jt H ia O i.e. 
Ph 2 .CH(OH). Benzhydrol. Mol. w. 184. [68°]. 
(298°). S. *05 at 20°. Initial velocity of etheri- 
fication 22 (Menschutkin, J. R. 1882, 162). 
Formed by reducing benzophenone with sodium- 
amalgam (Linnemann, A. 133, 6; Beckmann, 
B . 22, 915) ; or by heating benzophenone with 
zinc and alcoholic KOH (Zagumenny, A. 184, 
174). Slender Bilky needles, v. e. sol. alcohol 
and ether. Converted into benzophenone by 
oxidation with chromic acid. Bromine forms a 
dibromo-benzhydrol [163°]. Zn and HO Ac 
form benzpinacone. Zn and HC1 in acetic acid 
solution reduce it to tetra-phenyl -ethane. Dis- 
tillation partly resolves benzhydrol into water 
and benzhydrolio ether, P 2 S 5 forms C 2e H 22 (SH) 2 
[151°] and oily Ph 2 CH(SH) (Engler, B. 11, 922). 

Ethyl derivative C, 3 H n OEt. (288°). 
S.G. 1*03. From benzhydrol, alcohol, and 
H,S0 4 , or from Ph 2 CHBr and alooholio KOH 
(Friedel a. Bahohn, Bl . [2] 33, 339). Liquid. 
Isoamyl dcrivativeG x J8. n OQJI xx . (310°). 
Chloride Ph.CHCl. [14°]. From benz- 
hydrol and HC1 (Engler a. Bethge, B. 7, 1128). 

Bromide Ph 2 CHBr. [45°]. From di-phenyl- 
methane and bromine at 150° (F. a. B.). Water 
at 150° decomposes it into benzhydrol and 
benzhydrolic ether. Cone. NH 3 Aq forms mono- 
and di-benzhydryl-amine (Friedel a. Balsohn, 
Bl [2] 33, 587). 

Acetyl derivative Ph 2 CH.OAc. [42.°]. 
(302°). S.G. 22 1-49. Prisms, v. sol. alcohol, 
acetic acid, and ether (Vincent, Bl [2] 35, 804). 

Benzoyl derivative Ph 2 CH.OBz. [89°]. 
Non-volatile. Trimetric, a:b:c ® 1 ; *477 ; *668. 

Succinyl derivative 
(Ph 2 CH.0) 2 :C 2 0 2 :C 2 H 4 * [142°]. Gives, on distil- 
lation, succinic acid and benzhydrolene C„H,. 
[ 210 °]. 

Anhydride C^H^O i.e. Ph 2 C — CPh,(7) 

[111 0 ]. (315°) at 745 mm. From benzhydrol 
by long boiling with water or by treatment with 
PC1 3 , BzCl, or diluted H 2 S0 4 . Monoclinio 
crystals (from benzene). Reduced by zinc and 
HC1 in HOAo to tetra-phenyl-methane (Zagu- 
menny, J. R . 12, 431). Zincke a. Thdrner (B. 
11, 1398) obtained this anhydride by heating 
benzpinacone, and consequently 

assume the formula C^H^O. 

References.— Di-amido-, Di-bbomo-, and Oxv- 

DI-PHENTL-CABBINOL. 

Tri-phenyl-carbinol C 1 # Hi b O i.e. CPh 3 .OH. 
Mol. w. 260. [159°]. (above 3G0°). 

Formation. — 1. By boiling tri-phenyl- 
methane with chromic acid mixture (Hemilian, 
B. 7, 1203). — 2. From CPh s Br and water.— 3. 
By the action of water on CPh„Cl got from 
A1C1 S , benzene, and CC1 4 , or CCL,.COCl (Friede 
a. Crafts, A. Ch . [6] 1, 499 ; Hentschel, J. pr . 
[2] 36, 311). — 4. By heating its dicarboxylio 
acid with baryta (Hemilian, B . 19, 8073). 

Properties.— Six-sided plates, v. sol. alcohol. 
Acetyl derivative CPh 3 .OAc. [99°]. 
Prisms (Allen a. Kdlliker, A. 227, 116). 

Met hyl ether CPh 3 .OMe. [82°]. Laminae. 
Ethyl ether CPh,.OEfc. [79°] (F. a. C.); 
[83°] (A. a. K.). 

J Chloride v . Chlobo-tbi-phenyi-iiethakb. 
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DI-PHENYL-CARBINOL CARBOXYLIC ACID. 


DI - PHENYL-CARBINOL CARBOXYLIC 
ACID V . OxT-BEFZYL-BKNZOIC ACID. 

Di-phenyl-carbinol dicarboxylio acid 
CHfOHHCX.COJH),. Formed by heating 
benzil di-o-oarboxylic (diphthalylio) acid with 
KOHAq (50 p.c.) at 180° for 5 minutes (Graebe 
a. Juillard, A. 242, 238). The acid splits up at 
the moment of liberation into water and anhy- 


dride.— BaA" aq. 

Anhydride C lfl H 10 O 4 . [203°]. S. *022 at 
23°. Formed as above, and also by reduoing 
benzophenone di-o-carboxylic acid. Monoclinic 
ciystals (from alcohol). On heating, it yields a 
white sublimate [172°] reconverted by treatment 
with NaOHAq and HC1 into the original an- 
hydride. Phenyl-hydrazine gives C 2I H ]fl N 2 O s . 

and HNO, give C J5 H 8 (N0 2 ) 2 0 4 [c. 275°], 
which forms EtA' [148°].— Ba(C 16 H 9 0 4 ) 2 2Jaq.— 
CuA' a 3aq.— AgA'.— C la H # MeA'. [155°].-EtA'. 
[100*].--O I AO,(NH s ). [160°]. Needles. 


Isomeride v. Oxy-benzyl-isophthaxjc acid. 


Di-phenyl-carbinol tri -carboxylic acid 
C(0H)(C0 2 H)(C tt H 4 .C0 2 H) 2 . 

Anhydride C 16 H 10 O 8 . [170°]. Formed by 
heating benzil di-o-carboxylic acid with NaOHAq 
(4 p.c.) at 112° for 3 minutes (G. a. J.). Minute 
crystals, si. sol. cold water. Gives off C0 2 on 
heating, yielding the Anhydride of di-phenyl- 
carbinol dicarboxylio acid. 

Ethers of the anhydride Me^". [148°]. 
— Et 2 A". [108°]. Prisms, v. sol. alcohol. 

Tri-phenyl-carbinol o-carboxylic acid 
*CPh 2 (0H).CgH 4 .C0 2 H. The Na salt is formed 
by heating di-phenyl-phthalide with NaOHAq, 
but the acid splits up on liberation into water 
and its anhydride, di-phenyl-phthalide (Baeyer, 

A. 202, 50). 

Tri-phenyl-carbinol m- carboxylic acid. 
[162°]. Formed by oxidation of di-phenyl-m- 
tolyl-methane with CrO a and HO Ac (Hemilian, 

B. 16, 2369). Trimetric plates. 
Tri-phenyl-carbinol jp-carboxylic acid (?). 

[187°]. Formed by oxidation of CHPh 2 .C a H 4 .CHO 
(Oppenheim, B . 19, 2028) or of di-phenyl-tolyl* 
methane (Hemilian, B. 7, 1210). Needles. — 
BaA' 2 7aq. Needles, v. si. sol. cold water. 

Tri-phenyl-carbinol dicarb oxylic acid. A n - 



Di-phenyl-phthalide carboxylic acid. [246°]. 
Formed by oxidation of di-phenyl-y-xylyl- 
methane, di-phenyl-tolyl-methane o-carboxylic 
acid, di-phenyl-tolyl-carbinol m-carboxylic acid, 
or di-phenyl-methyl-phthalide (Hemilian, B. 16, 
2372). Crystals, v. sol. alcohol and HOAc. 
Yields benzophenone and terephthalic acid on 
fusion with potash. Zino-dust and NaOHAq re- 
duce it to tri-phenyl-methane dicarboxylic acid. 

Tri-phenyl-carbinol dicarboxylio acid 
C 2l H,«O ft i.e. CPh 2 (OK).C 8 H a (C0 2 H) 2 [1:3:4]. 
[180°]. Formed by oxidation of di-phenyl-xylyl- 
methane with K*er 2 0 7 and H2S0 4 Aq (Hemilian, 
B. 19, 3072). Needles (from water), v. e. sol. 
alcohol. On fusion it yields an amorphous 
anhydride C l .H, 4 0 4 . On fusion with Ba(OH) 2 
it fo^ms tri-phenyl-carbinol.— Ag-jA" : pp. 

Tri-phenyl-carbinol dioarboxylic acid 
CPh 2 (OH). CJI^COgH), [1:2:4]. Anhydride 
C 2 ,H l4 0 4 . Di-phenyl-phthalide carboxylic add . 
[228°]. Formed by oxidation of the correspond- 


ing di-phenyl-xylyl-methane (H.). Tables (eon* 
taming EtOH).—CaA'«8aq.---AgA / : needles. 

DI-PBEITxlr^ABBIXYLAlClKE G ia H lf N i*. 
CHPh^NH*. Benehydrylamine. , $xo-amido- 
di-p heny l-me t hane. (289°). Formed, together 
with tetra-phenyl-di-carbinyl* amine, by leaving 
benzhydryl bromide, CHPh^r, with cono. 
NH„Aq for 48 hours (Friedel a. Balsohn, Bl. [2] 
83, 587). Got also by reduoing benzophenone-* 
oxim in alooholio solution by Bodium-amalgam 
and acetic acid (Goldsohmidt, B. 19, 8233). 

Properties. — Alkaline liquid, absorbing C0 2 
from the air. 

Salts. — B'HGl : [270°] ; long needles, si. sol. 
cold water.— BjHjPtCl,, 2aq : lancet-like needles 
(L. a. B.) ; B'H^tCVq (GO.-'B'^CO*. [91°]. 

Formyl derivative Ph3CH.NH.CHO. 
[182°]. (860°). Formed, almost quantitatively, by 
heating benzophenone with ammonium formate 
at 200°-220° (Leuchart a. Bach, B. 19, 2129). 
Urea Ph.CH.NH.CO.NH,. [143°] (L. a. B.). 
Tetra-phenyl-di-carbinyl-amine (Ph.CH) 2 NBL 
[136°]. Prepared as above, crystallises from 
alcohol in slender needles, not affected by Mel 
or AcCl at 100° (F. a. B.). 

Tri-phenyl-carbinyl-amine CPh 8 .NH 2 . [103°]. 
Formed by passing dry NH g through a solution of 
CPhj,Br in benzene (Hemilian a. Silberstein, Bl. 
[2] 43, 118 ; B. 17, 741 ; cf. Nauen, B. 17, 442). 
Needles, si. sol. cold alcohol. Yields B'HCl, 
B^HjPtCla 7 Jaq, CPh^HMe [73°], CPh 8 NMe 2 
[97°], CPhjNHPh [145°], CPh 8 NHCH 2 Ph [110°], 
and the acetyl derivative CPh a .NHAo [208°]. 
Forms a crystalline oxalate [253°] (Elba, B. 17, 
701), and the compounds C 19 H, 7 NBr 2 , BT 2 , and 
B' 2 I 7 . 

PHENYL-CABBINYL CHL0EIDE v . Chloro- 

TRI-PHENYL- METHANE. 

TRI-PHENYL - CARBINYL - MALONIC 
ETHER CPh s .CH(C0 2 Et) 2 . [183*5°]. Got from 
sodium malonic ether and CJPhJBr (Henderson, 
B. 20, 1014). Needles (from alcohol). 

TRI-PHENYL-CARBINYL SULPHOCYAN- 
IDE CPhj.NCS. [137°]. Formed from CPh 8 Br 
and ammonium sulphocyanide (Elba, B. 17, 700). 

TRI - PHENYL - CARBINYL - TOLDEDINE 
CPh 8 .NHC 7 H 7 . The 0 [142°] and p [177°] com- 
pounds are formed from CPhjBr and 0 andp 
toluidine respectively (Elbs, B. 17, 706). The 
p- compound yields a crystalline nitrosamine 
[145°-148°]. 

PHENYL-CARBIZINE. Formyl derive 
tive C a H 1 N<g 0 0H0 . [72°]. (256°). Formed 

by the action of COOL* in benzene on the 
phenyl-hydrazide of formic aldehyde (Freund, 
B. 21, 1240, 2458). Needles (from CS 2 ), v. 
sol. alcohol and ether. Decomposed by boiling 
Na 2 C0 8 Aq into C0 2 , and the phenyl-hydrazide 
of formic aldehyde. 

Acetyl derivative [94°]. 

(280°). Formed in like manner from acetio alde- 
hyde. Monoclinic prisms ; aibx *» 1*210:1:1*557 ; 
£-73° 23', 

Propionyl derivative . [63°]. Needles. 
Benzoyl derivative [114°]. 

Needles (from alcohol) or plates (from HOAc). 

PHENYL CARBONATES. 

Phenyl-carbonic acid *C g H a O.CO a H. 
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Sodium salt PhO.CChNa. Prepared by 
treating dry sodium phenylate in the cold for a 
month with CO, until it has taken up the calcu- 
lated quantity of the gas. The product is a very 
hygroscopic powder. 

Reactions.— 1. With water it gives off half 
its CO, in gaseous form: 2PhO.CO,Na-f H 2 0 
- PhONa ♦ PhOH + NaHOO, + CO,.— 2. At 120° 
it splits up into CO, and PhONa.— 3. Heated 
rapidly to 180°-200° it gives off smaller quanti- 
ties of CO, together with phenol, the residue 
being sodium salicylate. — 4. In a sealed tube 
at 120°-130° for several hours it changes com- 
pletely to sodium salicylate : C 6 H 4 0.C0 2 Na 
= C g H 4 (OH)CO,Na (R. Schmilt, J. pr. [2] 81, 
408). 

Pi-phenyl carbonate C„H l0 O, i.e. CO(OPh),. 
[78°] (Kempf, J.pr. [2] 1,404; Hentschel, J. pr. 
[2] 27, 41 ; 36, 315) ; [88°] (Richter, J. pr. [2] 
27, 41). (303°). Formed by passing COC1, into 
an aqueous solution of NaOPh, or into phenol 
containing A1C1*. Formed also from ClCO,CCl 8 , 
phenol, and A1C1 S . Needles (from alcohol). 
Alcoholio potash forms phenol and K 2 C0 3 . 
NaSEt gives NrfSPh and (EtS),CO (Seififert, 
/. pr. [2] 31, 464). 

References.— Di-bromo- and Nitbo- phenyl 

CARBONATE. 

BIPHENYL o-CARBOXYLIC ACIP C, s H l0 O, 
i.e . C g H 5 .C„H 4 .G0 2 H [1:2]. Phenyl-benzoic acid. 
Mol. w. 198. [111°]. Formed by potash-fusion 
from diphenylene ketone (Fittig a. Ostermaier, 
B. 5, 933 ; A. 166, 374 ; Schmitz, A. 193, 115). 
Formed also, together with diphenylene ketone 
oxide, by distilling sodium salicylate with tri- 
phenyl phosphate (R. Richter, J.pr . [2] 28, 305). 
Small needles (from hot alcohol), m. sol. hot 
water. — K A' aq. — Ba A', aq. — Ca A', 2aq. — Ag A'. 

Ethyl ether EtA'. (300°-305°). 

Tetrahydride C tJ H 5 .C fl H, 0 .CO.^a[. Phenyl - 
hexamethylene carboxylic acid . [105°]. Formed 
by heating the corresponding dicarboxylic acid, 
and by the hydrolysis of phenylhexamethylenyl 
methyl ketone carboxylic ether (Kipping a. 

. W. H. Perkin, jun., C. J. 57, 319). Rosettes of 
crystals (from ligroin).— AgA' : amorphous pp. 

Biphenyl m-carboxylic acid 
C # H..C«H 4 .CO Jt H. [161°]. Formed by oxidation 
by chromic acid and HOAc from [1:3] C # H 4 Ph 2 , 
from C 8 H 4 PhMe, and from CgH 4 Ph.CH.,Br 
(Schmidt a. Schultz, A. 203, 132 ; Adam, A. Ch. 
[C] 15, 243). It is also a product of the fusion 
of benzoic acid with potash (Barth a. Schreder, 
M. 3, 808). Leaflets (from alcohol), si. sol. 
water. Yields isophthalic acid on oxidation. — 
NaA', 2aq.— CaA', 3aq. — BaA', 3|aq : needles. — 
BaA', 4§aq. 

Ethyl ether EtA'. (above 360°). Oil. 

Biphenyl jp-carboxylic acid C tt H 4 .C g H 4 .C0 2 H. 
[219°]. Formed by saponification of its nitrile, 
whioh is got by heating potassium diphenyl 
sulphonate with KCy in a ourrent of dry CO, 
(Doebner, A. 172, 109). Formed also by oxida- 
tion of [1:4] C g H 4 Ph, or [1:4] C fl H 4 PhMe 
(Schultz, A. 174, 213 ; Carnelley, C . J. 87, 713). 
It is also a product of the fusion of benzoic acid 
with potash. Tufts of needles (from alcohol), 
v. si. sol. hot water. May be sublimed. Yields 
terephth&lic acid on oxidation— BaA',. — CaA',. 

Ethyl ether EtA'. [46°]. Prisms. 

Nitrile C l2 H,.CN. [85°]. Crystal*. 


Anilide C 1; ft.CO.NHPh. [224 3 ]. Got by 
heating C l2 H 9 .C(NOH).G g H g with HOAc, Ac a O, 
and dry HC1 at 100° (Holier, M. 12, 503). 

Biphenyl di-o-carboxylic acid C l4 H 10 0 4 U. 
[2:l]CO,H.0 g H 4 .G g H 4 .CO 2 H[l:2]. Diphenic acid. 
Mol. w. 242. [228°]. Formed by the oxidation 
of phenanthraquinone or phenanthrene (Fittig 
a. Ostermayer, A. 166, 361 ; Schmitz, A. 193, 
116). It is also produced when phenanthra- 
quinone is boiled with cone, alcoholio potash 
(Anschutz a. Schultz, A. 196, 50 ; 203, 97). 
Plates or prisms, m. sol. hot water. May be 
sublimed. By exhaustive chlorination with SbCl 4 
it yields perchloro-diphenyl, together with a 
small quantity of perchloro-benzene (Merz a. 
Weith, B. 16, 2872). Distillation over with 
red-hot CaO yields diphenylene ketone ; distilla- 
tion with Ca(OH), gives diphenyl. 

Salts.— BaA"4aq: v. sol. water. — CaA" 2|aq. 
— MgA"4aq. — Ag,A" : bulky white pp. 

Methyl ethers Me,A". [73*5°].— MeHA". 
[110°]. Plates, m. sol. water. Got by boiling 
the anhydride with Me OH. 

Ethyl ethers Et,A". [42°]. Crystals, 
insol. Aq (Hummel, A. 193, 128). — EtHA". [88°J. 

Anhydride c"h‘!cO^ >0 - t 218 °J- 
Formed by boiling the acid with AcCl or Ac,0 
(Anschutz, B . 10, 1884 ; 18, 1302 : Graebe, 
B. 20, 848; A. 247, 261). Needles, insol. 
water, sol. alcohol. Decomposed by heat into 
CO, and diphenylene ketone. H ? S0 4 at 100° 
forms diphenylene ketone carboxylic acid [217°]. 
Phenyl-hydrazine forms the crystalline compound 
C0 !4 H.C tt H 4 .C fl H 4 .C0.N,H,Ph [174° cor.] which at 

250° yields c“H*.CO> N,NHPh t 150 °^ Bellzene 
and Aid, form an acid [148°]. 

Chloride C 12 H 8 (C0C1),. [98°]. Formed 

from the anhydride and PC1 4 . Yields di-oxy* 
phenanthrene on reduction. 

Amide C l2 H 8 (CO.NH,) 2 . [212°]. Formed 

by warming the imide with cone. NH s Aq. 

Amic acid C 12 H g (CO,H) (CONK,). [193°]. 
Got by boiling the anhydride with NH.,Aq. 
Plates (from alcohol). Converted by heat into 
the imide. 

Imide c“h 4 CO> NH ' C 220 ^' Formed as 

above, and also by the action of cone. HClAq 
on the mono-oxim of phenanthraquinone 
(Wegerhoff, A. 252, 18). Needles (from alcohol), 
si. sol. hot water. Yields an acetyl derivative 
[92 °], and forms C 14 H g O,(NNa), C 14 H g O,(NAg), 
and C 14 H 8 0 2 (NMe). 

Biphenyl om-dicarboxylic acid 
[2:1] C0 2 H.C tt H 4 .C 6 H 4 .C0j J H [1:3]. Isodiphenic 

acid. [216°]. Formed by fusing diphenylene 
ketone carboxylic acid with potash (Fittig a. 
Lieppmann, B. 12, 163 ; A. 193, 155 ; 200, 9). 
Needles (from hot water). Yields diphenylene 
ketone on heating with lime. Gives isophthalic 
acid on oxidation with CrO,.— BaA" 6aq. Crys- 
talline.— CaA" 2aq.— Ag,A": pp., si. sol. hot w ater. 

Methyl ether Me 2 A". [69*5°]. 

Ethyl ether Thick 

Biphenyl op-di-carboxylic acid 
[2:1] CO,H.C g H 4 .C g H 4 .CO,H [1:4]. [252°]. 
Formed by saponification of its nitrile [t53°] 
which is got by Sandmeyer’s reaction from op- 
I *di - amido -diphenyl (Reuland, B. 22, 3018). 
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DIPHENYL CARBOXYLIC ACID. 


Biphenyl di-m-carboxylic acid, [above 340°]. 
Formed by the action of nitrous acid on di-jo- 
amido-diphenyl dicarboxylic acid (Griess, B. 
21, 982). Small needles, almost insol. cold 
water.— BaA" 3Jaq : crystalline aggregates. 

Biphenyl di-p-carboxylic acid 
[4:1] C0 2 H.C tt H 4 .C fi H 4 .C0^[l:4]. Formed by 
saponification of its nitrile, and also by oxida- 
tion of p-ditolyl (Doebner, B . 9, 129, 272 ; A. 
172, 109). Amorphous powder, nearly insol. 
most solvents. — CaA": insoluble pp.— BaA".— 
Ag 2 A" : white pp. 

Ethyl ether Et.^A". [112°]. Prisms. 

Nitrile C 1!{ H h (CN) 2 . [234°]. Formed by 
heating potassium diphenyl disulphonate with 
KCy. Needles (from alcohol). 

Biphenyl dicarboxylic acid 
C 6 H 4 .C 6 H 3 (C0 2 H) ? [1:3:5]. [c. 310°]. Formed 

by heating benzoic aldehyde with CH ; ,.C0.C0 2 H 
and baryta-water (Doebner, B . 23, 2381 ; 24, 
1750). Crystals, v. si. sol. cold HOAc. Yields 
diphenyl on distillation with lime. — BaA"4jaq : 
needles. — CaA".— CuA". 

Diphenyl tricarboxylic acid 
C )4 H, 0 O fl i.e. COoH.CaHj.C^H^CO^HJa. Formed 
by fusing diphenylene ketone dicarboxylic acid 
with KOH (Bamberger a. Hooker, B. 18, 1035 ; 
A . 229, 160). White crystalline powder, v. sol. 
alcohol and ether, si. sol. hot water. — Ph.A"^ : 
insoluble crystalline pp.— Ag 3 A'", white pp. 

References, — Amido-, Bromo-, Iodo-, Nitro-, 
and Oxy- dithenio and diphenyl carboxylic 
acids. 

PHENYL-CETYL-AMINE v . Cetyl-anilink. 

PHENYL-CHELIDAMIC ACID v. Cheli- 

DONIC ACID. 

PHENYL-CHLORO-ACETIC ACID v. Chloro- 
phenyl-acetic acid. 

PHENYL CHLORO-BENZYL KETONE 
C tt H 6 .C0.CHCl.C o H 5 . [65°]. (Curtius, J. pr. [2] 
44, 547). Formed by reducing phenyl dichloro- 
benzyl ketone with iron and acetic acid (Lacho- 
vitch, B. 17, 1163). V. sol. alcohol. 

Phenyl di-chloro-benzyl ketone 
C«H v CO.CCl r C lt H v [71°]. (Zinin, A. 119,177); 
[61°] (L.). Formed from benzil and PC1 V 
Prisms (from ether). Reduced by zinc and HC1 
to phenyl benzyl ketone. 

PHENYL CHLORO-BENZYL STJLPHONE 
C # H 4 .C0.CHC1.C B H 4 . Formed by heating benzyl- 
idene chloride with C B H 4 .S0 2 Na and alcohol at 
150° (Otto, J.pr . [2] 40, 517). Needles (from 
HOAc), si. sol. hot alcohol. 

PHENYL-CHLORO-ETHANE v, Chlobo- 
ethyl-benzene. 

PHENYL CHLORO-ETHYL OXIDE v. 

Chloro-ethyl derivative of Phenol. 

PHENYL CHLORO-ETHYL SULPHONE 
C tf H 4 .S0 2 .0H 2 .CH. <{ Cl. [56°]. Formed by the 

action of PC1 4 or HC1 on phenyl oxy-ethyl 
sulphone (Otto, J . pr. [2] 30, 197). Six-sided 
tablets (from benzene), si. sol. water. 

Reactions . — 1. Boiling with alcohol and Ag 2 0 
converts it into C 6 H 4 .S0 2 .C 2 H 4 0H. — 2. By 
heat : ng with C 8 H 5 S0 2 Na in alcoholic solution it 
is converted into (C a H a .S0 2 ) 2 C 2 H 4 . — 3. Sodium - 
amalgam reduces it, in alcoholic solution, to 
benzene sulphinic acid. — 4. Alcoholic NaOEt 
forms C fl H 4 .S0 2 .C 2 H 4 0Et. — 5. Converted by 
heating in sealed tubes with dry Ag/> and 
benzene into fCJBL.S0^CJEL),0.— 6. Ammonia 


forms (C a H a .S0 2 .C2H 4 ) 2 NH.— 7. Alcoholic KHS 
produces (O^SO^C^EI^S. [124°]. 

Phenyl chloro-ethyl sulphone 
C b H 5 .S0 2 .CHCl.CH 3 . [52°]. Formed by heating 
aqueous CHjj.CC^.OOgNa (1 mol.) with sodium 
benzene sulphinate (2 mols.) at 100° (Otto, J.pr . 
[2] 40, 532). Crystals (from alcohol). 

PHENYL-CHLORO-IMESATIN v . Isatin. 

PHENYL CHLORO-METHENYL DI-ETHYL 
TRI-SULPHONE C01(S02Ph)(80. i Et) 2 . [130°]. 

Got by chlorinating CHfSOaPhHSOaEtJa (Laves, 
B . 25, 363). Plates, si. sol. hot water. 

TRI-PHENYL CHLORO-METHENYL TRI- 
SULPHONE CCl(S0 2 Ph) 8 . [260°]. Got by 
chlorinating CH(SO„Ph) s (Laves, B . 25, 350). 

PHENYL CHLORO-METHYL KETONE v. 
w-Chloro-acetophenone. 

PHENYL CHLORO-METHYL SULPHONE 
C fl H a .S0 2 .CH,Cl. [53°]. Formed by boiling an 
aqueous solution of C 6 H 5 S0 2 Na (2 mols.) with 
CHCl^CO.^Na (1 mol.), the yield being nearly 
the theoretical quantity (Otto, J. pr. [2] 40, 527 ; 
B. 2J , 656). Formed also from C«H..S02Na and 
CH 2 C1 2 . 

Phenyl di-chloro-methyl smphone 
C U H 4 . S 0 2 .CH Cl 2 . [59°]. Formed by treatment 
of C h H 5 .S0 2 .CH 2 .C0 2 H with Cl in diffused day- 
light (Otto, J. pr. [2] 40, 541). Monoclinio 
prismatic tables, v. sol. hot alcohol. 

PHENYL-CHLORO-NAFHTHYL-AMINE. 
Benzoyl derivative C e H a NBz.C lft H,Cl. [152°]. 
Formed from NPhBz.C, 0 H 7 and PCl ft (Claus a. 
Richter, B. 17, 1590). Needles, sol. alcohol. 

PHENYL- CHLORO - NITRO - PHENYL - HY - 
DRAZINEC o H s .N 2 H2.C u H 3 Cl(N02) [1:4:6]. [140°]. 
Formed from phenyl-hydrazine and C,H 3 C1(N0 2 ) 2 
in the cold (Willgerodt, J.pr . [2] 37, 355). Red 
prisms (from alcohol and ether). 

PHENYL TRI - CHLORO - OXY - PROPYL 
KETONE C„H v COCH 2 .CH(OH).CH 8 . [66°] and 
(77°]. Got from acetophenone, chloral, and 
HOAc (Koenigs, B. 25, 795). V. si. sol. water. 
Converted by H 2 S0 4 into C 8 H 4 .CO.CH:CH.CCl 3 
[102°J. 

PHENYL CHLORO-PHENYL HYDRAZINE 

C 0 H 5 .N 2 H 2 .C,,H 4 C1 [1:4]. [90°]. Formed by re- 
ducing C a H v N 2 .C tt H 4 Cl with alcoholic ammonium 
sulphide (Heumann a. Mentha, B. 19, 1688). 

PHENYL CHLORO-PHENYL KETONE v. 
Chlobo-benzoi*henone. 

PHENYL-CHLORO-PRO PIONIC ACID v . 
Chloro-phenyl-propionic acid. 

PHENYL eo- CHLORO-p-TOL YL KETONE 
C h H 5 .CO.C b H 4 .CH 2 C1. Benzoylbenzyl chloride . 
[98°]. Formed by chlorination of phenyl jp-tolyl 
ketone at 110° (Thorner, A. 189, 89). Silky 
needles (from dilute alcohol). May be sublimed. 
On further chlorination at 135° it yields phenyl 
dichlorotolyl ketone or benzoyl Joenzylidene 
chloride C tf H 4 .CO.C 8 H 4 .CHCl 2 [95°] and, at 155°, 
phenyl tri-chloro-tolyl ketone or benzoyl-benzo- 
trichloride C,H 4 .C0.C,H 4 CC1 3 [111 0 ], which is 
converted by PC1 S into C tf H 4 .CCl 2 .C a H 4 .CCl, [80°] 
crystallising in thin plates. 

PHENYL-CHRY8YL-THI0-UREA 
C tf H 4 NH.CS.NH.C, H H u . [186°]. Formed from 
phenyl-thiocarbimide and chrysylamine and 
from chrysyl-thiocarbimide and aniline in benz- 
ene solution (Abegg, B. 24, 957). Crystals. 

PHENYL -CINCHONIC ACID v. Phenyl- 
quinoline carboxylic acid. 



PHENYL-OUMINYL-UREA. 
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PHENYL - CINCHONIDINE C^PhNjO. 
Formed in two modifications (an oil, sol. ether, 
and an amorphous powder, insol. ether) by heat- 
ing cinchonidine with aniline (Claus a. Batcke, 
B. 13, 2194). Both give B^ELPtOL 2aq. 

PHENYL-CINNAMIC ACID C IS H 12 0 2 i.e. 
C tt H a .CH:CPh.C0 2 H. [170°]. Formed by saponi- 
fying the nitrile or heating sodium phenyl - 
acetate with benzoic aldehyde and Ac 2 0 at 150° 
(Oglialoro, G . 9, 429). Needles, sol. alcohol and 
ether, v. si. sol. cold water. Reduced by sodium- 
amalgam to aj3-di- phenyl -propionic acid. — 
BaA' 2 4aq : micaceous plates. 

Methyl ether MeA'. [78°] (Cabella, Q . 
14, 114). Needles (from dilute alcohol). 

Nitrile C*H & CR:CPh.CN. Phenyl - styryl 
cyanide. [87°]. (360° cor.). Formed by the 
action of benzyl cyanide on benzoic aldehyde or 
benzylidene chloride in presence of NaOEt or 
solid NaOH (Rossolymo, B. 22, 1235 ; Meyer, 
A. 250, 124; Janssen, A. 250, 129; Neure, A. 
250, 155 ; Frost, A. 250, 157). White plates 
(from alcohol). Yields CHPhBr.CPhBr.CN [130°] 
and CHPhCl.CP4Cl.CN. [168°]. 

o-Carboxylic acid. Imide 

[174°]. Formed by heat- 

ingthe imide of carboxy -phenyl-acetic acid(vol. i. 
p. 706) with benzoic aldehyde (Gabriel, B. 20, 
1205). Needles. 

References . — Nitro- and Oxy- phenyl-cin- 
namic acid. 

PHENYL-CINNAMYL-HYDRAZINE 

CHPhiCH.CHj.NPh.NH*. [54°]. Formed from 
sodium phenyl-hydrazine and cinnamyl bromide 
(Michaelis, B. 22, 2233). Crystals. 

PHENYL-CINNAMYL KETONE v. Phenyl 

STYRYL KETONE. 

PHEN YL-p-COU M ABIC ACID [1:4] 
0 a H 4 (0H).CH:CH.C0 2 H. [219°]. Formed by 
heating p-oxy-benzoic aldehyde with Ac 2 0 and 
sodium phenyl-acetate and boiling the resulting 
acetyl derivative with baryta-water (Oglialoro, 
G. 13, 173). — AgA' ; nearly insol. water. 

Acetyl derivative. [170°]. 

Methyl ether MeA'. [170°]. 

Ethyl ether EtA'. [152°]. 

Methyl derivative. [189°J. Vol.iii. p.738. 

PHENYL-COUMARIN C 15 H 10 O 2 . [140°]. 

Formed, together with C^fOAcJ.CHiCPh.COjjH, 
l»v heating salicylic aldehyde with sodium 
pnenyl-acetate and Ac 2 0 for 8 hours at 150° 
(Oglialoro, G. 9, 428). Prisms, sol. ether. 

Mono-sulphonic acid C, s H # 0 2 (S0 3 H) 2Jaq. 
[263]. White needles (Curatolo, G. 14, 257). 
— BaAV— PbA' 2 4aq : needles, m. sol. hot water. 

Di-snlphonic acid C 15 H 8 0 2 (S0 8 H) 2 6aq. 
[89°]. Deliquescent crystals. — BaA' 2 4aq: 
white prisms.— PbA'j, 5aq : needles, v. sol. water. 

PHENYL-CROTONIC ACID C l0 H l0 O 2 i.e. 
C^Hj.CHiCMe.COjH. Phenyl-methacrylic acid. 
(a)~ Methyl-cinnamic acid. [82°]. Formedbyheat- 
ing benzoio aldehyde with propionic anhydride 
and sodium propionate (Perkin, C. J. 31, 391 ; 32, 
661). Formed also by neating benzoic aldehyde 
with Jicfi and sodium methyl-malonate ; and by 
heating benzoic aldehyde with sodium propionate 
and HOAc or Ac a O (Stuart, C . J . 43, 404; 
Slocum, A. 227, 57). Obtained also by oxidation 
of the corresponding aldehyde (Miller a. Kin- 
kelin, B. 19, 526). It is also a product of the 


j action of Na on benzyl propionate (Conrad a 
I Hodgkinson, A. 193, 314). 

Transparent plates (from alcohol), si. sol. hot 
water. When prepared by Perkin’s method it ap- 
pears to be accompanied by an uomeride [74°] 
crystallising in needles, which is converted into the 
acid [82°] by frequent recrystallisation (Raikoff, 
B. 20, 3396). Yields methronol (g. v.) when 
heated with dilute H 2 S0 4 . Bromine forms 
CHPhBr.CMeBr.CO2H [137°] (Korner.B. 21,276). 

Salts. — BaA' 2 aq: very minute plates.— 
BaA' 2 4aq : small white crystals, got by slow 
cooling.— AgA'. S. *374. Needles. 

Methyl ether MeA'. [39°]. (254°). 
Amide [128°] (Edeleano, B. 20, 619). 
Phenyl-isocrotonio acid 
C s H s .CH:CH.CH 2 .C0 2 H. [86°] (J.); [88°] (B. a. 
D.). (302°). Formed by heating benzoio alde- 
hyde with succinic anhydride and sodium suc- 
cinate (Perkin), the yield being 2 p.o. (Jayne, A. 
216, 100). Formed also by heating phenyl- 
trimethylene tricarboxylic acid GaHjPhfCOaH)* 
in a current of C0 2 at 190° (Buchner a. Dessauer, 

B. 25, 1155). Prepared by heating benzoic alde- 
hyde with sodium succinate and Ac 2 0 at 125°, 
and separated from phenyl-paraconic acid by 
solution in CS 2 . Long thin needles (from water)- 
or prisms (from CS 2 ). When heated with H 2 S0 4 
(4 pts.) and water (4 pts.) it changes to the 
isomeric phenyl-butyrolactono and an acid [179°] 
(Erdmann, A. 227, 257). Yields 7-phenyl-w- 
butyric acid [49°J on reduction. Boiling 
NaOHAq converts it into the isomeric 
C 8 H v CBLj.CH:CH.C0 2 H [65°]. Split up by long 
boiling into water and (a)-naplithol. Alkaline 
KMn0 4 at 0° forms di-oxy- phenyl-butyric lactone 
(Fittig a. Obermuller,u4. 268, 44).— BaA' 2 3aq. — 
CaA' 2 3aq.— AgA' : bulky pp. 

a-Phenyl-crotonic acid CH r CH:CPh.C0 2 H. 
Methylatropic acid. [135°]. Formed by heat- 
ing sodium phenyl-acetate with paraldehyde 
and Ac 2 0 (Oglialoro, G. 15, 514). Minute 
prisms (from water), sol. alcohol and ether. — 
AgA' : m. sol. hot water. 

Phenyl-crotonic acid 

C fi H 5 .CH:C(CH;Ph).C02H. [158°]. Formed, 
from sodium phenyl-propionate, benzoic alde- 
hyde, and Ac 2 0 at 160° (Oglialoro, G. 20, 162). 
Needles (from alcohol). 

Reference.— Oxy-phenyl-crotonio acid. 
PHENYL-CROTONIC ALDEHYDE v. Phenyl- 

METHACRYLIC ALDEHYDE. 

PHENYL -CDMAZ0N1C ACID 

C 1T H, a NO, i . e . C s H 1 (C0 2 H)<g“^ ph (?).. 

[220°]. Formed by heating (3,4,l)-amido-oxypro- 
pyl-benzoio acid with BzCl at 100°- 120° (Wid- 
mann, B. 16, 2585). White crystals. Sol. alcohol, 
insol. water.— HA' H2S0 4 2aq : thin plates. 

PHENYL-CUMINYL-AMINE 0 l8 H..N i.e~ 
C <i H ft .NH.CH 2 .C 8 H 4 Pr. [41°]. Formed, by re- 
ducing C*H 5 .N:CH.C e H 4 Pr (Uebel, A. 245, 289). 
Plates or prisms. Yields a nitrosamine 

C. «H 18 (NO)N [94°].— B'HCl : white crystals. 

PHENYL-CUMINYL-THIO-DREA 
C,H 4 Pr.CH r NH.CS.NHPh. [100 0 -106 0 ]. 

Formed from cuminylamine and phenyl-thio- 
carbimide (Goldschmidt a. Gessner, B. 20, 2416). 

PHENYL-CUMINYL-DREA C^H^O U 
C # H*NF.CO.NHC la H ir [144°]. Formed from 
cuminyl cyanate and aniline (Raab, B. 8, 1151)' 
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PHENYL-CU MINYL-UBEA. 


and from phenyl cyanate and cuminylamine 
(Goldschmidt, B. 20, 2415). Small needles. 

PHENYL-DI-CUMYL-GUANIDINE 
NPh:C(NH.C a H 4 (C a H 7 )[l:4]) 2 . Formed from di- 
cumyl-thio-urea and aniline (Franckaen, B. 17, 
1226). Resin. 

PHENYL >f-CTIMYL KETONE C ia H la O i.e. 
C^.CO.CAMe, [1:2:4:5]. (329°). From 

BzCl, if'-cumene, CS 2 , and A1C1 3 (Elbs, J. pr. [2] 
35, 491 ; c/. Claus, B. 19, 2881) ; the yield is 
65 p.c. of the calculated. 

Reactions. — 1. Boiling produces small quan- 
tities of needles [180°], probably (J3. 2,3)- di- 
raethyl-anthraquinone. — 2. Cone, or fuming 
H 2 S0 4 at 100° forms benzoic acid and ^-cumene 
sulphonic acid C a H 2 Me ? (SO a H) [1:2:4:53- — 3. 
Fuming HNO# mixed with H 2 S 2 0 7 gives two 
isomeric tri-nitro- derivatives ; one [185°] is 
v. si. sol. alcohol, the other [155°] is m, sol. 
alcohol. — 4. Dilute nitric acid forms benzoyl- 
trimellitic acid, C a H 5 .C0.C a H 2 (C0 2 H) s and 
C 8 H v C0.C a H 2 Me(C0 2 H) 2 . 

Phenyl cumyl ketone C B H a .CO.C d H 4 Fr. 
(343°) at 738 mm. Formed from cuminyl 
chloride, benzene, and A1C1 S (Smith). Yields 
two oxims [106°] and [132°J, the latter of which 
forms an acetyl derivative [90°]. 

Phenyl n-cumyl ketone C a H 3 .CO.C a H 4 Pr. 
(345° at 716 mm.). Formed from w-cumene, 
BzCl, and A1C1, (Smith, B. 24, 4033). Prisms. 
Yields two oxims [130°] and [104°], which yield 
acetyl derivatives, melting at 116° and 66°. 

PHENYL-^-CUMYL-METHANE CARBOXY- 
LIC ACID [1:2:4] C a H 2 Me 3 .CH 2 .C 6 H 4 .CO,H [1:2] 
[186°]. Got by reducing C a H 2 Me.C0.C a H 4 .C0 2 H 
with Zn and NH*Aq (Gresly, A. 234, 238). 

DI - PHENYL - + - CUMYL- METAP YBAZOLE 
TETBAHYDBIDE C 24 H M N 2 i.e. 

c^ u .ch<n^>c 2 h 4 . [125°]. Formed from 

p-cuminic aldehyde and di-phenyl-ethylene-di- 
amine at 100° (Moos, B. 20, 733). Silky needles. 

PHENYL4-CUMYL-UBEA C 16 H 18 N 2 0 i.e. 
NHPh.CO.NHC a H 2 Me 8 [211°]. Formed from 
v^-cumidine and phenyl cyanate (Goldschmidt 
a. Bardach, B. 25, 1861). White needles. 

PHENYL-CYAN AMIDE v. vol. ii. p. 316. 

Di-phenyl-cyanamide C, S H 10 N 2 i.e. C(NPh) 2 . 
Carbodiphenylimide. Mol. w. 194. (331° cor.). 
Formed by warming a solution of s-di-phenyl- 
thio-urea in benzene with HgO (Weith, B. 7, 
10, 1303; 9, 810). Syrup, drying up to a 
vitreous mass. Changes spontaneously into an 
opaque polymeride [170°] resembling porcelain. 

Reactions.— 1. Boiling dilute alcohol con- 
verts it into s-di-phenyl-urea.-— 2. Aniline yields 
(a)-tri-phenyl-guanidine. — 3. H 2 S passed into its 
solution in benzene forms CS(NHPh) 2 . —4. s-Di- 
jp henyl-thio-urea at 150° forms phenyl-thiocarb- 
lmide and (o) -tri-phenyl-guanidine. — 5. Di- 
phenyl-urea at 150° acts in like manner, forming 
phenyl cyanate and tri-phenyl-guanidine. — 6. 
Phenyl-hydrazine at 120° forms the compound 
[204°] which gives the salts 
, and B'H 2 S0 4 , and is con- 
g with phenyl-hydrazine at 
185°, into' CjbjH^N,, [200°], which gives the salts 
B' s H 4 C1 4 and B' s 2H 2 PtCl e . The compound 
FhN 2 :C(NHPh) f is converted by heating with 
phenyl-thiocarbimide at 190° into flJELJRJi 
£175°], and by heating with di-jp-tolyl-oyanamide 


C a H a N 2 :C(NHPh) 2 
B'HCl, B'gH^PtClg 
verted, by neatinj 


into Cg^^Ng [128°], which gives the salts 
B' 8 H 4 C1 4 and B^H^tCl, (Wessel, B. 21, 2272). 
7. HCy passed into its solution in benzene forms 
C h H u N i crystallising from alcohol in prisms 
[137°]. A little of its solution in H 2 S0 4 mixed 
with water is coloured deep blue by NaOH 
(Laubenheimer, B. 13, 2155).— 8. Tolylmeo - 
diamine at 135° forms C 20 H 20 N 4 [161°] which 
yields B'-jH-jClj [174°] (Dahm a. Gasiorowski, 
B. 19, 3057). 

Salt . — B'HCl. Needles (from benzene). 

Tri-phenyl-di-cyan-di-amide C,„H la N r 
Formed from NHPh.CS.NH.C(NPh).NHPh, al- 
cohol, and HgO, and also by heating di-phenyl- 
guanidine at 175° (Rathke a. Oppenheim, B. 
23, 1673). Yellow needles (containing EtOH) 
(from alcohol). — B'HCl. Needles, insol. water. 
— B'.JS.PtCl,, 2aq.— B'-ftSO, 2aq. 

Reference. — Oxy-phenyl-cyanamide. 

PHENYL CYANATE v. vol. ii. p. 315. 

PHENYL-CYANIC ACID Cyanic acid. 

PHENYL CYANIDE v. Benzonitrile and 
Phenyl-carbamine. 

Di-phenyl dicyanide C,,H 10 N 2 i.e. 

PhC^^CPh? [152°]. Formed from benz- 

amidine and benzoio aldehyde (Pinner, B. 22, 
1610; 23, 2925). Prisms. Changes at 260°- 
270° into cyaphenine. 

PHENYL-CYANVBIC ACID v. Cyanuric 
acid in the article on Cyanic acid. 

PHENYL-p-CYMYL-CABBINOL 
C a H v CH(OH).C a H 3 (CH 3 )(C s H 7 ) [1:2:5]. (327° un- 
cor.). Formed by reduction of phenyl j>-cymyl 
ketone (Claus a. Elbs, B. 18, 1798 ; J. pr. [2] 
35, 497). Thick colourless oil. 

PHENYL ^-CYMYL KETONE C l7 H ia O i.e. 
C a H v CO.C a H,MePr [1:2:5]. (224° at 40 mm.); 

(840°) at 760 mm. 

Formation.— 1. From cymene by heating 
with benzoic acid and P 2 0 3 (Kollarits a. Merz, 
B. 6, 546).— 2. From cymene, BzCl, and zino 
(Grucarevic a. Merz, B. 6, 546, 1246).— 8. From 
cymene, BzCl, CS 2 , and A1C1 S (Elbs, J. pr. [2] 
35, 494]. 

Properties.— Yellowish oil, v. sol. alcohol 
and ether, m. sol. HOAc. Very slightly volatile 
with steam. 

Reactions. — 1. Bromine and iron powder at 
140° give benzoio acid and bromo-cymene, 
C a H,BrMePr [1:2:5] [232°].- 2. Cone. H 2 S0 4 
and KNO s give an amorphous di-nitro- deri- *- 
tive.— 4. Dilute HNO* give3 benzoyl-tereph- 
thalic acid. — 5. Concentrated B^SC^ at 100° 
gives benzoic acid and cymene sulphonic acid, 
C a H,MePr(SO s H) [1:4:2]. 

PHENYL-CYSTEINE C 9 H n NSO, i.e . 
CH 3 .C(SPh)(NH 2 ).C0 2 H. Formed by boiling 
phenyl-mercapturic acid with dilute H 2 S0 4 
(Baumann a. Preusse, JET. 5, 837). Plates (from 
NH a Aq) or six-sided tables (from water), v. sol. 
acids and alkalis, si. sol. cold water. Yields 
phenyl mercaptan on boiling with NaOHAq. 

Reference. — Bromo-phenyl-oystkine. 

PHENYL-DEC0IC ACID. Nitrile 
C a H 5 .CH(C ft H,.).CN. (328°). Formed from 
benzyl cyaniae, octyl iodide, and NaOH (Ros- 
solymo, B. 22, 1237). Yellow oil. 

PHENYL-DURYL-CARBINOL 
[6:4:3:2:1] C a HMe 4 .OH(OH).C # H ft . (above 860°). 
Formed by reduction of phenyl iso-duryl ketone 
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(Kenner a. Gosein, Bl. [2] 42, 172). Liquid. 
Yields an acetyl derivative boiling above 
8ft0° and a benzoyl derivative [75°J. 

DI- PHENYL DDBYLENE DIKETONE 
OAO* i-e- (C fl H v CO) 2 C tf Me 4 . [270°]. (above 
380°). Formed from durene, BzCl, and A1C1 3 
(Friedel a. Crafts, A. Ch. [6] 1, 512). Prisms. 

PHENYL DUBYL KETONE C l7 H 18 0 i.e . 
C 6 H 5 .CO.C tt HMe 4 . [119°]. (343°) at 725 mm. 

Got from durene, BzCl, and A1C1 S (Friedel a. 
Crafts, A. Ch . [6] 1,511). Acicular prisms, v. sol, 
warm alcohol. Reduced by HI and P to C^BL^ 
[60*5°] (310° at 716 mm.). Br forms C 17 H,*Br 5 0 
[225°] and other products. 

Phenyl isoduryl ketone. [03°]. (300°). 

Formed by the action of BzCl and A1C1 S on the 
isodurene derived from toluene (Essner a. 
Gos"in, BL [2] 42, 170). Successive treatment 
with HCy and alcoholic potash gives the acid 
C e HMe 4 .CPh(OH).CO; 2 H, sol. water and alcohol. 
PHENYLENE. The radicle C tf H 4 . 
PHENYLENE-ACETAMIDINE 

C.H ( < h N H >C.CH,. [170°] (H.); [175°] (L.). 

Formed by boiling phenylene-o- diamine with 
HOAc, or by reducing C„H 4 (N0 2 )(NHAc) with 
tin and HC1 (Ladenburg, B. 8, 677; Hiibner, A. 
209, 353). Needles.— B'HCl.— B'oH^tCl* aq.— 
B'HN0 3 . — B'H 2 S0 4 . 

Phenylene - di - acetamidine C 10 H 14 N 4 i.e. 
[1;4] C fl H 4 (CH 2 .C(NH).NH 2 ) 2 . [182°]. Formed 
by the action of alcoholic NH 3 , followed by 
NaOHAq, upon the hydrochloride of phenylene- 
di-acetimido-ether (Glock, B. 21, 2660). Plates. 

o-PHENYLENE-DI-ACETIC ACID C J0 H 10 O 4 
i.e. [1:2] C u H 4 (CH 2 .C0 2 H) 2 . Mol. w. 194. [150°]. 
Formed by saponification of its nitrile by 
boiling with dilute H 2 S0 4 (Baeyer a. Pape, B. 
17, 447). Slender needles, v. sol. alcohol, m. 
sol. cold water. — Ag 2 A" : insoluble pp. 

Nitrile C tf H 4 (CH 2 .CN) 2 . [60°]. Formed 
by the action of KCy on di-w-bromo-o-xylene. 

m-Phenylene-di-acetio acid C u H 4 (CH 2 .C0 2 H) 2 . 
[170°]. Formed by boiling its nitrile with alco- 
holic potash (Kipping, C. J. 53, 42 ; B. 21, 42). 
Needles, v. sol. water.— Ag 2 A" : white pp. 

Nitrile C a H,(CH 2 .CN) 2 . [29°]. (308° at 

300 mm.). From [1:3] CgH^CHJBr^ and KCy. 

p-Phenylene-di-acetic acid C 6 H 4 (CH 2 .C0 2 H) 2 . 
[241°]. Got from its nitrile (Biedermann, B. 5, 

7 (fd , Klippert, B. 9, 1766 ; Kipping, O. J. 53, 
44). Needles, m. sol. water. — CaA"2aq.— 
CaA"3aq. — BaA"2£aq: needles, v. boI. water. — 
ZnA".— CuA".— Ag^A" : white amorphous pp. 
Ethers. — Me 2 A". [57°]. — EtjA". [58°]. 
Chloride . Oil (Klippert). 

Amide, [above 290°]. Plates and needles. 
Nitrile C 6 H 4 (CH 2 .GN) 2 . [96°]. Formed 

by the action of KCy on C <5 H 4 (CH 2 Br) 2 or 
CJEI^CHgCl)^ Three-sided prisms (from ether). 
Alcoholic ammonium sulphide at 100° converts 
it into C # H 4 (CH 5r CS.NH 2 ) 2 [206°] which crystal- 
lises from HOAc. 

Di-phenylene-acetic acid ^^^CH.COJI. 

T222°]. Formed by heating C,JI 8 :C(OH).C0 2 H 
with HI and P at 140° (Friedlander, B. 10, 536). 
Small crystals (from alcohol). Decomposed by j 
heating with soda-lime into CO, and fluorene. — | 
AgA' : unstable pp. ] 


Ethyl ether EtA'. [165°]. 

Reference. — Oxy-diphenylenb-aobtic acid. 
p-PHENYLENE DI-ACETIMIDO-XTHEB 

C 6 H 4 (CH 2 .C(NH).OEt) 2 . The hydrochloride 
B"2HC1 [above 240°] formed by the action of 
alcohol and HC1 on C a H 4 (CH 2 .CN) 2 , crystallises 
in needles (Glock, B. 21, 2660). It is insol. ether. 

o-P HENYLE N E-DI-ACRYLIC ACID 
C t .H 4 (CH:CH.C0 2 H) 2 . [above 300°]. Formed 

by boiling C ti H 4 (CH 2 .CCl(C0 2 Et) 2 ) 2 with alcoholic 
potash (Perkin, C. J. 53, 14 ; B. 19, 435). SI. 
sol. water, v. si. sol. alcohol.— Ag^A" : pp. 

p-Phenylene di-acrylio acid 
C 8 H 4 (CH:CH.C0 2 H) 2 . [310°]. Obtained by 

saponifying the mono-ethyl ether HEtA" [200°] 
which is got by heating jp-aldehydo-cinnamio 
ether with NaOAc and Ac,0 (L6w, A. 231, 377). 
Got also by boiling C 0 H 4 (CH 2 .CBr(CO 2 Et) 2 ) 2 with 
alcoholic potash (Kipping, C. J. 53, 41). Yields a 
tetrabromide crystallising in needles.— Ag,A". 

PHENYLENE - DI - ALLYL - DI - THIO- DI - 
UREA C u H 4 (NH.CS.NHC 3 H s ) 2 . The o- [159°], 
m- [105°], and p- [200°] compounds are formed 
by heating the corresponding phenylene-diamines 
with alcohol and allyl-thiooarbimide (oil of 
mustard) at 100° (Lellmann a. Wiirthner, 

A. 228, 201). The o- and p- compounds decom- 
pose when heated. They are all sol. HOAc. 

o-PHENYLENE - DI - AMIDO - DI - ACETIC 
ACID [1:2] C 8 H 4 (NH.CH r C02H) r The ether 
Et 2 A" [135°] is got from o-phenylene diamine and 
ClCOJEt (Zimmermann a. Knyrim, B. 16, 515). 

m-Phenylene-di-amido-di-acetio acid 
[1:3] C B H 4 (NH.CH 2 .C0.2H) 2 . The ethyl ether 
Et 2 A" [73°] is got by heating m-phenylene- 
diamine with CH2Cl.C0 2 Efc (Zimmermann 

B. 15, 618 ; 16, 514). It is converted by cone. 
HClAq into crystalline H 2 A"H,C1„ v. sol. water. 

p-Phenylene-di-amido-di-acetio acid. The 
ethyl ether Et 2 A" [83°] and the hydrochloride 
HJi/'HaC^ are formed in like manner from 
p-phenylene-diamine. 

o-PHENYLENE-DIAMINE [1:2] C a H 4 (NH 1 ) 2 . 
Mol. w. 108. [104°]. (252°). Prepared by re- 
ducing o-nitro-aniline with tin and HC1 (Zincke 

а. Sintenis, B. 6, 123; Vignon, Bl. [8] 2, 
675 ; Sandmeyer, B. 19, 2654). Formed also 
by heating the corresponding di-amido-benzoio 
acids with baryta (Griess, J. pr. [2] 8, 143; 
Salkowski, A. 173, 58) and by the action of tin 
and HC1 on bromo-o-nitro-aniline (Wurster, 
A. 171, 63; Hiibner, A. 209, 360) and on 
o-di-nitro- benzene (Zincke, B. 7, 1374). Plates 
(from water) or taMes (from chloroform), v. e. 
sol. hot water, alcohol, and ether. 

Reactions. — 1. FeCl, added to a solution of the 
hydrochloride forms di-amido-phenazine hydro- 
chloride, which crystallises in ruby-red needles 
C I2 H I0 N 4 HC1 (Fischer, B. 22, 355).— 2. Pyro- 
catechin at 200° forms phenazine C«H 4 :N 2 :C a H 4 . 
3. (&)- Naphthoquinone forms naphthophenazine 

C. 0 H 6 :N 2 :C a H 4 .— 4. Cyanogen gas forms C S H 8 N 4 a 
yellow crystalline powder [c. 280°], si. soh water, 
forming B'.^HfPtClg 3aq and B'.^H^PtCl* aq. By 
heating with HC1 it is converted into CgJEF ,11,0 
[280°] and di-oxy-quinoxaline (Blaoin, Bl. [2] 42, 
104 ; B. 18, 672).— 5. The sulphocyanide is con- 
verted by heat into a mixture of phenylene- 
thio-urea and thio-urea (Lellmann, A. 221, 8). — 

б. KN0 2 added to a very dilute solution of the 
sulphate forms ‘ amidoazophenylene 9 CJ3* N* 
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which crystallises from benzene in pearly white 
needles [98*5°] (Ladenburg, B, 9, 219). — 7. ICy 
forms O w H 1J N 4 , which yields the salts B^H^Clg, 
B"HC1 2|aq, B"2HNO, 2|aq, and B^H^O, 2£aq, 
and the benzoyl derivative C 13 H n BzN 4 , and is 
converted by nitrous acid into C ls H R N e 0 8 (Hiibner, 

B. 9, 778 ; 10, 1716).— 8. The hydroohloride is 
converted by benzoic aldehyde into dibenzyl- 
idene-phenylene diamine (C 6 H 4 (N:CHPh) 2 [134°], 
yielding B'^tCl*, B'HNO s , B'R 2 S0 4 , B'Mel, 
and B'Etl [213°] (Ladenburg, B. 11, 1653). 

Salts. — B'2HC1. Needles, v. sol. water. — 
B"BLjPtCl a . — B'yELjSO,. — B"H 2 S0 4 14aq : plates. 

Di-acetyl derivative Cf 8 H 4 (NHAc) 2 . 
[186°]. Long silky needles, v. sol. hot water 
and alcohol (Bistrzycki, B. 23, 1878). 

Benzoyl derivative C„H 4 (NH 2 )(NHBz). 
[140°]. Got by reducing C a H 4 (NOJ(NHBz) 
with ammonium sulphide (Mixter, Am. 6, 26). 
Minute crystals, sol. water. When the reduc- 
tion is effected by tin and HC1 the product is 
benzenyl-phenylene-diamine (q. v). 

Dibenzoyl derivative C tt H 4 (NHBz) 2 . 
[c. 300°]. Thin prisms (from HOAc) (Bistrzycki). 

Di-p-toluyl derivative 
CJH 4 (NH.CO.C a H 4 Me) ? . [228°]. Got, together 
with tolenyl-benzamidine C fl H 4 :N 2 H:C.C 6 H 4 Me 
[268°], by the action of p-toluyl chloride on o- 
phenylene-diamine dissolved in benzene (Hiibner, 
A. 210, 328). Colourless needles, si. sol. alcohol. 

m-Phenylene - diamine C a H 4 (NK 2 ) 2 . [63°]. 

(277° i.V.). Prepared by reduction of m-di- 
nitro-benzene or m-nitro-aniline (Hofmann, Pr. 
11,618; 12, 639; Zincke, B. 6, 792). Formed 
also by heating s-di-amido-benzoic acid with 
baryta (Wurster, B. 7, 214 ; Hiibner, A. 222, 86), 
and by the action of tin and HC1 on (4,2,l)-di- 
nitro-benzoic acid (Wurster, B. 7, 149) and on 
(1,2,4) -bromo-di-nitro-benzene (Z.). Got also 
by heating resorcin (1 pt.) with ammoniacal 
CaClj (4 pts. containing 35 p.c. NH,) for eight 
hours at 275° (Seyewitz, G . R. 109, 814). 
Crystalline, m. sol. water, v. sol. alcohol and 
ether. Its solutions are alkaline in reaction. 
KN0 2 added to a solution of a salt of m-phenyl- 
ene-diamine forms a brown pp. containing 
C a H 3 (NH 2 ) 2 .N 2 .C a H 1 .NH 2 . A solution in dilute 
H 2 S0 4 is coloured yellow by a trace of nitrous 
acid. Aldehyde added to an alcoholic solution 
of m-phenylene-diamine hydrochloride forms an 
orange-red colour, with a green fluorescence. 
From this liquid NH,Aq ppts. di-methyl-phenan- 
throline tetrahydride C 14 H la N 2 (Girard a. Roques, 

C. R. 107, 1158; Schiff, A. 253, 328). Benzoic 
aldehyde in alcohol forms with the hydrochlor- 
ide the base CHPh(C 4 H 4 (NH 2 ) 2 ) r The hydro- 
chloride of w-phenylene-diamine gives a crim- 
son colour when boiled with oxygenated water 
(Denig&s) ; in presence of ammonia the liquid 
becomes blue, but is turned red by NaOHAq. 
Hydrogen peroxide gives a bluish -green tint 
(Cazeneuve, Bl . [3] 6, 855) Pb0 2 and dilute 
HOAc give a brown colour (Lauth, C. R . Ill, 975). 
Alkaline NaOBr gives a maroon-red pp. (Denigds, 
C. P. 107, 662). CS 2 in alcohol at 35° forms 

yellow ^monoolinic prisms of C,H 4 <^jj^>CS and 

several other bodies (Gucci, G. 17, 523, 2657). 
The sulphocyanide is converted by heat into 
C^[ 4 (NH.CS.NH 2 ) 2 (Lellmann, A. 221, 8), 
m-Phenylene-diamine is somewhat less poison- 


ous than the p- isomeride (Dubois a. Vignon, 
C. P. 107, 533). 

Salts. — B"HC1. Needles, v. sol. water, si. 
sol. cone. HOlAq. — B”2H01. — B'^yPtCl* : 
needles. — B'^Sn^Olg (Gerdemann, Z. [2] 1, 
51) . — B"ELjSnCl g . — B"H^S0 4 . 

Hydriodide : Mills, C. J. 17, 153. 

Di- formyl derivative C a H 4 (NH.CHO) r 
[155°]. Small crystals (Tobias, B. 15, 2447). 

Mono-acetyl derivative 
C 6 H 4 (NH 2 )(NHAc). Crystalline solid, v. sol. 
water (Wallach a. Schulze, B. 15, 3020).— 
BHC1. [280°]. 

Di-acetyl derivative C a H 4 (NHAc) 2 . 
[189°] (Kelbe, B. 16, 1200 ; cf. BarbagHa, B. 7, 
1257). 

Mono-benzoyl derivative 
C a H 4 (NH 2 )(NHBz). [125°] (Bell, B. 7, 498); 
[260°] (Hiibner, A. 208, 298). Got by reduung 
C 6 H 4 (N0 2 ).NHBz.— B'HCl.— B'TLSO,. Needles. 

Di-benzoyl derivative C a H 4 (NHBz) 2 . 
[240°] (Ruhemann, B. 14, 2651; Hinsberg, A. 
254, 255). White plates. 

m-Amido-benzoyl derivative 
C a H 4 (NH 2 )(NH.CO.C a H l NH 2 ). [129°]. Needles 
(from dilute alcohol) (Hugh, B. 7, 1268). 

o-Oxy-benzoyt derivative 
C a H 1 (NH 2 ).NH.CO.C 8 H 4 .OH. [143°]. Crystals 
(Bell, G . J. 28, 1201). 

p-Phenylene-diamine G 6 H 4 (NH 2 ) 2 . [140 c ]. 

(267°). 

Formation. — 1. By reduction of p-nitro- 
aniline and of p-di-nitro-benzene (Hofmann, 
Pr. 11, 518 ; 12, 639 ; Zincke, B. 7, 871).— 2. By 
reduction of C a H 4 .N 2 .C 8 H 4 NH 2 (Martius a. Griess, 

1866, 136).— 3. By distilling (5,2,l)-di-amido- 
benzoic acid (Griess, B. 5, 201). — 4. In the pre- 
paration of induline by heating G h H 5 .N 2 .C 8 H 4 .NH 2 
with aniline hydrochloride (Witt; Fischer a. 
Hepp, B. 23, 839). 

Preparation. — From acetanilide by nitration 
and reduction with tin and HC1. 

Properties. — Plates (by sublimation) or 
mono clinic crystals (from water) changing in 
the solution to triraetric plates. M. sol. water,* 
v. sol. alcohol and ether. Forms a hydrate 
C 8 H R N 2 2aq [80°]. With Pb0 2 and aqueous HOAc 
it gives a bright bluish -green colour (Lauth, 
C. R. Ill, 975). p-Phenylene-diamine is very 
poisonous (Vignon, C. R. 107, 533). A mere 
trace of a mixture of m - and p- phenylene-di- 
amine gives on warming with HOAc ana KjC 2 0 7 
a blue colour, changing on boiling to red (Witt, 
O. J. 35, 356 ; Meldola, C. J. 51, 105). 

Reactions. — 1. Oxidised to quinone by 
H 2 S0 4 and Mn0 2 . Quinone is also formed to- 
gether with NH, by oxidation of the sulphate 
with KjCrgO, (Meldola a. Evans, C. J. Proc . 
5, 115).— 2. When exposed to air, O, H 2 0 2 , or 
K,FeCy 6 p-phenylene-diamine and its salts are 
oxidised to C«H 8 N 2 a feeble red base with green 
lustre [230°] yielding C a H s AcN a [294°] (Ban- 
drowski, M. 10, 126).— 3. Chlorine passed into a 
solution in HOAc forms tetra-chloro-quinone. 
— 4. FeClg added to a solution of the hydro* 
ohloride saturated with ELjS ppts. Lauth f s violet, 
which is v. sol. pure water, but ppd. by salts 
(Lauth, C. R. 82, 1441). — 5. Potassium nitrite 
added to a solution of the hydrochloride forms 
C c H 4 (NH a Cl)N 9 Cl, and in presenoe of a large 
excess of HC1 it forms C g H 4 (N 2 Cl) r — 6. Mixed 
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with aniline (2 mols.) and oxidised by K*Cr 2 0 7 
it yields pheno-safranine. — 7. The sulphocyanide 
is converted by heat into C a H 4 (NH.CS.NH 2 ) 2 
(Lellmann, A . 221, 8). — 8. Bleaching -powder 
solution added to a solution in HClAq ppts. 
yellowish-white quinone di-chloro-di-imide which 
detonates at 124° (Krause, B. 12, 47).— -9. Aceto- 
acetic ether at 170" forms C 14 Hj a N 2 0 4 [176°] which 
is probably C a H 4 (NH.CO.CH 2 .CO.CEy 2 (Knorr, 
B. 17, 545 ; 19, 3303). 

Salts. — B"H 2 C1 2 . Triclinic tables, v. sol. 
water, almost insol. HClAq.— B"H 2 PtCl a . — 
B "H 2 Sn 2 Cl a (Hiibner, A . 209, 366).— B"H 2 Br 2 .— 
B"H t S*O a (Bernthsen, A. 251, 62).— B"H 2 S0 4 . 
Micaceous plates, si. sol. water (Vignon, Bl. 
[2] 50, 152).— B"H 2 C 2 0 4 . S. -15 at 15°. 

Di-formyl derivative C a H 4 (NH.CHO) 2 . 
[204°]. Amorphous mass (Wundt, B. 11, 828). 

Mono-acetyl derivative 
C a H 4 (NH 2 )(NHAc). [161°]. Formed by reduc- 
tion of C fl H 4 (N0 2 ).NHAc with iron and acetic 
acid (Nietzki, B. 17, 343). Needles, si. sol. cold 
water.— B'jjHjjPtCla. 

Di-acetyl derivative C a H 4 (NHAc) 2 . 
[above 295°] . Fdrmed by boiling the base with 
HOAc (Biedermann a. Ledoux, B. 7, 1531). 
Small octahedra, sol. HOAc. 

Benzoyl derivative C a H 4 (NH 2 ) (NHBz). 
[128°J. Formed by reducing benzoyl-p-nitro- 
aniline (Hiibner, A . 208, 295). Plates, si. sol. 
water. — B'HCl.— B' 2 H 2 S0 4 . Needles. 

Di-benzoyl derivative C a H 4 (NHBz) 2 . 
[above 300°]. Formed from the base, BzCl, and 
NaOHAq (Hinsberg, A. 254, 254). Plates. 
Yields a nitro- product [251°]. 

o-Oxy-benzoyl derivative 
C a H 4 (NH 2 ) (NH.CO.C a H 4 .OH) . [158°]. Glittering 
needles (Bell). 

Hexahydride C a H, 0 (NH 2 ) 2 . Di-amido- 
hexamethrjlene. Formed by reducing the di- 
oxim of quinone tetrahydride in alcohol with 
Na (Baeyer a. Noyes, B. 22, 2172). Liquid, 
with faint ammoniacal odour, forming crystal- 
line salts and an acetyl derivative melting above 
310°. 

References . — Bromo-, Bromo-nitro-, Chloro-, 
Nitro-, and Oxy- phenylene-diamine. 

PHENYLENE-DIAMINE SULPHONIC ACID 

V . Dl-AMIDO-BENZENE SULPHONIC ACID. 

PHENYLENE-DI-AMYL- DIAMINE 

[1:4] C a H 4 (NH.C 5 H ll ) Jt . [49°]. Colourless crys- 
tal (Baeyer a. Noyes, B. 22, 2173). 

DIFHENYLEKE-AZOKE cH*’!’ [166 °^ 

Formed, together with C 12 H h N 2 0 2 [240°] and 
C l2 H 8 N 2 0 [152°] by boiling di-o-nitro -diphenyl 
with alcohol and zinc-dust (Tauber, B. 24, 
3081, 3883). Greenish -yellow needles by sub- 
limation, not volatile with steam. Almost in sol. 
water, v. sol. alcohol, m. sol. ether, v. e. sol. 
HOAc. Reduced by tin and HC1 to C 12 Hi ft N 2 HCl, 
which crystallises in white needles, rapidly re- 
oxidised by air to diphenylene-azone. 

Salts. — B'HCl. Flat bronzed prisms. — 
BHAnOl^ — B'^HjPtCl^ : yellow needles. — 
B'H.jCrCV— B'C a H 3 N t 0 7 . [194°]. Brown needles. 

PHENYLENE-BENZALDEHYDINE v. vol. i. 
p. 109. 

PHENYLENE-BENZAMIDINE o.Benzxnyl- 

VVENYLBNE-DIAIONK. 

Vol. IV. 


PHEN YLENE-D I-B ENZ ID ENE- DIAMINE v. 

Dl-ERNZYL£DENE-PHXNYLENE -DIAMINE. 

PHENYLENE-B ENZ YL-w-DI AMINE 

CgH^NHjJ.NHCjH,. Formed by reducing benzyl- 
m-nitro-aniline (Meldola a. Coste, C. J . 65, 597). 
Oil.— B"2HC1: hexagonal tablets. FeCl, colours 
its solution red and gives a white pp. on heating. 

Di-benzoyl derivative 
C 6 H 4 (NHBz).NBz.C 7 H 7 . [178°]. Sol. alcohol. 

Phenylene-bensyl-p-diamine. [30°]. Got by 
reducing benzyl-p-nitro-aniline (Meldola a. 
Coste, C. J . 55, 590) or jp-nitroso-benzyl-aniline 
(Boeddinghaus, A. 263, 302). Wax-like mass of 
crystals, turning red in air. When mixed with 
the wt-isomeride it yields di-benzyl-amido- 
indamine on oxidation. — B'2HC1. White plates, 
v. sol. water. FeCl s colours its aqueous solu- 
tion green, changing to red. After saturation 
with H 2 S it gives a blue pp. with FeCl,. 

Di-acetyl derivative . [117°]. Prisms. 
Di-benzoyl derivative . [124°]. Needles. 
Fhenylene-di-benzyl-diamine v. vol. i. p. 
501. 

Phenylene-tetra-benzyl-m-diamine 

C a H 4 (N(C 7 H 7 ) 2 ) 2 . [81°]. Formed by heating 

phenylene-w-diamine with NaOHAq and benzyl 
chloride. Amorphous powder, sol. HOAc. 

Phenylene-tetra-benzyl-jp-diamine. [149°J. 
White crystalline powder. HOAc and CrO, 
form a blue-violet colouring matter. 

PHENYLENE - BENZYLIDENE - DI - 
METHYL-DIAMINE C I5 H Ia N 2 i.e. 
C a H ft .CH:N.C a H 4 .NMe 2 . [93°] (Calm, B. 17, 
2940) ; [101°] (K6hler, A. 241, 361). Formed 
from phenylene-di-methyl-p-diamine and benzoic 
aldehyde.— B"2HC1. 

PHENYLENE - BENZYL - DI - METHYL - 
DIAMINE C a H fl CH 2 .NH.C a H 4 .N Me r [48 1. 
Formed by reducing the preceding body in al- 
cohol with sodium-amalgam (Kohler, A. 241, 
361). Plates. Yields a nitrosamine [128°]. 

PHENYLENE-BLUE or Lauth'e violet v. 
Amido-imido-di-phenyl-bulphide. 

PHENYLENE - BROMO - ACETYLENE - 
KETONE v. Bromo-oxy-indonaphthene. 

DI-PHENYLENE-BUTANE cH^CHC^H • 
Diphen&uccindene. [100°]. Formed by heating 
(/3) -di-phenyl-succinic anhydride with HI and 
P and 180° (Roser, A. 247, 156). White needles. 

PHENYLENE-ISOBUTYL-p-DIAMINE 
C 4 H a NH.C a H 4 .NH 2 . [39°]. Formed by reduc- 
tion of p-nitroso-isobutyl-aniline (Wacker, A . 
243, 299). Plates (from benzene-ligToin). 

PHENYLENE - BUTYLIDENE -o -DIAMINE 

C-H.<NH> CHi ‘ r - [233°]. Formed from 

phenylene-o-diamine and isobutyric aldehyde 
(Lassar-Cohn, B. 22, 2724). Needles (by sub- 
limation^.— B'HCl. [184°].-B' 2 H.Pt01 a . 

The isomeric compound from phenylene-t»« 
diamine melts at 216°, while that from phenyl - 
ene-n-diamine is oily, and yields B'^PtCL. 

DI - PHENYLENE - ISOBUTYL - ftUINOX - 

ALIKE cH , C-N>C u H,.CH. i Fr. [147 0 ]. Fo med 
from phenanthraqninone in HOAo and isobutyl* 
phenylene-diamine in alcohol (Gelzer, B. 20, 
3256). Yellowish needles. —B'HCl : needles. 

o-PHENYLENE-DICARBAMIC ETHER 

^H 4 (NH.CP,Et) r P88°J. Formed by heating 

C 
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PHENYLENE-MOARBAMIC ETHER. 


9-phenylene-diamine with OlCO.^Et (Snape, C. J. 
49, 259). Needles (from alcohol). 

w-Phenylene-dicarbamic ether. [145°]. 
p-Phenylene-dicarbamio ether. [193°]. Got 
by heating p-phenylene dioyanate with alcohol 
(Gattermann a. Wrampelmeyer, B. 18, 2605). 

Di-phenylene-dicarbamic acid. Ethyl 
ether C0 2 Et.NH.C 6 H 4 .C a H 4 .NH.C0 2 Et. [230°]. 
Formed from benzidine and ClCO^Et or by boil- 
ing diphenylene dicyanate with alcohol (Snape, 
0. J. 49, 256 ; Schiff a. Vanni, J. 258, 369). 

Di*phenyl ether . [o. 240°]. Made by 

heating diphenylene dicyanate with phenol at 
140° (Snape). Tables, si. sol. alcohol. 

DI-FHENYLENE-C ARBIN 0 L C 13 H 10 O i.e. 

$»j| 4 >CH.OH. Fluorene alcohol [153"]. 

Formed by reducing diphenylene ketone with 
sodium-amalgam (Barbier, A. Oh. [6] 7, 504). 
Hexagonal plates (from benzene). Oxidised by 
CrO„ to diphenylene ketone. Ac 2 0 at 100° 
forms an acetyl derivative [75°]. When heated 
above its melting-point, diphenylene carbinol 
yields C 2fl H JN 0 [290°], a nearly colourless resin. 

o- PHENYLENE CARBONATE C e H 4 C0 8 . 
[118°]. (225°-230°). Formed from sodium 

pyrocatechln and CICOjEt (Wallach, A. 226, 
84). Four-sided prisms (from alcohol-benzene). 

m- Phenylene carbonate C 8 H 4 <^q^>CO. 

Formed by heating resorcin with cyanuric acid 
and ZnCl 2 , and also by the action of COCl 2 on 
resorcin (Bimbaum, B. 14, 1753). Amorphous 
solid, sol. HOAc. 

w-PHENYLENE DICARBONIC ETHER 

O l H 4 (O.CO J Et) r (298°-302°). Formed from 
sodium resorcin and ClG0 2 Et in ether (Wallach, 

A, 226, 84). The p-isomeride, [100°], (310°), is 
got in like manner from hydroquinone (Bender, 

B. 13, 697). 

PHENYLENE-CHLORO-OXY - ACETYLENE 
KETONE V. CHLOBO-DI-On-INDONXPHTHENE. 

PHENYLENE - CINN AM YLIDENE . DI- 
METHYL DI- AMINE C I7 H IB N, i.e . 
C a H a .CH:CH.CH:N.C a H,.NMe 2 . .[141°]. Formed 
from cinnamio aldehyde and phenylene-di- 
methyl-p-diamine (Nuth, B. 18, 575). Needles. 

PHENYLENE - CUMIN YLIDENE - DI - 
METHYL- DIAMINE C 18 H 22 N, i.e. 
C 3 H 7 .C 6 H 4 .CH:N.C,H 4 .NMe 2 . [100°]. Formed 

from cuminol and phenylene-di-methyl-diamine 
(Nuth, B. 18, 575 ; Uebel, A. 245, 299). Needles. 

' Wr PHENYLENE DICYANATE C 6 H 4 (N:CO) 2 . 
[51°]. Got by distilling m-phenylene-dicarbamic 
ether (Bender, Bn. 3, 897). Crystals. 

p-PHENYLENE DI-CYANATE C,H 4 (N:C:0) 2 . 
[91°]. (231° at 745 mm. i.V.). V.D. 5*79 (for 
5*54). Prepared by passing a stream of carbonyl 
chloride COOL through p-phenylene-diamine 
hydrochloride heated to 200°-250 :> (Gatter- 
mann a. Wrampelmeyer, B. 18, 2604). Colour- 
less needles. Sublimable. Pungent vapour. 
Reacts like phenyl-cyanate, forming di-ureas with 
amines, ana di-carbamie ethers with alcohols. 

f HENYLENE DI-CYANIDE v . Nitrile of 
Phthalio agLo. 

. ^HENYLENE ETHYL-ACETAMIDINE 

CA< N N t >O.OH ) . [180°]. Formed by the 

action of AcgO on phenylene-ethyl-o diamine 
(Hampel, J. jpr. [8] 89, 200 ; 41, 166). Plates. 


PHENYLENE-ETHYL-o -DIAMINE 

C <J H 4 (NH 2 )(NHEt). (249°). Formed by re- 
ducing o-nitro-ethylaniline with tin and HOI 
(Hempel, J. pr. [2] 39, 199 ; 41, 164). Oil, 
turning red in air and light. 

Acetyl derivative C,.H fa NJ3tAc. [104°]. 
Phenylene- ethyl-w-diamine 
C 0 H 4 (NH 2 )(NHEt). (276° uncor.). Oil, formed in 
like manner (Ndlting a. Strieker, B. 19, 546). 
B^HjCL* : white powder, 

Phenylene-ethyl-p-diamine. (270°). Oil, 
sol. benzene (Nftlting a. Collin, B. 17, 267 ; 
Schweizer, B. 19, 149; Fischer a. Hepp, B. 
19, 2994 ; Berntbsen a. Goske, B. 20, 930). — 
B"H 2 S0 4 ; needles or prisms. — B^H,/)^. Plates, 
v. sol. water.— B"H 2 PtCl 6 . 

Phenylene-di-ethyl-m-diamine 
CgH 4 (NH 2 ) (NEt 2 ). (277°). Formed by reducing 
w-nitro-di-ethyl-aniline (N. a. S. ; Groll, B. 19, 
200). Oil. 

Phenylene-di-ethyl-p-diamine. (261° un- 
cor.). Formed by reducing nitroso-diethyl 
aniline or C 8 H 4 (NEt 2 ).N 2 .C b H,.NEt 2 (Lippmann 
a. Fleissner, B. 16, 1424). Oil.— B" 2 H 4 Cl 4 PtOl 4 . 
Red crystals. — B"ZnCl 2 2aq. Converted by 
treatment in aqueous solution with alumi- 
nium sulphate, Na^O*. and K 2 Cr 2 0 7 into 
NEt 2 .C 6 H 8 (NH 2 ).S.S0 3 H [229°], whence by diazo- 

tisation C 8 H,(NEt 2 )<^ 2 [107°] may be got 

(Bernthsen, A. 251, 1). 

Phenylene-s-di-ethyl-p-diamine. 
Nitrosamine G a H 4 (NEt.NO) 2 . [90°]. Formed 
from p-phenylene-diamine by successive treat- 
ment with EtBr and HN0 2 (Nietzki, B. 16, 465). 
Yellowish plates (from benzene-ligroin). 

Phenylene-tetra-ethyl-p-diamine 
C a H 4 (NEt 2 ) 2 . [52°]. (280° uncor.). Got by heat- 
ing phenylene-di-ethyl-diamine orN 2 (C 6 H 4 .NEt 2 ) 2 
with EtI (Lippmann a. Fleissner, B. 16, 1427 ; 
M. 4, 301). Monoolinic plates (from dilute alco- 
hol), a:6:c = *99:1:1*833 ; 0 = 9OW.— B"H 2 PtCl # . 
— B'HjHg^lg. Monoclinic prisms. — B"*!. : 
black prisms. — B"2HI.— B"HI S . 

PHENYLENE-ETHYL BEN^AMIDINE 

C.H 4 < N ^ t >OPh. [81°J. Got by ethylation of 

phenylene-benzamidine (Howe, Am. 5, 421).— 
B'HOl 3aq. — B' 2 ByPtCl 6 . — B'HN O., aq [155°].— 
B'EtOH [136°]. — B'Etlaq. — B'EtC12aq. — 
B'sEtjPtCl*.- B'EtHSO, aq. 

FHENYLENE-ETHYLENE-o-DIAMINE 

C- H 4 4hc5- Quinoxaline tetrahydride . 

[97°]. (290°). V.D. 4*44 (calc. 4*64). Formed 
by heating pyrocatechin with ethylene-diamine 
hydrate at 200°-210° (Merz a. Ris, B. 20, 1191). 
Formed also by reduoing quinoxaline with alcohol 
and Na. Plates (from water). FeCl a colours its 
dilute aqueous solutions blue or violet. Alkaline 
K 3 FeGy a oxidises it to quinoxaline. — B" 2 3HG1. 
[above 150°]. Scales.-B^CA. [184°].— 
B" 2C a H 3 N 8 0 7 . [above 120°]. Yellow crystal- 
line pp. t si. soL ether. 

Acetyl derivative C^tNjAc^CyH^ 
[144°]. [350° uncor.). Granules, si. sol. cold water. 

Di-phenylene-ethylene-tetramine v. voL ii. 
p. 491. 

PHENYLSNE-ETHYLENE-DI6ULPHONE 

Formed by heating ethylene 
bromide with potassium benzene m-disulphinate 
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(Otto, J. pr . [2] 86, 450). White plates, m. sol. 
cone. HNO r 

PHENYLENE DI-ETHYL DIKETONE 

C a H 4 (CO.C 2 H,j) 2 . [220°]. Formed from tere- 
phthalic chloride and ZnEt 2 in ether (Munch- 
meyer, B. 10, 1850). Needles (from ether). 

PHENYLENE DI-ETHYL DISULPHONE 
O^HJSO^EtJjj. [142°]. Obtained by heating 
C d H 4 (S0 2 K) 2 [1:3] with EtBr at 100° (Otto, J.pr. 
[2] 36, 440). Colourless plates. 

PHENYLENE-FUBFUBALDEHYDINE t>. 
vol. i. p. 109. 

PHENYLENE-DIGLYCOLLIC ACID v. Oxy- 

DIPHENYLENE-ACETIC ACID. 

DIPHENYLENE-DIHYDBAZINE C 12 H 14 N 4 
i.e. NaHa.C^.C^.N^Hj. [167°]. Formed from 
benzidine hydrochloride by diazotisation and 
redi ;stion by Na 2 SO, or SnCl 2 (Arheidt, A. 239, 
206). Small white plates, sol. hot water. Aqueous 
potassium cyanate forms the semicarbazide 
C n H„,N < , 0 2 [307°]. Nitrous acid forms a di- 
nitrosamine C, 2 H l2 N 4 0 2 [1 1 2°]. Pyruvic acid forms 
C l9 H l4 N 4 0 4 [197°]. Acetone yields G, R H 82 N 4 
[198°], whence fftsion with ZnCl 2 yields di- 
phenyl-di-methyl-indole C 18 H 16 N 2 [270°]. 

i^e/jrence. — Dl-OXY-DI-PIIENYLENE DIHYDRAZ- 
INE. • 

DIPHENYLENE-IMIDE v. Carbazole. 

DIPHENYLENE KETONE 

[83°]. (above 300°). 

Formation.— 1. By distilling phenanthra- 
quinone or diphenyl di-o-carboxylic acid with 
CaO (Fittig a. Ostermayer, A . 166, 373 ; 

Anschutz a. Schultz, B. 9, 1400). — 2. By heat- 
ing anthraquinone with lime (Anschutz, B. 11, 
1213).— 3. By dry distillation of the A g salt of 
its dicarboxylic acid (Bamberger a. Hooker, 
B. 18, 1034 ; A. 229, 156).~4. By passing a 
mixture of phenol and CS 2 over hot copper 
(Carnelley a. Dunn, C. J. Proc. 4, 53; B. 21, 
2005, who regard the product thus obtained as 
isomeride). 

Properties. — Yellow needles or plates (from 
alcohol). Yields phenyl-benzoic acid by potash- 
fusion. Distillation over zinc-dust gives di- 
phenylene-methane [113°] (Fittig, B. 6, 187). 
Forms a nitro- derivative [220°] and a di-nitro- 
derivative [290°] (Schultz, A . 203, 104). Alka- 
line KMn0 4 oxidises it to phthalio acid (Anschutz 
a. T anp, B . 11, 213). H 2 S0 4 forms at 260° a 
disulphonic acid, whence CaA" (Schmidt a. 
Schultz, A, 207, 345). 

Oxim, [192°] (Spiegler, M. 5, 195). 

References . — Bromo-,Di-chloro-, Nitro-, and 

OXY- DIPHENYLENE KETONE. 

DIPHENYLENE KETONE CABB0XYLIC 
ACID [1:2] 0,H < < C ^ ) >C,H 1 .CO r H [ * 6] . [192°]. 

Formed by oxidation of fluoranthene by chromic 
acid mixture (Fittig, A . 193, 149 ; 200, 6). 
Orange-red needles (from dilute alcohol). 

Reactions . — 1. Potash-fusion gives diphenyl 
-om-dicarboxylio acid. — 2. Yields diphenylene 
ketone on distillation. — 3. Distillation with zinc - 
dust gives diphenylene-methane (fluorene). 

S a 1 1 s.— BaA' 2 4aq.— CaA' 2 2aq. — Ag A'. 

Diphenylene ketone earboxylic acid, [above 
B75 U J. Formed by heating the dicarboxylic acid 
4 Bamberger a. Hooker, B. 18, 1034; A. 229, 
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158). Pale yellow needles, si. sol. alcohol. 
May be sublimed.—BaA^.— AgA' ; yellow pp, 
Diphenylene ketone carboxylic acid 

[1:2] C„H 1 < CO >C a H s .COJH[^3j. [227° cor.]. 

Formation (Graebe, B . 13, 1303 ; J3. 20 
845; A. 247, 275). — 1. From diphenyl di o- 
carboxylic acid by heating with H«jS 0 4 at 120° 
or with POCl 3 or ZnCl 2 . — 2. By heating di- 
phonylene dicarboxylic acid with H 2 S0 4 for 10 
minutes at 150°. 

Properties. —Yellow needles, v. sol, hot al- 
cohol. Cone. H 2 S0 4 forms a red solution. 

Reactions. — 1. Potash-fusion yields diphenyl 
di-o-carboxylic acid. -2. PCI, (1 mol.) forms 

C a H'(COClp >CO [ 128 °3» which may be crystal- 
lised from ligroin.— 3, PC1 6 (2 pts.) at 160° 
yields q 6 £[ 4 (C0C1) x>CC 1 2 [95°], which yields 

fluorene carboxylic acid on reduction with zinc- 
dust and dilute acetic acid.— 4. Zinc-dust and 

Q TT 

ammonia reduce it to c;5: ( co a H)> CH (° H )- 
5. HI and P give fluorene.— 6. Phenol and 
SnCl, at 120° give ^(CO^ 0 ^’ 011 ). 

[165°], which yields AgA' and C 2tt H 18 Ac 2 0 4 [c. 
130°]. — 7. Resorcin gives rise, on heating, to 

C ^HjeOaH) x* ^ ^ A ( 2 ) J ’ a yellowish-brown 
powder which exhibits green fluorescence in 
alkaline solutions. 

Salts. — NH 4 A' aq. — NaA' 6aq: yellow 
needles, v. sol. hot water. — AgA' ; yellow pp. 
Methyl ether MeA'. [132°]. Needles. 
Ethyl ether EtA'. [103°]. Needle#. 
Chloride C I4 H 7 C10 2 . [128°]. 

Amide CnH^NByO* [225°J. Silky yellow 
needles (containing £HOEt). Formed from the 
chloride, and also by heating phenanthraquinone 
mono-oxim with at 100° (Wegerhoff, B. 

21, 2357). 

Oxim C, 4 H r (CCXjH) (C;N OH) . [263°]. 
Phenyl -hy dr azide 

C, 4 H 7 (C0 2 H)(C:N 2 HPh), [205°]. Brownish- 

yellow prisms, m. sol. aloohol. 

Diphenylene ketone dicarboxylic acid 

C,H 4 <^ C0 ^>0 # Hj(C 0 2 H) 2 [ Formed by 

oxidation of retene-quinone and of oxyisopropyl- 
diphenylene-ketone carboxylio acid (Bamberger 
a. Hooker, B. 18, 1033 ; A. 229, 151). Yellow 
needles (from HO Ac). Not melted at 270°, but 
loses C0 2 at a higher temperature. Yields di- 
phenyl on heating with CaO. Potash-fuBion 
forms diphenyl tricarboxylic acid. — BaA". — 
AgjA" : yellow pp. 

Methyl ether Me^A". [184°]. Yellow 
needles. 

Ethyl ether EtA". [115°]. Needles. 

Oxim CjAtCO^H^CKNOH). Yellow PP*. 
not melted at 280°. 

DIPHENYLENE KETONE OXIDE 

C0 <C h‘>°- Xanthone - [174°]. (350°) at 

730 mm. (Graebe, A. 254, 280). S. (alcohol) *7 
in the cold ; 8*5 at 78°. 

Formation. — 1. Obtained by oxidation of 

°ft<0 H > ° with Cr0 » ftnd HOAo ( Mb:z *• 

8 0 2 
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Welth, B. 14, 192).— 2. By the dry distillation of 
salicylide ; the yield being 35 p.c. of the theo- 
retical (Perkin, B. 16, 339).— 3. By distilling 
phenyl phosphate with sodium m - or p-oxy- 
benzoate (Richter). — 4. By the action of POCl 3 
on potassium-salicylate of ethyl.— 5. By dis- 
tilling neutral or basic sodium salicylate with 
P 2 O v — 6. In small quantities, when salicylic 
acid is distilled. — 7. By strongly heating sodium 
o-chlorobenzoate. — 8. From sodium o-phenyl- 
benzoate and POCl 3 . — 9. To the amount of 12 p.c. 
of the theoretical quantity, by the action of o- 
chlorobenzoyl chloride on basic sodium salicyl- 
ate. — 10. By the action of cone. H 2 S0 4 on 
[1:2] C 0 H 4 (OPh).CO 2 H (Graebe, B. 21, 503).— 
11. By distilling phenyl salicylate (Seiffert, 
J. pr . [2] 81, 479). — 12. By heating salicylic 
acid (1 mol.) with PCl r> (1 mol.), then adding 
phenol and distilling (Klepl, J. pr. [2] 28, 217. — 
13. By distilling calcium ^)-oxy-benzoate (Gold- 
schmidt, Mi. 4, 128). ™ 14. A product of the elec- 
trolysis of a solution of phenol in KOHAq at 
200° (Bamberger a. Berl6, B. 24, 3212). 

Preparation . — 1. Phenyl phosphate (20 g.) 
and sodic salicylate (20 g.) are distilled together ; 
a violent action ensues; when it is over the 
residue is distilled over at 400°, best in a current 
of air. The crude product is shaken with solu- 
tion of NaOH and distilled with steam. The 
residue is extracted with alcohol, from which, 
on cooling, the ketone crystallises (R. Richter, 
J. pr. [2] 28, 276).— 2. By distilling salicylic 
acid with Ac 2 0, the salicylide which is first 
formed splitting off C0 2 when the temperature 
rises (Perkin, C. J. 43, 35). In this prooess 
there is formed a by-product C M H 8 0 3 [192°] 
which is converted by boiling alcoholic potash 
into an acid C 14 H 8 0 4 [275°] (A. G. Perkin, O . J. 
43, 187). 

Properties. — Long white needles, grouped 
concentricqjdy. M. sol. ether, alcohol and 
benzoline, more sol. benzene and chloroform, 
insol. water. The solution in cone. H 2 S0 4 shows 
blue fluorescence (Graebe, B. 15, 1679). Does 
not react with hydroxylamine or phenyl-hydraz- 
ine (Spiegler, B. 17, 808). 

Reactions . — 1. Reduced by jmte-dust or by 

HI to OH s <q s ®*>0 [100-5°] but no further.— 

2. Potash-fusion converts it into salicylic acid 
and phenol. — 3. If the fusion be stopped when 
the mass is pasty (at about 200°), dissolved in 
water and ppd. by HOI, di-oxy-benzophenone 
is obtained, 00(0 e H 4 0H) 2 . — 4. Sodium-amal- 
gam reduces the di-phenylene-ketone oxide 
(in dilute alcoholic solution) to C 2 ,H 18 0 3 [200°]. 
This body crystallises from CHC1 S in prisms. 
It is split up by chromic acid into di-phenylene- 
ketone oxide and diphenylene methane oxide, so 
that it is perhaps a molecular compound of these 
two bodies.— 5. Bromine at 200° forms a di- 
bromo- derivative [212°]. — 6. Fuming H 2 S0 4 
gives a disulphonic acid which forms BaA" aq, 
crystallising from hot water in needles (A, G. 
Pfrkin, C. J. 43, 192). 

Isomer.de C l3 H 8 0 2 . [91°J (R.) ; [96°] (G.). 
A product of the action of POCl, on sodium 
salicylate (Richter, J \ pr. [2] 28, 294). Formed 
also by heating the sulphate of o-diazobenzoio 
acid with phenol (Griess, B. 21, 981). Needles, 
v. e. sol. ether. Yields diphenyl oh distillation 


with zinc-dust. Br gives C 13 H,BrO ? [ 193 ®]. 
ELjS0 4 yields a disulphonic acid, whioh gives 
BaA"aq crystallising in needles. 

Dizanthone C„H t < c ° 0 >C (1 H ! < c °> C.H,. 

[256°]. Occurs in the produot of the action of 
salicylic acid on resorcin (Kostanecki a. Seid- 
mann, B. 25, 16541. It crystallises from HOAc 
in groups of needles, and its solution in ELjSC 4 
shows greenish fluorescence. 

References . — Di-amido-, Nitro-, and Oxy- 

DI-PHENYLENE KETONE OXIDE. 

PHENYLENE MERCAPTAN v. Di-thio- 

resorcin and Di-thio-hydroquinone. 

Diphenylene mercaptan C fl H 4 (SH).C 8 H 4 (SH). 
[176°]. Formed by diazotising benzidine, and 
treating the product with potassium xanthate 
and alcoholic potash successively (Leuckart, 
J. pr. [2] 41, 212; cf. Gabriel, B. 13, «90). 
White plates (from alcohol). 

Di-methyl ether Me 2 A". [184°]. Plates. 
Di- ethyl ether Et A". [135°J. Plates. 
oo-DIPHENYLENE-METHANE v. Fluob- 

ENE. 

(7) - Diphenylene - methane CH 2 <^^ 6 ® 4 . 

Methylene-diphenyl. [118°]. (295° uncor.). V.D. 
84 (calc. 83). Occurs, together with the (5)- 
isomeride, among the products of the passage of 
a mixture of benzene and toluene through a 
red-hot tube (Carnelley, C. J. 37, 708). Pearly 
plates (from alcohol), si. sol. cold alcohol, v. sol. 
ether. Its alcoholic solution shows faint blue 
fluorescence. CrO s and HOAc oxidise it to 
C, 3 H 8 0 2 [281° cor.]. Bromine in ether gives 
CjgHgBrjj [162°]. Picric acid forms a compound 
C, s H 10 C a H 3 N.,O 7 crystallising in blood-red needles 
[81°]. 

(5)-Diphenylene-methane C 13 H 10 . [205°]. 

(320°). Y.D. 86-2 (calc. 83). Formed as above. 
Pearly plates (from alcohol). Oxidised by 
CrOj, in HOAc to C 13 H 8 0 2 [288° cor.] which 
sublimes in white needles. 

DIPHENYLENE-METHANE OXIDE 

CH <<c“h'>°- E 100 °J- ( 315 ° oor )- Formed, 
to the amount of 2 p.c., in the preparation of 
Ph 2 0 by heating phenol with AJC1 3 (Merz a. 
Weith, B. 14, 191). Formed also from di- 
phenylene ketone oxide by heating with fuming 
HIAq at 160° or by distilling with zinc-dust 
(R. Richter, J. pr. [2] 28, 280 ; Graebe, a. 254,. 
282) ; and by distilling euxanthone over heated 
zinc-dust (Wichelhaus a. Salzmann, B. 10, 
1399 ; Graebe a. Ebrard, B, 15, 1678). White- 
plates (from alcohol). 

Reactions . — 1. Oxidised by CrO, or dilute 
HNO $ to diphenylene ketone oxide. — 2. PCl ft 
forms HC1 and a product whence water at 0° 
produces C 1 ,H fl O.PO(OH) 2 [255°~260°] an acid 
forming Ag„A" and (NHJ^". — 3. Br forma 
C, 3 H 4 Br„0 and C 13 H 3 Br 7 0 [136°]. 

DIPHENYLENE - METHANE SULPHIDE 

CH-KcH^ 8 - [ 128 °J- ( 342 °)- Formed by 

reducing CO<p*g*>S with HI and P at 170° ; 

and also by passing phenyltolyl sulphide through 
a red-hot tube (Graebe a. Schultess, A. 268, 12)«. 
Needles, si. sol. cold alcohol, v. e. sol. CHCL,. 
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DIPHENYLENE • METHANE 8ULFH0HE 

CH,<^Q*g 4 ^>S0 2 . [170°]. Formod by heating 

co< Co h 4 > so * with HI and P at 170 ° ( Graebe 

a. Schultess, A. 263, 16). Needles, v. sol. hot 
aloohol. 

PHENYLENE-METHENYL-AMIDINE 

C.H^^^CH. [167°]. (above 360°). Formed 

by boiling phenylene-o-diamine with formic 
acid (Wundt, B. 11,826; Fischer, B. 22, 645). 
Trimetric crystals (from alcohol). — B'HCl aq. — 
B'HAuCl 4 . Yields on methylation C 8 H B N 2 [33 °] 
(278° at 730 mm.). 

Carboxylic acid CO.H.CJI^^^CH. 

Formed by reducing the formyl derivative of 
(2,M)-nitro-amido-benzoic acid (Zehra, B . 23, 
3634). White needles, blackening without 
fusion when heated. — HA'HCl : white needles. 

m - PHENYLENE - METHYL - DIAMINE 
[1:8] C a H 4 (NH 2 ).NHMe. Methyl - phenylene - 
diamine. Amido-mcthyl-anihne (265°-270° 
uncor.). Formed by reduction of rtfc-nitro- 
methyl-aniline (Ndlting a. Strieker, B. 19, 648). 
Oil. Gives a methyl-clirysoidine with diazo- 
benzene chloride. 

p-Phenylene-methyl-diamine 
[1:4] C a H 4 (NH 2 )(NHMe). (258° uncor.). Formed 
by reduction of jM-mtroso-methyl-aniline (Fischer, 
B. 19, 2992) or of C fl II 4 (NHMe).N 2 .C 6 H 4 .SO,H 
(Bernthsen a. Goske, B. 20, 929). Oil, v. sol. 
water. FeCl s gives a red colour, which on suc- 
cessive treatment with HC1 and H 2 S becomes 
blue (dimethylthionine). — B' 2 H 2 S0 4 : white 
needles (from water). 

m-Phenylene-di-methyl-diamine 
[1:8] C fi H 4 (NH.,)(NMe 2 ). (269°) at 740 mm. 
S.G. aa *996 (Groll, B. 19, 200) ; (258°) (Staedel 
a. Bauer, B. 19, 1945). Formed by reduction of 
m-nitro-di-methyl-aniline. Oil. With nitrous 
acid it yields a colouring-matter closely resem- 
bling Bismarck brown. With diazobenzeno 
chloride it yields a di-methyl-chrysoidine which 
dies a somewhat redder shade than chrysoidine. 
Pb0 2 and aqueous HOAc gives a yellowish- 
brown colour (Lauth, C. R. Ill, 976). — B'HCl. 

Acetyl derivative C a H 4 (NMe 2 )(NHAc). 
[87°]. 

p-Phenylene-di-methyl-diamine 
[1:1] C a H 4 (NRJ(NM6 2 ). [41°]. (257° i.V.). 

Prepared by reduction of nitroso-di-methyl 
aniline and of (C a H 4 NMe 2 ).,N 2 0 by tin and HC1 
(Schraube, B. 8, 616; Wurster, B. 12, 622; 
Weber, B . 10, 760). Prepared also by reduction 
of C a H 4 (N Mg 2 ) . N 2 . C a H 4 . SO a H (E. Fischer, B. 16, 
2235). Formed also together with di-chloro-jp- 
phenylene-diamine and di-chloro-p-phenylene- 
di-methyl diamine by boiling nitroso-di-methyl- 
aniline with HC1 (S.G. 1-2) (Mohlau, B» 19, 
2010). 

Properties. — Long white needles or short 
prisms, v. sol. water, alcohol, and ether. Pb0 2 
and aqueous HOAc give a magenta-red solution 
changing to violet-black (Lauth, C. R. Ill, 975). 
Colours wood, and paper made from wood, 
crimson (Wurster, B. 20, 808). 

Reactions. — 1. Yields quinone on oxidation 
with MnO s and R 2 80 4 . — 2. Bromine in HOAc 
forms C^HjjNjjBr, which crystallises from its red 


alcoholic solution in green scales [146°J 
(Wurster a. Sendtner, B . 12, 1803). — 3. H 2 S 
and an oxidising agent (e.g. FeCl,) gives 
methylene-blue (v. vol. iii. p. 265). Methylene- 

red S 2 <^ 8 ^>NMe 2 Cl is a by-product 

(Bernthsen, A. 230, 137; 251, 1). — 4. Na 2 S 2 O s 
and CrO, give C a H 8 (NMe 2 )(NH 2 )S.SO,H, which 
yields methylene-blue on further oxidation. — 

5. Aldehydes and ketones form products of con- 
densation, e.g. C 8 H 4 (NMe 2 ).N:CHPh [93°] (Calm, 
B. 17, 2938), C 8 H 4 (NMe 2 ).N:CH.C 8 H 4 OH [1:2] 
[134°], and C a H 4 (NMe 2 ).N:CH.C a H 4 .OMe [1:4] 
[148°] (Nuth, B. 18, 574; Steinhart, A. 241, 
343). Benzil and alcohoiio KOH form 
CPhBz:N.C fl H 4 NMe 2 [139°] ; benzoyl-acetone 
forms in like manner CBy3z.CMe:N.O fl H 4 NMe 2 
[136°] (Yogtherr, B. 25, 635). Benzoin gives 
CIIPh(OH).CPh:N.C a H 4 NMe a [127°] on heating, 
while deoxybenzoin forms C 22 H 22 N 2 [139°]. — 

6. Oxalic ether forms, on heating, the ether 
C 8 H 4 (NMe 2 ).NH.'C0.C0 2 Et [117°] which yields 
a corresponding acid [192°] and amide [259°] 
(Sendtner, B. 12, 530). 

Salts. — B"2IIC1. Very deliquescent plates. 
— B"H 2 SnCl 4 . Cubes. — B"H 2 PtCl„. 

Acetyl derivative C b H 4 (NMe 2 )(NHAc). 
[130°]. (355°). Small leaflets or needles. 

^-Phenylene-tri-methy 1-diamine 
[1:4] C 0 H 4 (NMe 2 )(NMeH). (265°). Obtained by 
reduction of its nitrosamine, which is formed by 
the action of nitrous acid on p-phenylene-tetra- 
methyl-diamine (Wurster a« Schobig, B. 12, 
1809). Oil. 

Acetyl derivative. [95°]. Prisms. 
Nitrosamine C a H 4 (NMe 2 )(NMe.NO). [99°]. 
Leaflets or tables, si. sol. cold water. 

m-Phenylene-tetra-methyl-diamine 
[1:3] C a H,(NMe 2 ) 5 . [-2°]. (266° i.V.). S.G. 1* 
*992. Prepared by heating phonylene-m-diamino 
with methyl alcohol and HC1 at 190° (Wurster 
a. Morley, B. 12, 1814). Purified by distilling 
with Ac 2 0 (Itomburgh, R. T. C . 7, 2). Oil, si. 
sol. water. HOAc and nitrio acid give 
C a H(N0 2 ) 4 N 2 Me,N0 [132°]. s-Tri-nitro-benzene 
forms B''C fl H 8 (N0 2 ) 8 [121°]. w-Di-nitro-benzene 
gives B"C a H 4 (N0 2 ) 2 [58°] crystallising in needles. 
Bromine forms oily C J0 H,,Br 2 N 2 . NaNQ 2 and 
dilute HClAq give oily C a H 3 (NO)(NMe 2 ) 2 , which 
forms a hydrochloride B'HCl, crystallising in 
dark-red needles (Witt, B. 18,877). 

Salts.— B"H 2 Cl 2 2aq : hygroscopic crystals. 
— B"H 4 FeCy a aq. Pearly plates (Wurster a. 
Boser, B. 12, 1826). 

Methyl iodide B"MeI. [192°]. Crystals, 
v. sol. water.— B"MeHI 2 . 

Di-mcthylo-di-iodide B'^e^ Plates, 
v. sol. water (Hofmann, Pr. 12, 639). 

jD-Phenylene-tetra-methyl-diamine 
[1:4] C a H 4 (NMe 2 ) 2 . [51°]. (260° i.V.). Prepared 
by heating jp-phenylene-di-methyl-diamine with 
MeOH and HClAq at 200° (Wurster, B. 12, 626, 
1803, 1827). White leaflets, si. sol. cold water, 
v. sol. alcohol. Its aqueous solution becomes 
violet-blue on exposure to air or additior of 
oxidising agents. The blue substaiice appears 

only to exist as a salt, e.g. C a H 4 <^^®*^>CH 2 

(Wurster, B. 19, 3195 ; 20, 256 ; 21, 921). It 
becomes colpurless on further oxidation. 

^ Reactions.— 1. Bromine in HOAc forms a 
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blue colouring matter C 10 H U N 2 , which forms 
blue solutions in water and alcohol.-r-2. K 3 FeCy a 
added to a solution of the sulphate forms 
C, 0 H, 4 N 22 H 4 FeCy a crystallising in lustrous blue 
needles. — 3. Sodium nitrite and hydrochlorio 
acid give O a H 4 (NMe 2 )(NMeNO) [98°] and 
C a H,(N0 2 )(NMe 2 ).NMe.N0 [87°]. 

Salts.— B"2HC1 ; crystals. — B"H 2 PtCl 8 . — 
B"2H 2 S0 4 . — B"H 4 FeCy fl : white needles. 

Methylo-iodides B"MeI. [above 270°]. 
Leaflets (W.).— B ,/ Me 2 I 2 . Plates (Hofmann). 
Reference . — Nitro-fhenylene-di-methyl-di- 

AMINE. • 

PHENYLENE - DI - METHYL - DI - AMINE 
SULPHONIC ACID C e H a (NH 2 ) (NMe,,).SO a H. 
Got by reduction of p-nitro-di-methyl-amido- 
benzene sulphonio acid (Michler a. Walder, B. 
14, 2176). Large rhombohedra, v. sol. water. — 
BaA' 2 . — CaA' 2 : plates. 

p - PHEN YLENE - DI - METHYL-DI - ETHYL- 
DIAMINE C«H 4 (NMe 2 )(NEt 2 ). (264°). Formed 
from [1:4] C 8 H 4 (NEt 2 )(NH 2 ), MeOH, and HClAq 
at 200° (Lippmann a. Fleissner, M. 4, 791). 
Liquid. Coloured blue by oxidising agents. 

Methylo-iodide B"2MeI. [218°]. Yields 
B"Me 2 PtCl 8 , B"Me 2 AuCl 8 , B"Me 2 C<lI 4 , and 
B"Me 2 (C 6 H 2 N 3 0 7 ) 2 [235°]. 

o - PHENYLENE- METHYL - ETHYLENE - 

DIAMINE C 6 H 4 <™°>C a H 4 . v-Mcthyl-qidn- 

oxaline tetrahydride. (274°). Formed by heat- 
ing phenylene-ethylene-diamine with Mel at 
110° (Bis, B. 21, 381). Liquid. Its aqueous 
solution is coloured blue by FeCl 3 . 

Methylo-iodide B'Mel. [above 200°]. 
Crystals. — B^Me-^PtCl^. Yellow needles. 

DIPHEN YLENE - METHYL - FURFURANE 

SfeS, Got b y reducing 

SfftOB)^ 0 ( Japp a 2 i f 

2932). 

PHENYLENE - DI - METHYL - DI - M ALONIC 
ACIDS C a H 4 (CH 2 .CH(C0 2 H) 2 ) 2 . The ethers of 
these acids are formed by the action of zinc- 
dust on the acids C a H 4 (CH 2 .CCl(C0 2 Et) 2 ) 2 which 
are formed from sodium chloro-malonic ether 
and »-di-bromo-xylenes (Perkin a. Kipping, C. *7. 
53,16; B. 19, 437; 21, 36). The o- and m- 
ethers are oily, the p - ether is crystalline [51°]. 
The ethers form deliquescent sodium derivatives 
Na^^H^O*, and the o- compound of this formula 
is converted by iodine into the tetrahydride of 
naphthalene tetracarboxylic ether. The m- 
acid is a liquid v. sol. water, the p- acid is 
crystalline [195°]. The p - acid forms AgjjA", 
and when heated splits up into C0 2 and 
C 8 H 4 (CH 2 .CH 2 .C0 2 H) 2 [223°]. 

PHENYLENE - METHYL - METHENYL - 

AMIDINE C„H ( < N ^ Ie ;>CH. [33°]. (278°) at 

730 mm. Formed from phenylene-methenyl- 
amidine, Mel, and MeOH at 100° (O. Fischer, 
B. S{2, 644). Prisms.— B'HAuCl 4 . Needles. 

DIPHENYLENE-METHYL-PYRAZINE 

0 H^C N-CH* Formed from phenan- 

fchraquinone and propylene-diamine (Strache, 
B. 81, 2362). White needles.— B'JBUPtCl,. 


.•-p-DIPHE NTLEN E ■ TETB A- METHYL -DI. 
EYEHOLE C al H„N, ».«. 

OaOto> N - C « H - C - H *- N <CMe!cff 
Got by heating an alooholic solution of acetonyl- 
acetone (2 mols.) and benzidine (1 mol.) (Paal 
a. Schneider, B. 19, 3158). Colourless tables. 
Sol. alcohol, ether, benzene, and ligroin. 

DIPHENYLENE -METHYL- QUIN OXALINE 

O s1 H 14 N 2 i.e. [213°]. Formed 

from (1,3,4) -tolylene-diamine and phenanthra- 
quinone in HOAc (Hinsberg, B. 17, 323). Yel- 
low hair-like crystals, v. sol. benzene. 

DIPHENYLENE - NAPHTHOQUINOXAL - 

INE [273°J. Formed by 

boiling an alcoholic solution of (l,2)-naphthyl- 
ene-diamine with phenanthraquinone in HOAo 
(Lawson, B. 18, 2426). Small yellow crystals. 

The sulphonio acid, got by mixing a hot 
aqueous solution of naphthylcne-o-diamine sul- 
phonic acid with phenanthraquinone dissolved 
in NaHj30 a Aq with addition ot NaOAc, forms a 
yellow crystalline Na salt, sol. hot water, but 
ppd. by alkalis (Witt, B. 19, 1719, 2791). When 
fused with KOH it yields the insoluble eurhodol 

C,*H S <^>C 10 H S (OH) [*4], which forms a 
scarlet hydrochloride. 

m - PHENYLENE - DI - (j3) - NAPHTHYL - 
DIAMINE C a H 4 (NHC 10 H 7 )., [126°]. Formed 

by heating m-phenylene-diamine with (#)- 
naphthol (Ruhemann, B. 14, 2654). Felted 
needles, sol. alcohol and ether. 

p-Phenylene-di-(j8)-naphthyl-diamine 
C b H 4 (NHC 10 H 7 ) 2 . [235°]. (over 400° in vacuo). 
Formed by heating ^-phenylene-diamine with 
(0) -naphthol at 200° (Rueif, B. 22, 1080). White 
plates, almost insol. boiling alcohol, v. sol. 
nitro-benzene. KN0 2 added to its solution in 
cone. BLjS 0 4 gives a greenish-violet colour, 
changing to blue. — B'2C u H a N 3 0 7 . [c. 217°]. 

Acetyl derivative C a H 4 (NAc.C l0 H 7 ) r 
[210°]. Plates (from benzene). 

Benzoyl derivativ e C 2a H IH Bz 2 N 2 . [220 w j. 
Reference. — Nitro-phenylene-naphthyl-di- 

AMINE. 

PHENYLENE - NAPHTHYLENE - AMINE 

C„H U N i.e. [g- 2 ] g*j£>NH. Phenyl-naphthyl - 

carbazole . [330°]. (454°) (Schweizer, A. 264, 
195). S. (alcohol) *25 at 78 y ; S. (toluene) *5 at 
111° (Bechi, B. 12, 1978). Occurs in crude 
anthracene, from which it may be got from the 
residues after sublimation of the anthracene 
(Graebe a. Knecht, B. 12, 341, 2242 ; A. 202, 1). 
Formed by passing phenyl-(0)-naphthyl-amine 
through a red-hot tube. Colourless plates, v. si. 
sol. HOAc. Its solutions show blue fluorescence. 
Oxidation by K 2 Cr 2 0 7 and 11*80., forms the 

quinone j^>NH [307°] which crystallises 
from HOAc in reddish-yellow needles, and is 
accompanied by q jj q /O which crystallises 

from benzeno in red prisms. 

Acetyl derivative C 18 H, 3 NO. [121°]. 
Nitrosamine C 18 H l0 N 8 O. [240°]. 
Tetrahydride C,*H, S N. Formed by 
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reduction with HIAq and P at 210°. Syrup.— 
B'HI. Long needles. 

Phenylene-^naphthylene-amine 

[ 2 - 1 ] c” h‘> NH - C 226 °]‘ Formed hy heating 

S^Cc” with reduoed copper at 240° 

(Kym,°i/. 23, 2465). Greenish-yellow plates, si. 
sol. cold benzene, v. sol. hot alcohol. 

PHENYLENE - NAPHTHYLENE - KETONE 

OXIDE C0<<W> 0 . [155°]. Formed by 

boiling (a) -naphthyl salicylate (Graebe a. Feer,B. 
19, 2612). Formed also by heating (a)-naphthol 
with salicylic acid and HOAc ; and by distilling 
(l,2)-(a)-naphthol carboxjdic acid with salicylic 
acid (Kostanecki, B. 25, 1643). Crystals, si. sol. 
cold alcohol. Its solution in H 2 S0 4 shows green 
fluorescence. Converted by potash-fusion into 
o-(a) -di-oxy-phenyl-uaphthyl-ketono (Phomina, 

A. 257, 92). 

Isomeride. [140°]. Formed in like manner 
from (j8) -naphthyl salicylate ; and by heating 
(2,l)-(/8)-naphthol carboxylic acid with salicylic 
acid. Needles.. Reduced by zinc-dust to j 

c ^<c;h:>°* [80 ° j * 

p - PHENYLENE - DI - {$) - NAPHTHYL - DI - 
METHYL-DIAMINE C B H 4 (NMe.C t0 H 7 ).>. [180°]. 
Formed from C^H^NHC.oH,),,, Mel, and MeOH 
at 140° (Rueff, B. 22, 1080). Plates. 

PHENYLENE - NAPHTHYLENE OXIDE 

5 g S 4 ^>0. [178°]. Formed by distilling a mixture 

of phenol and (a)-naphthol with PbO (Arx, B. 
13, 1726 ; A. 209, 141). Yellow needles, si. sol. 
alcohol. H._,S0 4 forms a tetrasulphonio acid 
which gives Ba.,C, a H B S 4 O in 4aq. CrO,, and HOAc 
formC I0 H s O 3 [140«].-C J6 H 10 O2C 6 H 3 N 3 O 7 . [165°]. 

Isomeride C l(J H 10 O. [296°] (A.) ; [300°] (G. 
a. K.). Formed in like manner from (j3)- 
naphthol (A.). Got also by distilling the com- 
pound C,«H h 0 3 (from phenylene-naphthylene- 
amine) with zinc-dust (Graebe a. Knecht, A. 
202, 15). Plates, v. sol. toluene. 

References— Pi-buomo-, Di-chloro-, and Di- 

NITRO- PHF.NYLENE-NAPHTHYDENK OXIDE. 

PHENYLENE OXIDE C,H 4 0? [103°]. A 
product of the distillation of o-oxy-benzoyl-o- 
oxy-benzoic acid (Marker, A. 124, 249). Silky 
needles (from alcohol). HNO, yields the nitro- 
compound C a H 3 (N0 2 )0 [150°].* 

Diphenylene oxide C l2 H s O i.e. Q a jj 4 ^>0. 

[87°]. (283°) (Galewsky, A. 264, 188). 

Formation . — 1. By distilling Ph 3 P0 4 over 
lime, MgO, or PbO (Lesimple, A. 138, 375; 
Hoffmeister, [2] 7, 24 ; A. 159, 211 ; Kreysler, 

B. 18, 1720).— 2. By distilling phenol (2 pt3.) 
with PbO (3 pts.) (Behr a. Dorp, B. 7, 398; 
Graebe, A. 174, 190).— 3. By distilling Ca(OPh) 2 
(Niederhausern, B. 15, 1120). — 4. By the action 
of red-hot lime on di-phenylene-ketone oxide. — 
5. One of the products of the action of HC1 on 
mucio acid at 150°. 

Properties . — White plates (from alcohol). 
Converted by AoCl into CH,.CO.Q 0 H,s >0 

which yields an oxim [146°] and a phenyl- 
hydrazide [133°], H,S0 4 forms a deliquescent 
di sulphonic acid, which yields BaC 12 H s S 2 0 7 aq. 


Pioric acid compound C l2 H*0C fl H 3 N,0 7 . 
[24°]. Yellow crystals (Goldschmiedt a. Schmidt, 
M. 2, 14). 

References . — Amido-, Bromo - 4 Tei'ra.-ohloro-, 
Di-iodo, Dinitro- Phenylene oxides. 

o - PHENYLENE - OXY - BENZAMIDINE 

C a H ) <^>C.C„H 4 .OH. [223°j. Formed by 

reducing salicyl-o-nitro-aniline with tin and 
HG1 (Mensching, A . 210, 345). Needles.— 
B'HCl aq. — B' 2 H 2 S0 4 4aq. Needles, si. sol. Aq. 

o-PHENYLENE- PHENYL-DIAMINE. The 
sulphonic acid which gives the barium salt’ 
BaA' 2 2aq may be got from its anilide [1:2:4] 
C a H 3 (N HPh) (NH 2 ) . SOoNHPh [157°] which is got 
by reduction of C a H 8 (NHPh)(NO.,).S0 2 NHPh, and 
yields B'HCl [182°] (Fischer, B.‘ 24, 3794). 

p-Phenylene-phenyl-diamine 
C a H 4 (NHPh).NH 2 . Amido-diphcnylamine . [67°] 
and [75°]. (354°). 

Formation . — 1. By reduction of nitro- 
diphenylamino (Nietzki a. Witt, B. 12, 1401). 
2. From p-nitroso-diphonylamine by boiling 
with alcoholic potash, by reduction with tin 
and HC1 (Ikuta, A. 243, 279), or by treatment 
with phenyl-hydrazine in ether (O. Fischer, B. 21, 
2615).— 3. Together with azophenine, by heating 
p-nitroso-diphenylamine with aniline and aniline 
hydrochloride (O. Fischer a. Hepp, B. 20, 2480). 
4. By reducing C fi H 4 (NHPh)N 2 O a H 4 S0 3 Na 
(Hess a. Bernthsen, B. 18, 692). 

Properties. — Plates or needles, si. sol. water, 
v. sol. alcohol. Melts at 75° after crystallisation 
from ligrom. FeCl 8 added to a solution of its 
salts gives a red colour, turned green by excess. 
Yields quinone on oxidation. 

S a 1 1.— B' 2 H 2 S0 4 . Plates. 

Nitros amine C 18 H 14 N 4 0 2 . [c. ISO 0 ]. 

Acetyl derivative C u H u N a O. [158°]. 

Benzoyl derivative (Lellmann, B. 15, 
826). 

Sulphonic acid. 

[1:4:2] C a H 3 (NHPh)(NH 2 ).S0 8 H. Formed by re- 
ducing C 6 H 3 (N HPh) (N 0 2 ) . S0 8 H (Fischer, B. 24, 
3800). Yields BaA' 2 aq and an aailide [171°], 
which gives B'HCl [215°]. 

m-Phenylene-di-phenyl-diamine 
C a H 4 (NHPh) 2 . [95°]. Formed by heating res- 
orcin (2 mols.) with aniline (8 mols.), CaC) 3 
(8 mols.) and ZnC^ (1 mol.) for 35 hours at 210° 
(Calm, B. 16, 2792). Flat needles, v. sol. ether. 
Oxidising agents give a green colour passing 
to bluish violet. Amyl nitrite and alcohol HC1 
form the p-nitroso- derivative G ti H ls N s O, crys- 
tallising in brown-red prisms and yielding 
B"2HC1 (Fischer a. Hepp, A. 255, 145). B"2HC1 : 
needles decomposed by water. 

Acetyl derivative C a H 4 (NPhAc) 2 . [163°]. 

Benzoyl derivative G 4 H 4 (NPhBz) 2 . 
[184°]. 

Nitrosamine C tt H 4 (NPh.NO) 2 . [102°]. 
Yellow needles, forming a violet solution in 
H. 2 S0 4 . 

p-Phenylene-di-phenyl-diamine 
C a H 4 (NHPh) r [132°] (Bandrowski, Jf. 8, 475) ; 
[141°] (Limpricht, B. 22, 29101; [145 A ] (O. 
Fischer, B. 21, 2616); [152°] (Calm, B. 16, 
2803). Formed by heating hydroquinone (5 pts.) 
with aniline (17 pts.), CaCl, (20 g.), and ZnCl, 
(5 g.) for 18 hours at 210°. Formed also by the 
action of .phenyl-hydrazine on nitroso-diphenyl- 
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amine in alcohol, and from the hydrochloride 
of amido- salicylic aoid and aniline. Plates, v. 
sol. hot benzene. HN0 3 added to its solution 
in H 2 S0 4 gives a blue liquid, changing to red. — 
B"2HC1 : needles, decomposed by water. 

Acetyl derivative C„H 4 (NPhAc) 2 . [192°]. 
Benzoyl derivative C 8 H 4 (NPhBz) 2 . 
[219°]. 

Nitrosamine G 18 H 14 N 4 0 2 . [o. 120°]. 
Phenylene-di-phenyl-diamiae 
C ( ,H 4 (NH 2 ).NPh 2 . Formed by reducing nitro- 
tri-phenyl-amine (Herz, B. 23, 2537). Crystal- 
line.— B'HCl : silvery needles. 

Acetyl derivative C 6 H 4 (NHAc).NPh 2 . 
[197°]. 

o-P HENYLENE-PHEN YL-GU ANIDINE 

°. H <NH> C:NI>h - [ 190 °]' (440°-450°). 

Formed by heating phenylene o-diamine with 
di-phenyl-cyanamide at 215° (Keller, B. 24, 
2499). White needles (from benzene) or prisms 
(from alcohol). Phenyl-cyanate forms the com- 

pound NPh<^>N a (CNPli)O a H r [206°]. — 

B'HCL— B'jH.jPtClj. — B'H,SO, : long needles. 
Mono-acetyl derivative. [160°]. 
Di-benzoyl derivative . [171°]. Needles. 
PHENYLENE - DI- PHENYL- DIHYDRAZ- 
INE. B exahydride C ri H 10 (NH.NHPh) 2 
[148°]. Formed by reducing the di-phenyl-di- 
hydrazide of quinone with sodium and alcohol 
(Baeyer a. Noyes, B. 22, 2175). Crystalline, si. 
boI. alcohol. — B'H.,C.,0 4 aq. 

m-PHENYLENE DI-PHENYL DIKETONE 
C 6 H 4 (CO.C a H 3 ) 2 . Isophthalophenone. [95°] (M.) ; 
[100°] (A.), (above 300°). Formed from iso- 
phthalyl chloride, benzene, and A1C1 3 (Ador, Til. 
[2] 33, 5b; B. 13, 320; Munchmeyer, B. 19, 
1848). Plates (from alcohol). Yields a mono- 
oxim [20I°] (Nolting a. Kohn, B. 19, 146), a 
dioxim [70°-75°], and two di-nitro- derivatives 
[260°] and [c. 100°]. 

p-Phenylene diphenyl diketone 
C ( ,H 4 (CO.C a H A ) 2 . [160 J ]. Formed from tere- 
phthalio chloride, benzene, and A1C1 S (M.). 
Yields a dioxim [235°]. 

Diphenylene di-phenyl diketone 
0 12 H 8 (C0.C tt H 5 ) 2 . [218°]. Got from diphenyl, 
BzCl, and A1C1 3 (Wolf, B. 14, 2031). Crystals. 
DIPHENYLENE-PHENYL-METHANE 


C 18 H 14 i.e. g«®‘>CHPh. [145-5°]. Formed by 

the action of P.X^or A1CL, on a mixture of benz- 
ene and diphenylene-carbinol ; and also by 
heating CPh 8 Cl at 200° (Hemilian, B. 11, 202, 
837 ; Bl. [2] 34, 325). Formed also in small 
quantity in the distillation of calcium benzoate 
or phthalate (Kekul<§, B. 5, 910 ; Miller, B. 12, 
1489). Needles, si. sol. ether. Yields o-benzoyl- 
benzoic acid on oxidation. 

Reference . — Di-bromo-di-phenylene-phenyl- 

HETHANE. 


v-m- PHENYLENE - DI - PHENYL - DI 
METHYL - DI - PYRROLE DI - CARBOXYLIC 
ETHER 0 84 H, 2 0 4 N 2 i.e. 

CO.JBt.Q;CMe>v vr n tt vr /’CMe;Q.C0 2 Et 
, HCjCPh/^-^^XCPhiCH 
[185°]. Obtained by mixing together in acetic 
acid solution acetophenone-aceto-acetio ether 
(2 mols.) and w-phenylene diamine (1 mol.), and 
allowing the mixture to stand a long time 


(Paal a. Schneider, B. 19, 3161), Slender white 
needles. Y. sol. ordinary solvents, except Aq. 


v-p-Diphenylene - di - phenyl - di - methyl - di - 
pyrrole di-carboxylic-ether C 40 H M O 4 N 2 i.e. 

c ° 2E Hc;cph> N - c « H '- 0 « H “ N <cph;cH O2E * 
[179J. Obtained by mixing together in aoetio 
acid solution aeetophenone-aceto-acetic ether 
(2 mols.) and benzidine (1 mol.), and allowing 
the mixture to stand for a long time (P. a. S.). 
Hair-like needles. Sol. alcohol and acetic acid, 
v. sol. ether, chloroform, and petroleum-spirit. 


p - PHENYLENE - TETRA - PHENYL - DI - 
PYRROLE DICARBOXYLIC ACID 


[above 


C0 2 H.C:CPhs VNJ „ „ ✓CPh:C.CO„H 
HCiCPh^-^^-^XCPhrCH 
300°]. Formed by saponification of its ether 
[250°] whioh is got from phenacyl-benz^yl- 
acetic ether and phenylene -p-diamine (Paal a. 
Braikoff, B. 22, 3095). Small grains. 


m-PHENYLENE DI-PHENYL SULPHONE 

C a H 4 (S0 2 Ph) 2 . [191°]. Formed by heating 

benzene with P 2 O ft and benzene ra-disulphonio 
acid or di-phenyl sulphone rvsulphonic acid 
(Otto, B. 19, 2421 ; 20, 185). Minute needles 
(from IIOAc). Alcoholic potash at 170° forms 
0(C a H 4 .S0 2 Ph) 2 [70°] and C a H,.S0 2 K. 

Di phenylene di -phenyl trisulphone 
S0 2 (C a H 4 .S0 2 C a H 5 ) 2 . [193°]. Formed from 

SO.,(C a H 4 .SO s H) 2 , benzene, and P 2 O a at 200° 
(Otto a. Bossing, B. 19, 3127). 


PHENYLENE - DI - PHENYL - DI -THIO - DI- 
UREA C () II 4 (NH.CS.NHPh) 2 . Formed from 
phenylone-diamine and phenyl thiocarbimide in 
alcohol (Lellman a. Wurthner, A. 221, 28; 228, 
200). The o- and p- compounds are decom- 
posed by heat into di-phenyl-thio-urea and 
phenylene-thio-urea ; the m- compound melts 
at 161°, and the o- isomeride at about 290°. They 
are insol. ether. 


m-PHENYLENE-DI-PHENYL-UREA 

C^HjfNH.CO.NHPh)^ Formed from m-phenyl- 
ene-diamine and phenyl cyanafe (Kiihn, B. 18, 
1478). Amorphous* 

PHENYLENE-PROPENYL-DIAMINE 

0«H 4 < N ^ I >>CEt. [169°]. (above 360°). Got 

by boiling o-phenylene-diamine with propionic 
acid (Wundt, B. 11, 829), and by reducing pro- 
pionyl-o-nitro-aniline with tin and HO Ac (Smith, 
Am. 6, 172). Plates (from water). — B'HCl. — 
B'HgCl 2 . — B' 2 H 2 PtCl 6 2aq.— B' 2 H 2 Cr 2 0 7 . 

PHENYLENE-DI-PROPIONIC ACIDS 
C t! H,(CH,.CH,C0 2 H) 2 . Formed by heating 
C 1 H 4 (CH‘.CH(C0 2 H) 2 ) 2 (Perkin a. Kipping, C. J. 
53, 8, 32*; B. 21, 27, 40). The o- acid [162°] 
forms AgjA". The m- acid [147°] forms Me^A" 
[51°] and Et 2 A" (250° at 60 ram.). The p- acid 
[224°] forms Ag-^A" and Me*A" [115°]. 

p-PHENYLE N E-PRO PYL-DIAMINE 
C, i H 4 (NH 2 )(NHPr). (281°). Got by reducing 
p-nitroso-propyl-aniline with SnCl, (Wacker, A. 
243, 294). Plates. — B"2HC1. Plates, v. e. sol. Aq. 
o-PHENYLENE-PROPYLENE-DIAMINE 

c . H <NH>°A- [72°]- (283°). Formed by 
heating pyrocateohin with propylene-diamine at 
200° (Bis, B. 21, 882). Plates (from ligroin). 
-B^3HCl.-B' s 2C tf H.N 8 O y . Thin needles. 
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DIPHENYLE WE-PYRAZINE. Dihydride 

i.e. Formed from 

phenanthraquinone and ethylene-diamine 
(Mason, B. 19, 112; 20, 267).—B',,H 2 PCl 6 . 

(a) -PH EN YLENE-P YRID YL-XETON E 

c . H 4<^.‘c-n!cH- t 141 °J- Formed by dis- 
tilling the dicarboxylic acid 

C7H4O <Cc.N^:^ C(CO^)^ [ 284 °J* whicil is 
formed by oxidising (a)-styryl-(j3)-naphthoquin- 
oline carboxylic acid (Doebner a. Peters, B. 23, 
1241). Yields a picric acid compound 
[197°]. The dicarboxylic acid yields Ag.^A". 

(0 ) -Pheny lene-pyridyl-ke tone 

c * h *<™'cch : -CH' [129°]. Formed in like 

manner from the corresponding dicarboxylic 
acid [264°J which is got by oxidising (a)-styryl* 
(a)-naphthoquinoline carboxylic acid with 
KMnO,. Needles. Yields B'JI.PtCl* 2aq. The 
dicarboxylic acid forms Ag.,A" as a pp. 

PHENYLENE - QUINOLYLENE KETONE 

OXIDE C,„H s n6 2 i.e. 0<^' N >C0. Pheno - 

quinoxanthone . [188°]. Formed by distilling 

p-oxy-quinoline with salicylic acid. Needles 
(from alcohol). — BTIC1 : needles. 

DIPHENYLENE-QUINOX ALINE C 20 H 12 N 2 

i.e. CH CN/ C(,Hr [217°]. Got from phenylene- 

o-diamine and phenanthraquinone (Hinsberg, A . 
237, 340). V. si. sol. alcohol. 

DIPHENYLENE-STYRYL-OXAZOLE 

CH* 'cN> CCH:CHPh - t 172 °l- Formed from 
phenanthraquinone, cinnamic aldehyde, and 
alcoholic NH, at 100° (Wadsworth, C. J . 57, 
a). Yellow needles. 

p-PHENYLENE DISULPHIDE 
Formed by oxidising dithiohydroquinone with 
an alkaline ferricyanide solution (Leuckart, 

J. pr. [2] 41, 20G). Chars without melting at 
300°, in sol. ordinary solvents. Is reduced by 
fusing with potash to dithiohydroquinone. 

Diphenylene sulphide ^ b ^ 4 ^>S. [97°]. (333° 

i.V.). Formed by passing Ph 2 S through a red- 
hot tube (Stenhouse, A. 156, 332 ; Graebe, A. 
174, 185). Needles, m. sol. alcohol. Yields on 
Oxidation the sulphone C, 2 H g S0 2 [230°J. 

Diphenylene - disulphide C 6 H 4 <^g^>C fl H, 

[154 °J. (306°). A product of the distillation of 
sodium benzene sulphonate (Stenhouse, Pr. 
17, 62 ; A. 149, 252). Formed also by heating 
phenol with P 2 S 5 (Graebe, A. 174, 185; 179, 
178), by heating benzene with S and A1C1, at 
80° (Fried el a. Crafts, A. Ch. [6] 1, 530; 14, 

439), and by heating C a H 4 <^g^>N (Jacobson a. 

Elley, B. 22, 910). Prisms (from CS 2 ). Cone. 
H 2 S0 4 forms a purple solution. Cr0 3 in HOAc 
gives the sulphone C, 2 H 8 S 2 0 4 [325°] and the 
aulphoxide C l2 H 8 S. < ,0 2 [241°], si. sol. cold benz- 
ene. Br forms C 12 H 8 S 2 Br 4 crystallising from 
CS 3 in small black prisms. 

m-PHENYLENE 8ULPHOCYANIDE 
CgH^SCNJj. [54°]. Formed by heating the 
lead salt of di-thio resorcin with ICy and / 


alcohol at 100° (Gabriel, B. 10, 184). Needles, 
v. e. sol. hot alcohol. Yields a nitro- compound 
C g H 3 (N O a ) (SCN)j [150°]. 

DIPHENYLENE 8ULPH0NE v. Diphenyl- 

ENE SULPHIDE. 

DI-PHENYLENE SULPHONE KETONE 

C . H ,<C 0 ! > C « H <- t 185 °]- Formed by heating 
benzophenone with fuming H,S0 4 (Beckmann, 
B. 6, 1112 ; 8, 992), and by oxidising 

C d H 4 <^QQ^> C tt H 4 (Graebe a. Schultess, A. 263, 

10). Yellowish needles, v. sol. alcohol. , 

PHENYLENE OlTHIOCARBAMIG ETHERS 
C„H,(NH.C0.SEt) 2 . Formed by boiling from 
pheny lene-thiocarbimide with alcohol (Billeter 
a. Steiner, B. 20, 230). The m- oompound 
[116°] and thep- compound [197°] are crystalline 
and yield Ag 2 A" as white pps. 

PHENYLENE-DI-THIO-CARBIMIDE 
C„H 4 (NCS) 2 . Formed from phenylene-diamine 
and CSC1 2 (Billeter a. Steiner, B. 20, 231). The 
0- compound [59°], m- compound [53°J (250°), 
andp- compound [130°] all crystallise in needles. 

m-PHENYLENE - DI - THIO - DIGLYCOLLIC 
ACID C fl H 4 (SCH 2 .C0 2 H) r [127°]. Formed 
from di-thio-resorcin and C1CH 2 C0 2 H (Gabriel, 
B. 12, 1639). Microcrystalline powder. 

Diphenylene-di-thio-di-glycollic acid 
C 12 H h (S.CH 2 .COoH) 2 . [252°]. Formed from 
C J2 H g (SH) 2 , NaOIIAq, and chloro-acetic acid 
(Gabriel, B . 13, 390). 

o-PHENYLENE-THIO-UREA 

C g H 4 <^^>CS. [298°J. Formed by heating 

o-phcnylene-diamine hydrochloride with am 
monium sulphocyanido and water at 130 
(Lellmann, B. 15, 2146; A. 221, 9). Formed 
also from o-phenylene-diamine and CSC1 2 
(Billeter a. Steiner, B. 20, 231). Plates (from 
dilute alcohol, si. sol. water). The crystalline 
m-isomeride is got by heating m-phenylene-di- 
amine with CS V and some aloohol at 150° (Gucci, 
O. 17, 524). The p-isomeride melts at 271°. 

Phenylene-di-thio-di-ureae 
C ( ,H 4 (NH.CS.NH 2 ) 2 . m- [215°]. [220°]. 

Formed by heating phenylene-diamine hydro- 
chloride with ammonium sulphocyanide (Lell- 
mann, A. 221, 11 ; B. 15, 2840). The p- com- 
pound is also formed from p-phenylene di- 
thiocarbimide and alcoholic NH 3 (Billeter a. 
Steiner, B. 20, 230). 

Diphenylene - thio - nrea C°H 4 

[238°]. Formed by heating di-op-amido-diphenyl 
with alcohol and CS., (Iteuland, C. J. 58, 167 ; 
B. 22, 3014). 

0- PHENYLENE-TOLENYL-AMIDINE 

C B H t Me.C<; f> N H >C < ,H 4 . [2C8 0 ]. Formed from 

o-phenylene-diamine and p-toluic chloride, and 
also by reduction of p-toluyl-o-nitro-aniline 
(Hiibner, A. 210, 328 ; cf. Briickner, A. 205, 115). 
Prisms (from alcohol).— B'HCl.~B' 2 H 2 PtCl # .— 
B'HNO s .— B , 2 H.S0 4 : slender needles. 

PHENYLENE-DI-p-TOLYL-ra- DIAMINE 
C^H^N, i.e. C g H 4 (NH.C fl H 4 Me) 2 . [137°]. 
Formed by heating resorcin with p-toluidine, 
ZnCl 2 , and CaCl 2 (Hatschek a. Zega, J. pr. [2] 
33, 218). Needles. Yields a di-nitrosamine 
C 20 H, a N 4 O 2 [c. 150°], a di- acetyl derivative 
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C.oH^Ac.^ [176°], and a di-benzoyl derivative 
C OT H l8 Bz,N 2 [152°]. — B"2HC1 ; crystalline 
powder, decomposed by water. 

Phenylene-di-o-tolyl-p-diamine [135°]. 
(420°). Formed by heating hydroquinone with 
o-toluidine and Ca01 3 at 290° (Philip, /. pr. 
[2] 34, 65). Plates (from HO Ac). Yields a di- 
nitrosamine [140°J. Yields C 20 H, 8 Bz 2 N., [235°] 
and C 20 H, h Ac 2 N 2 [189°].— B"2HC1: needles. 

Phenylene-di-p-tolyl-p-diamine. [182°]. 
Formed by heating hydroquinone or phenyl-p- 
amido-phenol with p-toluidine and ZnCl 2 at 
220° (H. a. Z.) ; Calm, B. 16, 2810). Plates. 
Yields a di-nitrosamine [152°], a di-acetyl de- 
rivative [173°], and a di-benzoyl derivative 
[222°].— B"2HC1. 

PHENYLENE-TOLYLENE-KETONE OXIDE 

C 0 H,<^>C ( ,H : ,Me. Meihyl-xantkonc. [105°]. 

Formed by boiling p-tolyl salicylate (Graebe a. 
Feer, 13. 19, 2(il2 ; c/. Seifert, J. pr. [2] 31,478). 

Isomeride >C„H,MeQl]. [170°]. 

Made by heating C„II 3 Me(OH)C0 2 Ph [49°] 
(Weber, B. 25, 1745). Crystals (from alcohol). 

o-PHENYLENE-p-TOLYL-GIJANIDINE 

c „ H ,<^>C:N. c d H ,Me. [209°]. Formed by 

heating o-phenylene-diamine with di-p-tolyl- 
cyanamide at 210° (Keller, B. 24, 2509). Tables. 
Yields a mono-acetyl derivative [152°], a di- 
benzoyl derivative [191°], and a nitrosamine 
C i4 H 12 (NO)N 3 [150°-160°]. Phenyl cyanate forms 

C„H 5 N<^>N 3 (C a H.,) : C:NC„H J Me [2S4°] crys- 

tallising from benzene in small needles. Di-jp- 
toly 1-cyan amide at 210° forms the compound 
(NHC 7 H 7 ) 2 C:N,(C fl H 4 ):C:N.C,H 4 Me [188°]. 

Balt s.— B'HCl.— B , 2 H 2 PtCl fi .--B' 2 H 2 S0 4 . 

DIPHENYLENE-TOLYL-METHANE c 20 h 10 

c“H> CH - C « H * Me - [ 128 °J- Formed by the 

action of P 2 O ft on a mixture of diphenylene- 
carbinol and toluene, or of A1C1 3 on diphenylene- 
carbiuyl chloride dissolved in toluene (Hemilian, 
B. 11, 203 ; Bl. [2] 34, 325). Silky needles. 

PHENYLENE-DI^-TOLYL-DI-METHYL-m- 
DIAMINE C a H 4 (NMe.C«H 4 Me) 2 . (c. 400°). Got 
by heating phenylene-di-p-tolyl-m -diamine with 
Mel and KOH at 150° (Hatschek a. Zega, J. pr, 
[2] 33, 223). Liquid smelling like geraniums. 

The iBomeric phenyler e*di-o-tolyl-di-methyl- 
p-diamine (385°-390°) and phenylene-di-p-tolyl- 
di-methyl-diamine [153°] may be prepared in 
like manner (Philip, J. pr. [2] 34, 57 ; H. a. Z.). 

o-PHENYLENE-UEEA C s H 4 <^>CO. 

[308°]. Formed by heating o-amido-phenyl- 
carbamio ether at 90° (Rudolph, B. 12, 1296), by 
heating o-amido-di-phenyl-urea (Lellmann a. 
Wiirthner, A. 228, 220), by heating its ethyl 
derivative with HCJ1 (Sandmeyer, B. 19, 2654), 
and by the action of COCl 2 in toluene on a 
solution of o-phenylene-diamine hydrochloride 
at 160° (Hartmann, B. 23, 1046). Leaflets, si. 
sol. water. — B'HCl. Decomposed by water. 

Ethyl derivative C a H 4 <^^^C.OEt. 

[160°]. Formed from o-phenylene-diamine and 
NH:C(OEt) r Plates. 


m-Phenylene-urea. [above 300°]. Formed 
by similar methods (Michler a. Zimmermann, 
B. 14, 2177 ; L. a. W.)* Insoluble powder. 

p-Phenylene-urea. [above 320°]. Got by 
heating p-amido-di-phenyl-urea (L. a. W.). 

Isomeride. [130 u ]. Got by boiling an alco- 
holic solution of oxy-phenyl-thio-urea with HgO 
(Bendix, B, 11, 2264). Tables, sol. water. 

Phenylene - di - ureas C^NH.CO.NHJ*. 
o- [290°]. m- [above 300°]. Formed from 
phenylene-djamine hydrochloride and potas- 
sium cyanate in cold aqueous solutions (Warder, 
B. 8, 1180 ; Lellmann, A. 221, 13 ; B . 16, 592). 

The p- compound can be heated to carbonisa 
tion without melting. 

References, — Amido- and Nitro- phenylenk- 

UREA. 

PHENYL-ENNOIC ACID. 

Nitrile C tl H 5 .CH(C 7 HJ.CN. (327°). Fom 3d 
from CH 2 Ph.CN, heptyl iodide, and NaOH (Ros- 
solyrno, B. 22, 1237). Yellow oil. 

DI-PHENYL-ENNYL TRICYANIDE 
G,H 1H C 3 N. { Ph 2 . [c. 38°]. (c. 293° at 15 mm.,. 
Formed from decoio chloride, benzonitrile, and 
A1C1, (Krafft a. Koenig, B. 23, 2384). 

PHEN YL-ENNYL-THIO-UREA C Ul H , tj N 2 S t.e. 
NHPh.CS.NHC 0 H l9 , [60°]. Formed from ennyl- 
thiocarbimide and aniline (Freund a. Schonfeld, 

B. 24, 3359). Tables, v. sol. alcohol and ligroin. 
PHENYL-ENNYL-IJREA C 1h H., 6 N.,0 i.c, 

NHPh.CO.NHC u H le . LG3 0 ]. Formed from 
phenyl cyanate and aniline in alcohol (Freund 
a. Schonfold, B, 24, 3358). Long prisms. 

s- DI-PHENYL-ETHANE C n II 14 i.e. 
CH.Ph.CHPh. Dibenzyl. Mol. w. 182. [53°]. 
(277°). S.V.S. 174-2 (Schiff, A. 223, 261). H.F. 
— 31,200. H.C.v. 1,828,300. H.C.p. 1,830,200 
(Berthelot a. Vieille, Bl. [2] 47, 866). 

Formation. — 1. By tho action of Na on 
benzyl chloride (Cannizzaro a. Rossi, A. 121, 
250; Fittig, A. 137, 257). — 2. From ethylene 
chloride, benzene, and A1C1 3 (Silva, C. R. 89, 
606 ; A. Ph. S. 18, 345). — 3. From CHBr:CHBr, 
benzene, and A1C1 S (Anschutz, A. 235, 155).- 
4. From acetylene, benzene, and A1CL, (Yaret a. 
Vienne, Bl. [2J 47, 919).— 5. By heating benzyl 
chloride with copper powder (Onufrovitch, B. 
17, 833). — 6. A product of the action of Na on 
o-bromo-benzyl-bromide (Jackson a. White, Am. 
2, 390).— 7. By adding sodium (70 g.) to an alco- 
holic solution of phenyl-cinnamonitrile (Freund 
a. Remse, B. 23, 2859). 

Properties. — Long colourless needles, sol. 
alcohol, ether, and CS 2 . 

Reactions. — 1. Yields toluene and di-phenyl- 
ethylene when passed through a red-hot tube 
(Otto, Z. [2] 6, 22 ; A. 154, 176 ; Barbier, C. R. 
78, 1769). — 2. Chlorine passed into fused s-di- 
phenyl-ethane forms first CHPli:CHPh and then 
C tj H 4 Cl.CH:CH.C 6 H 4 Cl (Kade, J.pr. T2) 19, 466). 
In presence of I, chlorine forms p-di-chloro-di- 
phenyl-ethane in the cold. Exhaustive chlorin- 
ation yields C.^Cl,, and CaCl^ (Merz a. Weith, B. 
16, 2877). — 3. H 2 S0 4 forms a disulphonic acid 

C, ,,H 12 (S0 3 H) 2 5aq, which yields K^A" 2aq, 
BaA" |aq, and PbA" aq (Kade, B. 6, 953)* A 
tetra-sulphonio acid, C 14 H 10 (SO 8 H) 4 3aq, is also 
formed. 

w-Di-phenyl-ethane CH 8 .CHPh 2 . (270°) (O.); 
(286°) (H.). 

Formation.— 1. From CCl 3 .CHPh„ alcohol. 
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and Na * (Goldschmiedt, B, 6, 1501). — 2. From 
CH^h.CHjBr, benzene, and zinc-dust (Kadzis- 
zewski, B. 7, 140). — 3. From paraldehyde, benz- 
ene, and H 2 S0 4 (Baeyer, B . 7, 1190).— 4. To- 
gether with ethyl-benzene and di-methyl-anthra- 
cene dihydride by heating ethylidene chloride 
with benzene and A1C1 S (Silva, Bl. [2] 41, 448 ; 
Anschutz, B. 17, 165).— 5. By distilling its 
dicarbtfxylic acid (Haiss, B. 15, • 1481). 

Properties. — Oil, with blue fluorescence. 
Solidifies in a freezing mixture. Yields benzo- 
phenone on oxidation. Fuming HN0 3 added to 
its solution in HOAc forms benzophenone, 
CPh 2 (0II).CH 2 .0.N0 2 [107°1, di-phenyl-vinyl 

nitrite [87°], and a body [148°] which yields di- 
phenyl-acetonitrile on reduction (Anschutz a. 
Romig, A. 233, 329). 

Tri- phenyl -ethane CH.,Ph.CHPh 2 . (above 
360°). Formed from CH 2 Gl.CHCl.OEt, benz- 
ene, and A1C1 3 (Waas, B. 15, 1128). Liquid, 
with violet fluorescence. Insol. cold alcohol. 

s-Tetra-phenyl-ethane C 2U H„.. i.e. 
CHPh 2 .CHPh 2 . Mol. w. 334. [210°]. S. (benz- 
ene) 14 at 80°. f S. (95 p.c. alcohol) *8 on boil- 
ing. 

Formation. — 1. By distilling benzoyl- and 
succinyl- di-phenyl-carbinol and by distilling di- 
phenyl-carbinol with succinic acid (Linnemann, 

A . 133, 24). — 2. By distilling benzophenone with 
zinc-dust (Staedel, B. 6, 1401).— 3. By reducing 
benzpinacone CPh 2 (OH).CPh 2 (OH) with HI and 
P (Graebe, B. 8, 1055). — 4. From di-phenvl- 
carbinol, glacial HOAc, cone. HClAq, and zinc 
(Zagumenny, A. 184, 176; Bl. [2] 31, 329). --5. 
By reducing (^)-benzpinacolin CPh^.CO.CalL, 
with HI and P (Zincke a. Thorner, B. 11, 67). — 
6. By boiling (CHPh 2 ) 2 S 2 with alcohol and 
copper powder (Engler, B. 11, 926). — 7. By re- 
ducing CPh 2 :CPh 2 (Friedel a. Balsohn, BL [2] 
33, 338). — 8. From CHPh 2 Cl and Na (Engler). 
9. By the action of benzene and AlCl,, on 
CBr s .CH 2 Br, onCHBr 2 .CHBr 2 ,on CPhIIBr.CHBr 2 , 
on CPhBr 2 .CPhBr 2 , and on CHPhBr.CHPhBr, 
the yield in the last case being excellent (An- 
schutz, A. 235, 196).— 10. By distilling CPh^Cl 
(Anschutz, A. 235, 220). 

Properties. — Needles (by sublimation), si. 
sol. alcohol. Crystallises from benzene with 
C a H # . Yields a crystalline tetra-nitro- derivative, 
a crystalline tetra-sulphonio acid, which gives 
Ba*A lT and C 28 H 18 (OH) 4 [248°]. 

w-Tetra-pheny 1-ethane CPhj.ClLPh. [140°]. 
Formed from CPh s K and benzyl chloride 
(Hanriot, C. B. 108, 1119). 

References.— Amido-, Bromo-, Bromo-amido-, 
Di-bromo-di-nitro-, Chloro-, Penta-chloro-di- 
nitbo-, Nitro-, and Oxy-, Phenyl-ethanes. 

PHENYL-ETHANE DICAEBOXYLIC ACID 
v. Carboxy-phknyl-propionig acid and Phenyl- 
succinic ACID. 

Phenyl-ethane tricarboxylic acid 
CHPh(C0.JB[).CH(C0 2 H) 2 . [171°]. Got by sa 
ponifymg its ether, which is made by the action 
of a-ohloro- or a-bromo- phenyl-acetic ether on 
sodium malonio ether (Spiegel, A. 219, 31; 
Alexander, A. 258, 71). Small tablets, v. sol. 
hot water. Decomposed on fusion into OCX. and 
phenyl-sucoinic acid. Salts.— Ca^A"^ 10 aq. — 
Ca»A # " s 5aq:ppd. from aqueous solution by alco- 
hol. — A&A"': crystalline pp. i 


Ethyl ether Et,A"'. [46°]. (202° at 

10 mm.). Needles (from dilute alcohol). 

Di-phenyl-ethane o-carboxylio acid 
i.e. C e H i .CH 2 .CH 2 .C«H 4 .C0 2 H. [131°]. Formed 
by the action of HI and P at 200° on iso- 
benzylidene-phthaiide, and on deoxybenzoin 
carboxylic acid (Gabriel, B. 11, 10 L9 ; 18, 2446). 
Tablets (from dilute alcohol).— AgA' : pp. 
Isomerides v. Di-phenyl-propionic acid. 
Di-phenyl-ethane di-o-carboxylic acid 
C lfl H M 0 4 i.e . CO.H.C 0 H 4 .CH 2 .CH 2 .C tt H 4 .CO 2 H. 
[186°J (H.) ; [229°J‘(D.). 

Formation. — 1. By heating diphthalyl with 
HI and P (Graebe, B. 8, 1055).— 2. By the 
action of HI and phosphorus on the acid 

C0 < C b H< >C HC H,C„ H 1 .C°. J H (Wislicenus, 

B. 17, 2181 ; Ilasselbach, A. 243, 254), and on 
diphthalylic acid (Dobreff, A. 239, 66). 

Properties.-— Small needles, v. sol. alcohol 
and dilute HOAc. KMnG 4 in alkaline solution 
forms diphthalylic acid [203°J. Distillation 
over soda-lime forms s-di-phenyl-ethylene. 

Salts. — (NH,)A" (dried at 100°). ~-CaA' 
(at 100°). — BaA". — Cu 2 A"0. — Pb 2 A"0. - 
Zu ,A"0. — AgHA". 

Methyl ether Me a A". [101°]. 

Ethyl ether Et 2 A". [71°]. Converted 
by alcoholic NH, into the amio ether 
CJH 4 (C a H 4 .C0 2 Et)(C w H 4 .C0NH 2 ) [c. 67°J. 

Di-pbenyl-etbane dicarboxylic acid 
C ri H 5 .CH 2 .CII(CO 2 H).C 0 H l .CO 2 H [1:2]. [154°]. 

(above 3*00°). Formed by heating the nitrile 
with cone. HC1 at 220° (Eichelbaum, B. 21, 
2682). Small prisms, sol. alcohol, insol. ether. 

Nitrile C B H-.CII,.CH(CN).C 0 H 4 .CN. [110°]. 
(above 300°). Formed from benzyl chloride 
and [1:2] C 0 H,(CN).CH 2 .CN. Plates, insol. 
water, alkalis, and acids. 

Amide. [224°]. Formed by the action of 
cone. H 2 S0 4 on the nitrile. Converted by cone. 
HC1 (S.G. 1*19) at 100° into the imide 

°. H «<co-NH ) > co E 176 °J ( above 300 °>- 
Di-pbenyl-ethane di-carboxylic acid 
CH s .CH(C tt HX 4 .C0 2 H) 2 . [275°]. Got by heating 
the tri-carboxylio acid (Haiss, B. 15, 1481). 
Long needles. May be sublimed. — CaA". 
Isomeride v. Di-phenyl-succinic acid. 
Di-pbenyl-etbane tri-oarboxylic acid 
C0,,H.CMe(C 6 H 4 .C0 2 HL. [255°]. Formed by 

oxidation of di-a-tolyl-propionic acid with 
KMn0 4 (Haiss, B. 15, 1479). Sol. alcohol and 
ether. — Ag 2 HA'". — Ag 3 A"'. 

Di-phenyl-ethane tri-carboxylio acid 

C. 7 H l4 0 B i.e. CHPl^CO.^H) .CPh(C0 2 H) 2 . 

Amide CHPh(C0 2 H).CPh(C0 2 H).C0NH 2 . 
[190°]. Got from CHPh(C0 2 Et).CPh(CN).C0 2 Et 
[105°] which is got by heating a-chloro-phenyl- 
acetic ether with alcoholic KCy on a water-bath 
(Poppe, B. 23, 114). 

Mono-nitrile 

COjjH CHPh.CPh(CN).C0 2 H. The ethers Me^A" 
[101°] and Et*A" (v. supra) are got from a- 
chloro-phenyl-acetic acid and KCt in MeCH or 
EtOH. Cone. HL,S0 4 converts Et 2 A" into 
CO Et.CHPh.CPh(d0 2 Et).CONH a [157°J crystal, 
lising in aggregates of needles. 

References . — N itro- and Oxx- Di-phenyl* 
ethane Carboxylic acid* 
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PHENYL-ETHENYL-AMIDiNE. 


PHEN Y L-ETHEN YL- AMIDIN £ v. Phenyl- 

ACETAMIDINE. 

PHENYL - ETHENYL - AMIDO . PHENYL - 
MEBCAPTAN C 14 H n NS ix . 

C § H 4 <^g^>C.CH 2 Ph. Formed by beating 

phenyl-acetic chloride with o-amido-phenyl 
mercaptan (Hofmann, B . 13, 1234). Oil, sol. 
alcohol and ether. On fusion with potash it 
yields phenyl-acetic acid and amido-phenyl 
mercaptan .-—B'HCl.— B'JELPtCl,, 5aq : needles. 

PHENYL-ETHENYL-AMIDOXIM C 8 H 10 N 2 O 
ix. CA.CH^NOHJ.NH.,. Phenyl-acetamide 
oxim. [67°]. Got by heating phenyl-aceto- 
nitrile with a solution of hydroxylamine in dilute 
alcohol (Knudson, B. 18, 1068, 2482). Thin 
prisms, v. sol. water. Converted by phenyl 
cyanate into C 6 H v CR,.C(NH.CO.NHPh):NOH 
[123°].— B'HCl. [155°]: White prisms. 
Acetyl derivative. [124°]. Plates. 
Benzoyl derivative C 7 H 7 .C(NOBz).NH 2 . 
[144 5 ]. Prisms, v. sol. alcohol. 

Ethyl ether C 7 H 7 .C(NOEt).NH 2 . [58°]. 
Converted by potassium cyanate into 
CHol > h.C(NOEt).NIl.CO.NHPh [148°]. 

Benzyl ether. [55°]. Prisms. 
Phenyl-ethenyl-amidoxim 
CH„.C(NOH).NHPh. [121°]. Formed by heat- 
thioacetic anilide with hydroxylamine solution 
at 100° (Muller, B. 22, 2408 ; cf. Nordmann, B. 
17, 2746). Satiny plates, v. sol. alcohol. 
FeClj, gives a violet colour, changing to olive 
green and, on heating, to red.— B'HCl: needles. 
— B'jjHjjPtCla : yellow needles. 

Benzoyl derivative C 2 H. ( (NOBz).NHPh. 
[110°]. White needles (from dilute alcohol). 
PHENYL-ETHENYL-AZOXIM v. Azoxims. 
PHENYL-ETHENYL - DI-ETHYL -TBI - 8UL- 
PHONE CH s .C(S0 2 Et) 2 (S0.,Ph). [109°]. Got by 
oxidation of CH ; ,.C(SPh)(S0 2 Et) 2 (Laves, B. 
25, 364). Needles, v. sol. alcohol. 

TKI-PHENYL ETHENYL TBISBLPHONE 
CH 3 .C(S0 2 Ph) r [182°J. Formed by the action 
of alcoholic NaOH, and Mel on CH(S0 2 Ph) 3 . Got 
also by oxidation of CH,.C(SPh) 3 by KMn0 4 
(Laves, B. 25, 352). Needles, v. sol. CHC1 3 . 

DI-PHENYL-ETHENYL-DI-TJREA 
NHPh.CO.N:CMe.NH.CO.NHPh. [169°]. Formed 
by adding aqueous NaOH (2 mols.) to an 
aqueous solution of acetamidine hydrochloride 
(2 mols.) shaken with phenyl cyanate (1 mol.) 
(Pinner, B. 23, 2923). Needles, m. sol. alcohol. 
Converted by boiling dilute (50 p.c.) acetic acid 
into acetyl-phenyl-urea [183°]. 

PHENYL ETHEE v. Di-phenyl oxide. 
a-PHENYL-ETHYL ALCOHOL C„H 10 O ix. 
CH,.CHPh.OH. Mol. w. 122. (203°). S.G. 

1-013. Formed from CH v CHBr.C h H ft by suc- 
cessive treatment with AgOAc and NaOH (Bad- 
ziszewski, B. 7, 141 ; Berthelot, Z . 1868, 589). 
Got also by reducing acetophenone with sodium- 
amalgam (Emmerling a. Engler, B. 6, 1005). 
Yields an acetyl derivative C 8 H a OAc (217°-220°) 
which yields styrene on treatment with alcoholic 
potash. 

Ethyl etUr C 8 H w OEt. (186°). S.G. 22 *931. 
Formed from CH^.CHBr.C^Hj and alcoholic 
NH, at 100° (Thorpe, Z. 1871, 131). 

0-Phenyl - ethyl alcohol CH 2 Ph.CH 2 OH. 
Benzybcarbmol. (212°). S.G. 21 1*034. Formed 
by reducing phenyl-acetic aldehyde with sodium- 


amalgam (Badziszewski, B. 9, 373). Oil. Ae 2 0 
at 150° converts it into an acetyl derivative 
C 8 H e OAc, (224°), S.G. 1*029. 

PHENYL-ETHYL-ALLOPHANIC ETHEE 
C 12 H 18 N 2 O s ix. CgHft.NH.CO.NH.COjjEt. [106°]. 
Formed from phenyl-ethyl-urea and ClCOjEt 
(Neubert, B . 19, 1825). Needles (from water). 

PHENYL-ETHYL- ALLYL-GUANIDINE 
C 12 H 17 N s ix. CN 3 H 2 PhEt(C s H ? ). Formed by 
boiling ethyl -allyl-thio-urea with NHPh.HgCl 
and alcohol (Forster, A . 175, 41). — B'HgCl 2 aq. 

PHENYL-ETHYL-ALLYL-THIO-UEEA 
NH(C 8 H 5 ).CS.NPhEt. [c. 26°]. Formed from 
allyl-tbiocarbimide and ethyl-aniline (Gebbardt, 
B. 17, 3037). Colourless very soluble crystals. 

PHENYL - ETHYL-w-AMIDO - ACETOPHEN- 
ONE C J6 H l7 NO ix . C 6 H 5 .CO.CH 2 .NPhEt. [95°]. 
Formed from w-bromo-acetophenone anddiethvi- 
aniline (Weller, B. 16, 26). Needles. 

PHENYL ETHYLAMIDO - ETHYL SUL- 
PHONE C (i H 5 .S0 2 .C 2 H 4 .NHEt. Formed from 
C 2 H 4 (S0 2 C 8 H A ).> and ethylamine at 85° (Otto, 
J. pr. [2] 30, 337).— B'HCl. [130°]. Needles. 

PHENYL - ETHYL - AMIDO - (a)-NAPHTHO- 
QTJINONE C , 0 H 5 (N PhE t) 0 2 . Formed 

by heating (a)-naphthoquinone (2 pts.) with 
ethyl-aniline (3 pts.) and HOAo (5 pts.) (Els- 
bach, B . 15, 1810). Violet needles (from alco- 
hol).- B'HCl. [c. 230°]. Yellow needles, de- 
composed by water. 

Phenyl - ethyl - amido - (0) - naphthoquinone. 

[165°]. Formed by heating (0) -naphthoquinone 
with ethyl-aniline and alcohol (Elpbach, B. 15, 
091). Dark-red needles (from ether). Decom- 
posed by boiling HClAq into ethyl-aniline and 
oxy-naphthoqu mone. 

PHEN YL-E THYL-AMID0-PHEN0L. Ethyl 
ether C 1<t H ie NO i.e. NPhEt.C ti H 4 .OEt. (319"). 
Formed by heating phenyl -p-amido-phenol with 
alcoholic potash and EtI (Philip a. Calm, B. 17, 
2434). Oil. 

a-PHENYL-ETHYL-AMINE C 8 H n N ix. 
CH,.CIIPh.NH 2 . (187*5° i.V.). S. 4166 at 20°. 
Formed by reducing the phenyl-hydrazide or 
the oxim of acetophenone in alcoholic solution 
with HOAc and sodium-amalgam (Tafel, B . 19, 
1929 ; 22, 1856 ; Kraft, B. 23, 2783). Formed 
also from acetophenone and sodium formate 
(Leuckart a. Janssen, B. 22, 1413). Liquid, 
miscible with alcohol and ether. — B'HCl. [158°]. 
— B' 2 H 2 PtCl tf .-B' 2 H,S0 4 . [170°]. — B' 2 H 2 C 2 0 4 . 
[238°]. Prisms, almost insol. alcohol.— 
B'HoC .,0 4 . Plates, m. sol. boiling alcohoL 

Isomerides : — Amido-phenyl-ethane and 
Ethyl-aniline. 

Di-pheny 1-ethyl-amine C 14 H lft N ix. NPh 2 Et. 
Ethyl diphenylamine. (296°) (Girard, Bl. [2] 
23, 3) ; (286°) (Lippmann a. Fleissner, M. 4, 
797). Got by heating diphenylamine with 
alcohol and HClAq. Oil. 

Di-phenyl-ethyl-amine CHPh 2 .CH 4 NH,. 
Formed by reducing di-phenyl-acetonitrile in 
alcohol with Na (Freund a. Immerwahr, B. 23, 
2845). Oil.— B'HCl. [255°]. V. sol. water. 

Di-phenyl-ethyl-amine CH3Ph.CHPh.NHj. 
(310°) at 737 mm. Formed by heating deoxy- 
benzoin (1 pt.) with ammonium formate (2 pts.) 
at 225° (Leuckhart a. Janssen, B . 22, 1409). 
Liquid, si. sol. water. Potassium cyanate forms 
C 2 H 3 Ph 2 .NH.CO.NH 2 [99°]. Phenyl thiocarbimida 
forms the corresponding CjH3Ph3NH.CS.NRPh 
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[170°]; while phenyl cyanate gives the com- 
pound C 2 H 3 Ph 2 .NH.CO.NHPh [129].— B'HCl.— 
B' a H 2 PtCl*.— BHNO, : needles.-B'H 2 S0 4 . 
Acetyl derivative . [148°]. Needles. 
Benzoyl derivative . [178°]. Needles. 
Di-phenyl-di-ethyl-amine NHtdL.CELPh).,. 
(336° at 603 mm.). Formed, together with 
NBt 2 .CH 2 .CH 2 Ph and N(CH 2 .CHPh) a by the 
action of zinc and HClAq on phenyl-acetonitrile 
(Spica, G. 9, 567). Formed also by distilling 
CH 2 Ph.CH 2 .NH 8 Cl (Fileti a. Piccini, G. 9, 294). 
Liquid, si. sol. water. — B'HCl. [270°]. Pearly 
scales. — B'JEIJPtClg, m. sol. water. 

Tri-phenyl-ethyl-amine CPh,.CH 2 .NH 2 . 
[116°]. Formed by reducing CPh 3 .CN with zinc 
and HClAq (Elbs, B. 17, 700). — B'HCl. [247°]. 

Tri-phenyl-tri-ethyl-amine N(CH 2 .CH 2 Ph) 8 . 
A product of the action of zinc and HC1 on 
phenyl-acetonitrile (Spica, G. 9, 567). Oil. — 
B'HCl. [138°]. Needles, si. sol. water. 

PHENYL-ETHYL-ARSINE v. vol. i. p. 321. 
PHENYL-ETHYL-TRIAZOLE CARBOXYLIC 

ACID ciit 'N^C.CO.JL [145°]. Got by 
saponifying its Aitrile (Bladin, B. 18, 1548 ; 25, 
175). Melts at 123° when crystallised from 
water or alcohol, but at 145° when crystallised 
from benzene.— B'HCl : plates. — CuA' 2 3Jaq.— 
AgA' : crystalline pp. 

Methyl ether MeA'. [41°]. 

Fthyl ether EtA'. Oil. 

Nitrile C„H l0 N r [38°]. Formed by the 
action of propionic anhydride on phenyl-hydraz- 
ine dicyanide. Converted by alcoholic NH 3 
and H 2 S into C 2 N 3 PhEt.CS.NH 2 [150°] which 
crystallises in yellow prisms. 

Amide C 2 N,PhEt.CO.NH 2 . [152-5°]. 
Formed from the nitrile, alcoholic potash, and 
HgO r Small prisms, si. sol. water. 

DI-PHENYL-DI-ETHYL-DITRIAZYL 

W. S E Np N h> C - C <NKt P N *• 

Formed by boiling phenyl-hydrazine dicyanide 
with propionic anhydride (Bladin, B. 22, 3115). 
Groups of prisms. — B"2HC1 : minute prisms, 
decomposed by water. 

PHENYL-ETHYL-CARBAMIC CHLORIDE 

NPhEt.COCl. [c. 52°]. Formed from ethyl- 
aniline and C0 2 (Michler, B. 9, 396). Needles. 

PHENYL-ETHYL-SEMICARBAZIDE 
C 9 H 13 N 3 0 i.e. NHPh.CO.NH.NHEt. [112°]. 
Formed from ethyl-hydrazine and phenyl 
cyanate (E. Fischer, A. 199, 295). Thin plates, 
m. sol. hot water. Yields a crystalline nitros- 
amine. 

Phenyl-ethyl-semicarbazide 

NHEt.CO.NH.NHPh. [151°]. Formed from 
phenyl-hydrazine and ethyl cyanate (Fischer, 
A . 190, 109). Monoclinic tables (from dilute 
alcohol) o:6:c - -827:1:1*146 ; 0 = 61°. Gives 
A bluish-black pp. with cold Fehling’s solution, 
And Cu 2 0 on warming. Its nitrosamine crystal- 
lises from acetone in yellow needles [86-5°]. 

PHENYL ETHYL CARBONATE C 8 H 10 O 3 i.e. 
CJB^O.CO.OEt. (c. 234°) (P.). S.G. * 1-1134 
(P.). Formed from KOPh and CICOEt (Fatianoff, 
Z. 1864, 77). Formed also by the action of 
A1C1, on a mixture of phenol and ClCOJEt (Paw- 
lewski, B. 17* 1205). Liquid. By long heating 
At 300° it is split up into FhjCO, and Et a CO, 
(Bender, B. 19, 2268). 


Reference.— Njtbo-phenyl ethyl cabbonate. 

PHENYL-ETHYL-CYANAMIDE. Formed 
by boiling phenyl-ethyl-thio-urea in benzene 
with PbO (Weith, B. 8, 1530), Vitreous mass. 

DI-PHENYL-ETHYL-TRICYANIDE 
C 3 N 8 PhJEt. V.D. 129. [67°]. (234° at 15 mm.). 
Formed by the action of AlCl t on a mixture of 
benzonitrile and propionyl chloride at 70° 
(Krafft a. von Hausen, B. 22, 806).- B"HJPtCL. 

PHENYL-ETHYLENE v. Stykene. 

s-Di-phenyl-ethylene C, ,H ia , i.e. CHPhiCHPh. 
Stilbene. Mol. w. 180. [124°]. (307° i.V.). 

H. C.v. 1,775,600. H.C.p. 1,777,300 (from dia- 
mond) (Berthelot a. Vieille, A. Ch. [10] 4, 50) ; 

I, 773,331 (Ossipoff, Z. P. C. 2, 646). 

Formation. — 1. By the dry distillation of 
benzyl, or benzylidene, sulphide (Laurent, B. J. 
25, 616 ; Maercker, A. 136, 91 ; Anschutz, A . « 
235, 206). — 2. By distilling benzoic aldehyde 
with Na (Williams, Z. 1867, 432).— 8. By heat- 
ing benzoic aldehyde with phenyl-acetic acid 
and NaOAc at 250°; the yield being 55 p.c. 
(Michael, Am. 1, 313). — 4. From s-di-phenyl- 
ethane and Cl (Kade, J. pr. [2] 19, 465). — 5. By 
heating benzylidene chloride with Na or with 
alcohol and zinc-dust (Limpricht, A. 139, 318 ; 
Lippmann, J. 1877, 405).— 6. By passing s-di- 
phenyl-ethane through a red-hot tube (Otto a. 
Dreher, A. 154, 177]. — 7. By heating benzoin 
with zinc-dust (Limpricht, A. 155, 80). — 8. By 
passing toluene over heated PbO (Behr a. Dorp, 
B. 6, 754). — 9. By heating di-phenyl-acetylene 
with HI and P at 175° (Barbier, J. 1874, 421).- 
10. By distilling lead phenyl-acetate with sul- 
phur (Radziszewski, B. 6, 390). — 11. Together 
with benzonitrile by the action of zinc-dust and 
HC1 on C 6 H a .CSNH 2 (Bamberger, B. 21, 55).— 
12. By heating di-phenyl-fumarate or di-phenyl- 
cinnamate (Anschutz, B. 18, 1945). — 13. By 
heating CHPhBr.CHPhBr with alcoholic K8H 
in a sealed tube at 100° (Auwers, B. 24, 1779). 
14. By heating thio-benzoic aldehyde at 190 3 
(Baumann a. Klett, B. 24, 3308). 

Properties.— Monoclinic plates, v. sol. ether, 
si. sol. cold alcohol. Combines with N 2 0 4 form- 
ing C 2 H 2 Ph 2 N 2 0 4 [c. 300°] crystallising in 

needles, si. sol. hot alcohol (Gabriel, B. 18, 
2438). Picryl chloride forms a combination 
C h H 12 CJH.,(N0 2 ) 8 C1 [71°] (Liebermann, B. 8 f 
378). 

Reactions. — 1. Yields phenanthrene and 
toluene when passed through a red-hot tube 
(Graebe, B. 6, 126).— 2. Reduced by HIAq at 
150° to s-di-phenyl-ethane (Limpricht a. 
Schwanert, A. 145, 333). — 3. Bromine added to 
an ethereal solution forms a product con- 
taining C 14 H 8 Br 2 0 2 [121°] which gives rise to 
C u H a Br 4 0 2 [150°] and C 14 H ft Br a 0 2 [206°] and 
when dissolved in alcohol and reduced by so- 
dium-amalgam yields C 14 H lo 0 2 , crystallising 
from alcohol in flat plates [172°], whence PC1 A 
forms C 14 H„C10 2 [58°], C.JEI^O, [87°], and 
C u H 5 C1 5 0 2 [190°] (Limpricht a. Schwanert, A. 
153, 121).— 4. Fuming HNO* added to an ethereal 
solution forms C^HuN^ [220°], which is con- 
verted by boiling alcohol into C !W H 22 , S[ s 0 4 [67"-73°] 
(Lorenz, B. 7, 1097 ; 8, 1050). 

w-Di-phenyl-ethylene CH 2 :CPh 2 . (277°) ; 
(162° at 15 mm.). Formed by boiling CHPh 2 .CH 2 Cl 
with alcoholic potash (Hepp, B. 7, 1409). Formed 
also by the action of benzene and AlCl* oo 
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CH 2 :CBr 2 and on CHRr:CBr 2 (Demole, B. 12, ! 
2245 ; Anschutz, A. 235, 154. Liquid. Oxidised 
by CrO s to benzophenone. Combines with Br, 
forming CPh 2 Br.CH 2 Br, which readily gives off 
HBr, and forms bromo -di-phenyl-ethylene [40°J 
<c. 170° at 11 mm.). 

Ieomeride. [190°]. A product of the action 
of alcoholic potash on ezo-chloro-di-phenyl- 
ethane (Hepp, B. 7, 1412). Small plates (from 
ether), v. si. sol. alcohol. 

Tetra-phenyl-ethylene O^H^ i.e. C.jPh 4 . 
Mol. w. 382. [221°]. (193° at 30 mm.). 

Formation. — 1. By heating CPh 2 Cl 2 with 
finely-divided silver (Behr, B. 8, 751 ; 5, 277). — 
2. By heating benzophenone with zinc-dust 
(Staedel, B. 6, 178; A. 194, 307). — 3. By 
strongly heating chloro-di-phenyl-ethane (En- 
gler a. Bethge, A. 174, 194).-4. From CPh 2 Br 2 
by repeated distillation (Friedel a. Balsohn, Bl. 
[2] 83, 837). — 6. A by-product in the prepara- 
tion of tri-phenyl-methane from benzene, 
chloroform, and A1C1„ (Schwarz, B. 14, 1526). 

Preparation. — 1. By adding Br to di-phenyl- 
methane and warming the resulting CHPh.>Br ; 
the yield is 80 p.c. (Boissieu, Bl. [2] 49, 681). — 
2. By heating di-phenyl -methane ^20 g.) with 
sulphur (8 g.) for 9 hours to 250°, and finally for 
one hour to 290°, exhausting with ether, and 
recrystallising the residue from benzene; the 
yield is 75 p.c. (Ziegler, B. 21, 780). 

Properties. —White needles, v. sol. hot benz- 
ene and CS 2 , v. si. sol. ether. Yields benzo- 
phenone (2 mols.) on oxidation (Anschutz, A. 
235, 221). Yields a tetrasulphonic acid. 

Isomeride C 1S H, 0 ? [244°]. Formed by heat- 
ing (a)-benzpinacolin with soda-lime at 370° 
(Zincke a. Thorner, B. 11, 1397). Needles (from 
alcohol). Perhaps identical with the preceding. 

References.— Di-amido-, Bromo-, Di-chloro-, 
Di-iodo-, NiTRO-,NiTRo-AMiDO-,and Oxy- Phenyl- 
ethylene. 

PHENYL-ETHYLENE-DIAMINE C 8 H )2 N 2 
i.e . CANH.CH 2 .CH 2 .NH 2 . (262° uncor.). 
Formed by boiling phenyl-amido-ethyl-phthal- 
imide (got from bromo-ethyl-phthalimide and 
aniline) with cone. HClAq (Gabriel, B. 22, 
2224). Liquid, miscible with water, forming an 
alkaline solution. Absorbs C0 2 from the air, 
forming a crystalline carbonate.— B"2HC1 ; 
small greenish needles, acid in reaction. — 
B"HC1. Neutral to methyl-orange. — B"H,Br 2 * 
— Picrate [143°]. Flat yellow tables. 

Di-acetyl derivative C 8 H I0 Ac 2 N 2 . [116°]. 
Crystals, v. e. sol. Aq (Newman, B. 24, 2193). 

Di-benzoy l derivative. [143-5°]. Prisms. 

Phenyl-di-ethylene-triamine 
C fl H ft N(CA-NH 2 ) 2 . (above 300°). Formed by 
the action of boiling cone. HBr upon its di- 
phthalyl derivative NPh(C 2 H 4 .N:C 8 H 4 0 2 ) 2 [211°], 
which is a product of the action of aniline on 
bromo-ethyl-phthalimide at 100°-180° (G.). 
Thick ammoniacal liquid, miscible with water. 
Absorbs C0 2 from the air. — B"H 2 Br 2 . — Picrate. 
[202°]. Needles (from alcohol). 

Di- phenyl. ethylene. diamine C U H,„N 2 i.e. 
•C 2 H 4 (NHPh)* [63°]. Prepared by heating 
ethylene Bromide (1 mol.) with aniline (4 mols.) ; 
the yield being 80 p.c. of the theoretical (Mor- 
ley, B. 12, 1794; cf. Hofmann, Pr. 10, 104; 
Gretillat, M. S. [3] 3, 383). Plates, v. sol. alcohol. 
Yields a di-nitrosamine C^fNPh.NOjj [167°]. 


Reacts with benzoic aldehyde forming the com- 
pound C 2 H 4 (NPh) 2 :CHPh [137°], while cuminio, 
salicylic, anisic, isobutyric, and heptoic aldehydes 
yield corresponding compounds [125°], [116°], 
[164°], and [95°] respectively (Moos, B. 20, 
732). — B''2HC1. — B^HPU^u* 

Mono-acetyl derivative. [128°]. Got 
by heating the base with chloro-acetic acid and 
NaOAc at 170° (Bischoff a. Nastvogel, B. 22, 
1783). 

Di»a cetyl derivative. [158°]. Crystals. 

Di-phenyl-ethylene-diamine C J4 H,„N 2 i.e. 
CHPh(NH 2 ).CHPh(NH 2 ). [121°]. Formed, to- 
gether with benzoic aldehyde, by the action of 
boiling HClAq on C 28 H 24 N 2 , which is a product 
of the action of Na on amarine (Grossmann, 
B. 22, 2299). Formed also by the action of 
ammonia on the hydrocyanide of benzoio alde- 
hyde (Limpricht a. Muller, A. Ill, 142). Is per- 
haps identical with lophine. Plates (from hot 
water). Reacts with benzoic aldehyde forming 
CHPh :N .CHPh .CHPh.N : CHPh [164“], m-nitro- 
benzoic aldehyde forming C^H^NA [161°], 
with salicylic aldehyde forming C 2t> H 2 4 N 2 0 2 
[205°], and with cuminol forming a compound 
[168°]. — B"2HC1. White needles (from hot 
water). — B"H 2 1HCJls : dark-yellow crystals. 

Di-acetyl derivative, [above 350°]. 

Phthalyl derivative 
C^H^.CA-.NAiCgHjjPh.,. [213°]. Minute crys- 
tals. 

Di-phenyl- di-ethylene-diamine C 16 H, 8 N 2 i.e . 
NPh<^Q^[ 4 ^>NPh. Diphenylpiperazine. Di - 

phenylpyrazine hexahydride. [163°]. (c. 800°). 
Prepared by heating ethylene bromide (1 pt.) 
with aniline (1 pt.) and NaOAc, and by the action 
of ethylene bromide on di-phenyl-ethylene-di- 
amine at 120° (Morley, B. 12, 1795 ; Bischoff, 
B. 22, 1777 ; cf. Hofmann, Pr. 9, 277 ; 10, 104 ; 
Lellmann a. Schleich, B. 22, 1387 ; Bischoff, B. 
22, 1778). Formed also by heating pyrazine 
hexahydride (1 pt.) with bromo-benzene (11 pts.) 
at 270° (Schmidt a. Wichmann, B. 24, 3239). 
Needles, sol. alcohol and ether. Its solutions are 
neutral to litmus. Yields a crystalline di-nitroso- 
derivative which may be reduced by tin and HC1 

to CjH, (NHJ N <cHj.ch£> N CdHjNH* which, 

when diazotised and combined with naphthyl- 
amine sulphonic acid, yields a colouring matter 
which dyes cotton.— B"2HC1.— B''B 2 EtCl r 

Methyl-iodide B'Mel. Crystalline. Yields 
B' 2 Me 2 PtCl 6 . 

Ethylo-iodide B'Etl. [100°]. Yields 
B' 2 Et 2 PtCl a . 

References.— TUnno- and Oxy- Di-phenyl- 
ethylene-diamine. 

DI-PHENYL - ETHYLENE - DI- BENZYL-DI- 
AMINE CHPh(NHCH 2 Ph).CHPh(NHCH 2 Ph). 
[153°]. Formed by reducing the compound 
CHPh (N : CHPh) .CHPh (N : CHPh) [163°], which 
is itself got by reducing amarine with Na 
(Grossmann, B. 22, 2301). White needles. 

DI - PHENYL - ETHYLENE - DICABBAMIC 
ACID C 2 H 4 (NPh.C0 2 H)2. 

Ethyl ether Et 2 A". [88°]. Needles. 

Chloride C 2 H 4 (NPh.COCl). [183°]. 
Formed from di-phenyl-ethylene-diamine and 
COCl 2 (Hanssen, B. 20, 781). Prisms. 
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DI-PHENYL-ETHVLENE DI-o-CARBOXY- 
UC ACID C 6 H 4 (CO.,H).CH:CH.C t; H 4 .CO,H. 
[264°]. Formed by heating for four hours at 215° 

C0 < C <? 4 > CH CH " C « H <- C0 * H ( 2 p ts -) with 
KCy (5 pts.) (Hasselbach, A. 243, 258). Small 
needles (from dilute IiOAc). Changes on heat- 
ing into the parent acid [196°]. lieduced by 
eonc. HIAq to C,H 4 (C fl H 4 .C0 2 H) 2 [185°].- Ag„A". 
Flocculent pp. 

Ethyl ether Et 2 A", [80°]. Needles. 
Isomeride v. Di-piienyl-male'ic acid. 
References . — Nitro- and Oxy- Di-PHENYL- 

ETHYLENE CARBOXYLIC ACIDS. 

DI - PHENYL - ETHYLENE - DI - ETHYL - 

DIAMINE C )8 H, 4 N 2 i.e. C 2 H,(NPhEt) 2 . [70°]. 
Formed from di-phenyl-ethylene-diamine and 
E tl (Ilofmann, Pr. 10, 104).—B"2HI.— 

B'^PtCl,.: needles. 

PHENYL-ETHYLENE-GLYCOL v. Di-oxy- 

ETHYL-BENZENE. 

DI-PHENYL-ETHYLENE-DI-HYDRAZINE 

C 14 H 18 N 4 i.i. C 2 H 4 (NPh.NH 2 ) 2 . [90°]. Formed 
from sodium phenyl-hydrazine and ethylene 
bromide in berfeene (Burcliard a. Michaelis, B. 
21, 8202; A. 254, 11G). Prisms or plates. 
Aldehyde forms C 2 H 4 (NPh.N:CHMe) 2 [82°]. 
Benzoic aldehyde forms an analogous body [193°]. 
Acetone and acetophenone form analogous com- 
pounds [72°] and [118°]. Phenyl-thiocarbimide 
forms NH,NPh.CJI 4 .NPh.NH.CS.NHPh [164°] 
and C 2 H 4 (NPh.NH.CS.NHPh) 2 [194°], Yields a 
crystalline nitroso- derivative [160°]. SOCl 2 
forms C 2 H 4 (NPh.N:SO)., [123°1 (Michaelis a. 
Buhl, A. 170, 122). — B"H 2 C1 2 . [212°]. Needles, 
si. sol. HClAq. — B"H 2 S0 4 . — B"2HNO, [173°].— 
B"H 2 C 2 0 4 [183°]. 

Acetyl derivative C, 4 H J8 Ac 2 N 2 . [222°]. 
Succinyl derivative C il H la N 2 :C 4 H 4 0 2 * 
[c. 126°]. 

Succinoxyl derivative 
C 2 H 4 (NPh.NH.C0.C 2 H 4 .C0 2 H) 2 . [203°]. 

Oxalyl derivative C I4 H 16 N 2 :C 2 0 2 . [c. 

183°]. 

Di-phenyl-di-ethylene-dihydrazine 
(CjHJyfN^HPh)^ [178°]. Got by heating 
phenyl-hydrazine with C.jH 4 Br 2 and alcohol 
(Marckwald, C. C. 3888, 1410). 

DI-PHENYL ETHYLENE DIKETONE 
C 8 H ft .CO.CH 2 .CH 2 .CO.C 6 H 3 . Diphenacyl. Sued - 
nophenone. [134°] (A.) ; [140°] (C.) ; [142°- 145°] 
(P.). Formation. — 1. Together with the isomeric 

CH* CPh by the ^tion of succinyl chloride 

and A1C1„ on benzene (Auger, A. Ch. [6] 22, 
812 ; Claus, B. 20, 1374).— 2. From acetophenone 
by treatment with fuming HNO s and reduction 
of the resulting C l8 H, 0 N 2 O 4 by zinc-dust and 
HOAc (Hollemann, B. 20, 3361). — 3. By the 
action of KOHAq on di-benzoyl-propionic acid 
■uspended in alcohol (Paal, B. 21, 3056). 
Properties. Needles, v. sol. ether, 

O xim C 2 H 4 (CPh:NOH) 2 . [204°). 
Phenyl-hydrazide C 2 H 4 (CPh;N 2 HPh) 2 . 
[180°]. Needles, v. sol. ether. 

DI-PHENYL ETHYLENE DIKETONE 
CARBOXYLIC ACID v • Phenacyl-benzoyl- 

ACETIC ETHER. 

Di-phenyl-ethylene diketone di-o-carboxylic 
add C 1S H J4 0« i.e. C 2 H 4 (C0.C e H 4 .C0 2 H) 2 [172°). 
Obtained by boiling ' di-phthalyl-ethane with 
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alkalis (Gabriel a. Michael, B. 10, 1561, 2199; 
Boser, B, 17, 2622 ; 18, 803, 3115 ; Baumann, B. 
20, 1486). Prisms (from water), v. sol. alcohol. 
Beconverted by cone. H 2 S0 4 into di-phthalyl 
ethane C2H 2 (G 2 0 2 C fl H 4 ) 2 . A boiling alcoholic 
solution of phenyl-hydrazine forms C, 0 H 22 N 4 O a 
[237 J ]. Hydroxylamine at 100° gives rise to 

0^,(0 <^q'>CO), [270°] (Baumann, B. 20, 

1492). — Ag 2 A": small plates, si. sol. hot water. 

( a)-Anhydride C JS H 12 0 5 . [230°]. Got by 
heating the acid alone, or together with 
diplithalyl-ethane, by heating it for a short 
time with HC1. Needles (from alcohol). 

(0)- Anhydride C lfl H, 2 0 % . [202°]. Formed 
by more prolonged heating of the acid with HC1, 
and also, together with the (a) -isomeride, by 
heating the acid by itself. Prisms (from 
alcohol). Both anhydrides are reconverted into 
the acid by boiling alkalis, and into di-phthalyl- 
ethane by elimination of II 2 0. 

Isomeride v. Di-benzoyl-succinio acid. 

PHENYL-ETHYLENE OXIDE £^>0. 

(260° at 50 mm.). Formed by heating di-oxy- 
ethyl-benzene with dilute H 2 SQ 4 (Breuer a. 
Zincko, B. 11, 1402). Oil. Converted by PBr a 
into CHPhBr.CII 2 Br. 

Tetra-phenyl-ethylene oxide v. Benzpinaco- 
lin. 

PHENYL-ETHYLENE SULPHIDE 

CHPh^ 8 - 8.G. 1-099. Formed from 

PhCHBr.CH 2 Br by successive treatment with 
alcoholic KSHAq (Spring a. Marsomlle, Bl. [3] 
7, 13). Oil with strong smell, sol. alcohol-ether. 
Oxidised by Cr0 3 to benzoic acid. 

Di-phenyl-ethylene sulphide cilPh^* 

[169°]. A product of the distillation of benzyl 
sulphide (Barbier, J. 1876, 421). Needles. 

Di-phenyl-ethylene disulphide C.,H 4 (SPh) 2 . 
[65°]. Formed from NaSPh and C 2 H 4 Br 2 
(Ewerlof, B. 4, 716). Needles, insol. water. 

DI-PHENYL-ETHYLENE DISULPHONE 
C 2 H 4 (S0 2 C tf H s ) 2 . [180°J. 

Formation. — 1. By oxidation of C 2 H 4 (SPh) 2 
(Ewerlof, B. 4, 717). — 2. By boiling sodium benz- 
ene sulphinate (100 pts.) with C 2 H 4 Br 2 (58 pts.) 
in alcohol (Otto, B. 13, 1279 ; J. pr. [2] 30, 174). 

3. By adding CH a .CCl 2 .C0 2 Na (1 mol.) to 
C 6 H a .S0 2 Na (2 mols.) in weak alcoholic solution, 
kept neutral by Na 2 C0 3 (Otto, J.pr. (21 40, 531). 

4. By heating CH 3 .CC1 3 with C d H a .S0 2 Na at 
160° (Otto, B. 21, 1691). 

Properties. — Triclinio needles or plates, si. 
sol. water, m. sol. alcohol, v. sol. HOAc. 

Reactions. — 1. Sodium-amalgam reduces it 
to alcohol and C, ( H a S0 2 Na, which is finally 
reduced to C fi H s SNa. — 2. Chlorine in diffused 
daylight forms C 2 H 4 C1 2 and benzene sulphonic 
chloride. In sunlight the products are 
S0 2 C1 2 , and chlorinated benzenes. — 8. Boiling 
aqueous KOH splits it up into C w H a S0 2 K and 
C tt H 5 .S0 2 .C 2 H 4 .0H. Cone. KOHAq forms a 
compound [88°J crystallising from alcohol.— 4. 
Aqueous NH a forms C„H ft .SO.ONH 4 and 
(C«H s .S 0 2 .CH 2 .CH 2 ) 2 NH [78°] which yields 
B'HCl [193°], B' 2 H 3 Pt01 fl , a nitrate [190°], and 
the derivatives (C fl H a .80 r CH 2 .CH 2 ) g NMe and 
(O f H l .SO*CH 4 .CH 2 ) g NMeHCl [221°>-5.AqueouJ 
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ethylamine forma C e H ft .S0 2 NH !i Et and 
C 0 H 5 .SO 2 .C 2 H 4 NHEt, an oil which yields B'HCl 
[130°]. — 6. Alcoholic KCy forms C fl H 4 BO.,K and 
QA(CN) r 

PHEN YL-ETHYLEN E-THIO -UREA 

CS <NH> C ^ H - [ 155 °]- Formed from phenyl- 

ethylene-diamine and CS 2 /Newman, J3. 24, 

2191) . White plates, v. sol. alcohol. 
Di-pbenyl-ethylene-if-thio-urea 

^H^I^CtNPh. [136°]. (above 300°). 

Formed by heating di-phenyl-thio-urea with 
ethylene bromide (Will, B. 14, 1490 ; 15, 343). 
Plates (from alcohol). KC10 S and HClAq form 
C 15 H h N 2 S0 3 [187°] (Andreasch, M. 4, 134). — 
B'H 2 S0 4 : thick prisms, v. sol. water. 

Di-phenyl-ethylene-di-thio-di-urea 
C 10 H 18 N 4 S 2 U. C 2 H 4 (NH.CS.NHPh) 2 . [193°]. 
Formed from C 2 H 4 (NH 2 ) 2 and phenyl-thio-carb- 
imide in alcohol (Lellmann a. Wurthner, A. 228, 
234). White scales, insol. alcohol, si. sol. HOAc. 
Decomposed by heat, giving di-phenyl-thio-urea 
and a crystalline body [164°]. 
PHENYL-ETHYLENE-UREA 

C*H 4 <*™>CO. [161°]. Formed from phenyl- 

ethylene-diamine hydrochloride and potassium 
cyanate, NH 3 being given off (Newman, B. 24, 

2192) . Plates, v. sol. alcohol, insol. cold water. 

Di - phenyl - ethylene - urea ch” NPh^ 00, 

[209°]. Formed by the action of C0C1 2 in benz- 
ene on C 2 H,(NHPh)o ; an intermediate body being 
C 31 H 28 N 4 C1 2 0 3 (Michler a. Keller, B. 14, 2183 ; 
Hanssen, B. 20, 784). Plates. 

PHENYLETHYL-ETHYL-PYRIDINE 


C 15 H 17 Nu. N< 


C(CH 2 .CH 2 Ph).CH 
CH:CEt CH‘ 


(31G° cor.). 


S.G. 2 1*016. Formed by reducing styryl-ethyl- 
pyridine with HIAq at 165° (Plath, B. 21, 3093 \ 
22, 1057). Oil, v. si. sol. water, v. sol. alcohol 
and ether, volatile with steam. Yields C 14 H lv Br 2 N 
[128°] whence AgOAc forms C r> H, 6 (OAc)oN 
(915°-320°). — B^PLjPtCl,,. [168 b J. Yellow 
needles. — B'HHgCl,. [136°]. Needles. — 
B f HAuCl 4 aq : crystalline mass. 

Eexahydride C 15 H 23 N. (314°). S.G. J 

*9663. Got by reducing the preceding body in 
alcohol with Na. Oil, si. sol. water, miscible 
with alcohol and ether. 


PHENYL-ETHYL-FUBFURANE 


C 0 H 5 .CH 2 .CH 2 .C 4 H 3 O. (241°). A product of 

the action of Na on an alcoholic solution of 


C 4 H 3 O.CH:CPh.CN, which is formed by conden- 
sation of furfuraldehyde with phenyl- acetonitrile 
(Freund a. Immerwahr, B. 23, 2848). Oil, 
smelling like CH 2 Ph 2 . 


DI-PHENYL-ETHYL-GUANIDINE 


C 15 H i7 N* i.e. NHEt.C(NPh).NHPh. Got from 
phenyl-ethyl-cyanamide and aniline at 100° 
(Weith, B. 8, 1531). Crystalline.— B'^PtCl*. 

PHENYL-ETHYL-HYDANTOlN C n H l2 N 2 0 2 

U. CHPh^j^Q 4 . [94°]. Formed from 

phenyl-hydantoin, alcoholic KOH, and EtI 
(Pinner, B. 21, 2325). Prisms, v. sol. alcohol, 
si. sol. cold water. Decomposed by baryta into 
ethylamine and phenyl-amido-acetic acid. 


| Phenyl-ethyl-iff-hydantoin 
CHPh^Q^^g. Separates from a dilute 

alkaline solution of the preceding isomeride on 
standing. Slender needles, insol. water, nearly 
insol. alcohol. Decomposed by heating with 
baryta-water into NH 0 , NH 2 Et, and a-oxy- 
phenyl-acetic acid. 

u- PHENYL-ETHYL-HYDBAZINE C 8 H 12 N # 
i.e. NPhEt.NH 2 . (230°). Formed by reducing 
the nitrosamine of ethyl-aniline with zinc-dust, 
HOAc, and alcohol (Fischer, J B. 8, 1642 ; A. 199, 

! 325 ; Philips, B. 20, 2485). Formed also from 
EtBr and NPhNa.NH 2 in benzene (Michaelis a. 
Philips, A. 252, 270). Oil. Reduces Fehling’s 
solution on warming. Oxidised by HgO to 
diphenyl-di-ethyl-tetrazone NPhEt.N:N.NPhEt 
[108°]. SOCl 2 forms oily NPhEt.N:SO (Mi- 
chaelis, B, 22, 2231).— B'HCl. Plates. 

Acetyl derivative NEtPh.NHAc. [80°]. 

Ethylo-bromide NH 2 .NPhEt 2 Br. Tri- 
metric prisms (from alcohol) ; a:b:c = *822:1: *827. 
V. e. sol. water, insol. ether. Decomposes at 
193°. Insol. KOHAq. Converted by moist 
Ag 2 0 into a caustic hydroxide. Yields also 
(NH.„NPhEt 2 ) 3 H 5 Fe.,Cy 12 2aq (Fischer, A, 190, 
187). 

E thy lo -chloride NH.,NPhEt 2 Cl. [198°]. 
Needles, v. e. sol. water. - B'.,Et 2 PtCl u . 

Ethylo-iodide NH,NPhEt 2 I. [145°]. 

s-Phenyl-ethyl-hydrazine NHPh.NHEt. 
Formed, together with the preceding isomeride, 
by heating phenyl-hydrazine with EtBr. The 
crude product is dissolved in water mixed with 
NaOHAq, and the ppd. oil extracted with ether. 
Tho ethereal solution is freed from phenyl- 
hydrazine by HC1 and the filtrate oxidised by 
HgO. On addition of HC1 it deposits di-pkenyl- 
di-ethyl-tetrazone, and the mother-liquor yields 
by steam-distillation oily C„H r N:NEt (175°- 
185°). The NPh:NEt is then reduced by sodium- 
amalgam (Ehrhardt a. Fischer, B. 11, 618). 

Properties . — Oil, sol. alcohol and ether. 
Readily reduces Fehling’s solution and HgO. 
Zinc-dust and HOAc yield aniline and ethyl- 
amine.— B'H.,C 2 0 4 : needles, v. sol. hot water. 

DI-PHENYL-ETHYLIDENE-DIAMINE v. 
Ethylidene-di-anilinei vol. ii. p. 496. 

DI - PHENYL - ETHYLIDENE - DI - ETHYL- 
DIAMINE C, 8 H 24 N 2 i. 0 . CHMe(NPhEt) 2 . Formed 
from ethyl-aniline and aldehyde (Sohiff, A. 140, 
95 ; cf. Schultz, B. 16, 2601). Thick liquid.- - 
B'-jR^PtClg. 

PHENYL-ETHYLIDENE DI-ETHYL DI- 
SULPHONE CH 3 .CPh(S0 2 Et) 2 . [101°J. Formed 
from benzylidene di-ethyl di-sulphone, Mel, and 
EtONa (Fromm, A. 253, 154). Needles. 

PHENYL-ETHYLIDENE-HYDRAZINE 
CH 3 .CPh:N.NH 2 . (255°). Formed from aceto- 
phenone and hydrazine hydrate (Curtius, J. pr. 
[2] 44, 540). Liquid. Yields CH s .CPh:N.N:CHPh 
[59°] and N 2 (CPh.CH 3 ) 2 [121°]. 

DI-PHENYL ETHYLIDENE DISULPHONE 
CH 8 .CH(S0 2 Ph) 2 . [102°]. Got by oxidising 

CH 3 .CH(SPh) 2 or CH 3 .C(SPh) 2 .C0 2 H with dilate 
(1 p.c.) KMn0 4 (Escales a. Baumann, B . 19, 
2815). Needles or thin lamella, insol. water, 
acids, and alkalis, si. sol. alcohol and ethen 
Not attacked by alcoholic potash at 140°. 

PHENYL - ETHYLIDENE - DI - THIO - DI ~ 
GLYC01LIC ACID CH a .CPh(S.CH r C0 1 H) r 
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[186°]. Got by the action of ZnCL, on a mix- 
ture of aoetophenone and thioglycollio acid 
(Bongartz, B. 21, 483). Needles, sol. hot 
water, CHC1 3 , and HO Ac. 

PHENYL-ETHYL-IMESATIN v. Di-phenyl- 
di-ethyl-diamide of Isatin. 

PHENYL ETHYL KETONE C 9 H 10 O i.e. 
C a H 5 .CO.C 2 H 3 . Propiophenone. [21° j. (218° 
cor.) (M. a. G.). V.D. 4*64 (obs.). S.G. £ 1*009 
(W.). 

Formation . — 1. By distilling a mixture of 
calcium benzoate and propionate (Barry, B. 0, 
1006). -2. From BzCl and ZnEt 2 (Freund, A. 
118, 20 ; Kalle, A. 119, 166). -3. By the action 
of Na on a mixture of BzCl and EtI (Bechi, B. 
12, 463).— 4. By the action of propionyl chloride 
on benzene in presence of A1C1, (Morley a. 
Green, B. 17, 3018 ; Pampel a. Schmidt, B. 19, 
2896). — 5. By the decomposition of propylene 
plienyl-ethyl-ketate by HI or H 2 S0 4 (Morley a. 
Green). — 6. By oxidising CHPhEt.OH (Wagner, 
J. R. 16, 325). — 7. From benzoyl cyanide and 
ZnEt 2 , either directly or by oxidising the product 
(Frankland a. Louis, G. J. 37, 745).— 8. From 
phenylallylene (Kbrner, B. 21, 277). 

Properties. — Tables. Does not combine with 
NaHSO„. Yields benzoic acid on oxidation. 
Reduced by sodium-amalgam to CHPhEt.OH 
( 211 °). 

Oxim CPhEt.NOH. Oil. 

Phenyl hydrazide. Oil. 

Phenyl ethyl diketone C a H 5 .CO.CO.C 3 H v 
Propionyl-benzoyl . (239°). Got by distilling 
its mono-oxim (obtained from ethyl benzoyl- 
acetic ether) with dilute H 2 S0 4 (Miiller a. Pech- 
mann, B. 22, 2131). Pungent liquid, volatile 
with steam, m. sol. water. 

Reference . — Nitro- and Oxy- Phenyl ethyl 
ketone. 

PHENYL ETHYL KETONE DIBBOMIDE v. 

Di-bromo-cumene. 

PHENYL-ETHYL KETONE o-CARBOXYLIC 
ACID C 2 H 5 .C0.C t ,H 1 .C0 2 H. Propionyl-benzoic 
acid. [92°]. Formed by boiling phthalyl-pro- 
pjonic acid with KOHAq (Gabriel, B. 11, 1014 ; 
19, 840). Needles (from dilute alcohol).— AgA', 

Anhydride [69°]. 

Formed by heating phthalio anhydride with 
succinic acid and NaOAo (G.). Formed also by 
distilling the anhydride of the dicarboxylic acid 
(R^ser, B. 18, 3117). Plates (from water). Com- 
bines with N 2 0 4 forming C, 0 H 8 N 2 O a [90°]. 

Amide C a H 4 (CO.NH 2 ).CO.aH 3 . [159°]. 
Formed from the anhydride and alcoholic NHg. 

Isomerides v. Benzoyl-propionic acid, vol. i. 
p. 487. 

Phenyl ethyl ketone dicarboxylic aoid 
C a H 5 .C0.CH 2 .CH(C0 2 H) 2 . fr-Benzoyl-isosuccinic 
acid. [180°]. Obtained by saponifying its ether 
which is formed from «-bromo-acetophenone 
and sodium malonic ether (Bischoff, B. 16, 
1044; 19, 95; Kues a. Paal, B. 18, 3324). 
Needles, v. sol. alcohol and ether. Yields £- 
benzoyl-propionic acid when heated.— Ag^" ; 
needles. — Et.^A": oil. 

Phenyl hydrazide 
C a H s .C(N 2 HPh).CH 2 .CH(C0 2 H) 2 . [120°]. 

Phenyl ethyl ketone dicarboxylic acid 
C a H 4 (C0 2 H).C0.CH 2 .CH 2 .C0 2 H. [137°]. Formed 
by boiling its dilactone with water or aqueous 

Vol. IV. 


alkalis. Small six-sided prisms, re-converted by 
heat into the dilactone. — CaA". — BaA".— Ag 2 A". 

Dilactone 6”a6>C< CH &g*‘. f 120 ^ A 
product of the action of phthalio anhydride on 
succinic acid and NaOAc at 250° (Roser, B. 11, 
2770; 18, 804, 3115). Needles, si. sol. cold 
water. At 260° it gives off C0 2 and changes to 

QOQ^ChCHMe. HIAq and P at 190° reduce it 
to C a H 4 (C0,H).CH 2 .CH,CH 2 .C0 2 H. Cold NH 3 Aq 
forms £^ h >C:CH.CH 2 .C0 2 H [225°]. Boiling 

alcoholic NH, forms C n H 9 NO., [c. 205°]. Sodium- 
amalgam reduces it to phthalyl-propionic acid 
C,,H I0 O 4 . Phenyl hydrazine forms C, 7 H 14 N 2 0 8 
[210°] wbioh gives CaA' 2 aq. 

Isomoride v. Benzoyl-stjccinio acid. 

Phenyl ethyl ketone tetraoarboxylio acid 
C ti H 4 (C0.H).C0.C(C0 2 H) 2 .CH,.C0 2 H. Formed 
by the action of chloro-acetic ether on C, 7 H,„Na0 7 
which is got from phthalyl-malonic ether and 
NaOEt (Wislicenus, A. 242, 58). Oil.— Ag 4 A Iv . 

PHENYLETHYL METHYL KETONE v. 
Benzyl-acetone. 

Diphenylethyl methyl ketone 
CH,, CPh 2 .CO.CH a . [41°]. (311° i.V.). A pro- 
duct of the action of zinc and HC1 on an alco- 
holic solution of acetophenone (Zincke a. 
ThSrner, B. 11, 1989). Prisms (from alcohol). 

P HEN YLETH YL- METHYL- PYRIDINE 
C 14 H 13 N i.e. C 2 H 4 Ph.G 3 H 8 MeN. (290°-295°). 
S.G. £ 1*0283. Formed by reducing styryl- 
methyl-pyridine with HIAq at 160° (Bach6r, B. 
21, 3076). Oil, volatile with steam.” B^H^PtCl,.. 
[168°].-B'HHgCl 3 aq. [95°]. Silky needles. 
— B'C a H 3 N 3 0 7 . [156°]. Yellow needles. 

Hexahydride C, 4 H 2 ,N. (c. 288°). S.G. £ 
*9775. Got by reducing styryl-methyl-pyridine 
in alcohol with Na. Liquid, v. si. sol. water. 
PHENYL-ETHYL-(/3)-NAPHTH0TRIAZINE 

DIHYDBIDE C 1 .H 1I N 3 i.e. C 10 H.<£-gHEt 

[219°]. Formed by adding propionic aldehyde 
to benzene-azo-(8)-naphthylamine in alcohol 
(Goldschmidt a. Poltzer, B. 24, 1006). White 
needles, v. sol. alcohol.— B'HCl. [258°].— 
B' 3 HJPtCl 8 . Small yellow crystals. 

PHENYL-ETHYL-OXAMIDE C I0 H l2 N 2 O 2 i.e . 
NHPh.CO.CO.NHEt. [170°]. Formed by the 
action of ethylamine on phenyloxamic ether 
or of aniline on ethyloxamio ether (Wallach, 
A. 184, 66 ; 214, 259). Needles (from alcohol). 
Converted by PC1 5 (2 mols.) into a base which 
forms the salt (C, 9 H 9 N 2 Gl) 2 H 2 PtCl a . 

Di-phenyl- di-ethyl- oxamide v. vol. iii. p. 654. 
PHENYL -ETHYL -PHENOL v. Oxy-di- 
phenyl-ethane. 

PHENYL - p - ETHYL - PHENYL - ETHANE 

C a H 3 .CH 2 .CH 2 .C a H 4 .C 2 H,. (294°). Formed by 
reduction of CgHj.CHj.CO.CaH^t with HI and 
P (Sollscher, B. 15, 1681). Liquid. 

Isomeride. Got by the action of zinc-dust 
on a mixture of ethyl-benzene and a-bromo- 
ethyl-benzene (Radziszewski, B. 6. 811; ", 
140). Gives p- benzoyl-benzoic acid on oxida- 
tion. 

PHENYL-ETHYLPHENYL-ETHYLENE 

C a Hj.CH: CH .C a H 4 Et. [90°]. Formed by boil- 
ing CH 2 Ph.OH(OH).O a H 4 Et[l:4] with dilute 
H 2 S0 4 (Sdllscher, B. 15, 1681). Plates. 

D 
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PHENYL ^-ETHYLPHENYL KETONE 

C«H s .C0.0 6 H 4 £t. (3B1°) at 720 mm. Prepared 
by the action of A1C1 S on a mixture of BzCl and 
ethylbenzene (S&llscher, B. 15, 1682 ; Smith, B. 
24, 4029). Liquid, sol. alcohol and ether. Yields 
two oxims [108°] and [142°], both giving the same 
acetyl derivative [95°]. 

PHENYL-ETHYL-PHENYL METHANE v. 
Benzvl-ethyl-bknzene. 

PHENYL - ETHYLPHENYL - THIO - UREA 
NHPh.CS.NH.C b H 4 Et. [104°]. Formed from 
jp-ethyl-phenyl-thiocarbimide and aniline in 
alcohol (Mainzer, B. 16, 2020). Plates. 

PHENYL-DI-ETHYL-PHOSPHINE 
PEt,C„H ri . (222° cor.). S.G. & .957. Formed 
from CJLPCl, and ZnEi, (Michaelis, B. 8, 493; 
A. 181, 345). Oil. Absorbs oxygon from air, 
yielding OPEt 2 C„H 5 [56°J. Combines also with 
Cl and S forming crystalline C 10 H, S PCL, and 
C 10 H n PS. — B'2HC1. — B f oH 2 PtCl fi . — B'HI. — 
B'Etl. [115°].— B' 2 Et„PtCl 0 . — B'Mel. [95°].— 
B' 2 Me 2 PtCl„. 

Di-phenyl-ethyl-phosphine PEtPh.,. (298°). 
Formed from Ph 2 PCl and ZnEt 2 (Michaelis a. 
Link, A. 207, 214). Liquid, sol. alcohol and 
ether. Yields OPEtPh 2 on oxidation. EtI yields 
PhJPEtgl [204°] which gives (Ph 2 PEt 2 Cl)aHCl 4 
[218°]. Mel gives Ph.,PEtMoI [181°] S. 1'5 at 
22° ; 50 at 100°, which gives (Ph.PEtMeCl).>PtCl 4 
[220°] and Ph 2 PEtMe.0.C 6 H 2 (N0 2 ) 51 [86°].“ 
Di-phenyl-ethyl-phosphine oxide PEtPh 2 0. 
[121°]. Formed as above, and also by the 
action of Ag 2 0 on Ph 3 PEtI (Michaelis a. Soden, 

A. 229, 317). Prisms, sol. ether and ligroin. 
PHENYL-DI-ETHYL PROPENYL TRISUL- 

PHONE PhS0.,CH 2 .CMe(S0 2 Et) 2 . [128°J. Got 
from EtSH and PhS.CH 2 .CO.CII 3 , the product 
being oxidised (Autenrieth, B. 24, 169). Plates. 

Di-phenyl ethyl propenyl trisulphone 
EtS0,.CH 2 .CMe(S0 2 Ph) 2 . [139°]. Made in like 
manner from PhSII and EtS.CH 2 CO.CII 3 . 
Needles (Autenrieth, B. 24, 1513). 

TRI - PHENYL -ETHYL - PROPYL-DI-THIO- 
BIURET C 2 S 2 N a Ph 3 EtPr. The (a)- compound 
[166°] is formed by the action of di-phenyl - 
propyl- thio- urea on CICS.NPhEt, while the (0)- 
compound [165°] if got from di-phenyl-ethyl- 
tbio-urea and CICS.NPhPr (Billoter a. Strohl, 

B. 21, 109). Both crystallise in needles, v. sol. 
hot alcohol. 

DI - PHENYL - ETHYL - PROPYL - THIO- 
UREA NPhEt.CS.NPhPr. [66°]. Formed by 
the action of CSC1 2 on propyl -aniline followed 
by ethyl-aniline or vice versd (Billeter a. Strohl, 
B. 21, 103). 

PHENYL-ETHYL-PYR AZOLE C n H 12 N 2 i.e . 
NPh<^ : ^. (274°). 8.0. li 1-0C4. Formed 

from phenyl-hydrazine and propionyl-acetic 
aldehyde (Claisen a. Stylos, B. 21, 1148). Oil. 

PHENYLETHYL-PYRIDINE 

CH<^“ H > c . CH ,,.GH^h. [-3°]. (289° 

cor.). S.G. $ 1*0465. Formed by reducing styryl- 
pyridine with HI (Baurath, B. 21, 821). Liquid, 
si. sol. water, volatile with steam.— B' 2 H 2 PtCl„. 
[186% — B'HAuCl t . [150°]. Long yellow needles. 
— B'HHgCl*. [149°]. 

Hexa hydride C 13 H 1B N. (288° cor.). S.G. 
| *9874. Got by reducing the preceding base in 
alcohol with Na. Liquid, smelling like piper- 


idine, si. sol. water. Turns moist litmus blue. 
Has toxic properties similar to those of coniine. 
Forms an oily nitrosamine. Yields pyridine 
carboxylic acid on oxidation.— B'HCl. [155°]. 
— B'JELPtClg. [189 °]. — B'HAuC1 4 . [134°]. 
TETRA-PHENYL-ETHYL-PYRROLE 

NEt^p^p^. [221°]. Formed by heating 

bidesyl with aqueous NEtH 2 at 150° (Fehrlin, 
B. 22, 555). Needles (from chloroform) or 
plates (from HOAc). 

DI-PHENYL-ETHYL-PYRROLE DI-o-CARB- 
OXYLIC ACID C, 0 H 17 NO 4 i.e. 

NEt <C(clHj.C0!H):CH- E 220 ^ Formcd b y 

heating C 2 H 4 (C0.*C 6 H 4 .C0 2 H) 2 with ethylamine 
solution (Baumann, B. 20, 1488). Yellow plates 
(from alcohol), insol. water.— Ag,,A". 

PHENYLETHYL-QUINOLINE 

C 6 H 4 < \^' acH„CH 2 Ph* E c * 30 °^ Formed b Y 
reducing styryl -quinoline with HI (Ileymann a. 
Konigs, B. 21, 1426). Crystals. — Pi crate, [o. 
130°]. Yellow prisms, si. sol. alcohol. 

PHENYL-ETHYL SULPHIDE Ph.S.Et. 
(204° i.V.) at 744 mm. S.G. ^ :1*032. Formed 
by heating PhSNa with EtI in sealed tubes at 
120° (Beckmann, J. pr. [2J 17, 457). Obtained 
also by the action of H 2 S at50 o onC b H v SO.OEt 
(Otto a. Bossing, B. 20, 2275) and by the action 
of EtSH on C (i H,.N 2 Cl (Stadler, B. 17, 2078). 
Liquid, with nasty smell. 

Sulphunic acid C 2 II,.S.C 6 H 4 .SO ;1 TI. 
Formed by boiling C.IL ) S.N 2 .C 0 H,.SO. J Na with 
alcohol.— NaA' : plates. 

Phenyl ethyl disulphide PliSJKt. Formed 
together with Et,S„ by heating C b H,,SO,H with 
EtSH at 100 3 (Otto a. Bossing, B. 19, 3135 ; 20, 
189). Heavy oil. Decomposed by alcoholic 
potash into EtSH, Ph 2 S 2 , C b H 6 S0 2 H, and ethane 
sulphinic acid. 

PHENYL ETHYL SULPHONE C h H 1(J SOo i.e . 
C 0 H 3 .SO 2 .C 2 H 5 . [43°]. (above 300°). Formed 
from C e H 6 S0 2 Na and EtBr or CH 3 .CBr.,.CO.,Na 
(Otto, B. 13, 1274 ; J. pr. [2] 40, 535). Formed 
also from CH,.CH(S0 2 Ph).C0 2 H by the action 
of alkalis and by oxidising PhSEt with dilute 
KMn0 4 (Beckmann, J. pr. [2] 17, 458). Mono- 
clinic plates (Fock, B. 19, 1230), sol. hot water, 
v. sol. alcohol. 

o-Carboxylic acid C b H 3 .S0 2 .CHMe.CC 2 II. 
Phenyl sulphono-propionic acid. [116°]. Formed 
by saponifying its ether, which is got from 
C b H 3 S0 2 Na and CH.,.CHBr.C0 2 Et (Otto, J. pr. 
[2j 40, 648). Groups of noodles, v. sol. hot 
water. — NaA'. — BaA' 2 2aq : leafy aggregates. 
Ethyl ether EtA'. [c. 17°]. Oil. 
0 -Carboxylic acid C 6 H 5 .S0 2 .CH 2 .CH 2; C0 2 H. 
[124 u ]. Formed from benzene sulphinic acid 
and 0-iodo-propionic acid (Otto, B. 21, 95). 
Plates, si. sol. cold water, m. sol. ether. 

PHENYL-ETHYL-THIAZOLE C^.NS i.e. 

^^CPh-CH* cor# )* Formed * roin 

propionamide and bromo-acetophenone in alco- 
hol (Hubacher, A. 259, 231). Oil.— B'^tCl* 
[129°]. — B'HBr. [70°]. White needles. 

TRI-PHEN YL-DI-ETHYL-DI-THIO-BIURET 
NPhEt.C(NPh).S.CS.NPhEt. [158°]. Formed 
from NPhEt.CS.Cl (2 mols.) and aniline (1 moL) 
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(Billeter a. Strohl, B. 21, 108). Yellow needles, 
b1. sol. alcohol. 

PHENYL-ETHYL-THIOCARBAMIC ACID 

NPhEt.CS.OH. 

Ethyl ether EtA. [18°]. (143° at 12 

mm.). S.G. l ~ 1-000. Eormed from NPhEt.CS.Cl 
and NaOEt (Billeter a. Strolil, B. 20, 1029 ; 21, 
194). Crystals. 

P henyl -ether PhA' . i r 09°]. Formed from 
the chloride and iihcnol. Flat needles. 

Chloride NPhEt.CS.Cl. [57°]. Formed 
from ethyl-aniline and CSCL. Prisms (from 
ligrom). Converted byalcoholinto (NPliEt.CS)..0 
[143°], S. (alcohol) 7 at 15°. 

Pheny lethyl-thiocarbamic acid. Phenyl- 
ethylamine salt 

C 2 H 4 Ph.NH.CS.SNH 3 .C 2 H,Ph [130°]. Formed 
f rom phenylethylamine and CS 2 (Ncubcrt, B. 19, 
1825). Sol. hot water and alcohol. 

Phenyl-ethyl-di-thio-carbamic acid 

NPhEt.CS.SH. 

Ethyl ether EtA'. [07°]. (305°-315^). 

Formed by heating NPli:C(NPhEt).SEt with 
CS 2 at 100° (Bernthsen a. Friese, B. 15, 508, 
1533). Formed also from NPhEt.CSCl and 
NaSEt (B. a. S.). Prisms (from ether). Forms | 
a crystalline compound with Mel. 

Pheny l ether PhA'. [127"J. Formed from 
NPhEt.CS.Cl and PhSH (13. a. S.). Needles. 

PHENYL- ETHYL-THIO-SEMI-CARBAZIDE 
NHEt.CS.NH.NHPh. [122°J. Formed from ethyl- 
thiocarbimido and phenyl -hydrazine (Dixon, 
C. J. 55, 302). White crystals, v. si. sol. water. 
FeClj gives a red colour changing to blackish- 
green. 

Isomeride NIIPh.CS.NH.NHEt. [110°]. 
Foimed from phenyl-thiocarbiinide and ethyl- 
hydrazine (Fischer, A . 199, 290). Needles. 

Di-phenyl-ethyl-thio-semi-carbazide 
NPhEt.NH.CS.NHPh. [149"]. Formed from 
w-phcnyl-ethyl-hydrazinc and phenyl-thio- 
carbnnide (Micliaelis a. Philips, A. 252, 273). 

PHEN YLETHYL-THIO C ARBIMIDE 
C,JI,Ph.NCS. Formed from phenylethyl-amine 
by successive treatment with CS 2 and HgCF 
(Neubert, Ti. 19, 1825). Yellow oil. 

PHENYL ETHYL DITHIOCARBONATE 
CS(OEt)(SPh). Formed by mixing solutions of 
C fi H a .N 2 Cl and potassium ethyl ditliiocarbonate 
at 0° (Leuckart, J. pr. [2] 41, 180). Iteddish- 
yellow oil, si. sol. w-ater, slightly volatile with 
steam. Converted by heating with alcoholic 
NH 3 into phenyl mercaptan and ammonium 
sulphocyanide. 

PHENYLETHYL-THIOHYDANTOiN 

C„H, = N,SO i.c. C,H 4 P1i.N:C<|£^q 2 or 

CS Tho hydrochloride B'HCl 

[188°] is formed from phenylethyl-tliio-urea and 
chloro-acetic acid (Neubert, B. 19, 1822). 

PHENYL-ETHYL-THIOPHENE C 12 H 12 S ix. 

S< CcH h *CEt* £ 40 °J- Obtained by heating 

<3ILjBz.CHEt.COoN a with P 2 S ft (Dittrich a. Paal, 
B. 21, 3457). Small plates. Gives a cherry- 
red colour with isatin and H,S0 4 and a bluish- 
green colour with phenanthraquinone and 
HOAc. 

w-PHENYL-ETHYL-THIO-TJREA C a H ]2 N 2 S 

U. NPhEt.CS.NH*. [113°J. Formed from ethyl- 


1 aniline hydrochloride and potassium sulpho- 
cyanide (Gebhardt, B. 17, 2094). Large pearly 
prisms (from alcohol). 

! Benzoyl derivative NPhEt.CS.NHBz. 

! [134°J. Formed from ethylaniline and benzoyl- 
! thiocarbimide (Dixon, O. J. 55, 805). Pale 
] lemon-yellow prisms, insol. water, sol. alcohol, 
j s-Phenyl-ethyl-thio-urea NIIPh.CS.NHEt. 

I [99°]. Formed from phenyl-thiocarbiinide and 
I NlL.Et and from ethyl-thiocarbirnide and aniline 
(Weitli, B. 8, 1524 ; Michael a. Palmer, Am. 6, 
200). Monoclinic crystals. 

Pheny lethyl-thio-urea NIF.CS.NILC 2 H,Ph. 
[123°]. Formed from phenylethyl-amine hydro- 
chloride and potassium sulphoeyanide (Neubert, 

B . 19, 1822). Plates (from dilute alcohol). 
Phenyl-ethyl^-tliio-urea NHPh.C(SEt):NH. 

j Formed from phenyl-thio-urea and Etl (Bertram, 

I B. 25, 55). Yields mercaptan on treatment with 
alkalis. — B'Hl. [103°]— B'C 6 H 3 N 3 0 7 . [190°]. 

Phenyl-di-ethyl- i//-tkio-urea 
NPhEt.C(SEt):NH. Formed from the preceding 
body and Etl (B.).— Bill.— BVHPtCl*. [148°].— 
B'C t) H.,N, 1 0 7 . [170°]. 

Phenyl-tri-ethyl-^-thio-urea 
NPhEt.C(SEt):NEt. (c. 275°). Got from the 
preceding and Etl (B.).- B , C 0 1I,N J 0 7 . [c. 90°J. — 
13 , 2 II 2 PtCl 6 . [135°]. 

Di-phenyl-ethyl-thio-urea NHPh.CS.NPhEt. 
[89°]. Formed from phonyl-thiocarbimido and 
ethvl-amline (Gebhardt, B. 17, 2090). Crystals. 

Di-phenyl-ethyl-if/-thio-urea 
NHPh.C(SEt):NPh. [79 1. Formed from di- 
phenyl-thio-urea and EtBr (Itathko, B. 14, 
1770) and by the action of mercaptan on 
C(NPhV. in the cold (Will, B. 15, 1308). Needles 
(tiom dilute alcohol). Decomposed by heat 
mlo C(NPh) 2 and EtSH. Cl passed into a solu- 
tion of its hydrochloride yields ethane sulphonic 
acid— B'PTCL— 13M1 .PtCl, 2aq.~ B'JII aq. 
[157-5°] (Bernthsen, ii. 15, 200, 507). 

Di-phenyl-di-ethyl-thio-urea CS(NEtPh) 2 . 
[75*5°]. Formed from NFhEt.CSCl and ethyl- 
aniline at 100° (Billeter, B. 20, 1031). White 
tables (from ligrom) or needles (from alcohol). 

Di-phenyl-di-ethyl-thio-urea 
CS(NH.C,H 4 Ph) 2 . [84°]. Formed from phenyl- 
ethyl-amine and alcoholic CS 2 (Neubert, B. 19, 
1824). Plates (from alcohol), insol. water. 
Acetyl derivative C 10 H 22 N 2 SO. [73°]. 

Di-phenyl-di-ethyl-t//-thio-urea 
NPhEt.C(SEt):NPh. Oil. The hydro-iodide, 
got by heating di-phenyl-ethyl-i//-thio-urea with 
Etl at 130°, is crystalline (B. a. F.). 

w-PHENYL-ETHYL-UREA NPhEt.CO.NIL,. 
[02°]. Formed from ethyl-aniline hydrochloride 
and potassium cyanate (Gebhardt, B. 17, 2095). 

&-Phenyl-ethyl-urea NPhH.CO.NEtH. [99°]. 
Formed from ethyl cyanate and aniline (Wurtz, 

C. R. 32, 417). Needles (from dilute alcohol). 
Yields a nitrosamine NPhH.CO.NEt.NO [60°] 
crystallising in monoclinic prisms (E. Fischer, 
A. 199, 280). 

Phenylethyl - urea NH 2 .CO.NHC 2 H^h. 
[112°]. Formed from £-phcnyl-ethyi-amine and 
potassium cyanate (Spica, Q. 9, 568). Flat 
prisms, m. sol. cold water. 

Phenyl - di - ethyl - urea NHPh.CO.NEt 2 . 
[85°]. Formed from phenyl cyanate and NHEtf 
(Gebhardt, B . 17, 3039). Needleg. 

d2 
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Di - phenyl - ethyl - urea NHPh.CO.NPhEt. 
[91°]. Got from phenyl cyanate and ethyl- 
aniline (Gebhardt, B. 17, 2093). Prisms. 

s - Di - phenyl - di - ethyl - urea CO(NPhEt) 2 . 
[79°]. Formed from NPhEt.COCl and ethyl- 
aniline at 130° (Michler, B. 9, 712). Crystals. 

w-Bi-phenyl-di-ethy 1-urea NPh„.CO.NEt 2 . 
[54°]. Formed from NPh 2 .COCl and NHEt 2 . 

Diphenyldiethyl-urea NH 2 .CO.N (C,H 4 Ph) 2 . 
[109°]. Formed from diphenyldiethylamine 
hydrochloride and potassium cyanate in aqueous 
solution (Spica, G. 9, 568). Prisms, sol. hot Aq. 

Tri - phenyl - ethyl - urea NPhuCO.NPhEt. 
[89°]. Formed from NPh 2 COCl and ethyl- 
aniline (M.). Formed also from NPhEt.COCl 
and diphenylamine (Kaufmann, B. 14, 2185). 
PHENYL-FORMAMIDE v. vol. ii. p. 568. 
DI-PHENYL-FORMAMIDINE C IS H 12 N 2 i.e. 
CH(NPh) (NHPh). Di-phenyl-methenyl-diamine. 
Mol. w. 196. [138°]. 

Formation . — 1. By heating chloroform with 
aniline for 12 hours at 190° (Hofmann, Pr. 9, 
229). — 2. By heating aniline with phenyl-carb- 
amine, with orthoformio ether, or with formio 
acid (Weith, B. 9, 454 ; Wichelhaus, B. 2, 
116). — 3. By passing gaseous HC1 into heated 
formic anilide (Wallach, B. 15, 208). — 4. From 
formic anilide and PC1 5 (Wallach, A. 214, 233). 
5. From CH(NPh)SEt and aniline (Wallach 
a. Wiisten, B. 16, 146).— 6. From aniline and 
CH(NH 2 Cl)OEt (Pinner, B. 16, 358). 

Properties . — Needles (from ether). Yields 
B'HCl and B'JUPtCl*. 

PHENYL-FORMAMIDOXIM C 7 H 8 NO i.e. 
CH(NOH).NHPh. [116°J. Formed from thio- 
formanilide and hydroxylamine (Muller, B. 22, 
2411). Needles, m. sol. water.— B'HCl : needles. 
— B' 2 H 2 PtCl fl : yellow needles. 

Benzoyl -derivative CH(NOBz)(NHPh). 
[145°]. Needles, m. sol. alcohol and ether. 

DI-PHENYL-FORMAZIDINE C 18 H h N 4 i.e. 
CH(N,,HPh).N 2 H 2 Ph. [185°]. Formod from 
CH(NH 2 Cl).OEt and phenyl-hydrazine (Pinner, 
B. 17, 2002). Yellow plates, v. sol. hot alcohol. 

PHENYL-FORMYLACETIC ETHER 
CHO.CHPh.C0 2 Et. (146° at 16 mm.). Got, 
together with an isomeride [71°], by the action 
of NaOEt on a mixture of formic and phenyl- 
acetic ethers (Wislicenus, B. 20, 2931). Liquid. 
FeGl s colours its alcoholic solutions bluish - 
violet. Phenyl-hydrazine forms oxy-di-phenyl- 
pyrazole. 

D I-P H EN YL-F UMARAMIC ACID v.Fumaiuo 

ACID. 

PHENYL-FUMARIC ACID C 10 H s O 4 i.e. 
C0 2 H.CPh:CH.C0 2 H. [161°]. Got by heating 
bromo-cinnamic ether with alcoholic KCy for 
8 hours at 150° (Barisch, J. pr. [2] 20, 186). 
Got also by heating C0 2 H.CPh(0H).CH 2 .C0 2 H 
(Alexander, .4. 258, 82). Nodules (from water). — 
BaA": scales. — Ag 2 A": amorphous pp. 
Di-phenyl-fumario acid 

COjjH.CPhrCPh.COjjH. [c. 260°]. Formed from 
its ether, which is got, together with di-phenyl- 
.naleic ether, by the action of Na on a-bromo- 
phenvl-acetic ether (Riigheimer, B. 15, 1626). 
Crystals, decomposing at 260° into water and 
di-phenyl-maleic anhydride. 

Nitrile CN.GPh:CPh.CN. [158°]. Got by 
adding alcoholic NaOEt to o-chloro-phenyl- 
aoetonitrile (Michael a. Jeanpr&tre, B. 25, 1680). 


SI-PHENYL FT7BAZANE [94°]. 

Formed by heating the (a)-di-oxim of benzil with 
water at 210° (Dodge, A. 264, 180). Crystals. 
At 300° it forms di-benzenyl-azoxim. H 2 S0 4 
and HN0 3 give a di-nitro- derivative [220°]. 

DI-PHENYL-FTJRFURANE cH-Crh^ 0- 

[91°]. (345°). Formed by heating 
CPh;C.CH(C0 2 H).C0.C b H 5 or CH 2 Bz.CH 2 Bz with 
cone. HClAq at 160° for 3 hours (Kapf a. Paal, 

B. 21, 1490, 3057). Got also by heating its 
dicar boxylic acid (W. H. Perkin, jun., a.'Schlosser, 

C. J. 57, 954). Plates, insol. water. 
Tetrahydride C, 6 H, 6 0. (321°). Got by 

reducing with Na and alcohol. Oil. 

Oc to hydride Ci 6 H 20 O. Oil. 
Tri-phenyl-furfurane C 22 H, b O i.e. 

CPh-CPh^a [93°]. Mol. w. 2G3 by Eaoult’s 
method (calc. 296). Formed by boiling 
CPhBz:CHBz with HIAq (Japp a. Klingemann, 
C. J. 57,675). Got also from desyl-acetophenone 
by successive treatment with H 2 S0 4 and water 
(Smith, G. J. 57, 645). Needles (from alcohol). 
Tetra-phenyl-furfurane v. Lepiden. 
DI-PHENYL-FURFURANE CARBOXYLIC 

ACID C02 ^c-CPh>°- [217 ° ] - Formed b ? 

boiling CPh-C.CHBz.COJEI with cone. HClAq 
and alcohol (Kapf a. Paal, B. 21, 1489, 3059). 
Formed also by heating the dicarboxylic acid 
(W. H. Perkin, jun., a. Schlosser, C . J. 57, 952). 
Needles (from alcohol), insol. water. May be 
distilled. Br yields C )7 H 12 Br 4 0,.— NaA' : needles. 

Ethyl ether EtA'. [82°]. Formed by 
boiling CH 2 Bz.CHBz.C0 2 Et with alcohol and 
HClAq. Crystals (from ether). Yields on re- 
duction a tetrahydride which does not react 
with AcCl. 

Di-phenyl -fur fur ane dicarboxylic acid 

0 , 8 H,A i.e. co*H.cicPh>°- £ 238 ° ] - Pormed 
by dissolving di-benzoyl-succinic ether in H 2 S0 4 
and boiling the product with alcoholic potash 
(W. H. Perkin, jun., G. J. 47, 262 ; 49, 168 ; 57, 
951). Needles, sol. alcohol and ether. FeCl, 
gives an orange colour in its alcoholic solution. 
Yields acetophenone on distilling with soda- 
lime.— Ag 2 A". 

Ethyl ether Et 2 A". [86°]. Formed from 
dibenzoyl-succinic acid and H 2 S0 4 . Yellow 
prisms, v. sol. alcohol. Its solution in H 2 S0 4 
turns violet on heating. 

Anhydride C, h Hi 0 O 4 . [255°]. Formed by 
heating the acid alone or with Ac 2 0. Plates, 
si. sol. hot alcohol. Its alcoholic solution ex- 
hibits violet fluorescence. 

PHENYL - FURFURYL - ACRYLIC ACID. 
Nitrile. C 4 H ;1 O.CH:CPh.CN. [43°J. Formed 
from phenyl-acetonitrile, furfuraldehyde, and 
NaOEt in alcohol (Frost, A. 250, 159). Yields 
C4H3O.OHBr.CBrPh.GN [114°J crystallising in 
orange plates. 

Reference . — Nitro-phenyl-furfuryl-acbylio 
acid. 

PHENYL - FURFURYL - (£) - NAPHTHO • 
TRIAZINE. Dihydride C 21 H u N s O i.e. 

C « H *<N.NPh C<H, °- t 241 °3‘ Formed 

warming benzene-azo-(j8)-naphthylamine with 
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furfuraldehyde in alcohol (Goldschmidt a. 
Poltzer, B. 24, 1007). Needles. -B'HCl : plates. 
— B'gHjjPtClg. Light-yellow crystalline pp. 

08) - PHENYL - ( 7 ) - FURFURYL - PROPYL - 
AMINE C 4 H 3 O.CH,.CHPh.CH,NH 2 . (283°). 
Formed from phenyl-acetonitrile and furfur- 
aldehyde, the product of condensation of these 
bodies C 4 H 3 O.CH:CPh.CN being reduced by Na 
and dry alcohol (Freund a. Immerwahr, B. 
23, 2850). Oil, with alkaline reaction. Con- 
verted by nitrous acid into the liquid alcohol 
C4HjO.CH, .CHPh.CH ,OH. Phenyl tliiocarbim- 
ide forms" C 4 H 3 O.CjH, P h.NH.CS.NHPh [113°]. 
— B'HCl. [170°]. Crystalline, v. sol. water. 
Reacts with potassium cyanate forming 
C4HjO.CjjH5Ph.NH.CO.lS 1 H 2 [101°]. — Mercury 
double salt: [175°]; needles. — Picrate 
[152°J. Yellow crystalline powder. 

PHENYL-FURIDANE. Dihydride 

CI > h<o^c{l I ;> CH ,- ( 250 ° at 721 mm.). 
Formed by heating its carboxylic acid at 200° 
(Perkin, C. J. 51, 731). Oil. IIBr forms 
C fa H s .CO.C,Hj,Br. 

PHENYL-FURIDANE DIHYDRIDE CARB- 
OXYLIC ACID CO..H.C^gp J -;-Q H ->Cn 2 . 

Dhenyldchy dr uhcxone carboxylic acid. [c. 144°]. 
Formed by saponifying its ether, which is got 
by the action of NaOEt on a mixture of tri- 
methylene bromide and benzoyl -acetic ether 
(Perkin, C. J. 51, 720). Monochmc prisms 
(from ether); 2-038:l:3*398 ; 0 = 74° 44'. 

— AgA' : needles (from water). 

Ethyl ether EtA'. [60°]. Prisms. 
PHENYL-GLUTARIC ACID C h H 12 0 4 i.e. 
CHPh(CII 2 .COJI) 2 . [138°]. Formed by heating 
sodium malonic ether with alcohol and cinnamic 
ether at 100°, saponifying the resulting ether 
CPI ( COE t) 2 .CIIP1 1 . CHNa. CO.^Et , and heating 
the acid at 110° (Michael, J . pr. [2] 35, 352 ; 
Am. 9, 110). Needles, si. sol. water, m. sol. 
alcohol.— AgA' : amorphous pp. 

Di-phenyl-glutaric acid CH.,(CHPh.C0 2 H) 2 . 
[104°]. Formed by saponifying its nitrile 
(Zelinsky a. Feldmann, B. 22, 3292). Needles. 

Nitrile Cl-L(CHPli.CN).,. [71°J. Formed 
by heating CH.Ph.CN with CHXand dry NaOH. 
PHENYL-GLYCERIC ACID v. Di-oxy- 

PHENYL-PIIOPIONIC acid. 

TRI-PHENYL GLYCERYL TRIKETONE 

CH.Bz.CHBz.CHBz. Tri-bcnzoyl-propane. 
[137°]. Formed from tricarballylic chloride, 
benzene, and A1C1 8 (Emery, B. 24, 001). Straw- 
yellow needles. Yields a phenyl-hydrazide 
[57°-60°]. 

PHENYL-GLYCIDIC ACID C y li b 0 3 i.e . 
O <CcH^X) H* Phenyl -pyruvic add ? [155°] 

Formed by boiling benzoyl-imido-phenyl-propi- 
onic acid NBz<^ig^) with aqueous HC1 

or with KOH (Plochl, B. 16, 2817 ; 19, 3167). 
Formed also by boiling phenyl-oxal acetic acid 
with dilute H 2 S0 4 (W. Wisiicenus, B. 20, 592). 
Plates, v. e. sol. alcohol and ether. FeCl s 
colours its alcoholic solution green. Sodium- 
amalgam reduces it to a-oxy-phenyl-propionic 
acid. Yields an oxim and a phenyl-hydrazide 
CH ? Ph.C(N 2 HPh)CO s H [161°]. Tolylene-o-di- 
amine forms a quinoxaline (Erlenmeyer, juru, 


B. 19, 2576; 20,2465; 22,1482). Aniline forms 
C a H 2 P h (NHPh) ( OH) .CO a H. 

(0) -Phenyl-glycidic acid. Formed from 
C tf H 5 .CH(0H).CHCl.C0 2 H and cold alcoholic 
potash (Glaser, A. 147, 98). Oil, crystallising 
at 0°. Recomposes, even at 15°, into phenyl- 
acetic aldehyde and C0 2 . Boiling dilute HJ 8 O 4 
forms CHPh(0H).CII(0H).C0 2 II and phenyl- 
acetic aldehyde (Erlenmeyer a. Lipp, A. 219, 
181). Yields j3-oxy-plienyl-propionic acid on 
reduction with sodium-amalgam. — NaA'. — KA'. 
— AgA' : crystallino powder. 

Ethyl et her EtA'. (280° cor.). Oil. 

Deferences. — Nitho- and Oxy- phenyl-gly- 
cidic acid. 

PHENYL-GLYCOCOLL v. Phenyl-amido- 

ACETIC ACID. 

PHENYL-GLYCOL v. Di-oxy-ethyl-denzene. 

PHENYL-GLYCOLLIC ACID 7 ;. Phenyl- 
derivative of Glvcollio acid and Mandelio 

ACID. 

Di-phenyl-glycollic acid v. Benzilig acid. 

PHENYL-GLYCOLLIC ACRYLIC ACID v . 

Carboxy -methyl derivative of Coumaiiic acid. 

PHENYLGLYCOLYL-TROPElNE C 10 H 2) NO 8 . 
Homo -air opine. [_9B°J. Formed by heating 
tropine mandclatc with IIClAq (Ladenburg, A. 
217, 82). Deliquescent prisms (from ether), m. 
sol. water. Less poisonous than atropine. — 
B'IIAuC1 4 .— B'IlBr.-B'C tJ H 3 N. < 0 7 . Yellow plates. 

TETRA-PHENYL-GLYCOSINE v. Glycosine. 

PHENYL-GLYOXAL CJI v CO.CHO. (142° 
at 125 mm.). Formed by allowing a mixturo of 
its mono-oxim (30 g.) with NallSO, (120 g. of a 
35 p.c. solution) to stand till all is dissolved, 
and then adding H.SO, and distilling (Muller a. 
von Pechmann, B. 20, 2904; 22, 2557). Oil. 
Forms a crystalline hydrate [73°j. Converted 
by HNOj into plienyl-glyoxylic acid, and by 
potash into mandolic acid. Ammonia forms 
C 22 II, w N 3 0 or C 22 H 17 N h O crystallising in plates 
[193 U J which can be distilled. Hydroxylamine 
gives C la H, 3 N 8 Oj, [219°J, sol. alkalis. 

Mono-oxim C„H 5 .CO.CH:NOH. Nitroso- 
acctophenone. [128°]. Formed from aceto- 
phenone, isoamyl nitrite, and alcoholic NaOEt 
(Claisen, B. 20, 050, 2194 ; Braun, B. 22, 556). 
Monoclinic tables (from chloroform), si. sol. 
cold water, v. sol. alkalis. Yields C a H 5 .CO.CN 
on warming with Ac 2 0. Boiling NaOHAq forms 
NaCy and NaOBz. Its acetyl derivative is con- 
verted by NaOIIAq into CHBz(OH).CO.CO.C tt H 4 
[170°] crystallising in minute needles (Soder- 
baum, B. 24, 1380, 3034). 

Di-oxim C 8 H5.C(NOH).CH(NOH). Anti - 
phcnyl-amphi-glyoxim. [162°] (S.) ; [108°] (Ii.). 
Formed by the action of hydroxylamine on the 
mono-oxim, or on mono- or di-bromo- acetophen- 
one (Schramm, B. 10, 2183 ; Strassmann, B. 22, 
419 ; Russanoff, B. 24, 3501). Small needles, v. 
sol. alcohol, insol. CHC1,; subliming below 
100°. N 2 0 4 gives CjjH5.CHN.jO, [c. 90°] crystal- 
lising in colourless prisms (Scholl, B. 23, 3504). 
By dissolving in ether and treating with HC1 it 
is converted into an isomeride [180°]. Th’-' 

body, called phenyl-anti-glyoxim, is v. sol. Ac 2 0 
and yields a di-acetyl derivative [92°]. Phenyl- 
anti-glyoxim is only stable in acid solutions 
being readily re-converted into the original di- 
oxim [168°]. 3y treatment of the di-oxim [168°] 
NaOHAq and CO a at - 10° there is formed a 
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second isomeride [148°-154°] called phenyl-syn- 
glyoxim which yields an oily di-acetyl deriva- 
tive. — Ag0 8 H 7 N 2 0 2 . Curdy pp. 

Phenyl-hy dr azide C 6 H 5 .C(N 2 HPli).CHO. 
[143°]. Yellow plates (M. a. P.). 

Phenyl-hy dr azide CJF, CO.CH:NJIPh. 
[129°]. Formed by the action of warm dilute 
KOHAq on the compound got by treatment of 
sodium benzoylacctic ether with diazobenzene 
chloride (Stierlin, B. 21, 2123). Yellow plates. 

p-Tolyl-hy dr azide CHBz :N 2 H.C (J II ,Me. 
Got in like manner, using p-diazotoluene 
chloride. Yellowish-brown plates, v. sol. ether. 

Di-phcnyl-di-hy dr azide 
C a Hr > .C(N 2 HPh).CH(N. 2 HPh). [152°]. Got by 
heating phenyl-glyoxal or, better, the phenyl- 
hydrazide of benzoyl-carbinol with plienyl- 
hydrazino hydrochloride and NaOAc at 100° 
(Laubmann, A . 243, 247). Yellow plates. 

Di- phenyl -di -methyl- di-hy dr aside 
C B H a .C(N 2 MePh).CH(N 2 MePh). [15F]. Formed 
from co-bromo-acetop lien one and phenyl-mcthyl- 
hydrazine (Culmann, B. 21, 2597). Prisms. 

Di-phenyl-glyoxal v. Benzil. 

PHENYL-GLYOXALINE C u H h N 2 i.e. 

C 6 H 5 N<ch : : § H . [13°]. (270°). Formed by 

warming sulphydro-phenyl-glyoxaline [181°J 
with dilute HN0 3 or HClAq (Wolil a. Marck- 
wald, B. 22, 570, 1353). Crystalline, miscible 
with alcohol.— B'HAuC1 4 . — B' 2 H 2 PtCl B . — P i - 
crate B'CaHaN-jO,. [152°]. Yellow needles (from 
alcohol). — B 2 AgN0 3 . — B'McI. Syrup. 

Phenyl-glyoxaline [148°J. 

(c. 340°). Formed by distilling its dicarboxylic 
acid, which is got from di-nitro-tartaric acid, 
benzoic aldehyde, and NH S (Maquenne, C. B. 
Ill, 742). 1’iatos (from benzene). — B'JLC 2 0 4 . 
Needles. — B' 2 H 2 PtCl B . 

Di-phenyl-glyoxaline CH<^F.CPk [227°]. 

Formed by the action of formic aldehyde and 
ammonia on bonzil (Japp, O'. J. 51, 559). Di- 
morphous. Crystallises with di -plienyl-methyl - 
glyoxaline as (C.,N.,H 2 Ph 2 )C,N 2 HMcPh 2 [218°]. 
— B' 2 H 2 PtCl B : small flat yellow needles. 

Tri-phenyl -glyoxaline v. Lophine , vol. i. 
p. 474. 

PHENYL-GLYOXIM v. Oxim of Phenyl- 
glyoxal. 

PHENYL-GLYOXYLIC ACID C 8 H b 0 3 i.e , . 
C u H v CO.COoH. Benzoyl-formic acid. [66°]. 

Formation. — 1. From benzoyl cyanide and 
cone. HClAq in the cold (Claisen, B. 10, 429, 
844, 1063 ; 12, 626, 1505) or HOAc saturated 
with HC1 (Buchka, B. 20, 395). — 2. From di- 
oxy-ethyl-benzene (phenyl-glycol) and nitric 
acid of S.G. 1*38 (Zincke, A. 216, 305).— 3. By 
saponifying its ether, which is got by heating 
COCl.COjjEt with IIgPh 2 for several hours at 
150° ; the yield being 40 p.c. of the theoretical 
(Claisen a. Morley, B. 11, 1590). — 4. By oxidis- 
ing acetophenone with alkaline KMn0 4 at 0° ; 
the yield being 20 p.c. of the theoretical amount 
(Gliickmann, M. 11, 248). 

Properties. — Prisms, v. e. sol. water and 
ether. Decomposed by distillation into benzoic 
acid and CO, and partly also into benzoic alde- 
hyde and C0 2 . Phenyl-hydrazine added to its 
solution in dilute HC1 forms a bulky yellow pp. 


of phenyl-hydrazide (Ebers, A m 227, 340). When 
mixed with benzene (containing thiophene) it 
gives with cone. H 2 S0 4 a red colour changing to 
violet. On adding water, the layer of benzene 
becomes crimson. 

Reactions. 1. Sodium-amalgam reduces it 
to mandelic acid.- 2. III and P at 160° reduce 
it to plienyl-acetic acid.— 3. Phenyl mercaptan 
and gaseous IIC1 form CJi 5 .C(SPh) 2 .CO Jhi 
[142°], si. sol. benzene (Baumann, B. 18, 891). 
Phenyl mercaptan alone forms a crystalline 
powder C B H v C(OH)(SPh).COJI [f>9°]. 

Salts.— NaA'. — KA' aq : dimetric tables. — 
NH 4 A'. — CaAhaq : flat prisms. — BaA'„. — SrA' 2 aq. 
— CuA'„. - ZnA' 2 2aq. — PbA'„. — PbAhaq.— AgA' 

Methyl ether Me A'. (248°). 

Ethyl ether FAR'. (257°). S.G. VIA 1-121. 
Forms a crystalline compound with NallSO,,. 
lteacts in alcoholic solution with hydrazine 
hydrateforming C s H,.,N 4 0„('120 o ] and Co 0 H., 0 N.,0 4 
[i35°J (Curtius, J. pr. [2] 44, 566). 

n-Propyl ether PrA'. (174° at 60 mm.). 

Isobutyl ether. (174° at 38 mm.). 

Isoamyl ether. (182° at 40 mm.). 

{a) -Amide C 0 II v CO.CONxI, [91°]. Formed 
from benzoyl cyanide and cold HClAq. On 
solution and re-ppn. by C0 2 it forms an unstable 
hydrate C 8 H 7 NO> aq [65°] (so-called (jS)-amide). 

( 7 ) -Amide ‘(C h H 7 N0 2 )., [134°]. Formed 

by adding an alcoholic solution of the (a) -amide 
to dilute HClAq (Claisen). Formed also, together 
with the (a)-amide, by the action of HOAc 
saturated with HC1 upon BzOy (Buchka). Prisms. 

Nitrile v. Benzoyl cyanide. 

(a) -Oxim C B H a .C(NOH).C0 2 H. Isonitroso- 
pihcnyl-acctic acid. [127°]. Formed by the 
action of hydroxylamine on the Na salt (A. 
Muller, B. 16, 1617) or on the acid at 0° 
(Hantzsch, B. 23, 2333 ; 24, 42). Thick prisms, 
v. e. sol. water. Yields a-amido-plienyl-acetic 
acid on reduction — KA'aq : very soluble crystals. 
— BaA' 2 lAaq. — AgA'.* 

Acetyl derivative. [119°]. Prisms. 

(£)- Oxim C B H a .C(NOH).C0 2 H. fl45°]. 
Formed by the action of IIC1 on an ethereal 
solution of the (a)-oxim. Formed also by 
warming phenyl-glyoxylic acid with hydroxyl- 
amine and potash. White needles composed of 
dimetric prisms. 

Acetyl derivative. [125°]. Tables. 

Methyl ether of the oxim 
CPh(NOH).CO,Me. |_139°]. Got from the Ag 
salt and Mel (Muller, B. 16, 2987). Converted 
by NaOEt and Mel into CPh(NOMe).CO,Me 
[56°], sol. alcohol, insol. alkalis. 

Ethyl ether of the oxim 
CPh(NOH).C0 2 Et. [113°J. Formed from phenyl- 
glyoxylic ether and hydroxylamine (Gabriel, B. 
16, 519). Needles (from hot water). 

Nitrile of the oxim C a H a .C(NOH).CN. 
[129°]. Formed from phenyl-acetonitrile, amyl 
nitrite, and alcoholic NaOEt (Frost, A. 250, 163 ; 
Meyer, B. 21, 1306). Formed also by the action 
of hydroxylamine on dibromo-acetophenone in 
dilute alcohol at 60° (Russanoff, B . 24, 3505). 
Thin plates, v. sol. alcohol. — GaHa.CfNONaJ.CN : 
yellow powder, v. sol. water. Yields an acetyl de - 
rivative [68°]. — KA'.— CuA' 2 . — Pb^A^O. — AgA'. 

Phenyl hydrazide C 6 H a .C(N )2 HPh).CO.H. 
[153°]. (F.); [153°-164°] (Yon Pechmann,*B. 
25, 1054). Yellow needles, si. sol. hot water 
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(Fischer, B. 17, 578 ; Ebers, A. 227, 340). May 
be reduced to C a H 5 .CH(N 2 H 2 Ph).C0 2 II [158°], 
and finally to aniline and a-amido-phenyl-acetic 
acid. 

Phenyl -me thy l -hy dr azide 
C„H 5 . C (N„M ePh ) . CO., H. |116°1. Plates (from 
alcohol).* Its amide CJI v C(N 2 MePli).CONH 2 
[15G°] is crystalline. 

Phenyl-cthyl-hy drazide 
C„H 6 .C(N 2 EtPh).CO s H. t [109°]. Formed, to- 
gether with its amide C (i II 5 .C(N 2 EtPh).CO.NH 2 
[111°], by the action of phenyl-etliyl-hydrazino 
in dilute HOAo on plienyl-gtyoxylie acid. 
Yellow plates, si. sol. water. Yields ethyl-ani- 
line and benzoic aldehyde when heated with 
cone. IIClAq. 

References . — Amido-, Nitko-, and Oxy- 

PHKNYT. -O LYOXYLIC ACID. 

PHENYL - GLYOXYLIC o - CARBOXYLIC 
ACID C (i H 4 (C0 2 H).C0.C0,JI. [140°]. Formed 
by oxidising the oxyquinone C„ ( H, ( ,0 3 or indo- 
naphthene dihydride carboxylic acid with alka- 
line KMn0 4 (Scherks, B. 18, 378 ; c/. Zincke, 
A. 226, 53 ; 240, 142). Yields CCE and phthalic 
anhydride on heating. May be reduced to 
phthalide carboxylic acid. — K 2 A". — BaA" 2aq. 
— Cu.,A"(OH) 2 6aq. — AgA" : crystalline pp. 

PHENYL-DIGUANIDE C fi H n N, i.e. 
NH:C(NHPh).NII.C(NH 2 ):NH. [c.237 u ]. Formed 
by the action of alcoholic ammonia and AgN0 3 
or HgCl 2 on guanyl-phenyl-thio-urea (Bam- 
berger, B. 13, 1582). Formed also by heating 
aniline hydrochloride with di -cyan-di-amide in 
alcohol at 100° (Smolka a. Friedrich, AX. 9, 232). 
Plates, v. sol. water and alcohol; absorbs C0 2 
from air. When boilod with baryta-water it 
yields NH 3 , aniline, plienyl-urea [147°], phenyl- 
guanidine, guanidine, and urea (Emich, M. 12, 
15).— B'HCl : prisms. Yields phenyl-carbamine 
when warmed with alcoholic potash and CHC1 3 . 

Salts. — B'IIN0 3 . [209°]. — B' 2 H.S0 4 . — 
Cu(C s H,„N J 2 lAaq : rod powder, sol. hot water. 
— CuA'oHgCLriiaq. — CuA' 2 H.,S0 4 llaq. — 
CuA'JI.,Cr0 4 aq. NiA'.,. — * NiA' 2 H 2 Cl 2 . — 
NiA' 2 H 2 SO, ljaq. — CoA' 2 llaq.— CoA' 2 H 2 Cl 2 ^aq. 
— CoA' 2 H 2 S0 4 aq : crimson needles. 

(a)-Di-phenyl-diguanide C M H r ,N 3 i.e. 
NPh:C(NHPh).NH.C(NH 2 ):NH. Formed by the 
action of AgNO a and aniline on guanyl-phenyl- 
thio-urea (Bamberger, B. 13, 1584). White 
solid, m. sol. water and alcohol, alkaline in re- 
action.— B'HN0 3 . [231°]. White needles. 

(0) ■ -Di-phenyl-diguanide 

NH:C(NPh 2 ).Nn.C(NH 2 ):NH. [c. 162°]. Formed 
by heating diphenylamine hydrochloride with 
di-cyan-di-amide (Emich, AX. 12, 21). Thin 
needles, with alkaline reaction. —B'HN0 3 . [203°]. 
Prisms. — B' 2 3H 2 S0 4 . 

Tri-phenyl-diguanide C^H^N,,. [138°]. 

Formed from guanyl-tri-phenyl-thio-urea, NH 3 , 
and AgNO s . Formed also from di -phenyl- 
guanidine and phenyl-cyanamide [78°] in ether 
(Bathke a. Oppenheim, B. 23, 1672). Prisms 
(from alcohol). With CS 2 at 100° it yields tri- 
phenyl-thio-ammeline C,,H, 7 N ft S. — B'HCl : 
prisms, v. sol. alcohol. — B' 2 HJPtCl 8 . 

PHENYL-GUANIDINE C 7 H # N 3 i.e. 
NH:C(NHJ (NHPh). Formed by desulphuration 
of phenyl-thio-urea in presence of alcoholic 
NH 3 (Feuerlein, B. 12, 1602). Formed also by 
the action of baryta-water on phenyl-diguanide 


(Emich, AX. 12, 11). Decomposes on standing 
into phenyleyanamide and ammonia. — Pi- 
er a te B'C a H 3 N 3 0 : . [208°-214°] (Prelinger, AX. 
13,99). 

Di-phenyl-guanidine C IS H n N, i.e. 
NH:C(NHPh)„. Melanilinc. [147°]. S. (90 p.c. 
alcohol) 9*25 at 21°. 

Formation. — 1. From aniline and CyCl or 
CyBr (Hofmann, A. 67, 129; 74, 8; Weith a. 
Ebert, B. 8, 912). —2. By tlio action of PbO on 
a solution of di-phenyl-urea in alcoholic Nil, 
(Ilofmann, B. 2, 452, 688 ; Wcith, B. 7, 937 ; 
Bathke, B. 12, 772).— 3. By boiling phenyl-thio- 
urea with HgCl(NHFh) and alcohol (Forster, B. 
7, 294; A. 175, 35). — 4. Together with thio- 
urea, by the action of aniline on mercuric ful- 
minate (Steiner, B. 7, 1214; 8, 518).- 5. By 
combination of di-phenyl-cyauamide with NH, 
(Weith, B. 7, 10). 

Properties. — Monoclinic prisms (Arzruni, 7k 
162, 284), si. sol. cold water. 

Reactions. — 1. Ac 2 0 at 100° yields acetyl - 
phenyl-urea [183°j. At 150° the product is 
acetyl -di-phenyl-urea [115°] (McCreath, B. 8, 
1181). — 2. Phenyl tliioearbimidc forms, in the 
cold, N HPh.CS.NPh.C(NH) .NHPh [150°], a 
weak base, si. sol. benzene.— 3. HClAq at 250° 
forms C0 2 , NH 3 , and aniline.— 4. Cyanogen 
passed into its alcoholic solution forms C )S H 1 h N\ 
which crystallises from alcohol in yellowish 
needles [154°], decomposed by HClAq into 
crystalline melanoximide C 13 H u N 3 0 2 , which is 
split up by alcoholic potash into oxalic acid and 
diphenylguanidine, and by alcoholic IIC1 into 
NIT., and di-phenyl-parabanic acid. 

Halts. -The hydrochloride is gummy. 

— B'HAuC 1 4 : golden needles. — B'.TLPtCl,,. -- 
B'lIBr: stellate groups of needles, v. sol. water. 

— B'HI. — B'HNO.,. — B' AgNO., : geodes. - 
B' 2 H 2 SO,: stellate groups of plates.— BTLC 2 0,. 
— Sulphocy anide : [115 a ] ; m. sol. water. 

Di-benzoyl derivative C,, 7 1L,N,0,. 
[102°]. Monoclinic (McCreath, B. 8, 383). 

Tri-phenyl-guanidine C I( ,H, 7 N 3 i.e. 
NPh:C(NIlPh).. Mol. w. 287. [143°] ; [147°j 
(F. a. W.). S." (alcohol) 4-5 at 0°. 

Pollination . — 1. By adding I to an alcoholic 
solution of di-phenyl-thio-urca alone or mixed 
with aniline (Hofmann, B. 2, 453).— 2. Frorndi- 
phenyl-thio-urea and IlgCl(NHPh) (Forster, B. 

7, 294).— 3. From di-pbenyl-cyanamide C(NPh), 
and aniline (Weith, B. 7, 10).— 4. Together with 
phenyl-thiocarbimido by heating di-phenyl- 
cyanamide with di-phenyl-urea (Weith, B. 9, 
810). — 5. By boiling di-phenyl-urea with inverted 
condenser (Barr, B. 19, 1765). — 6. By heating 
di-phenyl-thio-urea with aniline, with Cu, or 
with PbCl 2 (Merz a. Weith, Z. [2] 4, 513, 609 ; 
5,583,659; Girrud, Bl. [2] 46, 506), or with 
HgCE at 145° (Buff, B. 2, 498). -7. By heating 
di-phenyl-cyanamido (2 mols.) with phenylene- 
o-diamine (1 mol.) at 210° (Keller, B. 24, 2505). 

8. By the action of aniline on CC1, or chloro- 
picrin (Hofmann; Basset, C . «T. 18, 31).— 9. By 
the action of PCl a (1 mol.) on a mixture of di- 
phenyl-urea (3 mols.) and aniline (3 mols.) • — 
10. By the action of PCl a (2 mols.) and COj 
(3 mols.) on aniline (9 mols.) at 170° (Merz a. 
Weith, Z. [2] 6, ICO).— 11. By fusing di-phenyl- 
urea with NaOH (Hentschel, J.pr. [2] 27, 500). 
12. From phenyl thiocarbimide by chlorinating 
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and heating the product NPh:CCLj with aniline 
(Sell a. Zierold, B. 7, 1231). The base got is 
possibly an isomeric tri-phenyl-guanidine. — 
13. A produot of the action of CSC1 2 on 
CS(NHPh) 2 and benzene (Freund a. Wolf, B. 
25, 1464). 

Properties. — Trimetric six-sided prisms (from 
alcohol) ; a:b:c = *670:1: *558, nearly insol. boiling 
water. Occurs also in an amorphous form 
(Giraud, Bl. [2] 46, 505). Decomposed above 
250° into aniline and C(NPh) 2 . KC10 3 (1£ pt.) 
and HC1 give a greenish solution, depositing 
dark flakes which dissolve in alcohol with violet 
colour. 

Reactions. — 1. CS 2 at 170° forms CS(NPhH) 2 
and phenyl thiocarbimide. — 2. H 2 S passed 
through it at 170° forms aniline and di-phenyl- 
urea (Merz a. Weith, Z. [2] 6, 72). — 3. Water 
at 175° forms aniline and di -phenyl-urea.— 4. 
Cone. KOHAq or cone. HClAq yield aniline and 
C0 2 on heating. — 5. Cyanogen passed into the 
alcoholic solution forms crystals of C 2 ,H 17 N 5 
which is decomposed by HClAq into NH 3 and 

the oxalyl-derivative C(NPh)<^pk*£Q [o. 

230°] which is itself decomposed by boiling with 
alcohol and HClAq into aniline and di-phenyl - 
parabanic acid (Hofmann, B . 8, 764 ; Stojentin, 
J. pr. [2] 82, 1). — 6. Gliloro-glyoxylic ether 
COCl.COjjEt forms a carbonyl derivative 

C(NPh)<^|pj^>CO which forms the salts B'HCl 

[190°] and B'HNO s [185°] (Stojentin). — 7. 
COCl 2 forms the above (?) carbonyl derivative 
C 20 H lft N a O, which crystallises from OS 2 in tables 
[134°] and forms a hydrate B' aq [141°] (Michler 
a. Keller, B. 14, 2181). 

Salts.— B'HCl aq. [242°] (Weith, B. 9, 810) ; 
[245°] (F. a. W.). S. 2 at 0°.-B'HNO S : 
lamina.— B'.ftPtCl*. S. *09 at 0°.— B'H 2 S0 4 : 
broad needles. — B'HOAc. — B'H 2 C.,0 4 : laminae. — 
B'C tf H a N,0 7 . [178°]. S. *0082 at 15° (Prelinger, 
M. 13, 98). 

Acetyl derivative C(NPh)(NPhAc) 2 . 
[131°]. Crystals (MacCreath, B. 8, 383). 

Benzoyl derivative C(NPh)(NPhBz) 2 . 
[185°]. Plates (from alcohol). 

(0) -Tri-phenyl-guanidine 
C(NH)(NHPh)(NPh 2 ). [131°]. Formed by 
heating phenyl-oyanamide (cyanilide) CN.NHPh 
with diphenylamine at 125° (Weith a. Schroder, 
B. 8, 912). Regular tablets, nearly insol. water. 
Its solution in cone. HgS0 4 becomes violet on 
heating. 

Reactions . — 1. Cone. HClAq or KOHAq at 
260° forms C0 2 , NH a , aniline, and NHPh 2 . — 2. 
CS 2 at 160° forms the sulphocyanide, H 2 S, 
pbenyl-thiocarbimide and NHPh 2 . 

Salts.— B'HCl aq. S. (of B'HCl) 28*4 at 
23°. — BysyPtCl* : crystalline. 

Dicyanide C 2 ,H 17 N 6 . [173°J. A product 
of the aotion of cyanogen as an alcoholic solu- 
tion of aniline (Hofmann, A . 66, 129; B . 8, 
763). Got also oy boiling the compounds of 
cyanogen with di-phenyl -guanidine or (a)-tri- 
phtmyl-guanidine with aniline hydrochloride 
(Landgrebe, B. 10, 1593 ; 11, 973). Dark-brown 
needlfes (containing £aq) with violet iridescence 
(from alcohol).— B'HCl 8aq : brown needles. 

Tetra . phenyl - guanidine C(NH)(NPh 2 ) 2 . 
[131°]. formed by passing gaseous i cyanogen 


chloride through diphenylamine at 160° (Weith, 
B. 7, 843). Pyramids (from ligroin), insol. water, 
v. sol. alcohol and ether. Cone. E^SO* forms a 
colourless solution turned violet-red by heat. 
CS 2 at 260° forms tetra-phenyl-thio-urea. Solid 
KOH at 200°, and cone. HClAq at 840°, yield 
NH 3 , C0 2 , and NHPh 2 . 

Salt s.— B'HCl 5aq. Efflorescent tablets. — 
B'^tCl*.— B'HNO*. r 

References . -Di-bromo-, Di-chloro-, Di-iodo> 
and Nitro- Phenyl-guanidines. 

DI-PHENYL-GBANIDINE CARBOXYLIC 
ACID C(NH)(NHPh).NH.C a H 4 .C0 2 H. PhenyU 
guanido-benzoic acid . [165°]. Formed by heat- 
ing m-cyanamido-benzoio acid or cyancarbimido- 
amido-benzoic acid with aniline (Traube, B. 15, 
2120; Griess, B. 16, 336). Crystals (containing 
aq), nearly insol. alcohol and ether, sol. hot 
water, aqueous alkalis and acids. — HA'HCl aq. 

Reference. — Amido - di - phenyl - guanidine 

CARBOXYLIC ACID. 

PHENYL-GUANIDO-ACETIC ACID 

C B H n N a 0 2 i.e. C(NH)(NHPh).NH.CH 2 .C0 2 BL 
[260° unoor.] Formed from phenyl -cyanamide 
and glycoooll (Berger, B. 13, 902). Crystals. 

DI-PHENYL-DI-GUANIDO-DI-TOLYL - SUL- 
PHIDE S(C 7 H a .NH.C(NH).NHPh) 2 . Thio-p- 
tolyl-di-phenyl-di-guanidinc . [153°]. Formed 

by heating di-phenyl-di-uramido-di-tolyl sul- 
phide with alcoholic NH 3 and HgO (Truhlar, B . 
j 20, 675). Small white needles (from ether- 
ligroin). V. sol. alcohol, benzene, and ether. — 
B"H 2 Cl 2 PtCl 4 : yellow amorphous powder. 

Tetra-phenyl-di-guanido-di tolyl-sulphide 
S(C 7 H a .NH.O(NPh).NHPh) 2 . Thio-p-tolyl-tetra . 
phcnyl'di-guanidine. [106°]. Formed by heat- 
ing di-phenyl-di-uramido-di-tolyl sulphide with 
aniline and HgO (T.). Amorphous powder. 

PHENYL-HEPTADECYL-THIO-UREA 
C a H 5 NH.CS.NHC, 7 H 35 . [79 c ]. Formed by boil- 
ing heptadecyl-thiocarbimide with aniline and 
alcohol (Turpin, B. 21, 2491). 

PHENYL- HE PTADECYL-DBEA C 24 H 42 N 2 0 
i.e. C a H 5 NH.CO.NHC 17 H a5 . [99°]. Formed by 
heating heptadeoylamine hydrochloride with 
COCl 2 in benzene 100°, the produot being 
heated with aniline (Turpin, B. 21, 2492). 

PHENYL-HEPTANE v. Heptyl-benzene. 

Di-phenyl-heptane C a H, 3 .CHPh 2 . [14°]. 
(191° at 13 mm.). Formed from O a H 13 .CHCl 2 , 
benzene, and A1C1„ (Auger, BL [2] 47, 48"; 
Krafft, B. 19, 2986). Needles. 

PHENYL-HE PTENOIO ACID C ls H )a 0 2 i.e. 
Ph.0Et:CEt.C0 2 H (?) Oil. Got by passing CO 
over a heated mixture of NaOEt and sodio 
cinnamate (M. Schroeder, A. 221, 52). 

PHENYL HEPTYL KETONE CARBOXYLIC 
ACID C a H 6 .C0.CH 2 .CH(C 6 H n ).C0 2 H. [103°]. 
Formed by heating phenacyl-isoamyl-malonic 
acid (Paal a. Hofmann, B. 23, 1504). Plates, 
insol. water, si. sol. ligroin. On repeated dis- 
tillation it yields an oily laotone (310°-320°). 

Ethyl ether EtA'. (260°). Oil. 

PHENYL-HEXINENE v. Butenyl-styrkne. 

DI-PHENYL-HEXOIC ACID. Nitrile. 
CHjPh.OPhPr.ON. [63°]. (830°-B40°). Formed 
from C a H a .CHPr.CN, benzyl chloride, and NaOH 
(Rossolymo, B. 22, 1236). Needles. 

TETRA-PHENYL-HEXUNENE 

jjp£>OH.CH<^|£. [269°]. Formed by heat- 
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ing di-benzyl-carbinol with Mel at 265° (Bogda- 
nowska, B. 25, 1278). Needles, insol. aloohol 
and ether, sol. CHC1,. 

PHENYL- HEX YL-TEIAZ OLE CARBOXYLIC 
ACID CH,(CHj) s C<^:^ QQ 2 g. [126°]. Ob- 

tained by saponifying its nitrile, which is got 
from phenyl-hydrazine dioyanide and heptoic 
aldehyde (oenanthol) (Bladin, B. 25, 186). Sil- 
very plates, v. sol. aloohol. — CuA' 2 aq.— HA'HCl. 
Amide . [82*5°]. White plates. 

Thio-amide C 14 H 18 N s .CS.NH 2 . [77°]. 
Formed from the crude nitrile and alcoholic 
ammonium sulphide. Yellow plates, sol. alcohol. 
DI-PHENYL-HEXYL-TRICYANIDE 

N <CPhiN> C '( CH ^- CHa ' t 44 °]' < 265 ° at 

15 mm.). Got from heptoyl chloride, benzo- 
nitrile, and A1C1 3 at 70° (Krafft a. Hanssen, B, 
22, 808). 

PHENYL HEXYL KETONE C 0 H 5 .CO.C a H n . 
[17°]. (267°) at 740 mm. Formed by the 

action of A1C1 S on a mixture of benzene and 
heptoyl chloride (Auger, Bl. [2] 47, 50 ; Kralft, 
B. 19, 2987). Leaflets. Yields an oxim [55°]. 
PHENYL-HEXYL-(0)-NAPHTHOTRIAZINE. 

Dihydride C SJ H a N, i.e. 

[176*5°]. Formed by heating benzene-azo-(£)- 
naphthylamine with oenanthol and alcohol 
(Goldschmidt a. Poltzer, B. 24, 1007). Needles, 
sol. alcohol. — B'HCl. [226°]. White needles. 
— B' 2 H,PtCl (} . [225°]. Granules. 

PHENYL-HEXYL-PYRAZOLE C J6 H 20 N 2 i.e. 

(319°). Formed from 

heptoyl-acetic aldehyde and phenyl-hydrazine 
•(Claisen a. Stylos, B. 21, 1149). Oil. 

PHENYL-HEXYL-THIO-UREA C l3 H., 0 N 2 S i.e. 
CS(NHPh).NH.CH 2 .CHEt 2 . [63°]. Formed 
from hexylamine and phenyl-thiocarbimide 
(Freund a. Herrmann, B. 23, 195). Prisms. 

PHENYL-HEXYL-UREA C ls H 20 N 2 O i.e. 
CO(NHPh).NH.CH,.CHEt 2 . [70°]. Formed 
from hexylamine and phenyl cyanate (Freund a. 
Herrmann, B. 23, 194). Needles. 

P H EN YL-HOMO -ITAM ALIC ACID v. Oxy- 

BENZYL PYROTARTARIC ACID. 

PHENYL-HYDANTOlC ACID 

NH 2 .C0.NH.CHPh.C0 2 H. [178°]. Got by boil- 
ing (a)-phenyl-hydantoin with baryta (Pinner, 
B. 21, 2326). Prisms, si. sol. cold water. 

Amide NH 2 .CO.NH.CHPh.CO.NH 2 . [223°]. 
Formed by adding the compound got from urea 
and the cyanhydrin of benzoic aldehyde to H 2 S0 4 
and pouring into water at 0° (Pinner a. Spilker, 
B. 22, 697). Prisms (from dilute alcohol). 
Yields phenyl-hydanto’in on heating. 
PHENYL-HYDANTOlN C 8 H 8 N 2 (L i.e. 

CHj* ^2°]. Formed by fusing urea 

with phenyl-amido-acetic acid (Schwebel, B. 10, 
2045). Needles, v. si. sol. water, sol. alkalis. 

(a)-Phenyl-hydanto‘xn C0 <Cnh.CHP1i* 
oxy-phenyl-glyoxaline. [178°]. Formed by 
heating the cyanhydrin of benzoic aldehyde 
with mandelio nitrile at 100° (Pinner, B. 21, 
2321). Formed also from phenyl-uramido- 
acetio ether and KOQ (Kossel, B. 24, 4150). 
Needles (from HClAq). KOH and Mel yield 


C B H 7 MeN 2 0 2 [162°], crystallising in needles. — 
KA' : needles, v. sol. water. 

Acetyl derivative G B H 7 AcN 2 0 3 . [145°). 
Small needles (from benzene), insol. water. 

PhenyH-hydantoui C(NH) <o _ oHPh' 

[above 300°]. Got by dissolving (a)-phenyl- 
hydantoin in alcoholic potash and then adding 
HC1. Crystalline. — KA' : almost insol. water. 

Acetyl derivative C(NH)<^^j® ph . 

White prisms (Pinner a. Spilker, B. 22, 698). 
Decomposes at about 290°. 

PHENYL-HYDRAZIDO-ACETIC ACID 
C 8 H 5 NH.NH.CH 2 .CO..H. [159°J. Formed by 
reducing the phenyl-hydrazide of glyoxylio acid 
(Fibers, A. 227, 353). Formed also by reducing 
phenyl-osotriazolo carboxylic acid with sodium- 
amalgam (Pechmann, A. 262, 288). Hexagonal 
tables, sol. hot water. Re-oxidised by Fehling’s 
solution to NHPh.N :CH.C0 2 H. 

w-Phenyl-hydrazido-acetio acid 
NH 2 .NPh.CII 2 .CO ,H. [131°]. Got by saponify- 
ing its ether [127 °], which is formed by heating 
phenyl-hydrazine with ohloro -acetic ether at 
100° (Reissert a. Kayser, B. 24, 1519). Needles. 

PHEN YL-HYDRAZIDO-B UTYRIC ACID 
C 10 H M N 2 O 2 i.e. CHEt(N 2 H 2 Ph).C0 2 H. Formed 
by reducing the phenyl-hydrazide of ethyl -gly- 
oxylic acid (Japp a. Klingemann, A. 247, 217). 
Needles (from MeOH). Softens at 165°. 

Phenyl-hydrazido-isobutyric acid 
CMe 2 (N 2 H 2 Ph).C0 2 H. 

Anhydride [175°]. Got by 

gently heating the nitrile with H 2 S0 4 and pour- 
ing into water (Reissert, B. 17, 1458). Crystals, 
v. sol. alcohol. — B'HCl : crystals. 

Nitrile CMe 2 (N 2 H 2 Ph).CN. [70°]. Got by 
heating the cyanhydrin of acetone with phenyl- 
hydrazine at 100°. Needles, v. sol. alcohol. 

Imide (CMe 2 (N 2 H 2 Ph).CO) 2 NH. [117°]. 
Got by passing HC1 into an alcoholic solution 
of the nitrile. — B^HjCl* : crystals. 

Phenyl-hydrazido-butyric acid 
NH 2 .NPh.CHMe.CH 2 .C0 2 H. [111°]. Formed 
from potassium 0-bromo-butyrate, phenyl- 
hydrazine and NaOAc in aqueous solution 
(Ledcrer, J. pr. [2] 45, 87). Plates (from alco- 
hol), v. sol. hot Aq. Converted by cone. H 2 S0 4 
into oxy-phenyl-methyl-pyrazole dihydride. 

PHENYL - j8 - HYDRAZIDO - CROTONIC 
ETHER CH a .C(NH.NHPh):0H.CO 2 Et. [50°]. 
Formed from acetoacetic ether (1 mol.) dissolved 
in ether by adding phenyl-hydrazine (Nef, A. 
266, 70 ; cf. Knorr, A. 238, 147). Colourless 
needles, v. e. sol. ether, si. sol. ligroin. Turns yel- 
low in air. Split up by cone. HClAq into phenyl- 
hydrazine and acetoacetic ether. When heated 
in vacuo at 200° it changes to oxy-phenyl- 
methyl-pyrazole. Cone. H 2 S0 4 followed, after 
10 minutes, by water forms methyl-indole carb- 
oxylic ether [134°]. HgO oxidises it to the azo- 
compound CH,.C(N 2 Ph):CH.C0 2 Et crystallising 
from light petroleum in red needier, [51°]. AjGI 
forms a di-acetyl derivative 
CH s .C(NAc.NAoPh):OELC0 2 Et (245°-250° at 
150 mm.). 

PHENYL-HYDRAZIDO - METHYL-QUINOL- 

INE C^ltteNfNjHjPh). [197°]. Formed from 
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( Py . 3) methyl-quinoline and phenyl-hydrazine 
(Ephraim, B. 24, 2820). 

PHENYL -HYDBAZIDO - METHYL - THI- 
AZOLE. Dihydride C l0 H 13 N 3 S i.e. 

Phenyl-propylene -\}/- 

thio-semicarbazide . [93°]. Formed by heating 
phenyl-allyl-thio-urea with eonc. HClAq at 100° 
(Arenarius, B. 24, 209). Yellowish plates (from 
ligro'in). — B'HCl. [202°]. Concentric crystals. 
— Picrate. [167°J. 

PHENYL -HYDBAZIDO. PHENYL- ACETIC 

ACID 0„H 14 N 2 0 2 i.e. NHPh.NH.CHPh.COJI. 
[158°]. Got by reducing the phenyl-hydrazide 
of phenyl-glyoxylic acid (Elbers, A. 227, 345). 
Crystalline, v. si. sol. cold water, v. sol. alcohol. 

PHENYL-HYDBAZIDO-PBOPIONIC ACID 
C 9 H 12 N.A i.e. NH 2 .NPli.CHMe.C0 2 H. [187°]. 
Formed by boiling its amide with NaOHAq 
(Eeissert, B. 17, 1454; 20, 3110; 22, 2924). 
The ether is got by heating lactic ether with 
phenyl-hydrazine. Needles. Yields phenyl-a- 
amido-propionic acid on reduction. 

Ethyl ether EtA'. [11G°J. — EtA'HCl. 

Nitrile . [58°]. Formed by heating 

CH a .CH(OH).CN with phenyl-liydrazine at 100°. 

Amide. [124°]. White crystals. 

Phenyl-hydrazido-propionic acid 
NHPh.NH.CHMe.COA [172°]. Formed by 
reducing the phenyl-hydrazide of pyruvic acid 
with sodium-amalgam (Fischer a. Jourdan, B. 
16, 2244 ; Japp a. Klingemann, B. 20, 3284 ; A. 
247,211). Needles (from MeOH). Re-oxidiscd by 
cold Fehling’s solution to NHPli.N:CMe.C0oH. 

PHENYL-HYDRAZIDO-QUINOLINE 
C„H a N.NH.NHPh. [191°]. Formedfrom (Py. 3)- 
chloro-quinoline andphenyl-hydrazine (Ephraim, 
B. 24, 2818). Needles, v. sol. chloroform. Reduced 
by HI and P to (Py. 3)-amido-quinoline. 

PHENYL-HYDBAZINE C 6 H*N 2 i .e. 
NHPh.NH,. [23°J. (241-5° i.V.) at 750 mm. 

S.G. 1*097 (E. Fischer, A. 236, 198). H.C.v. 
805,240. H.C.p. 806,300. H.F. 34,200 (from 
diamond) (Petit, A. Ch. [0] 17, 168). 

Formation . — (E. Fischer, B. 8, 589, 1005, 
1641 ; 9, 111, 880 ; A. 190, 67).— By the action 
of zinc and HOAc on diazo-benzene anilide or 
diazo-benzene diethylamide. 

Preparation. — 1. A cold solution of 7J pts. 
of sodium nitrite in 50 pts. of water is slowly 
added to a well-cooled mixture of. 10 pts. of 
aniline and 200 pts. of HC1 (30 p.c.). To the 
diazo-benzene chloride solution so prepared a 
cold solution of 45 pts. of stannous chloride in 
45 pts. of HC1 is now addod, when the mixture 
immediately becomes a thick magma of phenyl- 
hydrazine hydrochloride, which is filtered off, 
basified, and distilled (Meyer a. Lecco, B. 16, 
2976). — 2. Aniline (28 g.) is dissolved in E^COa 
(21 g.) and water (500 o.c.) by passing in S0 2 . 
The solution is mixed with a cold solution of 
NaN0 2 (25 g.) exactly neutralised by HOAc. 
After two hours the product is warmed till dis- 
solved, acidified by HOAc, and reduced with 
zinc-dust an<? HClAq (Reychler, B. 20, 2463). 
By adding diazo-benzene nitrate to a cold 
aqueous solution of KHSO g , heating the result- 
ing C fl H 5 .N 2 .S0 3 K with excess of KHSO a , and de- 
composing the C«H 5 .NH.NH.S0 8 K, thus formed, 
by heating with HClAq. 1 


Properties.— Oil, solidifying to monoclinic 
tables; v. si. sol. hot water, almost insol. KOHAq. 
Miscible with alcohol, ether, benzene, and CHC1 3 . 
Volatile with steam. Reduces Fehling’s solution 
in the cold, N, aniline, and benzene being formed. 
When heated for a long time at 150° it is gradually 
split up into aniline, Nil.,, benzene, and N (Reissert 
a. Kayser,B.23,3703). Reduces Se0 2 to So (Hins- 
berg, A. 260, 42). Gives benzene and N when 
boiled with CuS0 4 . It is very poisonous. 

Reactions. — 1. H 2 0 2 forms benzene and diazo- 
benzene imide PhN, (Wurster, B. 20, 2633). — 

2. Yellow HgO added to its ethereal solution 
forms aniline, N, and HgPh 2 (Fischer, A. 199, 
320). HgO added to a solution of the sulphate 
forms diazo-benzene sulphate and imide. — 

3. SOCl 2 in ether forms in the coldNPhH.N:SO, 
which crystallises in yellow prisms [105°] ; v. sol. 
ether, volatile with steam. Thionyl-phenyl-hy- 
drazine is hardly attacked by HC1, but is con- 
verted by NaOHAq into phenyl-hydrazine and 
Na 2 SO s . Br forms NPhBr.NBr 2 . AcCl forms 
diazo-benzene chloride, S, and HOAc (Michaelis, 

B. 22, 2228 ; A. 270, 115).— 4. S0 2 passed into 

an ethereal solution of phenyl-hydrazine forms 
NHPh.NH 2 S0 2 as a crystalline pp. S0 2 passed 
into an alcoholio solution of phenyl hydrazine 
forms (NHPh.NH.,),,SO J ; v. sol. water and alcohol, 
insol. ether, crystallising in tables which shrink 
together at 70°, but decompose at a higher tem- 
perature (Michaelis a. Ruhl, B. 23, 474). S0 2 

passed into a benzene solution at 75° forms 
NHPh.N:SO, which when heated with phenyl- 
hydrazine gives Ph 2 S 2 , benzene, and N. — 5. Dry 
C0 2 forms solid phenyl -hydrazino phenyl -carb- 
azate (NHPh.NH 2 ) 2 CO,orN 2 PhH 2 .CO.O.N 2 PhH,, 
which is crystalline ; si. sol. water and ether, de- 
composed by hot water.— 6. CS, forms the corre- 
sponding N.PhHo.CS.S.NoPhHj [97°], which at 
110° splits up into H,S and di-phenyl-thiocarb- 
azide. COS forms 'crystalline COS(NJI 3 Ph) 2 
(Fischer, B. 22, 1935). — 7. Zinc-dust and cone. 
HClAq slowly form aniline and NH S . — 8. Excess 
of phenyl-hydrazine acts upon iodine, forming HI, 
aniline, and PhN 3 (Fischer, B. 10, 1335). Excess of 
I forms iodo-benzene, N, and HI (E. von Meyer, 
J. pr. [2] 36, 115). This reaction may be used 
for the volumetric estimation of phenyl- 
hydrazine. — 9. Sulphur above 80° forms aniline, 
H 2 S, N, Ph 2 S 2 , Ph 2 S, PhSH, benzene, and NH r — 
10. Nitrous acid forms PhN 3 . KN0 2 added to 
the hydrochloride at 0° forms a yellow crystal- 
line pp. of NPh(NO)NH,. — 11. Alcoholic potash 
and chloroform form, on heating, C h H 12 N 4 [180°], 
mol. w. 236. This body crystallises in white 
needles ; sol. alcohol, scarcely affected by HClAq 
at 200°, and yielding cry stallineC 14 H, ^4.^3 and 

C, 4 H J1 N 4 .SO s H (Ruhemann a. Elliott, C. J. 53, 
850).— 12. EtBr forms NPhEt.NH 2 ,NPhH.NHEt, 
and NPhEt^Br.NH^. — 13. Aqueous diazobenzene 
nitrate added to a cold solution of the 
hydrochloride ppts. PhN s , aniline nitrate re- 
maining in solution. — 14. Reacts with aldehydes 
and ketones, forming phenyl-hydrazides ; e.q . 
(Fischer, B. 17, 572) CH 3 .CHO + NPhH.NH 2 

HA + CH 3 .CH:N.NHPh. Thus a solution of 
phenyl-hydrazine hydrochloride (2 pts.) and 
crystallised sodium acetate (3 pts.) in water (20 
pts.) gives a pp. of the phenyl-hydrazide when 
added to an aqueous solution of an aldehyde 
or ketone, either in the cold, or, in the case 
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of aromatic compounds, on warming. These 
phenyl-hydrazides are decomposed by acids 
into the original components, and, in alcoholic 
solution, by sodium-amalgam and HOAc into 
aniline and a base. The phenyl-hydrazides 
of ketones are converted by ZnCl 2 into deriva- 
tives of indole. The phenyl-hydrazides of 
aldehydes and ketones are described under the 
aldehydes and ketones from which they are 
derived. — 16. Dilcetoues containing the group 
CO.CIIX.CO yield derivatives of phenyl-pyr- 
azole. Haturated 7-diketones in ethereal solution 
usually form a mono- or di- phenyl-hydrazide ; 
in HOAc the product is the anhydride of the 
mono-phenyl-hydrazide, a derivative either of 
CH.,.CH:N . CH:CH\ 1s t vttpv. /iri'v,^ 

CH*:CH.NPh 0 of CH:CH> >N ' NHPh ( K g 
mann, A. 269, 108). — 16. Acetoacctic ether forms 
a phenjd-hydrazide, which at 140° changes to oxy- 

CO CH 

phenyl-methyl-pyrazole NPh<^ hy loss of 

alcohol. Acetyl-propionic acid forms the com- 
pound CH 8 .C(N 2 HPh).CH,CH 2 .CO.JI [108°]. 
Benzoylacctic ether forms two compounds [132°] 
and [165°j (Bender, B . 21, 2496).— -17. Reacts 
with sugars as with aldehydes ; thus a solution 
of glucoso gives CH,(OH).(CH(OII)) 4 .CH:N 2 HPh | 
[146°] on heating with phenyl-hydrazine, while 
galactose gives C„H, 2 O s (N,HPh) [168°] (Fischer, 

B. 20, 824). On heating these compounds 
with aqueous phenyl -hydrazine acetate at 100 u 
‘ osazones ’ are formed, e.g. phenyl-glucosazone 
CH 2 OH.(CH.OH) 3 .C(N,HPh).CH:N 2 Hrh [204° 1 
and the isomeric phenyl-galactosazone [c. 191°]. 
18. By heating with phenyl-hydrazine hydro- 
chloride and NaOAc arabinose is converted into 
C I7 H, :0 N 4 O 3 [158°J ; formosc into C 18 H, 2 N 4 0 4 [c. 
144°] ; acrose (the product of the action of j 
NaOHAq on glyceric aldehyde) into C 18 H 22 N 4 0 4 
[c. 217°] and an isomende [169°]. — 19. Phenyl 
hydrazine acetate reacts with the product of 
oxidation of glycerin with Na 2 C0 3 Aq and Br 
forming glycorosazone C n H 1(j N 4 0 crystallising 
from benzene in yellow plates [131°] (Fischer a. 
Tafel, B. 20, 1089, 3386).— 20. Erythrite , after 
oxidation by dilute HNO s , yields with phenyl- 
hydrazine hydrochloride and NaOAc the com- 
pound C 4 H 6 0 2 (N 2 HPh) 2 [167°].- 21. Mannite on 
oxidation with HN0 3 yields levulose (mannitose) 
and mannose, which with phenyl-hydrazine 
forms 0 12 H, s N 2 0 5 [196°-200°] (Fischer, B. 21, ( 
1805). — 22. The acetate reacts with the product 
of oxidation of dulcite by bromine andNa 2 C0 3 Aq 
with formation of the ‘ phenyldulciteosazone * 

C, 8 H 22 N 4 0 4 [206°]. — 23. Isodulcite heated with 
phenyl-hydrazine hydrochloride and sodium 
acetate at 100° forms ‘phenyl-isodulcite-osazone ’ 
C.^N.O* orC a H 10 O 3 (N 2 HPh) 2 [180°]. Solutions 
of isodulcite and phenyl-hydrazine form, on 
mixing, C, ( H l2 0 4 (N 2 HPh) [159°] (Fischer a. Tafel, 
B. 20, 2574; Raymann, Bl. [2] 47, 760). — 24. 
Sorbin heated with aqueous phenyl-hydrazine 
hydrochloride and NaOAc at 100° forms the 
osazone C 18 H M N 4 0 4 [164°]. — 25. Milk sugar 
heated with aqueous phenyl-hydrazine hydro- 
chloride and NaOAc forms C 24 H 32 N 4 C 9 [200°] 
and C 34 H 80 N 4 O b [224°].— 26. Maltose forms 
C 24 H 32 N 4 0 B [191°].— 27. The acetate gives with 
glyoxyUc , phenyl-glyoxylic , and pyruvic acids 
the corresponding phenyl-hydrazides [137°], 
[153°], and [192°] respectively. — 28. Phenyl- 
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hydrazine in HOAc (60 p.c.) gives with a dilute 
solution of gluconic , galactonic , and arabinose 
carboxylic acids compounds O^j.O^.N^Ph 
[200°], [203°], and [216°] respectively (Fischer 
a. Passmore, B. 22, 2730). These compounds 
are m. sol. hot water. Saccharic acid gives a 
similar compound C t .H )1 0 5 N 2 H,>Ph [165 which, 
as well as the compounds from mucic and meta- 
saocharic acid, is almost insoluble. The com- 
pound from mucic acid melts at 240°. All these* 
compounds contain tho group CO.NH.NHPh. 
Compounds containing this group are also 
obtained by the action of phenyl-hydrazine and 
dilute HOAc at 100° on formic , succinic , malic , 
tartaric , cinnamic , and gallic acids , but not 
from glycollic , lactic , and glyceric acids. The 
compounds got from succinic, malic, gallic, and 
tartaric acid molt at 218°, 223°, 187°, and- 
240° respectively. Acetyl-plienvl-hydrazine is- 
produced when aqueous phenyl-hydrazine ace- 
tate is heated at 130° ; and a similar reaction 
occurs with benzoic, glyceric, and lactic acids. 
Compounds containing the group CO.NH.NHPh 
give a reddish-violet colouration with H 2 S0 4 
and a little FeCl a , and they are readily decom- 
posed by KOIIAq and by baryta into phenyl-liy- 
drazino and a salt of the acid (Fischer, B. 22, 
2728).— 29. Glucose carboxylic lactone yields 
C 7 H 13 0 7 .N 2 H 2 P1i [172°], while mannose carboxylic 
acid gives an isomeric body [223°J.- 30. The 
acetate gives with rhamnose carboxylic acid 
the compound C 7 H 13 0 7 N JI 2 Ph [c. 210°], while 
31. Malonic acid heated at 100° with phenyl - 
hydrazine and dilute HOAc forms C I5 H, 8 N 4 0j. 
[143°J and C0 2 H.CH 2 .C0.N 2 H 2 Ph [154°], which 
when heated with water and phenyl-hydrazine 

at 200° yields CH.,<^>N.HPh [128°]. — 32. 

Lactic ether forms, on heating, phenyl -hydraz- 
ido-propionic ether. a-Oxy-butyric acid at 
160° forms C, 0 H h N 2 O 2 [I52°], while mandelic 
acid yields C h H 14 N 2 0 3 [182°] (Reissert a. 
Kayser, B. 22, 2924). — 33. y-Oxy -valeric 
lactone at 100° forms C ft H 8 0 2 N 2 PhH f , 
[79°] (Wislicenus, B. 20, 402).— 34. Benzoyl - 
carbinol gives N.,HPh:CPh.CII,OH [112°] 
and the ‘ osazone N,HPh:CPh.CH:N 2 HPh 
[192°] (Laubmann, A. 243, 244). — 

35. Boiling aqueous itaconic acid forms the 

acid NHPh.N<pQ--^; C0 - H [194°] (Seharfen- 

berger, A. 254, 150). — 36. Cinnamic acid forma 
C 13 H 14 N 2 0 [183°], which on distillation yield* 
C 15 H 12 N 2 0 [251 °] (Knorr, B. 20, 1107).— 37. Acro- 
lein reacts forming phenyl-pyrazole dihydride 

NP Kc H, CH P 2 °] ( 274 °) (Kschcr a. Knoe- 
venagel, A, 239’, 194).— 38. Mesityl oxide yields 
phenyl-tri-methyl-pyrazole NPh<^^ 

(F. a. K.). — 39. Chloro-acctone in alcoholic solu- 
tion at — 18° forms C^H^N^ [158°] which yields 
an acetyl derivative C 24 H 2y AcN 6 [220°J (Bender, 

B. 21, 2496). s-Teira-chloro-acetone forms 
C lft H l2 N 4 [126°] converted by fuming HNO* into 

C, 5 H, 0 N <i O 5 [235°] and by SnCL* 4o two ui&sea 
C, 5 H 14 N 4 [77°] and [193°] (Levy a. Witte, A. 252, 
343 ; Zincke a. Kegel, B. 22, 1478).-40. Tetra - 
bromo-di-benzyVketone heated with alcoholic 
phenyl-hydrazine at 150° forms C^h^N^h)* 
|70°](Bourcart, B. 22, 1369), — 41. Di-brvmo-acetv 
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phenone forms NiHPhiCPh.CHiNjHPh [148°], 
crystallising from alcohol in yellow prisms (B.). 
42. Bromo-acetyl-propionic ether mixed with an 
alcoholic solution of phenyl-hydrazine forms 
CH a .C(N 2 HPh).CH:CH.C0 2 Et [117*5°], which on 
reduction with tin and HC1 forms methyl-indole 
carboxylic acid (Bender). Bromo-acetyl-pro- 
pionic acid formB CH 3 .C(N 2 HPh).CH:CH.CO>H 
[167°] (Decker, B. 21, 2937). — 43. Di-chloro- 
male'Cc imide at 100° forms C 4 0 2 (N 2 H 2 Ph) 2 NH 
crystallising from acetone in orange-red needles 
(Ciamician, B, 22, 2495). — 44. Amides react 
thus : NsRjPh + R.CO.NH. - NH S + E.CO.N 2 H 2 Ph 
(Just, B . 19, 1201). — 45. Garhamic ether forms, 
on heating, di-phenyl-carbazide CO(NH.NIIPk) 2 
[151°] (Skinner a. Ruhemann, B. 20, 3372). — 
4G. Reduces alloxan to alloxantin, N and benzene 
being formed (Pellizzari, G. 17, 254). In this 
reaction the first product is the compound 

C0< ^g - QQ^> C (° H ) .Nj H jPh (Skinner a. Buhe- 

mann, C, J. 53, 550). — 47. Parabanic acid with 
phenyl-hydrazine hydrochloride and NaOAc 
yields C 15 Ho 0 N,>0 4 [170°], which on boiling with 
water forms NH 2 .CO.NH.CO.CO.N 2 H 2 Ph [215°] 
(S. a. K.). — 48. Urea heatod with phenyl- 
hydrazine hydrochloride at 160° forms phenyl- 

urazole NPh<^!^^- [2G3°J. — 49. Reduces 

nitroso-aniline to p-phenylene-diamine and 
C 12 H l2 N 4 0 (Fischer, B. 21, 2610). -50. The 
acetate (2 rnols.) acting on nitroso-dimethyl- 
aniline (3 mols.) forms C n H,„N 4 0 [103°]. An 
ethereal solution of phenyl-hydrazine converts 
nitroso-di-methyl-aniline into di-methyl-amido- 
benzene-azo-di -methyl-aniline and phenylene- 
di-methyl-diamine. In alcoholic solution there 
is formed NHPh.C c H 4 .NMe„ [130°] which yields a 
nitrosamine C )4 H, ? N 3 0 [116°] (O. Fischer, B. 21, 
2609). — 51. Di-nitroso-acctone (1 mol.) mixed 
with phenyl-hydrazine (1 mol.) in hot alcoholic 
solution forms CH(NOH).C(N ? HPh).CH(NOH) 
[145°]. Di-nitroso-acetone boiled with excess 
of phenyl-hydrazine acetate forms C n H,.,N 4 
crystallising in yellow plates [122°].— 52. Diazo- 
acetic ether at 100° gives off N and forms a 
colourless compound [136°]. — 53. p-Diazo- 
benzene sulphonic acid forms the compound 
N 8 C 6 H 4 .S0 3 N 2 H 4 Ph aq crystallising in plates 
(Griess, B. 20, 1528). — 54. Di-acetyl- succinic 
ether fused with phenyl-hydrazine at 100° forms 
C0 2 Et.CH(CMe:N 2 PhH).CHAc.C0 2 Et [91°] and 
C0 2 Et.OH(CMe:N 2 PhH).CH(CMe:N 2 PhH).COoEt 
which on heating with toluene at 180° gives di- 
oxy-di-phenyl-di-methyl-dipyrazyl (q.v.). — 55. 
Dioxims form additive compounds ; e.g. glyoxim 
yields C 2 H 2 (NOH) 2 N 2 H 3 Ph [110°], di-phcnyl- 
glyoxim ‘yields C 2 Ph 2 (NOH) 2 N 2 H 3 Ph [150°], 
while the di-oxim of (&) -naphthoquinone forms 
C 10 H # (NOH) 2 N 2 H 8 Ph [138°] (Polonowsky, B. 21, 
182). — 56. Phloroglucin kept for five days with 
an alcoholic solution of phenyl-hydrazine in the 
cold forms C«H 8 (OH)(N 2 H 2 Ph) 2 [144°] which may 
be oxidised by Fe01 a to C 6 H,(OH)(N 2 Ph) 2 [177°] 
(Baeyer 19.22, 2891). — 57. Thio-acetoacebic ether 

forms S(pH<£°~^ Ph ) a [183°], together with 
the compounds NOTh-NiC^^^ 1 * 11 [156°], 
8 2 (CH<^^ e ; and di-oxy-di-phenyl-di- 


methyl-dipyrazyl (Sprague, C. J. 69, 332). — 68. 
Cyanogen passed into an emulsion of phenyl- 
hydrazine in cold water forms the dicyanide (o. 
infra),— 59. Cyanogen passed into an alcoholic 
solution forms PhNft.CJNHJ.CfNHJ.N^PhH, 
[225°], crystallising in white plates (from 
alcohol). The same compound is formed by the 
action of phenyl-hydrazine on cyananiline. It 
gives a rose-red colour with alcoholic NH S . 
Cone. H 2 S0 4 is coloured indigo-blue. Dry IIC1 
forms the hydrochloride C, 4 H 18 N fi 2HCl [188°]. 
Dilute HC1 forms PhN.NH 2 .CO.C(NH).NHNHPh 
[180°J. — GO. Cyananiline in chloroform solution 
forms, after boiling, matted needles of the com- 
pound C 2 ) H.^N n CLj [200°-212°]. This body is 
perhaps (PhH.,N 2 .CHCl.C 14 H la N 6 )2HCl (Senf, 
J. pr. [2] 35, 533). — 61. PC1 3 in ether forms 
amorphous NHPh.N:P.NH.NHPh converted by 
water into (NHPh.NH).POH, a yellowish- white 
powder [92°] which reduces Fehling’g solution 
in the cold (Michaelis a. Oster, A, 270, 126). 
This body is split up by acids into phenyl- 
hydrazine and RjPOj,, out is attacked by alkalis 
with difficulty. Benzoic aldehyde produces 
NPhH.N:CHPh and H 3 P0 3 .-62. POOl, forms 
PO(NH.NHPh) 3 [196°], easily decomposed by 
acids and alkalis (Michaelis, A. 270, 135). — 
63. PSC1 3 forms, in like manner, PS(NH.NHPh) s 
[154°].— 64. AsC 1 3 forms (N 2 PhH 8 ) a AsCl a , an amor- 
phous powder decomposed at 236°. — 65. BC1 3 
forms, in like manner, (NoPliHJgBCl^, v. sol. 
water, decomposed at 242°. — 66. CgH^PCh in 
ether forms NHPh.N.PC b H s [152°] crystallising 
from EtOAc in plates (Michaelis a. Oster, A. 
270, 129). It reduces hot Feliling’s solution, 
and is split up by acids into PhPO.ELj and 
phenyl-hydrazine. 

Salts. — B'HCl. PlateB, m. sol. water. Got 
by ppg. an alcoholic solution of the base by IIC1, 
and washing tlio pp. till it is colourless. — 
B'HBr. Needles (from water). — B' 2 H 2 S0 4 . 
Plates, v. sol. water. — B'C 0 H t N 3 0 7 . Yellftw 
needles.— B' 2 H 2 C 2 0 4 . Plates. — Benzene sul- 
phinate; [131°] (Escales, B. 18, 895). — Di- 
nitro-(a)-naphthol sulphonate: light- 
brown needles, si. sol. hot water (Richardson, 
C . N. 58, 39). — Sulphocyanide : sparingly 
soluble plates. Changes at 1G0°-170° into 
plienyl-thio-semicarbazide. — B'H 8 PO s . [118°] 
(Michaelis, A. 270, 127, 133). -B' 2 H 3 P0 3 . [121°]. 
— B'CJl.PHA- [135°]. 

Sodium derivative CfiH^NNa.NHf. Formed 
by dissolving 8g. of sodium in 70 g. of warm 
phenyl-hydrazine. The H evolved reduces some 
of the phenyl-hydrazine to NH., and aniline; 
when the reaction is complete the aniline and 
excess of phenyl-hydrazine are distilled off by 
heatmg the product in an oil-bath to 200°-210° 
(not higher) in a current of H. It is a yellow 
hygroscopic powder. When finely divided it 
sometimes takes fire in the air. Decomposed by 
water into phenyl-hydrazine and NaOH. Readily 
reacts with alkyl haloids, giving un symmetrical 
phenyl-alkyl-hydrazines (Michaelis, B. 19, 
2448; A. 252, 2G6). 

Formyl derivative NHPh.NH.CHO. 
[145°]. Formed by heating formamide with 
phenyl-hydrazine at 180°. White scales. 

Acetyl derivative NHPh.NHAc. [128*6°]. 
Formed by heating phenyl-hydrazine with HOAo 
or acetamide (Fischer, A, 190. 129: Just. B* 
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19, 1201). Formed also from the sodium- deri- 
vative and Ao 2 0 at 0° (Michaelis a. Schmidt, A . 
252, 301). Six-sided prisms, si. sol. cold water. 

Di-acetyl derivative NPhAc.NHAo* 
[108°]. Formed from NPhNa.NR 2 and AcCl in 
ether. Tables or needles, v. e. sol. alcohol. 
Completely reduces hot Fehling’s solution. 

Chloro-acetyl derivative 
NRPh.NH.CO.CH 2 Cl. [115°]. Formed from 
the base and CR/J1.COC1 in ether (Gattermann, 
B. 25, 1081). 

Propionyl derivative NHPh.NH.CO.Et. 
[158°] (Freund a. Goldschmidt, B. 21, 2461). 

n-Butyryl derivative . [114°]. Scales, 
sol. ether (Michaelis a. Schmidt, A. 252, 308). 

Isovaleryl derivative 
NHPh.NH.CO.CR.Pr. [101°]. Fomied from 
the base and aceto-valerio anhydride (Auten- 
rieth, B. 20, 3190). Plates, v. si. sol. cold ligroin. 

Hexoyl derivative. [117°]. Needles. 

s-Benzoyl derivative NHPh.NHBz. 
[169°]. Formed from phenyl-hydrazine by add- 
ing BzCl in ether at 0° (Fischer, A. 190, 125), or 
by heating with benzamide (Just, B. 19, 1203). 
Formed also by warming phenyl-hydrazine with 
BzCy (Hausknecht, B. 22, 329). Prisms, si. sol, 
hot water. Yields NPhMe.NHBz on methylation. 
Reduces HgO. Phthalic anhydride at 180° 
forms an addition-compound C 2l H ia N 2 0 4 [172°], 
crystallising from alcohol in prisms. It is pro- 
bably C0 2 H.C 8 H 4 .C0.NPh.NHBz. At 250° it 
splits up into benzoic acid and (£)-phthalyl- 
yNH 


phenyl-hydrazine C fl H 4 :C 2 0. 


/i 


2\ I 
\NPh 

u-Benzoyl derivative NPhBz.NIL. 
[70°]. A product of the action of BzCl in benz- 
ene on NPhNa.NH 2 at0° (Michaelis a. Schmidt, 
B. 20, 43, 1718 ; A . 252, 310). Needles (from 
water). Reduces hot Fehling’s solution but not 
HgO. Cone. HC1 at 150° gives HOBz and 
phenyl-hydrazine. HN0 2 forms in acid solution 
benzanilide and N 2 0, but in neutral solution it 
forms N„Ph and HOBz. Reacts like phenyl- 
hydrazine with aldehydes and ketones; thus 
acetone yields NPhBz.N:CMe 2 [115*5°], aceto- 
phenone forms NPhBz.N:CMePh [124°], and 
benzoic aldehyde gives NPhBz.NiCHPh [122°]. 
Salts. — B'HCl. [202°]. Needles, m. sol. HClAq. 
— NPhBz.NHNa. White pp., decomposed by 
water. — B , 2 H 2 S0 4 . [191°]. Needles, b1. sol. cold 
water. — B'HNO,. [145 0 ].-~B'C a H 8 N 8 0 7 . [122°]. 

Di-benzoyl derivative NPhBz.NHBz. 
[178°] (Fischer, A, 190,128; M. a. S.). Prisms, 
v. si. sol. water, sol. alkalis. On methylation it 
yields NPhBz.NHBz. — NPhBz.NBzNa: plates. 

Benzoyl - acetyl derivative 
NPhBz.NHAc. [153°]. Got from NPhBz.NH 2 
and Ac 2 0. Needles (from dilute alcohol). 

p-Nitro -benzoyl derivative 
NHPh.NH.C0.C B H 4 .N0 2 . [198°]. Formed from 
phenyl - hydrazine and C 6 H 4 (N0 2 )CN (Haus- 
knecht, B. 22, 328). Yellowish-red needles. 

o-Amido -benzoyl derivative . [170°]. 
Got by warming phenyl-hydrazine with an 
alcoholic solution of isatoic acid (Meyer, J.pr, 
[2] 33, 20). Yellow needles, v. si. sol. ether. 

m-Amido-bcnzoyl derivative 
NHPh.NH.CO.C i H 4 .NH 2 . [151°]. Formed by 


heating phenyl hydrazine (1 mol.) with w-amido* 
benzoic acid (1 mol.) at 165° (Pellizzari, 0 . 16, 
200). Scales, insol. cold alkalis, sol. acids. 

Amido-toluyl derivative [3:6:1] 
G fl H 3 Me(NH 2 ).CO.N 2 R 2 Ph. [198°]. Formed from 
methyl-isatoic acid and phenyl-hydrazine (Pan- 
aotovitch J . pr . [2] 33, 68). Prisms (from 
chloroform), si. sol. ether. 

Phenyl-acetyl derivative 
N 2 K,Ph . CO . CH 2 Ph . [169°]. Got by heating 
phenyl-acetic acid with phenyl -hydrazine at 
130° (Biilow, A. 236, 196). Needles (from alco- 
hol), si. sol. water. 

Cinnamoyl derivative 
N 2 H 2 Ph.CO.C 2 H 2 Ph. [258°]. Got by heating 
cinnamic acid with phenyl-hydrazine at 190° 
(Knorr, B . 20, 1108). Forms, on distillation, a 
compound C, 5 H 12 N 2 0 [258°], crystallising in 
needles with green fluorescence. 

Ox alyl derivative C./X^N-ftPh)*. [278°]. 
Described in vol. iii. p. 655. 

Ethyl-malonyl derivative 
CHEt(CO.N 2 H 2 Ph) 2 . [233°]. Got by heating 
ethyl-malonic amide with phenyl-hydrazine at 
220° (Freund a. Goldsmith, B.21, 1242). Needles 
(from HOAc). Converted by C0C1 3 into 
C 19 H la N 4 0 4 [113°]. 

Succinyl derivative 
C 2 H 4 :C 2 0 2 :(N 2 H 2 Ph) 2 . [218°]. Formed from 

succinyl chloride (1 mol.) and phenyl-hydrazine 
(2 mols.). Formed also by heating C 2 H 4 :G„0 2 :S 
with phenyl-hydrazine and HOAc (Zanetti, Rend . 
Accad. Line . [4] 5, i. 225). Plates (from HOAc) 
(Freund, B. 21, 2456 ; Fischer a. Passmore, B. 
22, 2734). When succinic anhydride is heated 
with phenyl-hydrazine at 160° there is formed 
C 2 H 4 :C 2 0 2 :N.NHPh [155°], which yields anitros- 
amine C.H 4 :C 2 0 2 :N 2 Ph.N0 [84°] (Hotte, J. pr. 
[2] 35, 293). 

(a) - Phthalyl derivative 
C fl H 4 :C 2 0 2 :N.NHPh. [179°]. Formed from phenyl- 
hydrazine and phthalyl chloride in ether (Pickel, 
A . 232, 233). Formed also by heating phenyl- 
hydrazine (1 mol.) with phthalimide (1 mol.) 
at 120° (Pellizzari, 0 . 16, 203 ; Just, B. 19, 1204) ; 
or with phthalic anhydride (1 mol.) at 150° 
(Hotte, * J. pr . [2] 33, 99 ; 35, 268). Prepared by 
boiling an alcoholic solution of phthalic anhy- 
dride with phenyl-hydrazine. Colourless needles 
(from alcohol), insol. water and alkalis. Cone. 
H 2 S0 4 forms a violet solution, turning brown. 
Reactions.-— 1. Converted by boiling alcoholic 
potash into NftPh.CO.CgH^COaH [166°], an 
acid of which the benzoyl derivative 
NHPh.NBz.C0.C ( .H 4 .C0 2 H [172°] is formed by 
heating NHPh.NHBz with phthalic anhydride at 
180°.— 2. Boiling aqueous KOH or HClAq at 150° 
splits it up into phthalic anhydride and phenyl- 
hydrazine. — 3. Benzoyl chloride at 160° forms 
C 8 H 4 :C 2 0 2 :N.NPhBz [193°].-~4. Nitrous acid 
passed into its solution in diluted HOAc forms 
the nitramine C fi H 4 :C 2 0 2 :N.NPh.N0 2 [148*^] ; but 
in boiling HOAc it forms the di-nitro- derivative 
C, 4 H 8 N 4 0 8 [182°]. Nitrous acid passed ipto 
phthalyl-phenyl-hydxazine suspended in etner 
forms the nitrosamine C^H/.GaO^N.NPhfNO) 
[154°]. — 5. Alcoholic NH* at 80° forms unstable 
NH 2 .CO.C 8 H 4 .CO.NH.NHPh [146°], which de* 
compose^ at 170° into NH, and (0) -phthalyl* 
phenyl-hydrazine [210°]. 
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(0) -Phthalyl derivative 
C a H 4 :Cp 2 <^^^ 1 . [210°]. Formed at the same 

time as the (a)-isomeride by heating phenyl- 
hydrazine with phthalimide or phthalic an- 
hydride, being the chief product when the tem- 
perature is above 163° (Pellizzari, G. 16, 204; 

17, 278 ; Hotte, J. pr. [2] 35, 284). Monoclinic 
tablets (from benzene) or prisms (from alcohol), 
v. sol. alkalis. Ammoniacal AgN0 8 ppts. 

C ( H 4 :CA:N,PhAg. 

lie actions. — 1. NaOMe and Mel at 100° 
form C 6 H 4 :C 2 0 2 :N 2 PhMe [125°], which is de- 
composed by cone. HClAq into phthalic acid 
and NHPh.NHMe. — 2. IiOEt and Etl give 
€ H H 4 0 2 :N 2 PhEt [106°].— 3. BzCl at 200° forms 
C 8 H 4 0 2 :N 2 PhAc [122°]. 

Phthalyl derivative 
C«H 4 (CO.NH.NHPh) 2 . . [191°]. Formed by 

heating phenyl-hydrazine (2 mols.) with phtha- 
lic anhydride (1 mol.) at 150° (II.). White 
tables. At 170° it gives the (jS)-phthalyl deri- 
vative [210°]. 

Nitrosamine NHo.NPh.NO. Formed by 
adding NaNOo to an aqueous solution of phenyl- 
hydrazine hydrochloride at 0° (Fischer, A. 190, 
92). Pale-yellow plates. Very poisonous. Con- 
verted by hot alcoholic potash into diazobenzene- 
imide. Alcoholio HC1 acts in like manner. 
Exhibits Liebermann’s reaction. 

Dicyanide C h H 8 N 4 i.c. 

NH 2 .NPh.C(NH).CN ? Separates as colourless 
hakes when cyanogen is passed into an emulsion j 
of phenyl-hydrazine and cold water (Bladin, B. : 

18, 1544). Monoclinic laminte, v. sol. alcohol j 
and ether. Decomposes above 160°. Yields a ! 
formyl derivative C h H 7 (CHO)N 4 [193°]. 

Reactions. — 1. By heating with Ac 2 0 it is 
converted into C 10 II 8 N 4 [108°], which on saponi- 
fication yields an acid C J0 H 0 N 3 O 2 [177°], which 
on heating loses C0 2 , leaving oily CyH^NOj (c. 
240°). — 2. By heating with propionic anhydride 
it is converted into C,,H )0 N 4 [38°]. — 3. By treat- 
ment with nitrous acid , followed by boiling with 
water, it yields C 8 H 5 N 8 , crystallising in needles 
[56°], v. si. sol. water. — 4. Acetic aldehyde in 
alcohol and HC1 give CH 3 .CH:N.NPh.C(NH).CN 
[96*5°], crystallising in pale-yellow plates, v. e. 
sol. alcohol and ether, insol. water ; converted 
by alcoholic AgN0 3 into phenyl-methyl-triazole 
carboxylic nitrile [109°] (Bladin, B. 25, 184). — 

5. Benzoic aldehyde forms the corresponding 

CHPh:N.NPh.C(NH).CN [129*5°], crystallising 
from alcohol in prisms, oxidised by FeCl 3 to 
C I8 H 10 N 4 [156°] (Bladin, B. 22, 796).— 

6. Pyruvic acid in alcohol forms the above 
phenyl-methyl-triazole carboxylic nitrile on 
warming gently (Bladin, B. 19, 2598).— 7. Boil- 
ing acetoacetic ether forms the compound 
C0 2 H.CH 2 .CMe:N.NPh.C(NH).CN [209°], the 
oily ether of this acid, and phenyl-methyl- 

triazole carboxylic nitrile N<^p^ [109°] 

p’ladin, B. 26, 190). The acid forms the salts 
KA' and NH 4 A', and is converted by nitrous acid 
into ' C0 2 H.C(NOH).CMe:N.NPh.C(NH).CN 
[218°], and by potash into the compound 
CO ? H-CH 2 .CMe:N.NPh.CO.CN [188°], from 
which potassium nitrite and H£!lAq form 
C0 1 H.C(NOH).CMe:N.NPh.CO.CN f209°]. 


References. — Amido-, Iodd-,Nitro-, and Oxx* 
Phenyl-hydrazine. 

w-Di-phenyl-hydrazine NPh 2 .NH 2 . [34*5°]. 
(220° at 40 mm.) (Stahel, A. 258, 243). Formed 
by reducing di-phenyl-nitrosamine NPh 2 .NO in 
alcoholic solution with zinc-dust and HOAo (E. 
Fischer, A. 190, 174). Monoclinic tables (from 
ligroin), partially decomposed on distillation 
into diphenyl amine and NH a . Cone. H 2 S0 4 
forms a deep -blue solution. Decomposed* by 
nitious acid into NPh 2 .NO and N 2 0. Reduces 
HgO, forming in the cold crystalline tetra- 
phenyl-tetrazone NPh 2 .N:N.NPh 2 [123°], but if 
the temperature rises the products are N and 
diphenylamino. Benzoic aldehyde forms 
NPh...N:CHPh [122°]. With salicylic aldehyde, 
furfuraldehyde, glucose, mannose, galactose, and 
rhamnose it forms di-phenyl-hydrazides, melt- 
ing at 139°, 90°, c. 162°, c. 155°; 157°, and 134° 
respectively. 

Salts. — B'HCl. Needles, v. b1. sol. cold water. 
— B' 2 H 2 S0 4 : needles, m. sol. dilute H 2 S0 4 . 

Formyl derivative NPh 2 .NH.CHO„ 
[110-5°]. Formed by boiling the formyl deriva- 
tive of phenyl-hydrazine with ammoniacal 
CuS0 4 (Gattermann, B. 25, 1075). Needles, si. 
sol. hot water and ligroin, v. sol. alcohol. 

Acetyl derivative NPh 2 .NIIAc. [185°]. 
Formed by boiling NHPh.NHAc with HO Ac and 
Cu(OAc) 2 (Tafel, B. 25, 413). 

Propionyl derivative . [178°]. Needles. 

Benzoyl derivative NPh„.NHBz. [189°] 
(G.); [192°] (Fischer, A. 190, *178). Needles 
(from acetone), m. sol. alcohol. 

Phthalyl derivative C 8 H 4 0 2 :N.NPh 2 . 
[155°]. Formed by heating di-phenyl-hydrazine 
with phthalic anhydride at 160° (Ilotte, J . pr. 
[2] 35, 271). 

s-Di-phenyl-hydrazine NHPh.NHPh. Hy- 
drazo-benzene . Mol. w. 184. [131°]. H.C. 

1,598,000 (from diamond) (Petit, A. Ch . [6] 17, 
163). S. (alcohol) 5 at 16° (Moltschanowsky, 
C. J. 42, 905). Prepared by passing H 2 S into a 
solution of azobenzene Ph.N 2 .Pli in alcoholic 
NH 3 (Hofmann, Pr. 12, 576). Formed also by 
reducing nitro-benzene with sodium -amalgam 
or zinc-dust (Alexejeff, Z. 1868, 497 ; Glaser, A. 
142, 364). Laminte, si. sol. water, m. sol. alco- 
hol and ether. Yields aniline and azobenzene 
on distillation. 

Reactions. — 1. HClAq converts it into the 
isomeric di-p-amido-diphcnyl (benzidine). H 2 S0 4 
acts in like manner.— 2. Readily oxidised to 
azobenzene, even by moist air. — 3. Nitrous acid, 
passed into an alcoholic solution at 0°, yields a 
nitroso- compound which, when warmed, vio- 
lently decomposes into NO and azobenzene 
(Baeyer, B. 2, 683). — 4. On heating with BzCl it 
yields di-benzoyl-di-n-amido-diphenyl ; formic 
acid gives di-formyl-ai-p-amido-diphenyl (Stern, 
B. 17, 379) ; and phthalic anhydride yields di- 
phthalyl-di-amido-diphenyl (Bandrowski, B. 17, 
1181). — 5. Boiling benzoic aldehyde forms azo- 
benzene, but benzoic aldehyde and ZnCl 2 gives 
C 12 H 8 (N:CHPh) 2 (Cldve, Bl. [2] 45, 188). Benzoic 
aldehyde, heated with hydrazobenzene at 120°- 

150°, forms * benzhydrazoin ' CBPh<^pjj [55°]. 

The o-nitro- derivative C 8 H 4 (N0 2 ).CHN 2 Ph 2 of 
this body melts at 66°. — 6. Furfuraldehyde forma 
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C 4 H a O.CH<^^p^ [59°] (Cornelius a. Homolka, 

B. 19, 2240). — 7. Phenyl cyanate (2 mols.) and 
some benzene at 150° forms the compound 
NHPh.CO.NPh.NPh.CO.NHPh [220 ] (Gold- 
Bchmidt a. Resell, B . 23, 490). 

Acetyl derivative NHPh.NPhAc. [159°]. 
Formed from s -di-phenyl-hydrazine and Ac 2 0 in 
the cold (Stem, B. 17, 380). Needles (from 
alcohol). Decomposed by heat into acetanilide 
and azobenzene. 

Di-acetyl derivative NPhAc.NPhAc. 
[105°]. Formed from s-di-phenyl-hydrazine and 
AcX) (Schmidt a. Schultz, B. 12, 485 ; A. 207, 
320). Yellowish trimetric crystals (from alco- 
hol) ; a:b:c -'67:1: *50, not affected by dilute 
HClAq. 

Ghloro - derivatives 

C h H 5 NH.NHC (! H 4 C1. [ 90 °] . — N„H.,(C ( ,H 4 C1 [1: 3] ) 2 
[94°J.— N.H 2 (C 6 H 4 C1[1:4]), [122°] (Claus a. Heu- 
mann, B. 13, 1181, 19, *1088 ; Laubenheimer, 
B. 8, 3624). 

Brcmo- derivative CaH^.NH.NH.C^HjBr. 
[115°]. Formed from benzene-azo-p-bromo- 
benzene and alcoholic ammonium sulphide 
(Janowsky a. Erb, B. 20, 304). Tables. Con- 
verted by ILS0 4 into bromo-benzidine. 

Di-brovio - derivatives N.,H,(C ( ,H 4 Br.)>. 
o. [82°]. m. [109°J. p. [130°] (J* a* E*. ; Gabriel, 

B. 9, 1400 ; Werigo, A. 165, 192). 

Iodo - derivatives v. vol. iii. p. 41. 

Nitro- derivatives v. vol. iii. p. 007. 

Oxy - derivatives v. vol. iii. p. 743. 
Ghloro-nitro - derivative 

NHPh.NHC t> H 3 Cl(N0 2 ) [1:3:6J. [135°-140°J. 

Formed from chloro-di-nitro-benzcne and 
phenyl-hydrazine in alcohol (Willgorodt a. 
Ferko, J. pr . [2] 37, 355). Bed prisms. 

p-Amido- derivative. The compound 
NHPh.NH.C 0 H,.NHAc [140°] is got by treating 
C h H v N.,.C 0 H,NHAc with alcoholic ammonium 
sulphide (Schultz, B. 17, 403). Yellowish 
plates (from dilute alcohol), Re-oxidised to the 
azo- compound by air. 

Di-m-amido- derivative 
N 2 H 2 (C fl H,.N H.J 2 . [141°] (Gebek, A. 251, 193). 
Got by treatment of m-nitro-anilino with alco- 
holic potash and zinc-dust (Graeif, A. 229, 341), 
or with sodium-amalgam (Haarhaus, A. 13 5, 
164). Golden needles (from alcohol). Yields 

C, .,H 9 Br 5 N 4 [150°] and C,.,H 12 Ac.,N 4 [247°].— 
B' ; H 2 C1 2 .— B"H 2 PtCl 6 .— B"2HN0 3 .-B"H 2 S0 4 .— 
B"H 2 C 2 0 4 . Prisms, v. si. sol. water. 

Di-p-amido- derivative. [145°]. Got 
by reducing N 2 (C fl H 4 .N0 2 ) 2 with alcoholic am- 
monium sulphide (Gerhardt a. Laurent, A. 75, 
74; Lermontoff, B. 5, 232). Yellow crystals. 
Yields quinone on oxidation. — B"H„C1„. — 
B"2HN0 8 . 

Di -diphenyl -hydrazine v. Hydrxzo-diphenyl. 
PHENYL-HYDRAZINE o- CARBOXYLIC 
ACID C 7 H 8 N 2 0 2 i.e. NH 2 .NH.C a H 4 .C0 2 H. By- \ 
drazido-benzoic acid. Formed from o-amido- 
benzoic acid by diazotising and treating the pro- 
duct with Na 2 SO s (E. Fischer, B. 13, 679 ; A. 
212, 333). Needles, sol. hot water. Reduces 
Fehling’s solution in the cold. — HA'HCl : 
needles, sol. hot water. 

Anhydride [242°]. Formed by 

heating the acid at 220°. Monoclinic plates 
ilrom alcohol) ; a;bx = 1-072:1: -664 ; 3 * 75° 18'. 


Sublimes in white needles. — NaG 7 H a N 2 0 ®aq : 
silvery plates. — B'HCl : white needles. — 
B'HgCl 2 : needles (from water). Yields an acetyl 
derivative G 7 H 4 Ac,N a O [112°]. 

Phenyl-hydrazine m-carboxylic acid 
N.,H s .C a H r G0 2 H. [180°]. Formed by the action 
of* tin and HClAq on C a H,(C0 2 H).N:N.SO s K, 
which is got by warming the nitrate of m-diazo- 
benzoic acid with aqueous K 2 S0 3 (Griess, B. 9, 
1657 ; llodor, A. 236, 104). Plates, si. sol. hot Aq. 

Reactions.— 1. Acetone forms C, 0 H 12 N 2 O 2 
[150°], which gives EtA' [91°]. — 2. Benzoic alde- 
hyde forms CHPh:N.NII.C tt H,.C0 2 II [172°].— 
3. Pyruvic acid reacts with formation of 
C0 2 H.CMe:N.NH.C o H 4 .C0 2 H [208°J, which forms 
whetstone-shaped crystals (containing aq), and 
gives EtA' [102°]. — 4. Glucose , heated with the 
hydrochloride and NaOAc, gives C 20 H 22 N 4 O g 
[208°]. — 5. Pkenyl-thiocarbimide forms the 
compound C n H n N 3 S0 2 [205°]. 

S a It s.— HA'HCl. -BaA./ 4aq. Nodules. 

Phenyl-hydrazine p-carboxylic acid 
N 2 H 3 .C„H 4 .C0 2 H. [220°-225°]. Formed, in the 
same way as its isomerides,fromp-amido-benzoic 
acid (Fischer, A. 212, 337). Needles or plates 
(from water). — HA'HCl : si. sol. cold water. 

s-Di-phenyl-hydrazine di-o-carboxylic acid 
C 14 H 12 N 2 0 4 i.e. CO,H.C b H r NlLNH.C tl H r CO,H. 
Mol. w. 272. [205°]. Formed by reducing 

o-azoxy-benzote acid with sodium-amalgam 
(Griess, B. 7, 1009; Homolka, B. 17, 1904). 
Small colourless plates. Oxidised by moist air 
to o-azobenzoic acid. 

s-Di-phenyl-hydrazine di-ra-carboxylio acid. 

Hydrazo-bcnzoic acid. Formed by boiling w-azo- 
benzoic acid with FeS0 4 and NaOHAq(Strecker, 

A. 129, 141). Insol. water, el. sol. hot alcohol. 
In alkaline solutions it absorbs O, being oxidised 
to azobenzoic acid. Boiling cone. HClAq forms 
azobenzoic acid and amidobenzoic acid. Yields 
orange-red crystals of BaA". On warming with 
SnCl 2 and HClAq at 100° it yields di-amido-di- 
phenyl dicarboxylic acid and two other acids. 
One of these C,,H, 0 NX>., crystallises from hot 
water in yellowish needles and forms IiaA' 2 7aq 
and HA'HCl. The other acid C J4 II, 2 N 2 0 4 crystal- 
lises in yellow needles melting above 290°, and 
forms NaA'4aq, BaA' 2 2aq, HA'HCl, HA'HBr, 
and (HA') 2 H,S0 4 (Kusseroif, B. 23, 913). 

s-Di-phenyl-hydrazine di-p-carboxylic acid 
C M H 12 N.,0 4 . Formed by boiling p-azobenzoio 
acid with FeSO, and NaOHAq (lieicbenbach a. 
Beilstein, A. 132, 137 ; Billfinger, A. 135, 152). 
Needles (from alcohol), easily oxidised in alkaline 
solution. 

s-Di-phenyl-hydrazine tetra-carboxylic acid 

[l:4:2]C tt H J (C0 2 H) 2 .NH.NH.C a H 9 (C0 2 H) 2 [2:1:4]. 
Formed by reducing azoxyterephthalic acid in 
alkaline solution with sodium-amalgam (Homolka 
a. Low, B. 19, 1092). White crystalline pp., v. 
sol. alcohol and ether. 

PHENYL-HYDRAZINE m-SULPHONIO 
ACID C a H 4 (N 2 H,).SO,H. Formed from m-amido- 
benzene suiphonic acid by diazotisation and 
subsequent reduction by SnCL, at 0° (Limpri^ht, 

B. 21, 3409). Crystals (containing' 2aq), si. sol. 
cold water, nearly insol. alcohol. Converted in 
alcoholic solution by nitrous acid into 
N g C a H 4 S0 3 H. 

Phenyl-hydrazine p- suiphonic acid 
[l:4]C i H 4 (N 2 H 1 .).SO a H. 
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Formation, — 1. From diazobenzene _p-sul- 
phonio acid by warming with aqueous K^SO, 
followed by HC1 (E. Fischer, A . 190, 74). — 2. By 
heating phenyl hydrazine sulphate with CISO^H 
at 160° (Limpricht, B. 18, 2196). — 3. Together 
with alcohol, by heating phenyl -hydrazine ethyl- 
sulphate at 160°. — 4. By heating phenyl-hydraz- 
ine (1 pt.) with H 2 S0 4 (6 pts.) at 100° (Gallinek 
a. Richter, B, 18, 3172). 

Properties. — Needles (containing |aq), si. sol. 
water. By boiling with CuS0 4 it* is neatly 
oxidised to N and benzene sulphonic acid. With 
acetoacetic ether and dilute (50 p. c.) HOAc at 

155° it forms CMe<^^^* H < ,S0,H (Mollen- 

hoff, B. 25, 1849), which crystallises with aq. 

Salts. — NaA' l£aq. — NH 4 A'. — BaA' 2 5aq. — 
PbA' 2 2aq.— ZnA' 2 4aq : minute tables. 

Phenyl-hydrazine r-sulphonic acid. Potas- 
sium salt. C b H 5 NH.NH.SO s K. Formed from 
diazobenzene nitrate and K 2 SO s (Romer, Z. 1871, 
481) and also by heating phenyl-hydrazine with 
K>SA (Fischer, A . 190, 97). Crystals (contain- 
ing aq), si. sol. cold water and alcohol. Oxidised 
by HgO to C a H 5 .N 2 .S0 3 K. Split up by boiling 
HClAq into phenyl-hydrazine and KHS0 4 . 

Phenyl-hydrazine disnlphonic acid 
NH 2 .NH.C 8 H 3 (SOgH) 2 . Two acids of this for- 
mula are got by further sulphonation of the m- 
and p- sulphonic acids respectively (L.). They 
both yield BaA" and BaH 2 A" 2 . 

s-Di-phenyl-hydrazine m-sulphonic acid 
C a H 5 .NH.NH.C 8 H 4 .S0 8 H. Formed by heating 
the disulphonic acid with water at 200° for 
3 days (Limpricht, B. 11, 1048). Yellow needles 
(containing 2|aq). — KA'4aq. — PbA' 2 3aq. — 
BaA' 2 4aq : yellow plateB, v. sol. water. " 
Chloride C 12 H n N 2 S0 2 Cl. [240°]. 
Di-bromo - derivative 
CABr.NH.NH.CABr.SOgH. Formed as a by- 
product in the oxidation of CABr^NEySOgH 
[t:3:6:4] by KMn0 4 (Limpricht, B. 18, 1425).— 
KA' aq: long needles. 

s-Di-phenyl-hydrazine di-m-sulphonic acid 
N 2 H 2 (C 8 H 4 .S0 8 H) 2 . S. *079 at 22°. Formed by 
reduction of nitro-, azo-, or azoxy- benzene-sul- 
phonic acid (Limprioht, B. 11, 1048 ; 21, 3409 ; 
23, 1057 ; Brunnemann, A . 202, 344 ; Mahren- 
holz a. Gilbert, A. 202, 387; Neumann, B. 21, 
3419). White needles, v. e. sol. water, almost 
insol. alcohol and ether. Readily reduces 
ammoniacal AgN0 3 and Fehling’s solution. 
HClAq immediately forms benzidine disulphonic 
acid. — KjA" aq. — BaA" 2aq. 

A wtd«NH(C fl H 4 .S0 2 NH 2 ).NH.C h H r S0 2 NH 2 . 
[248°]. Formed by reducing N 2 (C tt H 4 .S0 2 NH 2 ) 2 
with zinc-dust and NH s Aq or HOAc (Limpricht 
a. F. Meyer, A . 268, 132). White needles (from 
50 p. o. acetic acid), almost insol. water, ether, and 
toluene. Reduces ammoniacal AgNO t forming 
a mirror, HClAq converts it into the amide 
of diamido-diphenyl (benzidine) disulphonic 
acid, m-amido-benzene sulphonic amide and 
N.,{ CgHj’SOjjNHj)^. - N 2 H 2 (C a H4-S0 3 NHK) 2 lJaq. 
Tmn needle., or plates quickly oxidised by air. — 
N 8 H 2 (C 8 H 4 x *S0 8 NHNa) 2 2^aq : needles. 

s-Di-phenyl-hydrazinq di-p-sulphonic acid 
N 2 H 2 (C 8 H 4 .S0 8 H) 2 . Obtained, in the same way 
as the preceding acid, from ami<Jo-benzene 
p-sulphonic acid. — BaBLA'V — BaA": crystalline. 


Isomeride. — V. Benzidine tetrasulphonic 
acid, vol. i. p. 174. 

DI - PHENYL - HYDRAZINE v - DI - THIO - 
CARBOXYLIC ACID NPh 2 .NH.CS.SH. [c. 109°]. 
Formed by dissolving NPh^NUj in CS 2 (Stahel, 

A. 258, 249). Golden prisms, v. sol. alcohol, 
insol. water. 

s-Di-phenyl-hydrazine di-w-thiosulphonic 
acid N 2 H 2 (O a H 4 .SO.,SH) 2 . Formed, together with 
N 2 (C tt H 4 .S0 2 .SH) 2 , by adding N 2 (C 6 H 4 .S0 2 C1) 2 to 
a cold saturated solution of Ba(SH) 2 (Limpricht, 

B. 18, 1470; A. 220, 354). White amorphous 
pp., becoming sticky on boiling with water. 
Oxidised by KMn0 4 to N 2 (C fl H 4 .S0 3 H) 2 . — 
BaA" 2aq : minute needles, si. sol. cold water. 

TRI - PHENYL - HYDRAZOIN is Benz- 
hydrazcKn , v. s-Di-phenyl-hydrazine, Reactions . 

DI-PHENYL-HYDROQTJINONE C 18 H l4 0 2 i.e. 
C 6 H 2 Ph 2 (OH) 2 [5:2:4:!]. [219°]. Formed by re- 
ducing di-phenyl-quinone with aqueous S0 2 
(Muller a. Peohmann, B. 22, 2131). Colourless 
cubes (from dilute alcohol). 

PHENYL-IMESATIN v. Isatin. 
PHENYL-IMIDO-DIACETIC ACID 
NPh (CH 2 .C0 2 H) 2 . [150°~155°] . A product of 
the action of aniline on chloro-acetic acid (P. 
Meyer, B. 14, 1325 ; Hausdorfer, B. 22, 1796). 
Formed also by heating phenyl-amido-acetio 
acid with chloro-acetic acid and NaOAoat 120°- 
130° (H.). Needles, v. sol. hot water and alcohol. 
NPhH 3 A'. Needles (from alcohol). Decom- 
poses at 151°. 

Mono-anilide 

C0 2 H.CH 2 .NPh.CH 2 .C0.NHPh. [213°]. Formed 
together with the dianilide by heating the acid 
with aniline at 175°. Needles. Its ether 
C0 2 Et.CH 2 .NPh.CH 2 .C0.NHPh [122°] is got by 
heating the anilide of phenyl-amido-acetio acid 
(q.v.) with ether and NaOAc at 140°. 

Di-anilide NPh(CH 2 .CO.NHPh) 2 . [218°]. 
Needles, v. si. sol. alcohol. 

TRI - PHENYL - TRI - IMIDO - BENZENE 

C. AiNg i.e. C 6 H 3 (NHPh) s . [242°]. Formed by 
warming C 8 H 6 Cl a with aniline (Mohr, M. 11, 22). 
Golden plates, v. sol. chloroform, insol. water 
and aloohol. Cone. H 2 S0 4 gives a dark-blue 
colour changed to violet by potash. 

PHENYL - IMIDO - BENZYL - MALONIC 
ETHER 0 8 H ft .C(NPh).CH(C0 2 Et) 2 . [75°J. 
Formed, together with (C a H 5 .C(NPh)) 2 C(C0 2 Et) 2 , 
by the action of sodium malonio ether on the 
compound C 8 H 5 .CCl:NPh (Just, B. 18, 2624). 
Decomposes at 150° into alcohol and oxy- 
phenyl-quinoline carboxylic ether. 

DI-PHENYL IMIDO-DI-ETHYL DISTIL- 
PHONE NH(CH 2 .CH 2 .S0 2 .0 8 H 5 ) 2 . [78°]. Got 
by heating C2H 4 (S0 2 .C 8 H 5 ) 2 withNH s Aq is sealed 
tubes (Otto, J. pr. [2] 30, 324). Triclinic plates 
(from alcohol). — N i t r a t e : [190°]. — B'HCl. 

[193°].— B'oHjFtCL : plates, si. sol. water. 

PHENYL - IMIDO - METHENYL-o-AMIDO- 

PHENOL 0,H 4 < 1 ^>C:NPh. [o. 230°]. 

Formed by heating G,H 4 <^j^>CO with anil- 

ine at 210° (Von Chelmicki, J. pr. [2] 42, 440). 
Needles, insol. water, si. sol. cola alcohol. 

DI-PHENYL-DI-IMIDO-NAPHTHOL v. ($)• 
Naphthoquinone, Reaction 5. 

PHENYL-IMIDO-DINAPHTHYL v. Phenyi, 

SINAPHTHTLBNB AMINE. 
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PHEN YLIKIDO - PHENYL - METHYL - THI - 
AZOLE DIHYDRIDE NPh<^ 0 P ^ . 

[138°]. Formed from di-phenyl-thio-urea and 
chloro-acetone (Traumann, A. 249, 51). Yel- 
lowish prisms, insol. water, v. sol. ether. 

DI - PHENYL - DI - IMIDO - DI - PHENYL - 
OIAZTHIOLE TETRAHYDRIDE C^H^N.S i.e. 

*<ggS3S . [181°]. Got by oxidising di- 

phenyl-thio-urea with H.^ (Hector, B. 23, 357). 

PHBNYL-IMIDO-PROPIONIC ACID 
CH a .0(NPh).C0 2 H. Anilpyruvic acid. [122°]. 
Formed from aniline and pyruvic acid in ether 
(Bdttinger, B. 16, 1924; A . 188, 336 ; 263, 126). 
Crystals, v. sol. water. Decomposed by boiling 
water. Br yields C 15 H 18 Br 3 N 2 0 2 [264°]. 

Isomeride v. Imido-phenyl-propionio acid. 
PHENYL-IMIDO-STJCCINIC ACID 
C0 2 H.CH 2 .C(NPh).C0 :2 H. [150°]. Formed by 
the action of dilute (1 p.o.) KMn0 4 on 4 pyranil- 
pyroic * acid (Anschutz, B. 22, 738 ; cf. Reissert, 
B. 21, 1942). Decomposed on fusion. 

PHENYL-IMIDO-THIAZOLE DIHYDRIDE 

C(NPh)4 i gH j- 124 o ] _ Formed from 

CHgCl.CHCl.OEt and phenyl-thio-urea (Naf, A. 
265, 125). White needles, sol. alcohol. Yields 
a nitrosamine C„H 7 (NO)N 2 S [58°]. 
Di-phenyl-imido-thiazole dihydride 

C(NPh)<|— g®[. [105°]. Formed from di- 

chloro-di-ethyl oxide and di-phenyl-thio-urea. 
DIPHENYLINE v. Di-amido-diphenyl. 

FHENYL-INDAZINE C 13 H 10 N 2 i.e . 

°, H ,<^ H > N Ph. [84°]. (345° unoor.). Formed 

by reducing o-nitro-benzyl-aniline with tin and 
HClAq (Paal, B. 23, 2640 ; 24, 961). Needles 
(from alcohol). Not affected by distillation over 
red-hot zinc-dust. Reduced to a dihydride [98°] 
by adding Na to its alcoholic solution. Yields a 
methylo-iodide B'Mel [188°]. 

PHENYL-INDOLE h >CH. (327° 

1. V.). Formed by heating its carboxylic acid 
[176°] (Fischer a. Hess, B. 17, 567 ; Pfiilf, A. 
239, 221). Oil, v. sol. alcohol. Its solution in 
HClAq colours pine-wood intensely violet. 

Phenyl-indole C,H,<^^.CPh. Methyl- 

phenanthridine . [186°]. (above 360°). 

Formation,— 1. By boiling «-bromo-aceto- 
phenone or phenyl-w-amido-aoetophenone with 
aniline (Mohlau, B, 14, 173 ; 15, 2480 ; 18, 165). 

2. By heating the phenyl-hydrazide of aceto- 
phenone or of phenyl-acetic aldehyde with ZnCl 2 
at 180° (Fischer, B, 19, 1565 ; 21, 1071 ; A, 236, 
135). — 8. By passing benzylidene-o-toluidine 
through a red-hot tube (Etard, Bl. [2] 39, 531). 
4. By the action of zinc-dust and NH a Aq on 
C # H 4 (NO f ).CH 2 .CO.C 8 H # (Pictet, B. 19, 1065). 

Properties. — Colourless plates, iDsol. water. 
May be sublimed. Colours pine- wood violet- 
blue. Yields B'G g H 3 N,0 7 [127°]. Nitrous acid 

forms a nitroso- derivative C # H 4 <^!jj^j^ ^>CPh 

[o. 258°], which yields B'HCl, B'HNO,, and 
NaC u H„N 2 0, and may be reduced to amido- 
phenyl-indole [174°]. 

Dihydride C 14 H 1# N. [46°]. Formed by 
Von. IV. 


boiling phenyl-indole with zinc-dust, alcohol, 
and HC1. Colours pine-wood orange. Yields a 
nitrosamine. 

Phenyl-indol* [89°]. 

Formed by the action of alcoholic HC1 on the 
phenyl-hydrazide of phenyl acetic aldehyde 
(Fischer, B. 21, 1811). White plates (from 
ligroin), v. sol, alcohol. Converted by heating 
for fifteen minutes with ZnCl 2 into the preceding 
isomeride [186°]. Yields a picrate [107°] and a 

nitrosamine C 8 H 4 <^ P ^ 1 qj^>CH [61°] which 
gives Liebermann’s reaction (Ince, A. 253, 87). 
Di-phenyl-indole jj^CPh. [123 ° ] - 

Formed by heating the phenyl-hydrazide of de- 
oxybenzoln with ZnCl 2 (Fischer, B. 19, 1566 ; A. 
236, 136). Colourless crystals, v. sol. aloohol. 
Does not give the pine-wood reaotion. Its picrate 
crystallises in dark -red needles. 

Di-phenyl-indole C 8 H 4 <^*^.CPh. (above 

360°). Got by heating the w-di-phenyl-hydrazide 
of acetophenone with ZnCl 2 at 175° (Pfiilf, A. 
239, 223). Oil. Colours acidified pine-wood 
bluish-violet. 

PHENYL-INDOLE CARBOXYLIC ACID 

OuPi.NO. i.e. O.H,<£(^>>CH. [176°]. 

Formed by heating the di-phenyl-hvdrazide of 
pyruvic acid with HOAo and HClAq (E. Fischer, 
B. 17, 567). Needles, v. si. sol. water, v. sol. 
alcohol. NaOCl in the cold forms phenyl-^- 

isatin C«H t <^p h >CO. [134°] (Pfiilf, A. 239, 


222 ). 

PHENYL INDOXAZINE O.H.c^^N. 

[84°]. Got from o-bromo-benzophenone and an 
alkaline solution of phenyl-hydrazine (Cathcart 
a. V. Meyer, B. 25, 1498). Large crystals. 

FHENYL-INDULINE C 24 H 17 N f i.e . 

C(NPty.CH:o!NPh^ 0|,Hl - Mol. w. (by 

Raoult’s method) 320-370 (calc. 347). Formed 
from amido-phenyl-induline [162°] by treatment 
with nitrous acid (Fischer a. Hepp, A. 262, 257 ; 
266, 263). Reddish tables, with blue reflex ; v. 
sol. benzene, insol. ligroin. Heated with HOAo 
(5 pts.) and HClAq (25 pts. of 20 p.o.) at 166° 
for six hours it forms ; (a) C 24 H I9 N,0 crystallis- 
ing from benzene in steel-blue plates [218°], 
forming a brownish-red solution in HClAq, and 
converted by cone. HClAq at 200° into a com- 
pound C 18 H, 4 N 2 0 2 ; (6) the compound Gj t H| 4 N,0 2 
[o. 280°] which crystallises from benzene or 
alcohol in brownish-yellow prisms or plates, and 
is both base and phenol. Its hydrochloride 
crystallises from cono. HClAq in prisms with 
green lustre ; (c) benzolindone C, g H 12 N 2 0 ; (d) a 
body which dissolves in benzene with fiery brown 
fluorescence, and is perhaps carbazole-fluor- 
indine (Fischer a. Hepp, A. 266, 249). 

Benzolindone C, 8 H 12 N 2 0 i.e. 

6oicH!o.NPh>°* H <- Pormed b T beating 
phenyl-induline with HOAo and HClAq at 
160°-200" (Fischer a. Hepp, A. 266, 253). 
Lustrous brown plates, insol. alkalis, sol. dilute 
HClAq, forming a rose-coloured solution. Its 

E 
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solution in cone. H 2 S0 4 is green. Yields 
phenazine on distillation with zinc-dust. 
PHENYL IODIDE v . Iodobenzene. 

PHENYL IODOMETHYL SULPHONE 
C 8 H 5 .S0 2 .CH 2 I. [64-5°]. Formed from benzene 

sulphinic acid, NaOEt, and CH.J 2 a t 100° 
(Michael a. Palmer, Am. 6, 253). Prisms (from 
alcohol). NaOEt at 75° gives phenyl-methyl 
sulphone and products of oxidation (Otto, B. 21, 
654). 

PHEN YL-ITACON IC ACID 

CHPh:C(C0 2 H).CH 2 .C0 2 H. [172°]. Formed by 
the action of Na or NaOEt on phenyl-paraconio 
acid (Fittig, A. 256, 68). Prisms, si. sol. cold 
water. Yields phenyl-isocrotonic acid [179°] 
and 7-oxy -phenyl-butyric lactone [37°] when 
boiled with diluted H 2 S0 4 (1:1). Br gives bromo- 
phenyl-paraconic acid C n H 0 BrO 4 [99°] and an 
isomteride [144°].— BaA" 2«laq. — CaA''. — Ag A". 
Ethyl ether Et 2 A". (315° uncor.). Oil. 
Di-FHENYL-KETONE v. Benzophenone. 
Di-phenyl diketone v. Benzil. 

Di-phenyl triketone CJIj.CO.CO.CO.OgHj. 
[70°]. (248° at 40 mm.). Formed by distilling 
OBzjBr.OAc in vacuo. Formed also by adding 
aqueous NaN0 2 to a solution of the mono-oxim 
in HOAc, and boiling (Pechmann, B. 22, 852; 
21, 3375). Hygroscopic golden needles (from 
ligroin), v. sol. all solvents. Give a blue colour 
with H 2 S0 4 and benzene that contains thio- 
phene. 

Reactions. — 1. Alkalis decompose it, forming 
benzoin, benzoic acid, and CBzPh(OH).C0 2 H 
[118°]. — 2. Phenyl-hydrazine forms a phenyl- 
hydrazide C 21 H la N 2 0 2 [c. 135°], benzene-azo-tri- 

phenyl-pyrazole O.H..N r O<°^ Ph [157°], 

and a third compound [223°]. — 3. Aniline gives 
rise to CPh(NPh).C(OH) 2 .COPh [100°] and 
C(OH) 2 (CPh:NPh) 2 [148°]. 

Hydrate Bz 2 C(OH) 2 . [90°]. 

Mono-oxim Bz 2 C:NOH. [146°]. Formed 
from Bz 2 CH 2 and nitrous acid. 

Tri-oxim (C 8 H 5 .C(NOH)) 2 C:NOH. [186°]. 
Formed from the triketone and hydroxylamine. 
Di-phenyl tetraketone 

OA.CO.OO.OO.OO.O.H.. The hydrate [88°] of 
this body is formed by the action of cone. HNO, 
on phenyl-glyoxal (Abenius a. SSderbaum, B. 

24, 8034). 

DI-PHENYL-KETONE CARBOXYLIC ACID 

v. Benzoyl-benzoic acid. 

Di-phenyl ketone dicarboxylio acid v. Benzo- 
phenone DICABBOXYLIC ACID. 

Di-phenyl diketone o-oarboxylio aoid 
CaHj.CO.CO.G^.GOaH. Formed by oxidising 
deoxybenzoin o-carboxylio acid with alkaline 
KMn0 4 (Graebe, B. 21, 2003 ; 23, 1344). Occurs 
in a yellow modification [141*5°] and a white 
variety [125°-130°]. The yellow modification is 
nearly twice as sol. alcohol and chloroform as 
the white variety, and is converted into the 
white variety by dissolving in alkali and ppn. 
by acids. The white modification changes into 
*he yellow one at 115°-125°. 

Dicarboxylio acid v. Diphthalylic acid. 
DPPHENYL-XETOXIM v. Oxim of Benzo- 
phenone. 

PHENYLLACTIC ACID v. Oxy-phenyl-pbo- 

PIONIO ACID. 

PHENYL-LACTIIUDE v. vol. i. p. 180. 


PHENYL-LUTIDINE-CARBOXYLIC ACID©. 

Phenyl-di-methyl-pybidine-carboxylic acid. 

PHENYL-LUTIDONE v. Oxy-phenyl-di- 

METHYL -PYRIDINE. 

PHENYL-MALElC ACID O 10 H 8 O 4 i.e. 
C0 2 H.CPh:CH.C0 2 H. Formed by dissolving its 
anhydride in water and extracting with ether 
(Alexander, A. 258, 77). Prisms, m. sol. water. 
Begins to lose water below 100°. 

Anhydride cPhCO> 0, [ 119 ' 6 °3- Formed 
by distilling phenyl-malio acid. Needles, insol. 
water, v. sol. chloroform and ether. 

Di-phenyl-maleic acid C0 2 H.CPh:CPh.C0 2 H. 
Stilbene dicarboxylio acid. Formed by saponi- 
fication of its nitrile. Its ether is formed, 
together with di-phenyl-fumaric ether, by the 
action of Na on a-bromo-phenyl-acetic ether in 
ether (Beimer, B. 14, 1800 ; Riigheimer, B. 15, 
1626). The free acid splits up at once, on 
liberation from its salts, into H 2 0 and anhy- 
dride. On distillation with lime it yields s-di- 
phenyl-ethylene. — K 2 A" : needles, v. sol. water. 
— Ag 2 A" : amorphous pp. — AgHA" : needles. 
Ethyl ether [54°]. Prisms. 

Imide C 16 H 10 O 2 (NHl. [213°]. Needles, 

almost insol. water, v. sol. alcohol. 

Phenylimide C 18 H 1() 0 2 (NPh). [175°]. 

Formed by heating the anhydride with aniline 
at 120° (Anschutz a. Bendix, A. 259, 63). 

Nitrile CN.CPh:CPh.CN. Dicyanostilbcne. 
[158°]. Formed by heating a-bromo-phenyl- 
acetonitrile alone or with alcoholic KCy (Beimer, 
B. 14, 1798). Plates (from benzene). 

Isonitrile. [242°]. Occurs in small 
quantity in the preparation of the nitrile by 
heating the product of bromination of phenyl- 
acetonitrile. Golden needles (from alcohol). 
Yields an acid [222°] on saponification. 

Anhydride cPh.CC)> 0 - t 165 ^ ( 23G ° 
at 15 mm.). Formed by adding HC1 to solu- 
tions of salts of the acid, or by heating di-phenyl- 
fumaric acid at 260° (Beimer, B. 13, 742). Tri- 
metric needles (from dilute alcohol), a:b:c . 
= •693:1: *385, insol. water, sol. CS 2 . May be 
sublimed. Its alkaline solution reduces AgNO s . 
Not changed by NaOHAq into the fumaroid 
form (Delisle, A. 269,91). NaOHAq (15 p.c.) at 
100° forms a polymeride melting much above 
250°, insol. water and other solvents. 

Reactions. — 1. Reduced in alcoholic solution 
by zinc-dust and HOI to a mixture of the two di- 
phenyl-succinic acids. — 2. Fuming HNO g gives 
rise to an amorphous di-nitro- derivative 
(C fl H 4 (N0 2 )) 2 C 4 0 8 .— 3. p-Tolyl-acetic acid forms 
G 4 Ph 2 0 2 :CH.C 7 H 7 [165°], crystallising in yellow 
needles.— 4. Phenyl-acetic acid and NaOAc at 

225° form cPh!cO^^> 0 whiohma y 

be reduced by HI and P to benzyl -di-phenyl- 

maleide cfh OO^— !— !>° t 128 °J (Gabriel a. 

Cohn, B. 24, 8228, 3854). The compound 
C 4 Ph 2 0 2 (GHPh) combines with Br, forming 
G 4 Ph 2 Br0 2 (CHBrPh) [164°], which splits up at 
155°-160° into HBr and C 4 Ph 2 0 2 (CBrPh) [165°]. 
The compound GjPh^O^CHjPh) is converted 
by potash into C0 2 H . C 2 Ph 2 . CH (OH) . OB^Ph 
[174°], and by an alcoholic solution of NEtH*into ’ 
00(NHEt).C 2 Ph 2 .CH(0H).CH 2 Ph [196°]. The 
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compound C 4 Ph 2 O f (CHPh) is converted by KOH 
into C 4 Ph 2 0 2 (0H).CH 2 Ph [185°], and in benzene 
solution by HN0 2 into C 4 Ph 2 0 2 (0H).CH(N0 2 )Ph 
[125°] (which yields an acetyl derivative [106°]), 
and the compound C 4 Ph 2 0 2 (N0 2 ).CH(N0 2 )Ph 
[140°], which is converted by boiling alcohol into 
C 4 Pli 2 0 2 :C(N0 2 )Ph [177°], a body that may be 
rgduced by HI and P to iso-benzyl-diphenyl- 
maleide [118°]. Benzyl-di-phenyl-maleide is 
converted by alcoholic NH 3 at 180° into 

cph.c oi— [ 170 °3- which y ields a 

nitrosamine [186°]. 

PHENYL-MALIC ACID v. Oxy -rHENYL-SUC- 

CINIC ACID. 

PHENYL-MALONAMIC ACID v. Malonic 

ACID. 

DI - PHENYL - MALONIC ACID. E thy l 

ether of the nitrile CPh 2 (CN).C0 2 Et. [59°]. 
Formed from CPh 2 Cl.C0 2 Et and IIgCy 2 at 125° 
(Bickel, B. 22, 1537). Yellowish tables. 

Reference . — Di-nitiio-phenyl-malonic ether. 
PHENYL - MANDELIC ACID v. Phenyl 
derivative of Mandelic acid. 

PHENYL-MELAMINE v. vol. ii. p. 822. 
PHENYL MEECAPXAN CJI 6 SH. Thio- 
phenol. Phenyl-sulphydrate . Mol. w. 110. 

(168°) (L.) ; (172°) (F. a. C.). S.G. a* 1*078. 

Formation.— 1. A product of the dry distilla- 
tion of sodium benzene sulphonate (Kekul6, Z. 
1867, 194 ; Stenliouse, A. 149, 248 ; Pr. 17, 62). 
2. Together with Ph 2 S and diphenylene sulphide 
by heating benzene with S and AlCi„ at 75° 
(Friedel a. Crafts, C. B. 86, 884 ; A. Ch. [6J 14, 
437). — 3. By distilling phenol (10 mols.) with 
P 2 S 3 (1 mol.), the yield being 6 p.c. of the phenol 
used (Kekul6, Z. [2] 3, 193, 306; Beckmann, 
*7. pr. [2] 17, 456).— 4. From Ph 2 S 2 and K 2 S in 
alcohol (Otto a. Bossing, B. 19, 3129). — 5. By 
distilling C a II 5 .SOoNa with NaSH (Stadler, B. 
17, 2080). 

Preparation. —Phenyl ethyl dithiocarbonate, 
or a mixture of diazobenzene chloride solution 
and potassium ethyl dithiocarbonate (xanthate) 
is boiled with alcoholic potash until the solution 
remains clear on addition of water. The alco- 
hol is then distilled off and the residue dissolved 
in water, mixed with a little H 2 S0 4 and zinc- 
dust (to prevent oxidation), and distilled with 
steam. The distillate is extracted with ether. 
The yield is 75 p.c. of the theoretical (Leuckart, 
J.pr. [2] 41, 187). 

Properties. — Oil, v. sol. alcohol and ether. 
Smells like garlic. Attacks the skin. Cone. 
H 2 S0 4 forms a violet solution, changing on 
warming through cherry-red to blue (Baumann, 
PL. 5, 321 ; cf. Brunner, B . 4, 984). 

Reactions. — 1. Readily oxidised to Pb 2 S 2 . — 
2. CH,CC1„ and dilute (20 p.c.) NaOHAq form 
CH 3 .C(SPh) a , crystallising in white plates; v. 
sol. hot alcohol (Laves, B. 25, 353).— 3. Accto - 
acetic ether and cfcry hydrochloric acid form 
CH J .C(SPh) 2 .CH a .C0 2 Et [58°], crystallising from 
alcohol in plates. Not attacked by boiling HClAq, 
but decomposed by alkalis into alcohol, PhSH, 
and CH 3 .C(SPh):CH.C0 2 H [177°] (Escales a. 
Baumann, B. 19, 1790).— 4. NH 2 .COCl forms 
NH 2 .CO.NH.CO.SPh [218°] (Gattermann, A. 
244, 43). — 5. Acetone and HC1 in the cold 
give Me a C(SPh), [66°] (Baumann, B. 19, 
2804), which is oxidised by KMn0 4 and H 2 S0 4 


to Me 2 C(S0 2 Ph) 2 [97°]. — 6. Chloro - acetone 
reacts on PhSNa in ether, forming acetonyl- 
phenyl-sulphide PhS.CH 2 .GO.CH, [36°] (269°) 
S.G. 5 1-244 (Delisle, A. 260, 252). This body 
crystallises in prisms, si. sol, hot water, v. sol. 
alcohol ; combines with KHSO*, yields a phenyl- 
hydrazide [82 5°J, and is converted by oxida- 
tion into Ph.S0 2 .CH 2 .CO.CH, [67°]. Acetonyl- 
phenyl sulphide may be converted by successive 
treatment with HCy, alcoholic hydrochloric 
acid, and alcoholic potash into the acid 
PhS.CH 2 .CMe(0H).C0 2 H [97°J, which yields 
CaA'„aq, BaA\, aq, and AgA', and is oxidised by 
KMn0 4 to Ph.S0„.CH 2 .CMe(0H).C0 2 H [121°].— 
7. Chloral forms CCl r CH(OH)(SPh) [53°], de- 
composed by heat into its components (Baumann, 
B. 18, 886). — 8. Combines with pyruvic acid , 
forming CH ;J .C(OH)(SPh).C0 2 H [87°], but in 
presence of gaseous HC1 it forms the ‘ mercaptol ’ 
CH 3 .C(SPh) 2 .C0 2 H [117°] which is not attacked 
by boiling HClAq or alcoholic potash.— 9. Phenyl- 
glyoxylic acid forms C a H 3 .C(OH) (SPh).C0 2 H con- 
verted byHCl gas into C 0 H 5 .C(SPh) 2 .C0 2 H[143°] 
(Escales a. Baumann, B. 19, 1789).— 10. k- Acetyl- 
propionic acid does not combine directly, but 
in presence of hydrochloric acid it forms 
CH 3 .C(SPh) 2 .CH 2 .CH 2 .C0 2 H [69°], which is not 
attacked by alkalis, but is decomposed by 
dilute acids into PhSH and acetyl-propionic 
acid (E. a. B.).— 11. CH 3 .CO.CH 2 SPh forms 
CH 3 .C(SPh) 2 .CH...SPh [55°], crystallising in 
cubes; v. sol. alcohol, insol. water; converted 
by oxidation in CH 3 .C(SPh)(S0 2 Ph).CH 2 .S0 2 Ph 
[157°], crystallising in needles, si. sol. cold 
alcohol, split up by alkalis into Ph.S0 2 .CH„, 
PhSH, and Ph.S0 2 H (Autenrieth, B. 24, 
170).— 12. CBr 2 (S0 2 Et) 2 and NaOHAq form 
PhS.CH(SO.jEt)J [86°], crystallising in tables; 
v. si. sol. hot water, v. sol. alkalis ; converted by 
alcoholic NaOH and Mel into PhS.CMe(S0 2 Et) 2 
[113°], crystallising in white needles ; m. sol. 
hot alcohol (Fromm, A. 253, 166 ; Laves, B. 25, 
361). — 13. NaSPh reacts with isobutylene 
bromide, forming NaBr, Ph 2 S 2 , and isobutylene 
(Otto, B. 23, 1052). 

Salts . — NaSPh. When Na is dissolved in 
an ethereal solution of PhSH containing phenol, 
a pp. of NaSPh is got while NaOPh remains in 
solution. — Hg(SPh) 2 : colourless needles (from 
alcohol).— CIHgSPh : plates.— PbfSPh)^ yellow 
crystalline pp., split up on distillation into PbS 
and Ph 2 S.— Cu(SPh) 2 ; pale-yellow powder. — 
AgSPh : pale-yellow crystalline pp. 

Methyl ether PhSMe. (188°). Formed 
from Pb(SPh) 2 and Mel (Obermeyer, J9. 20, 
2926). 

Ethyl ether PhSEt. (204°) at 744 mm. 
Formed from NaSPh and EtI at 120° (Beck- 
mann, J. pr. [2] 17, 457), and by the action of 
PhSH on PhN 2 Cl (Stadler, B. 17, 2078). Liquid 
with unpleasant smell. 

Ally l ether v. Phenyl allyl sulphide. 

Acetyl derivative PhSAc. (229°). Formed 
from phenyl mercaptan and AcCl (Michler, A . 
176, 177). Oil. 

References. — Amido-, Bbomo-, Chloro-, 
Chloro-nitbo-, Niiro-, and Oxy- Phenyl* 

MERCAPTAN. 

PHENYL-MERCAPTURIC ACID CnH^NSO, 
i.e. NHAc.CMe(SPh),C0 2 H. [143°]. Formed 
by reducing bromo-pnenyl-mercapturio acid with 

B 2 
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•odium-amalgam (Baumann, B. 15, 1732; 18, 
258 ; H. 6, 885 ; 8, 120). Tetrahedra, m. sol. 
alcohol. La&vorotatory in alcoholic solution. 
Solutions of its salts are dextrorotatory. De- 
composed by dilute H 2 S0 4 into HO Ac and phenyl- 
cystein. — BaA' 2 8aq ; needles. 

1 References. — Bromo- and Chloro- Phenyl- 

MERCAPTURIO ACID. 

PHENYL-MESITYL-C ARBIN OL v. Phenyl- 

TRI-METHYL-PHENYL-CARBINOL. 

PHENYL-MESITYL-C ARBINOL CAEBOXY- 
LIC ANHYDRIDE v. Tri - methyl - phenyl- 

PHTHALIDE. 

PHENYL MESITYL KETONE v. Phenyl 

TRI-METHYL-PHENYL KETONE. 

PHENYL-METHACRYLIC ACID v. Piienyl- 

CROTONIO ACID. 

PHENYL-METHACRYLIC ALDEHYDE 

CHPh:CMe.COH. (150° at 100 mm.). Formed 
by adding NaOHAq to a mixture of benzoic 
aldehyde and propionic aldehyde (Miller a. Kin- 
kelin, B . 19, 526). Oil. Reduces ammoniacal 
AgNO a . Combines with bisulphite. Yields a 
phenyl-hydrazide [137°]. 

PHENYL-METHANE Toluene. 
Di-phenyl-methane C 13 H 12 i.e. CH Mol. 
w. 168. [25*]. (c.263°). 

Formation. — 1. Together with CgH^CRjPh),,, 
by boiling benzyl chloride with benzene and 
zinc-dust (Zincke, B. 4, 298 ; G. J. 24, 508, 688). 
2. By the action of and HO Ac on a mix- 

ture of benzene and benzyl alcohol (Meyer a. 
Wurster, B . 6, 963). — 3. By heating benzo- 
phenone with zinc-dust (Staedel, B. 6, 1401 ; 7, 
1480; cf. Barbier, C . B. 79, 812), or by reducing 
it with HI and P (Graebe, B. 7, 1624), or Zn 
and H 2 S0 4 (Zincke, B. 10, 1473). — 4. From 
benzene, CH 2 C1 2 , and A1C1 3 (Friedel a. Crafts, 
Bl [2] 41,324; A . Ch. [6] 11, 264).-5. From 
CH 2 (OMe) 2 , benzene, HOAc, and H 2 S0 4 (Baeyer, 
B. 6, 221). — 6. By distilling barium di-phenyl- 
aoetate with soda-lime (Jena, A. 155, 86). 

Preparation.— By adding A1CL, (35 g.) to a 
mixture of benzyl chloride (100 g.) and benzene 
(500 g.) (Friedel a. Crafts, A. Ch. [6] 1, 478 ; Bl. 
[2] 83, 337). 

Properties. — Prisms, v.sol. alcohol and ether, 
smelling like oranges. According to Reissert 
(B. 23, 2242) it melts at 23°. Oxidised by 
chromic acid mixture to benzophenone. Yields 
diphenylene-methane when passed through a 
red-hot tube (Graebe, B. 7, 1623). Prolonged 
treatment with Cl in presence of I forms CC1 4 
and C a Cl a (Ruoff, B. 9, 1048). 

Tri-phenyl-methane C,„H 18 i.e. CHPh a . [92°]. 
(330°) (Schwarz) ; (855°) (K. a. F.). 

Formation.— 1. By heating PhCHCl 2 with 
HgPhj at 150° (Kekuld a. Franchimont, B. 5, 
907). — 2. By heating Ph 2 CH(OH) with benzene 
and P a 0 4 at 135° (Hemilian, B. 7, 1203).— 3. 
By heating (j8)-benzpinacolin C 2(j H 20 O with soda- 
lime at 300° (Thdmer a. Zincke, B. 9, 65). — 4. 
Together with a little CH 2 Ph 2 by adding A1C1 8 
vo a mixtur a of chloroform and benzene (Friedel 
a. Crafty J. pr. [2] 16, 233 ; A. Ch. [6] 1, 496). 
5. With other products, by the aotion of A1C1 S 
on benzene mixed with CHD^, with CC1 4 , with 
PhCClj, and with CPhHBr.CPhHBr (Magatti, B. 
12, 1468 ; Schwarz, B. 14, 1526 ; Anschutz, A. 
235, 208), —6. By heating benzoio aldehyde 


(100 g.) with benzene (147 g.) and ZnOl* (100 g.) 
at 260° for 7 hours (Griepentrog, B. 19, 1876 ; 
A. 242, 329). 

Preparation.— AlClt (500 g.) is slowly added 
to a mixture of benzene (1400 g.) and chloroform 
(400 g.). The mixture is finally heated on the 
water-bath, water is carefully added, and the 
oil dried and fractionally distilled. It is finally 
purified by conversion into the compound with 
benzene (Allen a. Kolliker, A. 227, 108 ; cf. 
Fischer, A. 194, 252 ; Schwarz, B. 14, 1516). 
If the benzene contains toluene the product will 
contain a homologue (Hanriot, Bl. [3] 1, 773). 

Properties . — Plates (from alcohol), v. sol. 
benzene, ether, and CHClg, m. sol. cold alcohol. 
Crystallises from benzene in efflorescent rhombo- 
hedra CHPh 8 C tt H a [76°]. Oxidised by chromic 
acid to tri-phenyl-carbinol [159°]. A1G1 8 at 

120° decomposes it, but below 80° it forms 
CHjPh, (Friedel a. Crafts, G. B. 100, 692). On 
exhaustive chlorination with SbCl 5 it yields CC1 4 
and C a Cl a (Merz a. Weith, B. 16, 2876). Na has 
no action at 300°, but IC at 200° forms a red 
Bubstance (CKPh a ). K at 250° forms a dark 
mass, whence HClAq liberates C„H 14 [148*5°] 
(360°) (Hanriot a. Saint-Pierre, C. R. 108, 1119 ; 
Bl. [3] 1, 774). The potassium derivative CKPh, 
absorbs C0 2 at 200°, yielding CPh 8 .C0 2 H [264°]. 
Benzyl chloride acting on CKPh s forms the com- 
pound OPh 3 .CH 2 Ph [140°]. BzCl forms 0^0 
[172°] which may be reduced by HI and P to 
0 m H m [234°]. 

References. — Amido-, Bromo-, Chloro-, 
Methyl-amido-, Nitro-, Nitro-amido-, Oxy- 
amido-, and Oxy- Phenyl-methane. 

DI-PHEN YL-METHA NE DI-o-C ARBOXY- 
LIC ACID CH 2 (C a H 4 .C0 2 H) 2 . [255°]. Formed 
by reducing the lactone of CH(0H)(C 8 H 4 .C0 2 H) 2 
with HI and P (Graebe a. Juillard, A. 242, 253). 
Crystals (from alcohol). Yields anthraquinone 
on heating at 280°. — BaA" 6aq. S. 4*7. 

Methyl ether Me-jA". [44°]. 

Isomeride v. Benzyl-isophthalic acid. 

Di-phenyl-methane tricarboxylic acid 
C0 2 H.CH(C (j H 4 .C0 2 H) 2 . [220°]. S. *095 at 25°. 
Got by heating the lactone of the oxyacid 
C0 2 H.C(0H)(C a H 4 .C02H) 2 with HI and P at 
170° (Graebe a. Juillard, A. 242,235). Crystals 
(containing aq). At 270° it forms a red com- 
pound C, a H 8 0 4 [261°]. 

Methyl ether Me 8 A'” [145°]. 

Tri-phenyl methane o-carboxylic acid 
CHPh 2 .C 6 H 4 .C0 2 II. [162°]. 

Formation . — 1. By the action of NaOH and 
zinc-dust on di-phenyl-phthalide (Baeyer, B . 12, 
644 ; A. 202, 62). — 2. By heating phenyl- 
phthalide with benzene and A1C1, (Gresly, A . 
234, 242).— 3. By saponifying the nitrile, which 
is obtained from CHCL^H^CN, benzene, and 
A1C1 S (Drory, B. 24, 2572). 

Properties . — Needles (from alcohol), insoL 
water. May be sublimea. Yields tri-phonyl* 
methane when heated with Ba(OHL. CrO s in 
HOAc oxidises it to diphenyl-phthalide. 

Nitrile CHPh 2 .C 6 H 4 .CN. [89°]. 

Tri - phenyl • methane -p - carboxylic acid. 
[162°]. Obtained by saponifying the nitrile, 
which is obtained by Sandmeyer’s .reaction from 
p-amido-tri-phenyl-methane [84°] (Fischer a 
Frankel, A. 241, 364 ; Otto a. Fischer, B. 24, 
729). Needles, v. sol. aloohol and ether.— AgA'. 
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An isomeric acid melting above 860° was ob- 
tained by Oppenheimer (B. 19, 2029) by oxidising 
the corresponding aldehyde with Ag 2 0. 

Tri-phenyl-methane dicarboxylic acid 
CHP^.C^CC^H), [1:2:5]. [280°]. Formed 

by reduction of the lactone of tri-phenyl-carbinol 
dicarboxylic acid by zinc-dust and NaOH (He- 
milian, B. 16, 2375). Needles (from HOAc). 
Cone. H 2 S0 4 forms a greenish-yellow solution, 
which on heating changes through green, blue, 
and violet to purple. — BaA" 4aq. — Ag 2 A" : pp. 

Tri -phenyl-methane dicarboxylic acid 
CHPh 2 .C tf H 8 (C0 2 H) 2 [1:3:4]. [278°]. Formed 

by boiling di-phenyl-phthalide dicarboxylio acid 
with zinc-dust and NaOHAq (Hemilian, B. 19, 
3068). Needles (from dilute alcohol). May be 
sublimed. Yields CHPh 3 when distilled with 
Ba(OH) 2 . Be-oxidised by alkaline KMn0 4 to di- 
phenyl-phthalide dicarboxylic acid. — CaA" 2aq : 
needles.— Ag 2 A" : curdy pp. 

Reference.— Oxy - di - phenyl - methane carb- 
oxylic ACID. 

DIPHENYL - METHANE DISULPHONIC 
ACID C 18 H 10 (SO 8 H) 2 . [59°]. Got by sulphona- 
tion (Doer, B. 5, 796). Deliquescent plates. 
— K 2 A" aq : prisms (from dilute alcohol). — BaA". 
— CuA" : green plates. 

Tri-phenyl-methane trisulphonic acid 
C, 9 H IS (S0 3 H) 8 . Formed by warming CIIPh 3 with 
fuming H 2 S0 4 (Kekul6 a. Franchimont, B. 5, 
908; Hemilian, B. 7, 1205). — Ba 3 A'" 2 8aq : 
needles, ppd. by adding alcohol to its aqueous 
solution. 

DI-PHENYL-METHAZINE C 14 H l2 0 2 i.e. 
CHPh<J>CHPh. [93°]. Formed by shaking 

a dilute solution of hydrazine with benzoic alde- 
hyde (Curtius, J. pr. [2J 39, 44). Light-yellow 
prisms, v. si. sol. hot water, v. sol. hot alcohol. 
Decomposed by boiling into OHPh:CHPh and 
nitrogen, and by boiling dilute acids into benzoic 
aldehyde and hydrazine. Deduced in alcoholic 
solution by sodium-amalgam to di-benzyl-hy- 
•drazine, and by excess of Na to benzylamine. 

PHENYL-METHENYL-AMIDINE v . Benz- 

AHIDINE. 

Diphenyl-methenyl-diamine is described as 
Di-phenyl-formamidine. 

PHENYL-METHENYL-AZIDINE C 7 H„N 8 i.c. 
NH 2 .CH:N 2 HPh. [225°]. Formed from phenyl- 
hydrazine and HCy (Fischer, B. 22, 1934). 
Insol. water, v. sol. hot alcohol. The nitrate and 
hydrochloride are crystalline. 

PHENYL METHENYL DI-ETHYL TRISTTL- 
PHONE 0„H fi .S0 2 .CH(S0 2 .C 2 H 5 ) 2 . [166°]. B. 

*2 at 15°. Formed by oxidising PhS.CH(S0 2 Et) 2 
with alkaline KMn0 4 (Fromm, A. 253, 167 ; 
Laves, B. 25, 362); Snow-white needles, v. sol. 
alkalis. — KA': prisms. —BaA' 2 : tables. 

TRI-PHENYL METHENYL TRIKETONE v. 
Tri-benzoyl-methane. 

TRI-PHENYL METHENYL TRISDLPHONE 

*CH(S0 2 Ph) 2 . [215°]. Formed by oxidising 

PhS.CH(S0 2 Ph) 2 with alkaline KMn0 4 (Laves, 
J3. 25, 348). Tables, v. sol. alcohol, insol. ether, 
m. sol. water.— KA' : tablets. — BaA'j.— AgA'. 

DI - PHENYL - DI - METHYL - ACETYLENE 
TETRAXETONE v. Dt-bxnzoyl-di-acetyl- 
tBTHAMS* 


PHENYL-METHYL-ACRIDINE U. 

C * H *<N— aCH:CH 6 - t 136 °3- Formed b y 
heating phenyl-p-toluidine with benzoic acid 
and ZnCl 2 at 260° (Bonna, A . 239, 62). Needles, 
si. sol. water. Its alcoholic solution shows 
greenish-blue fluorescence. Yields phenyl- 
acridine carboxylic acid [253°] on oxidation. — 
B'HCl : yellow needles. — B'HI.— B'aHjjSO,. — 
B'C 6 H 8 N 8 0 7 . Bed needles. 

Phenyl-methyl-acridine dihydride 

°‘ H <NHe h > C « H <- t 104 ^ Formed ^ the 
action of Mel on phenyl-acridine dihydride ; or 
by reduction of the methylo-chloride of phenyl- 
acridine with zinc-dust (Bernthsen a. Bender, 
B. 16, 1816). White needles or prisms. On 
oxidation with nitrouB acid it gives the methylo- 
hydroxide of phenyl- acridine. 

PHENYL-METHYL-ALLYL-PYRROLE 

CH:CPh> NC ’ H =- t 52 °5- ( 278 °)‘ Formed *>y 
heating the carboxylic acid [158°] (Lederer a. 
Paal, B. 18, 2595). Large colourless plates. 
Blue fluorescence. Extremely sol. all ordinary 
solvents. 

PHENYL - METHYL - ALLYL - PYRROLE 

CARBOXYLIC ACID C 0 2 H.C=CMe> NC * H - 
[158°]. Obtained by saponification of its ether, 
which is formed by the action of allylamine upon 
acetophenone-acetoacetic ether (Lederer a. Paal, 
B. 18, 2594). Short glistening prisms. Y. sol. 
alcohol, ether, benzene, and acetic acid. 

PHENYL-METHYL-AMIDO-ACETIC ACID 
C„H n N0 2 ».e. CH 2 (NPhMe).C0 2 H. Phenyl- 
methyl-glycocoll. Formed by heating chloro- 
acetic ether with dimethylaniline and saponify- 
ing the product by boiling HClAq (Silberstein, 
B. 17, 2661). Liquid. — HA'HCl : prisms. 

Amide CH 2 (NPhMe).CO.NH 2 . [168°]. 
Formed by heating CH 2 C1.C0NH 2 with NPhMe* 
or NPhMeH. Crystals, sol. hot water. It« 
hydrochloride forms easily soluble prisms. 

Methylo-chloride CH 2 (NPhMe 2 Cl) .COj^H. 
Formed by warming chloro-acetio acid with 
NPhMe 2 in ether (Zimmermann, B . 12, 2206). 
Needles. Moist Ag 2 0 forms an hydroxide. 

Amide of the methylo-chloride 
CH,(NPhMe 2 Cl).CO.NH 2 . Formed by heating 
chloro-acetamide with dimethylaniline in alco- 
hol (S.). Crystals, decomposed by heat into 
MeCl and CH 2 (NPhMe).CO.NH 2 . 

PHENYL - METHYL - » - AMIDO- ACETO- 
PHENONE C, i H A .CO.CH 2 .NPhMe. Phenacyl- 
methyl-aniline. [120°]. Formed by the action 
of NPhMeH or NPhMe 2 on w-bromo-acetophen- 
one (Staedel a. Siepermann, B. 18, 842 ; 14, 983 ; 
21, 2196). Prisms (from alcohol). A solution 
of its hydrochloride gives a red pp. with dilute 
HNO s (Weller, B. 16, 27). ZnCl 2 forms C, 5 H,.N 
[102°]. — B'jjHjPtCl,, : tables.— B'Mel. Crystals. 
— B'MeOH. Strongly alkaline. 

PHENYL - METHYL - AMIDO - BENZENE 
PHOSPHINIC ACID NPhMe.C^.PfOE;,. 
[150*6°]. Formed by the action of NaOHAq on 
the oily chloride NPhMe.C <l H 4 .PCl 2 , which is 
formed by the action of AlOl, on a mixture of 
NPhJde and PCI, (Michaelis, A. 260, 37). Small 
needles (from water) or plates (from alcohol).— 
NaHA" 2aq. [265°]. Plates, v. e. sol. water. 
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PHENYL-METHYL-AMIDO-BENZOIC ACID 

O n H IS N0 2 i.e. C a H 4 (NPhMe).C0 2 H. [184°]. 
Formed from NPLJVfe and COCl 2 (Michler a. 
Sarauw, B. 14, 2180). Plates. — BaA' 2 : pearly 
plates. —AgA' : white pp. 

PHENYL-METHYL-AMIDO-ETHANE SUL- 
PHONIC ACID NPhMe.C 2 H 4 .S0 3 H. Formed 
from CH 2 C1.CH 2 .S0 3 H and methylaniline at 160° 
(James, J.pr. [2] 31, 417). Silky crystals (from 
alcohol). 

PHENYL - METHYL - AMIDO - ETHYL - 

PHTH ALIM IDE C 8 H 4 0 2 :N.C 2 H 4 .NPhMe. [105°]. 
Formed from bromo-ethyi-phthalimide and 
methyl-aniline at 165° (Newman, B. 24, 2199). 
Greenish-yellow four-sided tables, v. e. sol. C 0 H 6 . 

PHENYL - METHYL - AMIDO-METHENYL- 
AMIDO-FHEN OL C 14 H 12 N 2 0 i.e. 

C,H < <Q^,O.NPhMe. (above 360°). Formed 

from CJI 4 <^q^G.SH and methyl-aniline 

(Kalckhoff, B. 16, 1825). Syrup, with blue 
fluorescence. — B' 2 H,PtCl fl : prisms. 

PHENYL - METHYL - AMIDO-DI-METHYL- 

PYBBOLE 0, s H 16 N 2 i.e. NPhMe.N<^® : gg . 

[41°]. (310°). Formed by heating its dicarb- 
oxylic acid at 231° (Knorr, A. 236, 310). Crys- 
talline mass, v. sol. alcohol. Volatile with 
steam. 

Phenyl-methyl-amido-di-methyl-pyrrole di- 
carboxylio acid C, 5 H la N i .0 4 . Formed by saponi- 
fication of its oily ether, which is formed from 
diacetyl-succinic ether and phenyl-methyl- 
hydrazine (K.). Prisms, decomposing at 231°. 
— AgA' : flocculent pp. 

PHENYL - METHYL -p - AMIDO - PHENOL. 
Methyl derivative'NFhMe.C li IL v OMQ. (313°). 
Formed from phenyl-jp-amido-phenol, KOH, and 
Mel (Philip a. Calm, B. 17, 2433). Oil, insol. 
NaOHAq. 

PHENYL - TETRA - METHYL - TRI-AMIDO- 
DI-PHENYL-NAPHTHYL-CARBINOL 

C 88 H3,N 8 0 i.e. NPhH.C 10 H a .C(OH)(C 6 H 4 .NMe,) 2 . 
[95°]. Base of Victoria Blue B . Formed by 
heating tetra-methyl-di-amido-benzophonone 
(10 pts.) with phenyl- (a) -naphthylamine (9 pts.), 
and POClj (7 pts.) at 110° (Nathansohn a. 
Muller, B. 22, 1890). The base is sejt free by 
NaOHAq. Brick-red powder, v. sol. alcohol and 
benzene. — (C 38 H 12 N 3 Cl)„PtCl 4 : violet needles. 
— C 83 H S1 N 8 C 8 H 2 (N0 2 ) 3 0H : dark-blue pp. 

Phenyl - penta - methyl-tri-amido-di-phenyl- 
naphthyl-carbinol C 34 H 33 N 8 0 i.e. 

NPhMe.C, 0 H fl . C (OH) ( C 8 H 4 .N Me 2 ) 2 . [77°]. The 
chloride C a ,H 3 4 N 3 Cl, ‘ Victoria Blue 4 B,’ formed 
by the action of methyl-phenyl- (a) -naphthyl - 
amine on GO(C 8 H 4 NMe 2 ) 2 in presence of POCl 3 
is v. sol. hot water (Nathansohn a. Muller, 
B. 22, 1892). The carbinol is a brick red pp., 
v. sol. alcohol. It forms (C 84 H 34 N s Cl) 2 PtCl 4 and 
AiAjNjC^H^NO^OH crystallising in very small 
dark-blue needles. 

PHENYL - TETRA - METHYL . TRI-AMIDO- 
DI-PHENYL-NAPHTHYL-METHANE C 33 H 33 N 3 
i.e. NHPh.C 10 H 8 .CH(C 8 H 4 .N MaJ 2 . [125°]! 
Formed by reducing the carbinol ( v . supra) 
(Nathansohn a. Miiller, B. 22, 1891). Flocculent 
pp., v. sol. hot alcohol. Yields B^H^tCL and 
B'"C f H t N,0 7 , both being crystalline; | 


Phenyl -penta-methyl - tri . amido - di-phsnyl- 
naphthyl-m ethane C 34 H 3I >N 8 i.e . 
NPhMe.C 10 H 6 .CH(C 8 H 4 NMe 2 ) 2 . [87°]. Formed 
by reduoing the carbinol (N. a. M.). Amorphous. 
Yields crystalline B'^hJeHCI,, and B"'C 8 H 3 N 3 0 7 . 

PHENYL DI - METHYL - AMIDO - TOLYL 
KETONE C 8 H 5 .C0.C 6 H 3 Me.NMe 2 . [67°]. (350°- 
360°). Formed from benzoic acid, di-methyl-q- 
toluidine, and P 2 0 A (O. Fischer, A. 206, 91). 

PHENYL-TETRA - METH Y L-DI-AMI DO-DI- 
TOLYL-METHANE C 25 H 30 N 2 i.e. 
CHPh(C 6 H 3 Me.NM e2 ) 2 . [109°]. Formed by 
heating di-methyl-ra-toluidine with benzoic alde- 
hyde and ZnCl 2 (Fischer, B. 13, 807). Prisms. 
— B"H 2 PtCl 6 2aq : small yellow crystals. 

PHENYL-METHYL-AMINE v. Methyl-anil- 
ine. 

Phenyl-di-methyl-amine v. Di-methyl-anil- 
ine. 

Di-phenyl-methyl-amine v . Methyl-li- 

PHENYL-AMINE. 

Tri-phenyl-methyl-amine v. Tri-phenyl 

CARBINYLAMINE. 

PHENYL-METHYL-ANTHRACENE C 21 H 18 
i.e. C 6 H 3 Me<^^ h >C B H,. [119°]. Obtained 

by distilling phenyl-methyl-anthranol with zinc- 
dust (Hemilian, B. 16, 2367). Yellow pointed 
crystals. Dissolves in alcohol and ether, with a 
strong greenish-blue fluorescence. By Cr0 3 in 
acetic acid it is oxidised to phenyl-methyl- 
oxanthranol. 

PHENYL-METHYL-ANTHRANOL C 21 H lfl O 
i.e. C 6 H 3 Me<^Q H) >C„H 4 . [151°]. Obtained 

by heating di-phenyl-tolyl-methane carboxylic 
acid with H 2 S0 4 (Hemilian, B. 16, 2365). 
Yellow glistening tables. Sol. ether, boiling 
alcohol and acetic acid, insol. cold alkalis, but 
dissolves on boiling to a yellow solution. On 
oxidation it gives phenyl-methyl-oxanthranol. 

PHENYL-DI-METHYL-ARSINE v. vol. i. p. 
320. 

DI - PHENYL - DI - METHYL - AZIMETHYL- 

ENE N 2 (CMePh) 2 . [121°]. Formed by the 
action of acetophenone on hydrazine hydrate or 
on CPhMe:N.NH., (Curtius, J.pr. [2] 44, 542). 

PHENYL-METHYL-BIAZOLE DIHYDRIDE 

0< XCMe:N Ph - [ 140 °]- Formed h 7 the action 

of tin and HC1 on 0<^'.^ Ph [122°], which is 

made by the action of COCl 2 on acetyl -phenyl- 
hydrazino (Freund a. Kuh, B. 23, 2838). Yel- 
lowish plates. 

PHENYL-METHYL-TRIAZOLE C 9 H e N 8 i.e. 

Formed by heating its carb- 
oxylic acid to 180° (Bladin, B. 19, 2602). Oil. 
B^HjjPtCla aq. [124°]. Lemon-yellow tables. 

PHENYL-METHYL-TRIAZOLE CARB0XY- 

LIC ACID cMaN^ 0 - 00 * 35 - C 177 ^- Formed 
by saponifying its nitrile, which is got by the 
action of Ac 2 0 on phenyl-hydrazine dicyanide 
and also by gently wanning phenyl-hydrazine 
dicyanide with an alcoholic solution of pyruvic 
acid (Bladin, B. 18, 1544 ; 19, 2598 ; 22, 1749 } 
25, 185). 

Salts. — CuA 2 liaq. — PbA' 2 2Jaq, — 
AgA' l$aq. — BA'HCl : tables ffronrHClAq). 
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Ethyl ether EtA'. Oil. 

Nitrile. [109°]. Prisms. 

Amide C^PhMe.CO.NH*. [170°]. Prisms, 
m. sol. water and alcohol. 

A midoxim G^PhMe.CfNH^NOH. [210°]. 
Formed from the nitrile and hydroxylamine in 
alcohol. Plates (from alcohol), v. si. sol. water. 
*FeCl s colours its alcoholic solution deep red. 
Yields B'HCl and B' 2 H,PtCl fl [201°]. Ac 2 0 
forms C 2 N 3 PhMe.C(NH i ):NOAo [148°] and 

C 2 N s PhMe.C^j°^.CMe [105-6°]. BzCl forms 
C 2 N 3 PhMe.C(NH 2 ):NOBz [183-5°] converted by 
heat into C.N 3 PhMe.C<^ N N °^>CPh [167°]. 

DI-PHEim.-DI-METHYL-TETBAZONE 

NPhMe.N:N.NPhMe. [137°j. Formed by oxidising 
phenyl-methyl-hydrazine (Fischer, A. 190, 152 ; 
Tafel, J9. 18,1744). Monoclinic plates. With I in 
CHCl 3 it forms C I4 H I( ,N,I 4f a black crystalline pp. 

DI-PHENYL-DI-METHYL -DI-TRIAZYL 

CMe P N> aC <N-OMe t 223 ^ Pormed ** 
heating the cyanide of phenyl-hydrazine with 
Ac 2 0 (Bladin, B. 21, 3063). Prisms (from al- 
cohol).— B"H 2 Ch.—B"H 2 PtCl 6 4aq. Plates. 

DI-PHENYL-METHYL-BENZAMIDINE 
C 8 H 5 . C (N Me) .N Ph 2 . Formed by heating di- 

phenyl-benzamidine with Mel at 130° (Bernth- 
sen, A. 192, 17). Syrup. —B' 2 H 2 PtCl fl : yellow pp. 

PHENYL ^-METHYL-BENZYL KETONE 
C 6 H 5 .CO.CH 2 .C 6 H.Me. [94°]. Formed from p- 
tolyl-acetic chloride, benzene, and A1C1 3 (Strass- 
mann, B. 22, 1231). Yields an oxim [109°]. 

PHENYL-METHYL-BENZYL-UREA 
NHPh.CO.NH.CH 2 C 6 H 4 Me. [131°]. Formed 
from m-methyl-benzylamine and phenyl cyanate 
(Bromine, B. 21, 2700). 

TRI-PHENYL-METHYL-BROMIDE v. 
Bkomo-tri-piienyl-methane. 

PHENYL-METHYL-CARBAMIC ACID. 
Ethyl ether NPhMe.CO.OEt. (244°). 

Formed from methylaniline and Cl.C0 2 Et (Geb* 
hardt, B. 17, 3042). Yellow oil. 

Chloride NPhMe.COCl. [88°]. (280°). 
Got by passing COCl 2 into a solution of methyl- 
aniline in benzene (Michler a. Zimmermann, B. 
12, 1165). Tables (from alcohol), insol. water. 
Reacts with toluene and aluminium chloride, 
forming NPhMe.CO.C„H 4 Me [70°J while A1C1, 
and o-, w-, and p - xylene give rise to the com- 
pounds NPhMe.CO.C„H 3 Me 2 melting at 78°, 54°, 
and 74° respectively (Lellmann, B. 24, 2114). 

Phenyl ether NPhMe.CO.OC 6 H 5 . [58°]. 
Formed from the chloride and KOPh in alcohol 
(Lellmann a. Benz, A. 24, 2108). Large crystals. 

Nitro -phenyl ethers C 8 H 4 (N0 2 )A'. The 
o-, to-, and j p- nitro-phenyl ethers melt at 110°, 
105°, and 70° respectively. They yield on re- 
duction the corresponding amido-phenyl ethers 
melting at 103°, 94°, and 104° respectively. 
p-Tolyl ether C„H 4 MeA\ [62°]. 
PHENYL-METHYL-SEMI-CARBAZIDE 
NPhMe.NH.CO.NH,. [133°]. Formed from 
phenyl-methyl-hydrazine hydrochloride and 
potassium cyanate (Fischer, A. 190, 164). 

Crystalline mass, m. sol. hot water. Yields a 
nitrosamine NPhMe.N(NO).CO.NH a [77°]. 

Phenyl-di-methyl-eemi-carbazide 
NMe 2 .NH.OO.NHPh. [108°]. Formed from 
phenyl-oyanate and di-methyl-hydrazine(Renouf , 
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B. 13, 2172). Pyramids. Decomposed by HC1 
into the parent substances. 

Di-phenyl-di-methyl-carbazide 
CS(NH.NPhMe) 2 . [c. 168°]. Got by heating 
phenyl-methyl-hydrazine with CS 2 (Stahel, A. 
258, 250). 

PHENYL-METHYL-CYANIDE v. Nitrile of 
Phenyl-acetic acid. 

Di-phenyl-methyl-cyanide v. Nitrile of Di- 
phenyl-acetic acid. 

Di-phenyl-methyl dicyanide C, a n i# N a i.e. 
<M 0 > cph . [110 oj_ (227° at 15 mm.). 

Formed from benzonitrile, AcCl, and A1C1, 
(Krafft a. Hansen, B. 22, 803; 23, 2382). 
Needles, sol. alcohol and ligroin. Decomposed 
by diluted HaSOi into benzoic aoid, acetic acid, 
and NH 8 . Oxidised by alkaline KMn0 4 to 
C 3 N 8 Ph 2 .C0 2 H [c. 192°] which on heating yields 
C 8 N 8 Ph.>H [75°] (205° at 9 mm.). 

Salts.— B'HCl : needles.— B' 2 H 2 PtCl 8 . 

DI - PHENYL - METHYLENE - p - AMIDO- 
BENZOIC ACID CPh 2 :N.C ti H 4 .C0 2 H. [240°]. 
Formed from Ph 2 CCl 2 and p-amido*benzoio acid 
(Hantzsch a. Krafft, B. 24, 3522). Short prisms. 
PHENYL-METHYLENE-AMINE CH,:NPh 

or OH^j^OH*? [140°]. Formed by add- 

ing aniline to a solution of formic aldehyde 
(Wellington a. Tollens, B. 18, 3309). Formed 
also from trioxymethylene and aniline (Kolo- 
toff, J. 1885, 777). Long slender needles. De- 
composed by water at 100° into trioxymethylene 
and aniline. 

Phenyl-trimethylene-diamine 
NHPh.C 3 H 6 .NH 2 . (282° cor.). S.G. g 1-0356. 
A product of the action of Na on an alcoholic 
solution of phenyl-pyrazole (Balbiano, O. 18, 
354 ; 19, 688 ; Bend. Accad. Line. [4] 4, ii. 44). 
Formed also by boiling phenyl-y-amido-propyl- 
phtlialimide with HClAq (Goldenring, B. 23, 
1169). Oil. Sulphide of carbon forms 
NHPh.C 8 H 8 .NH.CS.SNH 2 Ph.C 3 H 8 NH,, crystal - 
lising from alcohol in white plates. —B"2HC1 : 
tufts of needles, v. e. sol. water. When heated 
it gives off NH :1 and NPh:C„H rt , which forms 
(C tt H, jNJAPtCl.. — jN^O.Hj.N.O,. Greenish 
crystals, decomposing at 195°. — Succinate 
[ 100 °]. 

Phenyl -di-trimethylene-triamine 
NPh(CH 2 .CH 2 .OH 2 .NH 2 ) 2 . Formed by heating 
its phthalyl derivative with HClAq at 240° 
(Goldenring, B. 23, 1170). — B"'3HC1. — 
B 2 "'3H 2 PtCl fl . 

Di-phthalyl derivative 
NPh(CH 2 .CH 2 .CH 2 .N:C*H 4 0 2 ) 2 [145°]. Formed 
from T'-bromo-propyl-phthalimide and aniline. 

Di-phenyl-methylene-amine CPh 2 :NH. 
Formed by heating CPh 2 Cl 2 with carbamic ether 
at 130° (Hantzsch a. Krafft, B . 24, 3517). Colour- 
less liquid.— B'HCl : snow-white powder. 

Di-phenyl-metbylene-diamine CR 2 (NHPh) 2 . 
[49°1. Formed by mixing a large excess of an 
aqueous solution of aniline with formic aldehyde 
solution (Pratesi, G. 14, 351 ; cf. Lermontoff. ft 
7, 1255). Four-sided tables, sol. 1 alcohol. Its 
hydrochloride is unstable.— B"H,PtCl <i . 

Di-phenyl-trimethylene-diamine 
CBLj(CBL J .NHPh) 2 . Formed from aniline and 
trimethylene bromide (Hanssen, B. 20, 781). 
Thick brown liquid.— B''H 2 S0 4 . [156°]. Needles. 
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Nitrosamine OH 2 (GH 2 .NPh.NO) 2 . [87°]. 

DI-PHENYL-METHYLENE-ANILINE 
NPh:CPh 2 . [109°]. (above 360°). Formed 
from CPh«Cl 2 and aniline (Pauly, A. 187, 199). 
Yellow tables (from ether). Split up by HClAq 
Into aniline and benzophenone. 

TETRA - PHENYL - DI - METHYLENE - 
TETEAZONE N^NiCPh^ Formed by shaking 
a benzene solution of NH^NrOPh* with HgO 
(OurtiuB a. Rauterberg, J.pr. [2] 44, 200). Red 
needles. Decomposes readily into nitrogen and 
CPh 2 :N.N:OPh 2 . Gaseous HBr forms CPkjHBr 
[38°]. 

DI - PHENYL- TRIMETHYLENE - DI - GARB- 
AMIC ACID. 

Ethyl ether GH 2 (CH 2 .NPh.C0 2 Et) 2 . [56°]. 
Formed from the chloride and NaOEt (Hanssen, 
B. 20, 783). Crystalline. 

Chloride CH 2 (CH 2 .NPh.COCl) 2 . [102°]. 
Formed from CH 2 (CH 2 NPhH) 2 and C001 2 in 
benzene. Needles. 

PHENYL-TRIMETHYLENE DICARB0XYLIC 
ACID CHPh<^.co^- [176 ° J ' Got by sap0 * 
nifying its ether. Prisms, m. sol. water, v. sol. 
alcohol and ether (Buchner a. Dessauer, B. 21, 
2646 ; 25, 1162). When heated in vacuo it yields 
an anhydride C n H 8 O s [134°].— NaHA": needles. 

Bi-methyl ether Me 2 A". [63°J. 

Ethyl ether Et*A" (257° at 120 mm.). 

Formed by distilling CO^Et.CH^^*^^ 

in vacuo. Thick oil. 

Phenyl-trimethylene-tri-oarboxylic acid 
CaHjjPhfCOaHJg. [188°]. Got by saponifying its 
ether (B. a. D.). Crystals containing 4aq. 

Methyl ether Me 3 A'". [47°J. (210° at 
20 mm.). Formed from NaOMe, methyl ma- 
lonate, and methyl di-bromo-phenyl-propionate. 

PHENYL METHYLENE ETHYL DIKETONE 
C«H 4 .CO.CH 2 .CO.C 2 H a . Propionyl-acetophenonc. 
(277°). S.G. 15 1*081. Formed from aceto- 
phenone, propionic ether, and NaOEt (Stylos, 
B. 20, 2181). Liquid. 

DI-PHENYL-METHYLENE-HYDRAZINE 
CPh 2 :N.NH 2 . [98°]. (c. 227° at 65 mm.). 

Hydrazide of benzophenone . Formed by heat- 
ing benzophenone (5 g.) with hydrazine hydrate 
(1*8 g.) and alcohol (1 g.) at 160° (Curtius a. 
Lauterberg, J. pr. [2] 44, 192). Prisms (from 
alcohol). Reduces alcoholio AgNO a forming a 
mirror. Reduces Fehling’s solution on warm- 
ing. Boiling dilute H 2 S0 4 splits off hydrazine. 
Reacts readily with ketones. — B'HCl. [183°]. 

Acetyl derivative . [107°]. Prisms. 

Benzoyl derivative . [116*5°]. Prisms. 

Tetra-phenyl-di-methylene-hydrazine 
CPh 2 :N.N:CPh 2 . Di-phenyl-ketazine. [162^]. 
Formed by boiling CPh^N.NKj with iodine in 
alcohol. Yellow prisms, v, si, sol. hot water, 
sol. alkalis. Decomposed by boiling dilute 
H 2 S0 4 into benzophenone and N-jH^SO^ 

Phenyl - trimethylene - hydrazine C^HjjNj. 
[63°]. Got from phenyl-hydrazine and tri- 
methylene bromide (Marckwald, C. C. 1888, 
1410). Converted by trimethylene bromide on 
further heating into (PhN^C^HJ, [226°]. 

DI-PHENYL METHYLENE DIKETONE 
CH 2 (CO.C e H s ) 2 . Benzoyl-acetophenone . Di- 
benzoyl methane. [81°]. (over 200°), 


Formation . — 1. By boiling di-benzoyl-acetic 
acid with water (Baeyer a. Perkin, jun., B. 16, 
2134; C. J. 47, 240).— 2. By the action of 
malonyl chloride and A1G1 S upon benzene (Auger, 
A. Ch. [6] 22, 348). 

Preparation.— By adding dry sodium ethyl- 
ate to a mixture of acetophenone and benzoic 
ether, the reaction taking place with spontaneou% 
heating. The crystalline mass is extracted with 
cold water, finally with dilute NaOH, and from 
the solution of the sodium salt the ketone is 
precipitated by means of C0 2 ; the yield is c. 50 p.c. 
of the acetophenone used (Claisen, B. 20, 655). 

Properties . — Trimetric plates, v. sol. alkalis. 
Yields products of substitution by treatment 
with NaOEt and alkyl iodides. 

Reactions . — 1. Bromine (1 mol.) in CHCl t 
forms Bz-jCHBr [93°], which on heating with 
HOAc and KOAc yields Bz 2 CHOAc [94°], which 
on further bromination gives Bz 2 CBr.OAc [102°] 
which is split up by heat into Ph.CO.CO.OO.Ph 
and AcBr.— 2. Excess of bromine (2 mols.) in 
CHC1 S forms Bz 2 CBr 2 [95°] whence HOAc and 
KOAc form di-phenyl triketone.— 3. Amyl nitrite 
and alcoholio HOI give Bz 2 C:NOH [146°], con- 
verted by nitrous acid into the triketone (Neuf- 
ville a. Pechmann, B. 22, 852 ; 23, 3376). — 4. 
Phenyl-hydrazine forms tri-phenyl-pyrazole 
(Japp a. Klingemann, B. 22, 2886). 

PHENYL METHYLENE METHYL DI- 
KETONE v. Benzoyl-acetone. 

PHENYL METHYLENE METHYL SDL- 
PHONE-KETONE C a H a .S0 2 .CH 2 .CO.CH s . Ace - 
tonyl phenyl sulphone. [57°]. Formed by oxi- 
dising PhS.CH^Ao with KMn0 4 (Delisle, A. 260, 
262). Formed also from chloro-acetone and 
C„H 9 .S0 2 Na (Otto, B. 19, 1642 ; 21, 1871 ; 23, 
756; J.pr. [2] 36, 402). Plates, sol. water and 
alcohol. Yields a phenyl-hydrazide [129°] and 
an oxim [148°]. Ammonia yields the compound 
NH:CMe.CH. 2 .S0 2 Ph [111 0 ]. Phenyl mercaptan 
yields (PhS) 2 CMe.CH 2 S0 2 Ph [104]. Potash 
yields phenyl methyl sulphone. Br forms a 
bromo- derivative [96°] and a di-bromo- derivative 
[U4°]. 

PHENYL-METHYLENE-PHTHALIMIDINE 

0 15 H„N0 i.e. O a H ( <$®^>NPh. [100°]. 

Formed by heating acetophenone o-carboxylio 
anilide at 230° (Mortens, B. 19, 2372). Prisms, 
v. sol. alcohol. An isomeride [265°], got by 
treating acetophenone o-carboxylio anilide with 
cone. H 2 S0 4 , is si. sol. alcohol. 

DI-PHENYL METHYLENE DISULPHONE 
CH 2 (S02Ph) 2 . [119°]. Formed by oxidation of 
CH 2 (SPh) 2 which is got by boiling CH,C1 2 with 
NaSPh (Fromm, A. 253, 161). Needles, v. si. 
sol. boiling water. 

DI - PHENYL - DI - METHYLENE DI - STTL - 
PHONE KETONE C J9 H M S 2 0 9 t\e. COfCB^SO^hL. 
[150°]. Got from CHBr.CO.CH r S0 2 Ph and 
C a H 9 .S0 2 Na. Got also from OO (CHOI*)., and 
C e H 9 .S0 2 Na (Otto, B. 19, 1542 ; 22, 1967). Small 
crystals (from HOAc). Yields an oxim [137°] 
and a phenyl-hydrazide [171°]. PhSH forms 
(PhS) 2 C(CH 2 .S0 2 Ph) 2 [191°]. 

DI - PHENYL- METHYLENE-DI-THIO-OLY- 
COLLIC ACID CPh 2 (S.GH 2 .C0 2 H) 2 . [176°]. 
Formed by heating benzophenone with thio- 
glycollic acid and ZnCl 2 (Bong&rtz, B. 21, 483). 
Needles (from dilate HOAc), insol. hot water. 
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PHENYL-TRIMETHYLENE-THIO-UREA 

CS <NPh*.C^> 0H 2* [ 216 °J* Formed hoilin ^ 
N HPh.O s H <J SfH.CS.SNPhH 2 .O t H 6< NH 2 with 
water (Goldenring, B. 23, 1172). White prisms. 
Di-phenyl-methylene-^-thio-urea 0 „h 12 n 2 s 

S <Ott,— > NPh - [ 68 °J- Formed from 

*li-phenyl-thio-urea and CII 2 I, (Foerster, B. 21, 
1872). Thin needles, v. e. sol. alcohol. — 
B'jjHJPtCl*. Crystalline pp. 

Di-phenyl-trimethylene-^-thio-urea 

S <CH ^H~.CH h * [123 ° ] - Formed from di ‘ 
phenyl-thio-urea and trimethylene bromide (F.). 

Di-phenyl-trimethylene-di-thio-di-urea 
CH 2 (CH ? .NH.CS.NPhH) 2 . Formed from phenyl- 
thiocarbimide, trimethylene-diamine, and 
alcohol (Lellmann a. Wiirthner, A. 228, 236). 
Plates [115°] or nodules [60°], v. sol. alcohol. 

Tri-phenyl-trimethylene-di-thio-di-urea 
NHPh.CS.NH.0H 2 .CH r CH 2 .NPh.CS.NHPh. 
[145°]. Formed by heating phenyl-trimethylene- 
diamine (1 g.) with phenyl-thiocarbimide (2 g.) 
and alcohol (15 c.c.) (G.). Slender needles. 

DIPHENYL-METHYLENE-p-TOLUIDINE 
C„H 4 MeN:CPh 2 . (above 360°). Formed from 
Ph 2 CCl 2 and p-toluidine (Pauly, A. 187, 214). 
Oil, split up by acids intop-toluidine andbenzo- 
phenone. 

PHENYL-TRIMETHYLENE-UREA 

00 <CnH 1 !chP >CH »- t 215 °]' formed by heating 
phenyl-amido-propyl-urea at 240° (Goldenring, 

B. 23, 1173). Yellowish plates, si. sol. hot Aq. 
Di-phenyl-trimethylene-urea 

C0< CNPh CHp" 03 *- C 156 °J‘ Formed, together 

with CH 2 (6H J .HPh.OOCl) 2 [102°], from di-phenyl- 
trimethylene-diamine and COCl 2 in benzene 
(Hanssen, B. 20, 782). Plates. 

Tetra-phenyl-trimethylene-di-urea 
CH 2 (CH 2 .NPh.CO.NHPh) 2 . [163°]. Formed 
from CH,(CH 2 .NPh.C0Cl) 2 and aniline (H.). 
PHENYL TRIMETHYLENYL KETONE 

C. H,CO.CH<^ or Benzoyl- 

trimethylenc. Phenyl-furfurane dihydride 
(239°) at 720 mm. Y.D. 5*27 (calc. 5*04). Formed 
by heating its carboxylic acid at 200° (Perkin, 
jun., B. 16, 2140; G. J. 47, 842). Oil with 
aromatic odour. Alcoholic hydroxylamine forms 
the oxim in the cold, but by heating the ketone 
with alcoholic hydroxylamine hydrochloride at 
135° there are formed C^EL^NgO,, (a red amor- 
phous powder) and C 30 H 28 NA (a black brittle 
mass which forms deep-blue and 

B"H e PtCl a ). 

Oxim . [87°]. Colourless plates. 

PHENYL TRIMETHYLENYL KETONE 

CABB0XYLIC ACID £§ 2 >CBz.C0 2 H. [149°]. 

Formed by saponification of the ether. Mono- 
clinic prisms ; a:b:c = 2*330:1:2-132 ; /8 * 83°4'. 
M. sol. ether, si. sol. water. Decomposed by 
water at 110° into phenyl oxypropyl ketone 
CH 8 OH.CH 2 .CH 2 Bz, which when extracted with 
ether and dried over KjCO, is found to have 
split off water, the resulting anhydride being 
possibly phenyl trimethylenyl ketone (Perkin, 
O. /. 51, 837). — AgA' : floceulent pp. 


Ethyl ether Et*A". (282°) at 720mm. 
Formed from benzoyl-acetic ether, ethylene 
bromide, and NaOEt (Perkin, B. 16, 2138 ; C. J. 
47,841). Oil 

Reference. — Nitro - phenyl - trimethylenyl 

KETONE CARBOXYLIC ACID. 

PHENYL-METHYL-ETHYLENE-BIAMINE 

NH*.CH 2 .CH 2 .NPhMe. (255°). Formed by the 
action of HC1 on ^H^CArN.Gft.NPhMe 
(Newman, B. 24, 2200). Liquid, v. sol. water 
and alcohol.-B'CA(N0 2 ) 8 OH. [173°]. Needles. 

Di -phenyl -di-m ethyl -ethylene -diamine 
C 2 H 4 (NPhMe) 2 . The methylo-bromide B^Me^Br,;, 
got by heating di-methyl-aniline with ethylene 
bromide (Hiibner, A. 224, 346), crystallises in 
deliquescent prisms and yields B' , Me 2 (OH) 2 , 
B"Me 2 Cl 2 , B''Me 2 PtCl 6 , B'^CLSHgCl* [174^], 
B^MeA, B"Me 2 Cr 2 0 7 , and B' , Me 2 (O a H 2 N,0,) a 

[124°]. 

PHENYL - METHYL - ETHYLENE DIKE- 
TONE v. Acetophenone-acetone. Its carb- 
oxylic acid is described as Aoetophenone-aceto- 

ACETIG ACID. 

BI - PHENYL - DI - METHYL - v -ETHYLENE- 
DI-PYRROLE-DI-CARBOXYLIC ACID 


003 HO:CPh> NC ^- N <OTh e ;CH 0,H - P 81 T- 


Obtained by saponification of its ether, which 
is formed by mixing acetophenone-aceto-acetio 
ether with ethylene-diamine (Paal a. Schneider, 
B. 19, 8158). Crystalline solid. SI. sol. alcohol, 
acetic acid, and cone. HC1, insol. other ordinary 
solvents. On heating above 180° it evolves CO„ 
giving the free base. 

Di-ethyl-ether Et 2 A" : [197°]; plates; 
distillable under ordinary pressure ; sol. alcohol, 
benzene, chloroform, and acetio acid, insol. 
water and petroleum-spirit. 

PHENYL - METHYL-ETHYL-OSOTRLAZOLE 


NPh<^J;^ t e . (270°). Formed by condensa- 
tion of the oxim - phenyl - hydrazide of 
CHj,.CO.CO.C 2 H ft (Pechmann, A. 262, 312). 
Needles. Yields a di-nitro- derivative [113°]. 
Oxidised by alkaline KMn0 4 to phenyl-methyl- 
triazole carboxylic acid. 

PHENYL - METHYL - ETHYL - PYRAZOLE 

NPh <CET:OMe- < 283 °>- SG - 15 10476 ' Got 
by the action of phenyl-hydrazine on 
C 2 H 5 .CO.CHMe.CHO (Claisen, B. 22, 3276). 
Reference .— Oxy - phenyl - methyl - ethyl - 

PYRAZOLE. 

TRI - PHENYL - METHYL - ETHYL - THIO- 
BIURET C 2 S 2 N 9 Ph # MeEt. [157°]. Formed from 
di-phenyl-ethyl-thio-urea and NPhMe.CSCl 
(Billeter a. Strohl, B. 21, 108). An isomeride 
[156°] is formed from di-phenyl-methyl-urea 
and NPhEt.CSCl. Both bodies crystallise in 
needles, si. sol. alcohol. 

PHENYL - METHYL - ETHYL - THIO UREA 
CS(NHMe).NPhEt. Got from methyl thio- 
carbimide and ethyl-aniline (Gebhardt, B. 17, 
3037). Crystalline solid. 

Di-phenyl-methyl-ethyl-thio-ure^ 
CS(NPhMe).NPhEt. [49*5°]. Formed from 
methyl-aniline and NPhEt.COCl (Billeter, B. 20, 
1632). Monoclinic crystals. 

PHENYL-METHYL-FURFURANE C n H ja O, 

ijt. ^>0 or Qxyphemyl-pentamethenyl 



58 


PHEN Y L-METHYL-FURFURA.NE. 


hydride oph-OH^CO- [40°]. (c. 288°). Formed 
by heating phenythronic acid, and prepared by 
warming acetophenone-acetone with fuming 
HClAq, the yield being 65 p.c. (Paal, B. 17, 
2759 ; Fittig, B. 21, 2184 ; A. 250, 222). Needles 
or prisms, insol. water and alkalis, volatile 
with steam. Br forms C n HaBr 5 0 [210°]. Phenyl- 
hydrazine forms a compound [165°-175°], crys- 
tallising from alcohol in golden spangles. 

Tetrahydride ^CHPh>°- (°* 230 °)- 
Formed by reduction in alcoholic solution by 
Na. Oil, miscible with alcohol and ether. 

PHENYL-METHYL-FIJRFIIRANE CARB- 

OXYLIC ACID C 12 H 10 O 3 i.e. C0 * HC : CPh>°- 

[181°]. Formed by boiling dehydro-aceto- 
phenone-acetoacetic ether (cf. vol. i. p. 36) with 
HClAq (Paal, B. 17, 2762). Needles. Boiling 
Ac 2 0 forms an acetyl derivative C 14 H I2 0 4 [83°J, 
reconverted by NaOHAq into the parent acid. — 
KA'. — AgA' : crystalline pp. 

Phenyl-methyl-furfurane carboxylic acid 

c i 2 H io 0 8 i.e, cOjjH.C^CPh^ 0 or 

C0;,H CH CO h > CH - Phenuvic acid - [145°]. 
Formed by heating phenythronic acid (Fittig, B. 
21, 2134). Its ether is obtained from chloro- 
acetone and sodium benzoyl-acetio ether (Cole- 
fax, C. J, 69, 190). Long silky needles. — 
CaA ' 2 2aq. — BaA 2 'aq. — AgA' : amorphous pp. 
Phenyl-methyl-furfurane dicarboxylic acid 

p TT A ; . C0 2 H.CH ,CPh<v p pp TT 

0. 8 tl 10 O a ».e. CII, .CO or 

CO^C-CPh^^* Phenythronic acid [193°]. 

Formed by saponifying its ether with boiling 
baryta (Fittig, A. 250, 216). Silky needles, m. sol. 
hot water, v. sol. alcohol.— CaA" 3aq. S. 5. — 
BaA" aq. — Ag 2 A" : crystalline pp. 

Mono-ethyl ether EtHA". [112°]. 

Formed by the action of Ac 2 0 on a mixture of 
sodium succinate and benzoyl-acetic ether. — 
Ca(EtA") 2 : crystalline nodules (from alcohol). — 
Ba(EtA") 2 . — AgEtA" : white amorphous pp. 
Di-ethyl ether EtjA". [44-5°]. 
PHENYL-METHYL-GLYCOCOLL v. Phenyl- 
methyl- AMIDO- ACETIC ACID. 

PHENYL-METHYL-GLYOXALINE C 10 H 10 N 2 

1. e. CMe^~£p h . [159°]. Formed by heat- 

ing phenyl-methyl-oxazole with alcoholic NH 3 
at 230° (Lewy, B. 22, 2195). Needles, v. si. sol. 
alcohol. Salts.— B'HCl. [242°]. Needles.— 
B' 2 H 2 PtCl 6 2aq. [212°]. Yellow prisms. 

Phenyl-di-methyl-glyoxaline CjjH^N,* i.e. 

CPh< ^NH.CMe- [230°-234°]. Formed by 
heating diacetyl with benzoic aldehyde and 
alcoholic NH S (Wadsworth, C. J, 57, 8). 
Needles (from benzene), — B'^PtCl,, : needles. 
Bi-phenyl-methyl-glyoxaline 

CMe^g^jph • [ 236 °]- Formed by the action 

of aldehyde and NH 8 on benzil (Japp, C, J. 49, 
466; 51, 657; C. J, Proc . 8 , 34). Trimetrio 
crystals; a:5:c = 1 , 207:1:1*929. Crystallises with 
diphenylglyoxaline (1 mol.), the compound melt- 
ing at 218°. 


PHENYL-METHYL-HYDANTOIC ACID 

C 6 H fl .NH.C0.NH.0H(CH 3 ).C0 2 H [170°]. Formed 
by the combination of phenyl cyan&te with 
alanine and boiling the product with alcoholic 
KOH (Kuhn, B. 17, 2884). Glistening scales. 

PHENYL-METHYL-HYDANTOIN 

CHPh<°° [162°]. Formed from phenyh 

hydantoin, KOMe, and Mel (Pinner, B. 21, 
2325). Needles, si. sol. cold alcohol. 

s-PHENYL-METHYL-HYDRAZINE 
C 8 H ft NH.NHMe. Hydrazo - phenyl - methyl . 
Got by saponification of its dibenzoyl derivative, 
which is formed by heating NPhBz.NBzH with 
NaOMe and Mel (Tafel, B. 18, 1740). Obtained 
also by the action of alkalis on nitroso-antipyrin 
(Knorr, A. 238, 137). Oil, oxidised by HgO to 
PhN:NMe. Reduces Fehling’s solution and 
ammoniacal AgNO a in the cold.— B' 2 H 2 S0 4 . 
[180°]. — O x a 1 a t e : white needles. 

Di-benzoyl derivative PhNBz.NMeBz. 
[145°]. Crystals, v. sol. alcohol and ether. 

u - Phenyl - methyl - hydrazine NPhMe.NH a . 
(227° i.Y.) at 745 mm. Formed by converting 
methyl-aniline into phenyl-methyl-nitrosamine, 
and reducing this body (5 pts.) by zinc-dust 
(20 pts.), HOAo (10 pts.), and water (35 pts.) at 
0° (E. Fischer, A. 190, 152; 236, 199). 

Properties,— Colourless oil, turning brown in 
air ; m. sol. hot water, miscible with alcohol. 

Reactions. — 1. Nitrous acid yields NPhMe.NO, 
water, and N 2 0.— 2. Diazobenzene nitrate solu- 
tion forms PhNj and methyl-aniline nitrate. — 
3. HgO added to its solution in chloroform pro- 
duces NPhMe.N:N.NPhMe [137°]. — 4. Reacts 
with aldehydes and ketones in the same way as 
phenyl-hydrazine, forming products of con- 
densation ; thus benzoic aldehyde forms 
NPhMe.N:CHPh [104°] (Ebers, A. 227, 340), 
acetophenone forms NPhMe.N:CMePh [50°J, 
acetone forms C 10 H, 4 N 2 (216°) (Dcgen, A. 236, 
152), propionic aldehydo yields C, 0 H, 4 N 2 (198° at 
170 mm.) , glucose yields C fi H 10 O 5 :N.NPhMe [171°] , 
while benzil yields Ph.CO.CPh:N 2 PhMe [56°] and 
N 2 PhMe:CPh.CPh:N 2 PhMe [180°](Kohlrausch,i4. 
253,16; Fischer, B. 22, 87).— 5. CS 2 at 100° forms 
CS(NH.NPhMe) 2 [c. 168°] (Stahel, A.258, 250).— 
6. Nitroso-aniline forms C 18 H 14 N 4 0 [151°], while 
nitroso-dimethylaniline gives C 1V H, 8 N 4 0 [141°] 
(O. Fischer, B. 22, 622).— 7. With PhN:SO it 
forms PhNMe.N:SO [77°] crystallising from alco- 
hol in yellow needles (Michaelis, A. 270, 120). 

Salt .— B' 2 H 2 S0 4 ; plates, v. e. sol. water. 

Acetyl derivative NPhMe.NHAc. [93°]. 
Prisms, m. sol. hot water. Converted by Na and 
Mel into NPhMe.NMeAc [68°], which is not de- 
composed by alkalis, but gives methylaniline 
when boiled with HClAq. 

Benzoyl derivative NPhMe.NHBz. 
[153°]. Formed by heating NPhH.NHBz with 
NaOMe and Mel. Needles (Tafel, B. 18, 1743). 

Sulphonio acid S0 3 H.C 6 H,NMe.NR r 
Formed by heating with fuming H 2 80 4 (Pfiilf, A. 
239,219). Plates. — NaA'aq: slender needles. 

PHENYL-METHYL-IMESATIN v. Anilide 
of Methyl Isatin. 

DI - PHENYL METHYLIMID0 - DI - ETHYL 
DI8ULPHONE NMefC^.SO^h)*. Formed by 
heating NHfCgH^SOaPh) with alcohol and Mel 
at 116° (Otto, J.pr. [2] 80, 835).— B'HCl (221°]. 
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PHENYL-METHYL-INDOLE C„H 1S N U. 
OJH,<^® e ^.OPh. [101°]. Formed by heating 

the phenyl-hydrazide of acetophenone with 
ZnCl 2 at 130° (Fischer, B. 19, 1565 ; Degen, A. 
236,155). Formed also by heating CH.Dz.NMePh 
with ZnCl* at 180° (Staedel, B. 21, 2196 ; Cul- 
i»ann, B. 21, 2596), and by heating the isomerio 

C,H 4 <^f 1 e ^.OH with ZnCl 3 at 220° (Inee, A. 

253, 40). Needles (from alcohol). Colours pine- 
wood, moistened with HC1, dark-red. 

Acetyl derivative C B H 4 <^^^.CPh. 

[136°]. Formed by heating CH 2 Ac.CPh:N.NMePh 
with ZnCl 2 at 160°. Needles (from dilute HOAc). 

Phenyl-methyl-indole C 6 H 4 <^^j[^CH. 

[65°]. Formed from phenyl-acetic aldehyde and 
phenyl-methyl-hydrazine (Ince, A. 253, 38). 
Crystals, v. sol. benzene. Colours acidified pine- 
wood reddish- violet.— B'C fi H 8 N 8 0 7 . [90']. 

Phenyl-methyl-indole 0 B H 4 <^ h ^>CMe. j 

[60°]. Formed by heating the phenyl-hydrazide 
of benzyl methyl ketone with ZnCl 2 (Trenkler, 
A . 248, 110). Prisms (from ligroin) . — P i c r a t e : 
[142°] ; v. sol. benzene. 

PHENYL METHYL KETONE v. Aceto- 
phenone. 

Phenyl methyl diketone G fl H 5 .CO.CO.CH 3 . 
Acetyl-benzoyl. (217°). S.G. ^ 1*1041. S.*26at 
20°. Formed by distilling its oxim Bz.C(NOH)Me 
with dilute H 2 S0 4 (Yon Pechmann, B. 21, 2119 ; 
22, 2129) or with isoamyl nitrite (Manasse, J3. 
21, 2177). Heavy oil, volatile with steam. 

Oxim C (i H ft .CO.C(NOH).CH 3 . Nitroso-pro- 
piophenone. [114°]. Formed by the action of 
isoamyl nitrite and HC1 or NaOEt on the ketone 
(Claisen a. Manasse, B. 22, 529). Prepared by 
the action of nitrous acid on benzoyl-propionic 
ether (1 mol.) and KOHAq (3 mols.) (P. ; Gude- 
man, B. 22, 562). Needles (from hot water), 
forming a deep-yellow solution in alkalis. SnCl 2 
and HC1 yield hydroxylamine and phenyl methyl 
diketone. Reduced by sodium-amalgam to a 
base which crystallises from alcohol in needles 
[108°]. 

Di-oxim Ph.C(NOH).C(NOH).Me. [230°]. 
Formed from the mono-oxim and hydroxylamine 
hydroohloride. Needles (from dilute alcohol). 
Phenyl hydrazide C, 5 H l4 N 2 0. [145°] 
Di-phenyl -di-hy dr azide 
CMe(N 2 HPh).CPh(N 2 HPh). [105°]. Yellow 
crystals, v. sol. ether. 

Oxim -phenyl -hydrazide 
CPh(N 2 HPh).CMe:NOH. [202°]. White needles. 

Phenyl methyl triketone. Mono-oxim ! 
C 6 H ft .CO.C(NOH).CO.CH 8 . [124°]. Formed by 
the action of nitrous acid on phenyl methyleno 
methyl diketone (Ceresole, B. 17, 814). Needles, 
v. sol. benzene, sol. alkalis. 

Di-oxim C,JI a .C(NOH).C(NOH).CO.CH 3 . 
[178°]. Formed by heating the mono- oxim with 
hydroxylamine hydrochloride. Needles, insol. 
cold water, sol. alkalis. 

PHENYL-METHYL-KETONE CARBOXYLIC 
ACID v. Benzoyl-acetic acid and Acetophenone 
CARBOXYLIC ACID. 

PHENYL-METHYL-MALONIC ACID v. Ben- 

5YL-MALPNIC ACID. 


Tri-phenyl-methyl-malonio ether 
CPh 8 .CH(C0 2 Et) 2 . [133*5°]. Formed from 
CPh,Br and sodium malonic ether (Henderson, 
B. 20, 1014 ; O. J. Proc. 2, 251). Needles (from 
alcohol). Yields tri-phenyl-propionio acid when 
heated with alcoholic potash. — NaA'aq: needles. 
— BaA' 2 aq.— AgA' : minute white crystals. 

PHENYL - DI - METHYL - NAPHTHALENE 
TETRAHYDRIDE v. Methronol. 

PHENYL - METHYL - (0)-NAPHTHOTRIAZ* 

INE DIHYDRIDE C 18 H ]5 N 3 i.e. 

Formed by adding aldehyde to a mixture of 
benzene-azo-(#)-naphthylamine and alcohol 
(Goldschmidt a. Poltzer, B. 24, 1004). Plates, 
v. sol. hot alcohol. — B'HCl. [252°].— B' 2 H 2 PtCl 8 . 
Yellow needles.— B'Mel. [244°].— B'^Me^PtCl.. 
[260°]. Yellow needles. 

PHENYL - METHYL-(8)-NAPHTHYL-THI0- 
UREAC 18 H 18 N 2 Si.e.NPhMe.CS.NHC l0 H 7 . [127°]. 
Formed from (8) -naphthyl thiocarbimide and 
methyl-aniline (Gebhardt, B. 17, 2091). Yellow 
needles. 

PHENYL - METHYL - NITROS AMINE v. 

Nitrosamim of Methyl- aniline, vol. iii. p. 285. 

PHENYL-METHYL-OSOTRIAZOLE 

NPh <N:CMe ( 242 °)' SG - ¥ 1-1071. 

Formed by oxidising the diphenyl-hydrazide of 
pyruvic aldehyde and warming the resulting 

NPh N*CMe* Formed also by the action of 

NaOH on CH 3 .C(N 2 HPh).CII:NOAo (Pechmann, 
B. 21, 2751 ; A. 262, 279). Oil. Yiolds a tri- 
nitro- derivative [138°], and a sulphonic acid, of 
which the Na salt crystallises in hexagonal 
plates. 

Phenyl-di- methyl-oso triazole 

NPKS- P5°J. (351°). Formed by 

heating the plienyl-hydrazide-oxim of diacetyl 
with Ac/) (P.). Crystalline, insol. water, sol. 
cone. HClAq, but reppd. by water. Yields a di- 
nitro- derivative [139°] and a tri-nitro- derivative 
[227°]. 

PHENYL-METHYL-OSOTRIAZOLE CARB- 
OXYLIC ACID n> [198°]. 

Formed by oxidising phenyl-di-methyl-oso- 
triazole with KMn0 4 (Pechmann, A. 262, 308). 
Needles, v. si. sol. water.- AgA' : white pp. 

PHENYL-METHYL-OXAMIDE C e H 10 N 2 O 2 
i.e. NHPh.C 2 0 2 .NHMe. [180°]. Formed from 
NHMe.C 2 0 2 .0Et and aniline (Wallach, A. 184, 
70). Needles. 

PHENYL- METH YL-OXANTHR ANOL 

0 21 H,. 0 , i.e. C„H.,Me<rg Pb ( QH ^'> C„H- [195°]. 

Formed by oxidation of phenyl-methyl-anthra- 
nol with K^CrjjO, and HOAc (Hemilian, B. 16, 
2366). Trimetric tables, v. sol. hot alcohol, 
insol. alkalis. Cone. H 2 S0 4 forms a purple 
solution. 

Iiomeride [l: 4 ] O.H.Me< GPh ( 0g >>C.H 4 . 

[213°]. Formed by oxidising di-phenyl-tolyD 
methane o-carboxylio acid with K 2 Cr0 4 and 
cone. BLjS 0 4 (Hemilian, B, 19, 3064). Prisms* 
insol. alkalis. Reduced by zinc-aust to a 
phenyl-methyl-anthranoL 
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PHENYL-METHYL-OXAZOLE. 


PHEStL-JtETHYL-OXAZOLE C 10 H„NO i.e. 

0< sCMe:N H - [45 ° ] - ( 242 °>- Formed by heat- 
mg acetamide with bromo-acetophenone at 125° 
jJBlumlein, B. 17, 2578 ; Lewy, B, 20, 2576 ; 
21 , 924 ). Needles (from alcohol). Yields benz- 
oic acid on oxidation. Na and alcohol form an 
oily tetrahydride C, 0 H„NO (251°), which yields 
crystalline C 10 H i!f BzNO [140°]. HI and P give 
oily C 1B H, 8 (c. 275°). Cone, nitric acid forms 
C, 0 H 8 (NO 2 )NO [157°], which may be reduced to 
C^HglNH^NO [115°J. Hydroxylamine, phenyl- 
hydrazine, and hot zinc-dnst have no action.— 
B'HCl.— B' 2 H 2 PtCl 6 2aq.— B'CgHgN.Oy. [1B4 0 ]. 

Phenyl-methyl-oxazole 0<CcMe-CH* ( 240 °)* 

Formed by boiling benzamide with chloro- 
acetone (Lewy, B . 21, 2193). Oil with fruity 
odour. — B' 2 H 2 PtCl a 2aq. [170°]. Yellow needles. 

Bihydride O^qh^MoCH * ( 24:4f0 )* Formed 
by the action of KOH on bromo-propyl-benz- 
amide in hot aqueous or alcoholic solution, the 
product being distilled with steam (Gabriel a. 
Heymann, B. 23, 2499). Liquid. Partly con- 
verted, by evaporation with excess of HClAq (or 
HBrAq), into jB-chloro- (orbromo-) propyl-benz- 
amide [78°] (or [73°]). Boiling with an equiva- 
lent of HClAq yields /3-amido-propyl benzoate. 
-r-B'jjHjPtClg. — B'^Cr^O,. — B'C^H^NjO^tlG? 0 ]. 

PHENYL - TBI - METHYL-PHENYL-CARBI- 
NOL 0 14I H 18 0 i.e . CHPh(OH).C a H,Me # . Phenyl - 
mesitylene carbinol. [34°]. (330°). Formed 

by reducing benzoyl-mesitylene with sodium- 
amalgam (Louise, Bl. [2] 45, 231 ; A. Ch. [6] 6, 
209). Prisms. Boiling diluted H 2 S0 4 (1:1) 
converts it into (C la H 17 ) 2 0 [137°]. 

Ethyl ether C J6 H 17 EtO. [32°]. Prisms. 
Acetyl derivative C, a H, 7 AoO. [52°]. 
Benzoyl derivative, [94°]. Crystals. 
BIPHENYL TBIMET HYLPHEN YLENE DI- 
KETONE (CA.COJ.CgHMe,. [117°]. Formed 
by heating CgH^.CO.CgHjMeg with BzCl and 
A1C1, (Louise, C. B, 98, 151 ; A, Ch . [6] 6, 236). 
Prisms, sol. alcohol and ether. 

Bi-phenyl tetramethylphenylene diketone 
C a Me 4 (CO.C 6 H 4 ) 2 . [270°]. A product of the 
action of BzCl and A1C1, on durene (Friedel a. 
Crafts, C. B, 88, 880). Minute prisms, sol. 
benzene, almost insol. boiling alcohol. 

PHENYL METHYLPHENYL KETONE v . 
Phenyl tolyl ketone. 

Phenyl dimethylphenyl ketone v. Phenyl 

XYLYL KETONE. 

Phenyl trimethylphenyl ketone 

-C tj H 6 .CO.C 6 H 2 Me 3 [l:2:4:6]. Benzoyl-mesitylene, 
Phenyl mesityl Icetone. [35°]. (319°). Y.D. 8-18. 
Formed from BzCl, mesitylene, CS 2 , and A1C1, 
(Elbs, pr. [2] 35, 485 ; cf, Louise, A. Ch. [6] 
<6, 200; C. B, 96, 499; Claus, B, 19, 2879). 
Prisms (from alcohol), sol. acetone and ligroin. 
Does not react with hydroxylamine (Smith, B. 
24 , 4052). 

Beactions, — 1. Cone. H 2 S0 4 or H 2 S 2 0 7 at 
100° gives benzoic acid and mesitylene sulphonic 
acid.— 2. Cone. HJ30 4 at 50° forms phenyl- 
mesityl ketone sulphonic acid O^H^O.SOjH.— 3. 
A mixture of fuming HNO, and H 2 S 2 0 7 forms 
4wo trinitro- derivatives [188°] and [145°]. 
4. HN0 2 (S.G. 1*1) at 200° forms benzoyl-uvitic 
or phenyl-tolyl-ketone dicarboxylic acid.— 6. 


Potash-fusion gives mesitylene and KOBz.— 6. 
HI reduces it to benzyl-mesitylene. — 7. Sodium- 
amalgam yields the carbinol.— 8. Chromic acid 
oxidises it to C tt H 5 .C0.C B H i! Me 2 .C0 2 H. 

Phenyl tetra-methyl-phenyl ketone 
C 6 H s .CO.C a HMe 4 . [119°]. (343°)* Formed by 
heating durene with BzCl and A1C1 3 at 120° 
(Friedel, Crafts, a. Ador, C, B. 88, 980). Crys- 
talline. Decomposed by potash-fusion into 
benzoic acid and durene. Reduced by HIAq 
and P at 240° to CH 2 Ph.C e HMe 4 [60*5°], (310°). 

Isomeride C«H ft .CO.O ti HMe 4 . [63°]. (300°). 

Formed from BzCl and isodurene (got from 
toluene, McCl, and A1C1 S ). Crystals (Essner a. 
Gossin, Bl, [2] 42, 171). 

PHENYL THIMETHYLPHENYL KETONE 
o-CABBOXYLIC ACID C # H 2 Me 3 .C0.C (i H 4 .C0 2 H. 
[212°]. Formed from phthalio anhydride, 
mesitylene, and A1C1 S (F. Meyer a. Gresly, B, 
16, 639 ; A, 234, 234). Needles (from alcohol). 

Phenyl tetramethylphenyl ketone carboxylic 
acid v. Tetra-mkthyl-benzoyl-benzoio acid. 

PHENYL - THIMETHYLPHENYL - THIO- 
UBEA NHPh.CS.NHCgHoMeg. [198°J. Formed 
by heating methyl-thiocarbimide with an alco- 
holic solution of aniline (Eisenberg, B, 15, 1014). 

PHENYL-DI-METHYL-PHOSPHINE 
PMe 2 Ph. (192° cor.). S.G. ^ *977. Formed 
from PCl 2 Ph and ZnMe 2 in benzene (Miohaelis, 

A, 181, 359). Liquid, oxidised by air. Com- 
bines with CS 2 forming PMegPhCS* crystallising 
in red plates and yielding B'^HaPtCla (Czimatis, 

B. 15,2017). 

Salts. — B'HCl : crystalline, si. sol. ether, v. 
e. sol. alcohol.— B'2HC1. Liquid.— B' 2 H 2 PtCl # . 

Methylo-iodide PMe 8 PhL [205°]. 

Br o mo -ethylo -bromide 
PMe 2 Ph(C 2 H 4 Br)Br. [173°]. Formed from 
PMe^h and C;jH 4 Br 2 (Gleichmann, B, 15, 199). 
Yields (B'(C 2 H 4 Br)Br) 2 PtCl 4 and the unstable 
B'C 2 H 4 Br fl . An alcoholic solution of phenyl- 
di-nlethyl-pbosphine forms (PMe 2 Ph) 2 C 2 H 4 Br 2 
[above 800 J ], S. (alcohol) 2 at 21°, which gives 
unstable (PMe.Ph^Cja.Br,, [171°]. 

Di-phenyl-methyl-phosphine PMePh 2 . (284°). 
S.G. 1*08. Formed from PClPh 2 and ZnMe 2 
(Michaelis a. Link, A, 207, 210). Liquid. Yields 
PMe^hJ [241°], (PMejjPhJjjPtCl, [218°], and 
PMePh 2 0 [112°] (Michaelis a. La Coste, B. 18, 
2116; A. 229, 316). 

PHENYL - DI - METHYL-PHOSPHINE «- 
CABBOXYLIC ACID C b H 4 (C0 2 H).PMe 2 . The 
methylo -chloride C e H 4 (C0 2 H).PMe s Cl, formed 
by oxidation of the melhylo-chloride of p-tolyl- 
di -methyl-phosphine, crystallises in prisma 
(Michaelis, B. 15, 2018). It yields the com- 
pounds B'Me.JPtCl*, C«H 4 (C0 2 H).PMe 3 0H2aq, 
and CaH 4 (C0 2 H)PMe 3 .S0 4 H. 

0ccidcCaH 4 (C0 2 H).P0Me 2 . [243°]. Formed 
by oxidation of the ethyleno-bromide of tolyl-di- 
methyl-phosphine. Colourless prisms. 

PHENYL METHYL PBOPYLENE DI- 
KETONE CaH y CO.CHEt.CO,CH 8 . (265°-270°). 
Formed from benzoyl-acetone, Na, and EtI 
(Claisen a. Lowman, B. 21, 1152). Liquid. 

PHENYL - METHYL-PBOPYLENE4-THIO- 

TTEEA^™^|^CNPhMe. (c. 800°). Formed 

by heating methyl-aniline with allyl thiocarb- 
imide and HClAq at 100° (Prager, B. 22 , 2996 ). 
— B'.HFtCl.. [184°].-B'CaH 3 N i O y . 1125 °]. 
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TRI-PHENYL-METHYL-PROPYL-DI-THIO- 
BIURET C 2 S 2 N 8 Ph s MePr. [110°]. Formed from 
NPhMe.CSCl and di-phenyl-propyl-thio-urea 
(Billeter a. Strohl, B. 21, 109). Small yellow 
pyramids. An isomeride [111 0 ] is formed from 
NPhPr.CSCl and di-phenyl-methyl-thio-urea. 

DI - PHENYL - METHYL - PROPYL - THIO- 
UREA NPhMe.CS.NPhPr. [56°]. Formed from 
CSC1 2 , propyl-aniline, and MeCl or from CSC1 2 , 
methyl-aniline, and PrCl (Billeter a. Strohl, B. 
21, 103). Colourless prisms. 

DI-PHENYL-DI-METHYL-PYRAZINE 

CMe^j^^CMe. [124°]. Formed whon 

phenyl amido-ethyl ketone is allowed to stand 
with NH 3 Aq (Schmidt, B. 22, 3253).-B'HCi: 
needles. — B'^PtCl,,. 

Di-phenyl-methyl pyrazine dihydride 

N <cS.CHMe> N - C U2 °J- Formed from 

benzil and propylene-diamine (Strache, B. 21, 
2363). Needles, v. sol. benzene, m. sol. alcohol. 
Di-phenyl-tetra-methyl-pyrazine dihydride 

i-e. NPh<cMe:CMe> NPll ‘ C 108 °]- 
(281°). Formed by heating £-bromo-£-acetyl- 
propionic acid (1 pt.) with aniline (3 pts.) at 
95° ; the yield being 70 p.c. of the theoretical 
amount (Wolff, B. 20, 429). Satiny plates, v. 
sol. ether and cone. HClAq. 

References. — Nitro- and Oxy-di-phenyl- 

MET H YL-P YRAZINE . 

PHENYL-METHYL-PYRAZOLE 

NPh <c5.CH e - [ 87 °1- ( 256 °)- S.G. 14 1-085. 

Formation — 1. By heating oxy-phenyl- 
methyl-pyrazole NPh^^^^ 6 zinc-dust 

(Knorr, A . 238, 199). — 2. From acetoacetic alde- 
hyde, phenyl-hydrazine, and HOAc (Claisen, B. 
21, 1147 ; 24, 1888). — 3. By heating its carb- 
oxylic acid at 210° (Ach, A. 253, 55).— 4. From 
oxy-phenyl-methyl-pyrazole dihydride and P 2 S 5 
(Knorr a. Duden, B. 25, 766). 

Properties. — Needles, v. sol. alcohol and 
ether ; volatile with steam. Oxidised by KMn0 4 
to phenyl-pyrazole carboxylic acids [146°]. 

Salt. — B'HjPtCl*: orange needles. 

Dihydride NPh<^ ^ e . [75°]. 

Formed by reducing the base in alcoholic solu- 
tion with Na. Flat needles, m. sol. alcohol. 

Phenyl-methyl-pyrazole ^^CMe-CH * 

(262°). Formed by distilling its dicarboxylio 
acid (Knorr a. Laubmann, B. 22, 178). Got 
also from acetone, oxalic acid, and phenyl- 
hydrazine (Olaisen a. Roosen, B. 24, 1890). 
Yields phenyl-pyrazole carboxylic acid [183°] on 
oxidation by KMn0 4 .-~B' 2 H g PtCl g 2aq. [147°]. 
Phenyl-di-methyl-pyrazole 

NPh <oSiOT 6 * ( 27S ° Pormed fa y 

heating its carboxylic acid (Knorr, B. 20, 1103) 
and by warming acetyl-acetone with phenyl- 
hydrazine (K. ; Combes, Bl. [2] 50, 145). Oil, 
volatile with steam,— B'jELjPtClg 4aq. Decom- 
poses at 186°. 

Methylo-iodide B'Mel. [190°]. Crystals, 
v. aoL water. — B^MejPtCl*. Decomposes at 220°. 


Dihydride NPh<^“g“ e . (290°i.V.). 

Formed by adding Na to a boiling alcoholic 
solution of the base. 

Phenyl-tri-methyl-pyrazole. Dihydridi 
NPh<^^j^“^g°. Formed by heating mesityl 

oxide with phenyl-hydrazine (Fischer a. Knoe- 
venagel, A. 239, 203). Oil, v. e. sol. ether and 
alcohol, si. sol. water. Its solution in dilute 
HC1 gives a violet colour with K 2 Cr 2 0 7 .— 
ByiaPtCl,, : crystalline pp. 

Di-phenyl-methyl-pyrazole G ia H 14 N 3 i.e, 

NPh< CcMe:CH h - [ G3 °^ ( 335 ° or 356 °)- Formed 
by heating its carboxylic acid at 250°, and also 
by warming benzoyl-acetone with phenyl-hydraz- 
ine (Knorr, B. 18, 814 ; Fischer, B. 18, 2136). 
Insol. water, v. sol. aloohol. Weak base. Yields 
C, 6 H l3 Br0 2 [75°]. — B' 2 H 2 PtCl tt aq. — B'Mel. 
[187°].-B' 2 Me 2 PtCl«. [241°]. Orange-red needles. 

Diliydride 0,„Hi fl N r [109°]. Long prisms 
(from ether). Its acid solution is coloured in- 
tensely red by nitrous acid. 

Di-phenyl-methyl-pyrazol© C 1B H U N 2 i.e . 

NP KcPh:CMe- C 47 °]- ( aG3 °)- Formed by 
heating its carboxylic acid, and also, together 
with its dihydride, by distilling the phenyl- 
hydrazide of benzylidene-acetone (Knorr, B. 18, 
981 ; 20, 1100). Weak base.— B'.H.PtC^ : red 
prisms.— B'Mel. [192°].— B^MeJPtCl,,. [229°]. 

Dihydride O le H lfl N 2 . [114°]. (c. 850°). 
Prisms. Its solutions fluoresce blue and give a 
blue colour with nitrous acid. 

Tri - phenyl - methyl-pyrazole. Tetrahy - 

dride N P h <cHPh!cH Ph - [ 110 °J- Formed 
by the action of Na and boiling alcohol on tri- 
phenyl-pyrazole methylo-iodide (Knorr a. Laub- 
mann, B. 21, 1205). Insol. water, v. sol. alcohol. 
Resinified by cone. HNO s . 

References.— Oxy-amido- and Oxy-phenyl- 
methyl-pyrazole. 

PHENYL - METHYL - PYRAZOLE CARB. 
OXYLIC ACID NPh<^ ; ^ 0:tH . [106°]. 

Formed from acetone, oxalic acid, and phenyl 
hydrazine (Claisen a. Roosen, B. 24, 1891). 
Methyl ether MeA'. (256° at 109 mm.). 
Amide . [146°]. 

Phenyl-methyl-pyrazole carboxylio acid 
N p Kc(55^H- [166°]. Formed by heat- 

ing NPh<c 0 ;c(^H)^ CH witb HCU< 1 ttt 17 °® 
(Ach, A. 253, 54). Needles, sol. hot alcohol. 
Phenyl-methyl-pyrazole dicarboxylio acid 

CAM i-e. NFK^ : dC0 2 H- t 198 ^ 

Formed by oxidising phenyl-di-methyl-pyrazole 
carboxylio acid with alkaline KMn0 4 (Knorr a. 
Laubmann, B. 22, 177). Needles (from water). 
Phenyl-di-methyl-pyrazole carboxylic acid 

^KcM^lccyEr t 197 ° ] - Got by saponify, 
ing its ether, which is obtained from ethylidene- 
acetoacetic ether and phenyl-hydrazine (Knonv, 
B. 20, 1102). Needles, v. si. sol. water. — KA'. 
Ethyl ether EtA'. [68°]. (286° at 260 mm.^. 
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Di-phenyl-methyl-pyrazole carboxylic acid 

WA i,e - NPll ^OMe:cSo. 2 H* [205°]. 

Got from its ether, which is obtained by the 
action of phenyl-hydrazine on benzoyl- aceto- 
acetic ether (Knorr a. Blank, B. 18, 311). Sol. 
alkalis and cone. HClAq, insol. water. 

Ethyl ether Et A'. [122°]. 
Di-phenyl-methyl-pyrazole carboxylic acid 

NPh<^=g^ H . [194°]. Formed from its 

ether, which is got by mixing benzylidene-aceto- 
acetic ether with phenyl-hydrazine (Knorr a. 
Blank, B. 18, 931). Crystalline, v. sol. alkalis 
and acids. 

Ethyl ether EtA'. [110°]. 

References . — Nitro- and Oxy-piienyl-methyl- 

PYRAZOLE CARBOXYLIC ACID. 

PHEN YL-DI-METHYL-P YRID AZIN £ . Di- 

hydride NPh<^ e ;^ e >CII. [82°]. (176° 

at 730 mm.). Formed by heating the dicarb- 
oxylio acid at 220° (Knorr, B. 18, 304, 1568). 
Volatile with steam. Insol. water and alkalis, 
sol. cone. HClAq. Colours pinewood, dipped in 
HClAq, red. H 2 S0 4 added to its solution in 
HOAc containing phenanthraquinone gives a 
deep-red colour. 

Dicarboxylic acid of the dihydride 

C 14 H 14 N 2 0 4 . Obtained from its ethor, which is 
formed by mixing acetic acid solutions of di- 
acetyl-succinic ether and phenyl-hydrazine. 
Needles (from HOAc). — BaA". 

Ethyl ether Et 2 A". [127°]. Prisms. 
Reference . — Oxy-phenyl-methyl-pyridazine. 
PHENYL-DI-METHYL-PYRIDINE 

N ^CMe!cH^ CPh - C 56 °I ( 287 °) at 731 m m. 
Formed by distilling its dicarboxylic acid with 
lime (Bally, B. 20, 2591). Prisms (from ether). 
— B'HC13aq: needles. — B^H^id,, 4aq : needles. 
— B'HNO,. [177°]. Needles. — B'H 2 Cr 2 0 7 . 
Needles.— B'C u H 3 N 3 0 7 . [222°]. Needles. 

Methylo-iodide B'Mel. Granules, si. sol. 
water. — B'.,Me 2 PtCl fl . [250°]. 

Hexahydride C 5 NH 8 Me 2 Ph. (274°) at 731 
mm. Got by adding Na to an alcoholic solution 
of phenyl-di-methyl-pyridine. Liquid. Does 
not give a pp. with picric acid. — B'HCl. — 
B'HNO a . [210°].— B' 2 H 2 PtCl 6 . [237°]. Plates. 

References . — Nitro- and Oxy-phenyl-di- 
methyl-pyridine. 

PHENYL - METHYL. PYRIDINE BICARB- 
OXYLIC ACID C u H,,N0 4 i.e. 

C0 s H.0 a H 4 .0<^^;^ Me . [201°]. Formed 

by oxidising methyl * (&) - naphthoquinoline 
by KMn0 4 in acid solution (F. Seitz, B. 22, 
257). Needles (containing aq) or anhydrous 
prisms. FeS0 4 colours its aqueous solution 
lemon-yellow. — Na,jA"2aq. — ZnA"l£aq. — 
CuA"l|aq : minute bluish-green plates. 

Phenyl-di-methyl-pyridine carboxylic aeid 

[190°]. Got from its 

ether, whbh is formed by heating the mono- 
ethyl ether of the dicarboxylic acid (Hantzsch, 
jB. 17, 29X1). Small prisms (containing 2aq), v. 
sol. hot water. — CnA' r — (HA')j{H*PtCL aq. 

Ethyl ether EtA'. (316°-820°). Thick 
liquid. Yields (EtA'JgHjPtCl. [196°] and also 


EtA'Mel [c. 206°], which is converted by alco- 
holic potash into C, 5 H 15 N0 2 [161°], split up by 
HClAq at 180° into acetic acid and oxy-phenyl- 
di -methyl-pyridine [112°]. 

Phenyl-di-methyl-pyridine dicarboxylic acid 

Mono-ethyl ether HEtA". [180°1. 
Formed by boiling the di-ethyl ether with alco- 
holic KOH (1 mol.) (H.). Cubes (from alcohol). 

Di- ethyl ether Et 2 A". [67°]. Formed 
by oxidising its dihydride with nitrous acid. 
Dihydride of the di-ethyl ether 

?[co;m!> CI>h - t 167 °]- Formed 

by heating a mixture of benzoic aldehyde, aceto- 
acetic ether, and alcoholic NH S (Schiff a. Puliti, 
B. 16, 1607 ; Bally, B . 20, 2591). Formed also 
by mixing benzylidene-acetoacetic ether with &- 
imido-butyric ether (Beyer, J5. 24, 1666). Co- 
lourless crystals, sol. alcohol. 

(/3)-Phenyl-di-methyl-pyridine dicarboxylic 

acid [l:2]C0 2 H.C t H 4 .C<^^>CMe. 

Formed by oxidising di-methyl- (£) -naphtho- 
quinoline with KMn0 4 (Reed, J.pr. [2] 35,311). 
Syrup. — AgA'. 

Reference.— Oxy-phenyl-di-methyl-pyridine 
carboxylic acid. 

PHENYL TRI-METHYL-PYRIDYL KETONE 
CARBOXYLIC ETHER 

^^CMe'clcO 2 ?!!)^^ 6 * F° rmG <l by the action 

of nitrous acid on its dihydride. — B'HNO,: 
white plates. — B'HCl. [192°]. Prisms. — 
B'oH.PtClg : needles. 

Dihydride 

[187°]. Formed from ethylidene-acetoacetio 
ether and C 0 H V CO.CH,.C(NH).CH 3 (Beyer, B, 
24, 1667). Yellowish plates. 

Methyl derivative of the dihydride 

NM0 <CMe:C(CaPb)> CHMe - t 87 ^ Formed ' 
in like manner, by the action of the methylimide 
of benzoyl-acetone on ethylidene-acetoacetio 
ether (B.). Yellowish-white needles. 

PHENYL-METHYL-PYRIMIDINE C n H )0 N 2 

U. [74°-78°]. Formed 

by distilling the oxy- derivative (from benzamid- 
ine and acetoacetic ether) with zinc-dust (Pinner, 
B. 18, 2850). Colourless needles. — B'^CyHCl^ 
[190°]. 

References.— O xy- and Oxy-amido-phenyl- 

METHYL PYRIMIDINE. 

PHENYL-METHYL-PYRROLE C ll H 1I N i.e. 

[101°]. Got by heating aceto- 

phenon e-acetone CHjBz.CRAc with alcoholic 
NH 3 at 150°; the yield being 70 p.c. of the 
theoretical (Paal, B. 18, 367). Plates, v. sol. 
alcohol. May be sublimed. Gives a purple-red 
colour with isatin and H 2 S0 4 . 

Phenyl-di-methyl-pyrrole C 12 H 18 N i.e. 

NPh <CMe!cH- t 62 °]- ( 252 °)- Formed 

distilling its dicarboxylic acid at 244° (Knorr, A. 
236, 306). 
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DI-PHENYL-METHYL-PYBROLE C„H, S N 
[84°]. Formed by heating the 

carboxylic acid [226°] to above its melting-point 
(Lederer a. Paal, B. 18, 2596). Large tables. 
Tetra-phenyl-methyl-pyrrole 

NMe<g£{j;$££. [214°]. Formod by heating 

bRlesyl C 2S H 22 0 2 [255°] with aqueous methyl- 
amine at 150° (Fehrlin, B . 22, 554). Groups of 
minute needles, sol. hot alcohol and ether. 

Reference. — Oxy - tri - phenyl - methyl - pyr- 
role. 

PHENYL-METHYL-PYRROLE CARBOXY- 
LIC ACID NH<-^ h C°, H [c. 190°]. Got 

by saponification of its ether, which is formed 
by allowing acctophenone-acetoacetio ether to 
stand with excess of NH 3 Aq (Lederer a. Paal, B. 
18, 2593). Plat needles (from HOAc). 

Ethyl ether EtA'. [120°]. Needles. 
Phenyl-di-methyl-pyrrole carboxylic ether 

C l5 H„N0 2 i.e. NMe<^;C H C° aE t [U2°]. 

Formed from acetophenone acetoacetic ether 
and NMeRA-q (L. a. P.). Plates (from alcohol- 
ether), v. e. sol. alcohol. 

Phenyl-di-methyl-pyrrole m - carboxylic acid 

CO J H.C,H J .N<®“^g. [135°]. Formed by 

heating acetonyl-acetone with 7?i-amido-benzoic 
acid and alcohol (Paal, B. 19, 558). Flat crys- 
tals, si. sol. water, v. sol. alcohol. 

Phenyl-di-methyl-pyrrole di-carboxylic acid 

CO a H.CH r N <CPh : : CH° aH- [1620;| - Got by 
saponifying its ether. Small needles (from alco- 
hol), si. sol. water. 

Ethyl ether Et.,A". [131°]. Got by allow- 
ing acetophenone-acetoacetic ether to stand with 
glycocoll and HOAc (Paal a. Schneider, B. 19, 
3160). Needles (from HOAc), si. sol. water. 
Phenyl-di-methyl-pyrrole dicarboxylic acid 

NPh<^^®;^Q 2 g. Gotfrom its ether. Powder, 

decomposing at 224° into C0 2 and phenyl-di- 
methyl-pyrrole. — CaA".— CaH 2 A"„ : prisms. 

Ethyl ether Et 2 A". # [38°]. ‘ (280°) at 500 
mm. Formed by warming di-acctyl-succinic 
ether with aniline and HOAc (Knorr, A. 236, 
305). Crystals. 

Di-phenyl-methyl-pyrrole carboxylic acid 

NPh <CMe:O.C0 2 H- t 226 ^ 0btained by 
saponification of its ether, which is formed by 
boiling acetophenone-aceto-acetic ether with an 
acetic acid solution of aniline (Lederer a. Paal, 
B. 18, 2595). Small needles (from acetic acid). 
Ethyl ether A'Et : [100°]; prisms. 
Di-phenyl-methyl-pyrrole di-o-carboxylic 

•cid NMe< G j G g; G °gj :G ]| [231=]. Formed 

from CjjH^CO.CaH^COaH^ and methylamine in 
alcohol at 100° (Baumann, B. 20, 1489). Deep- 
yellow plates, insol. water, si. sol. ether. 

Di-phenyl-methyl-pyrrole dicarboxylic acid 

CO t H.OJS 4 .N<qp^ : ; Qg° aH . [210°]. Formed 

by saponifying its ether, which is got from 
Acetophenone-acetoacetic ether, m- amido-benz- 


oic aoid, and HOAo (Paal a. Schneider, B. 19, 
8162). Needles (from dilute alcohol). 

Ethyl ether EtA'. [160°]. Needles. 
Reference . — Oxy - phenyl - methyl - pyrrols 

CARBOXYLIC ACID. 

PHENYL-METHYL-QUINAZOLINE DIHY- 
DRIDE C, 5 II, 4 N 2 i.e. C tf H 4 <^£,j^ [60°]. 

Formed by reduction of the acetyl derivative of 
o-nitro-benzyl-aniline with tin and HClAq (Paal 
a. Krecke, B. 23, 2638). Rosettes of white 
needles, insol. water, ra. sol. ligroin. The tin 
double chloride melts at 122°. — B'HCl 2aq. 
[257°]. — B' 2 H.PtCl a . Flat orange needles. De- 
composes at 223°. 

Reference.— Ox* - phenyl - methyl - quin az- 
oline. 

(By. 1,3) - PHENYL-METHYL-QUINOLINE 

C « II < < \N~CMe' [ 100 °J- Formed by boiling 

an alcoholic solution of o-amido-benzophenone 
with acetone and KOHAq (Geigy a. Kfinigs, B. 
18, 2406 ; 19, 2428). Obtained also from par- 
aldehyde, acetophenone, HC1, and aniline, and 
by heating benzoyl-acetone-anilide C lfl H 16 NO 
with HoS 0 4 on the water-bath (Beyer, /. pr. [2] 
33, 420 ; B. 20, 1771). Tables (from ether).— 
B'H 2 S0 4 . [236°]. — B' 2 H 2 PtCl fl 2aq. [225°]. Its 
acid solutions fluoresce blue. By heating with 
phthalic anhydride and ZnCl 2 at 150° it is con- 
verted into the phthalone C 2 ,H, 5 NO* [270°], 
which crystallises from alcohol or HOAc in 
sparingly-soluble orange-red crystals. 

(Py. 3,l)-Phenyl-methyl-quinoline G l(l H lt N 

i.e. Flavoline. [66°]. (874°). 

Y.D. 7‘7 (calc. 7*6). Formed by distilling flave- 
nol with zinc-dust. Prepared by adding a little 
dilute (10 p.c.) NaOHAq to a solution of equi- 
raolecular quantities of o-amidp-acetophenone 
and acetophenone, and then heating on the 
water-bath (Fischer, B. 15, 1503; 16, 68; 19, 
1037). Thick tables. Yields flavaniline on 
nitration and reduction. Salts.— B'HCl 2aq. — 
ByXjPtClg: reddish-yellow needles.— B'Mel. 
[185°] (Bernthsen a. Hess, B. 18, 34). Con- 
verted by KOHAq into a strongly alkaline solid 
4 methyl-flavolinium hydrate.’— B'jjMejPtCl,. 

(Py. 8,2)-Phenyl-methyl-quinoline 

c « H *<N=CPh- [53 ° ] - ( above800 °)- Formed 


by heating a mixture of CHPhrCMe.CHO, anil- 
ine, and cone. HClAq at 200° (Miller a. Kinke- 
lin, B . 19, 527). Trimetrio prisms, v. sol. alco- 
hol and ether. — B'^PtOl,,: orange plates. — 
B'C b H 3 N 3 0 7 . [202°]. Large yellow plates. 


(B. 2) -Phenyl- (Py. 4) -methyl-quinoline tetra- 

r XT NT QPh;CH.C.CH 2 .OH, 

hydride C 16 H 17 N t.e . CH ; oh.C.NM€.Ch!* 


Formed by reducing (. B . 2) -phenyl-quinoline 
methylo- chloride with tin and HClAq (La Coste 
a. Sorger, A. 230, 24). Amorphous powder* 
insol. cold water. — B'HCl. — B'HI.— B'C fi H*N^O|* 
[147°]. — B'Mel aq. [195°]. Yellow plate*. 

(Py. 8)-Phenyl-(B. 4)-methyl-quLiOlin0 

SSLSS35, POT- Formed by distfl. 


ling its (Py. 1) -carboxylic acid with soda-lime 
(Doebncr a. Giesecke, A. 242, 299). Plates 
(from alcohol).— B'jHjPtCl*. Brick-red needles* 
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(Pff. 3) -Phenyl- (B. 2)-methyl-qninoline 

KM- (above 3600). Got 

by distilling its carboxylic acid with soda-lime 
(D. a. G.). Small yellow needles (from dilute 
alcohol). — B' 2 ByPtCl e : golden needles. 

References, — Nrruo- and Oxy-phenyl-methyl- 

QUINOLINE. 


(j Py. 3)-PHENYL-(B. 4) -METHYL-QUINOL- 
INE ( Py . 1) -CABBO XYLIC ACID G 17 H 13 N0 2 . 
[245°]. Formed by heating equi-molecular pro- 
portions of o-toluidine, benzoic aldehyde, and 
pyruvic acid in alcoholic solution on the water- 
bath (Doebner a. Giesecke, A. 242, 298). Small 
yellow crystals (from alcohol), v. si. sol. hot 
water.— CuA' a aq. — AgA'aq: needles (from Aq). 

(Py. 3)-Phenyl-(£. 2) -methyl-quinoline (Py. 
l)-oarboxylic acid. [228°]. Formed in like 
manner from p-toluidine (D. a. G.). Yellow 
needles (from alcohol). — CuA' 2 .— PbA' 2 .— AgA'. 
— ELjA'jjHjjPtGl^ : golden needles, v. si. sol. hot Aq. 

Reference . — Oxy - phenyl - methyl - quinoline 
CARBOXYLIC ACID. 


PHENYL (Py. 3) -METHYL- (B. 2) -QUIN- 
OLYL KETONE C a H 1 .CO.C«H 3 <^^ e . [68°]. 


(above 300°). Formed from amido-benzophen- 
one, paraldehyde, and HClAq at 100° (Hinz, A. 
242, 323). Needles (from water) or plates (from 
alcohol). — B' 2 H Jf PtCl 6 2aq. — B' 2 H 2 Cr 2 0 7 . — B'Mel. 
[220°]. Small dark -green needles ; v. sol. water. 

Phenyl (P2/.S)-methyl-(B.4)-quinolyl ketone. 
[108°]. Formed by boiling o-amido-benzophen- 
one with dilute H^SO* and paraldehyde (Geigy 
a. Kflnigs, B. 18, 2406). Matted needles (from 
dilute alcohol). 

PHENYL - DI - METHYL -QUIN OLYL-THIO- 

UEEA NHPh.CS.NH.C n H 10 N. [159°]. Formed 
by heating phenyl-thiocarbimide with amido-di- 
methyl-quinoline (Marckwald, B. 23, 1025). 
Prisms, v. sol. hot alcohol.— B'gELPtCl*: pp. 

PHENYL -METHYL-QUIN 0XAL1NE 

CH iCH.C.NiCH 1 * by reducing 

C d H a Me(N6 1 )‘.NH.CH 2 Bz with SnCl 2 and HC1 
(Lellmann a. Donner, B. 23, 171). Needles, v. 
sol. alcohoL — B'HgCl*. [223°]. White needles. 
Phenyl-methyl-quinoxaline 

C^rOH.O.NiCPh* Forme<i > together with 

the preceding isomeride, by the action of chloro- 
aoetophenone on tolylene-o-diamine (Hinsberg, 
A . 237, 870). Formed also by warming phenyl- 
glyoxylio aldehyde OaHg.OO.CHO with tolylene- 
o-diamine sulphate and NaOAc (Pechmann, B. 
20, 2905). Needles, v. sol. hot alcohol and ether. 
Phenyl -di-methyl-quinoxaline 

[48°]. Formed by boiling 


phenyl methyl diketone with tolylene-o-diamine 
in ether (MiiUer a. Pechmann, B . 22, 2130). Y. 
sol. most solvents. 

Di-phenyl -methyl-quinoxaline C a ,H w N a %.$. 
OAMe<^:^ [ ul °3- Formed by heating 

benzil with tolylene-o-diamine in alcoholic solu- 
tion (Hinsberg, B. 17, 322). Silvery plates. 
May be distilled. Weak base. Nearly insol. Aq. 
Di-phiwyl-p-methyl-quinoxaline dihydride 

£138°]. Formed by heating 


phenylene-methyl-o-diamine with benzoin at 
165° (Fischer a. Busch, B . 24, 2682). Yellow 
needles, m. sol. aloohol. Its solutions fluoresce 
greenish-yellow. 

Reference . — On - phenyl - methyl - quin- 

OXALINE. 

PHENYL-METHYL-BOSINDULINE 

C 10 H i (NPh)<^ ph >O.H,Me g *]. [232°]. 

Formed from benzene-azo-p-tolyl- (a) -naphthyl- 
amine (Fischer a. Hepp, A. 256, 243). Reddish- 
brown bronzed plates. Split up by cono. HClAq 
at 200° into aniline and methyl-rosindone. 

PHENYL-METHYL-SUCCINIC ACID v. 
Phenyl-pybotartabio acid. 

Phenyl-tri-methyl-succinic acid C, 3 H, 6 0 4 i.e. 
0H 2 Ph.CH(C0 2 H).CMe 2 .C0 a H. [140°]. Formed 
from bromo-isobutyric ether and sodium benzyl- 
malonio ether, the resulting ether (200°-220°) 
being saponified (Bischoff, B. 24, 1060). Short 
needles (from water), v. sol. alcohol and ether. 

Di-phenyl-di-me thyl-succinic acid. Nitrile 
CPhMe(CN).CPhMe.CN. [227°]. Formed from 
CHPhMe.CN by treatment with NaOEt and I 
(Chalanay a. Knoevenagel, B. 25, 289). Insol. 
benzene, si. sol. alcohol. 

PHENYL-METHYL-SULPHAMIC ACID 
NPhMe.S0 3 H. Formed from C180 3 H and 
methyl-aniline in chloroform (Traube, B. 24, 
862).— NH 4 A'. Turns violet in air. Decom- 
posed by boiling HClAq into methyl-aniline and 
HjSO^ The potassium salt is a crystalline 
powder, si. sol. alcohol, v. sol. water. 

PHENYL-DI-METHYL SULPHAMIDE 
S0 2 (NMe 2 )(NHPh). [85°]. Formed from 
NMe 2 .SO a Cl and aniline (Behrend, A. 222, 128). 
Needles (from ether). Yields S0 2 (NMe 2 )(NPhNa) 
crystallising in needles, v. sol. water and alcohol. 

PHENYL METHYL SULPHIDE PhSMe. 
(188°). Formed from Pb(SPh) 2 and Mel at 100° 
(Obermeyer, B. 20, 2926). Liquid. 

PHENYL METHYL SULPHONE C 7 H 8 S0 2 t.e. 
O fl H 4 .S0 2 .CH ? . [89°]. Formed from benzene 
sulphinio acid, NaOEt, and Mel at 100°, and 
also by boiling C a H 5 .S0 2 .CH 2 .C0 3 H with alco- 
holic potash (Michael a. Palmer, Am. 6, 254 ; 
7, 65 ; Otto a. Bossing, B. 18, 156 ; 21, 652 ; 
22, 1449, 1452 ; 23, 755). Plates (from hot water), 
v. e. sol. alcohol and ether. 

PHENYL METHYL SULPHONE o>-CABB- 
0XYLIC ACID v. Phbnyl-sulphono-aoetio acid. 
PHENYL-METHYL-THIAZOLE C I# H,NS i.e. 

^^CPh ( 2 *^° oor.). Formed from thio- 

benzamide and chloro-aoetone in alcohol 
(Hubacher, A. 259, 236). Oil. 

Phenyl-methyl-thiazole N ^CMeS 

[68*5°]. (284° cor.). Formed from thioacet- 
amide and w-bromo-aoetophenone (Hantzsch, B. 
21, 913; A. 250, 269). Weak base. Not at- 
tacked in boiling alcoholic solution by sodium 
(Sehatzmann, A. 261, 7).— *B'HC1 ; si. sol. Aq. 
Phenyl-methyl-thiazole. Dihydride 

.<8^* Forme< * by boiling propylene 

bromide with thiobenzamide (Gabriel a. Hey- 
mann, B. 24, 785). Yellowish liquid.— Pi or ate 
B'C 8 HjN 8 0 7 : crystalline. 

Di-phenyl-methyl-thiasole 
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[62°]. Formed from thioacetamide and bromo- 
deoxybenzoin in alcohol (Hubacher, A. 259, 
244). Stellate groups of needles, insol. water. 
—Hydrochloride: [97°]; white crystals 
(from dilute HClAq). 

PHENYL-METHYL-THIAZOLE CABBOXY- 
IIO ACID N<Qp^ : ^ COaH . [203°]. Formed 

fly saponifying its ether. Needles, si. sol. ether. 

Ethyl ether EtA'. [43°]. Formed from 
thiobenzamide and chloro- acetic ether (Hubacher, 

A. 259, 237). 

PHENYL (a) -METHYL-THIENYL KETONE 

C 6 H a .CO.C 4 H 2 MeS. [124°]. Formed by heating 
G 4 H 2 Me(HgCl)S with BzCl at 100° (Volhard, A. 
267, 181 ; cf. Ernst, B. 19, 3280). Needles (from 
ligroin). 

TEI - PHENYL - DI - METHYL - DI-THIO- 
BITJEET C^NA i.e. NPh(CS.NPhMe) 2 or 
CS(NPhMe).S.C(NPh)(NPhMe). [202°]. Formed 
from Cl.CS.NPhMe and aniline (Billeter a. 
Strohl, B. 21, 108). Needles, v. si. sol. cold 
alcohol. 

PHENYL - METHYL - DI-THIO-CABBAMIC 

ACID NPhMe.G3.SMe. [88°]. 

Formed by heating NPhMe.C(NMe).SMe or 
NPhMe.C(NH).SMe with CS 2 at 160° (Bertram, 

B. 25,54). Plates. 

PHENYL - METHYL - THIOCAEBAMIC 
CHLOEIDE NPhMe.CS.Cl. [35°]. Formed 
from methyl-aniline and CSC1 2 (Billeter, B. 20, 
1631). Yellowish crystals. Converted by alco- 
hol into (NPhMe.CS) 2 0 [116*5°]. 

PHENYL - METHYL-THIO-SEMI-CAEBAZ- 
IDE NHPh.NH.CS.NHMe. [89°]. Formed from 
methyl-thiocarbimide and phenyl-hydrazine 
(Dixon, C. * T. 57, 262). Trimetrio prismB, v. si. 
sol. cold water. H 2 S0 4 forms an azure-blue 
solution. CuS0 4 gives a deep-blue colour, and 
FeCl 3 a greenish -blue. 

Phenyl-methyl-thio-semi-carbazide 
NHPh.CS.NH.NHMe. [143°J. Formed from 
methyl-hydrazine and phenyl-thiocarbimide 
(Bruning, A. 253, 11). Prisms (from alcohol). 

Di-phenyl-methyl-thio-semi-carbazide 
NPhMe.NH.CS.NHPh. [154°]. Formed from 
phenyl-methyl-hydrazine and phenyl-thiocarb- 
imide (Fischer, A. 190, 166). Y. sol. hot alcohol. 
PHENYL-METHYL-THIOCAEBIZINE 

^® < \NMe # C^3°]. Formed ^ rom phenyl-thio- 

carbizine and Mel at 100° (Fischer, A. 212, 
330). Tables (from water). Not attacked by 
nitrous acid. 

PHENYL-METHYL-THIOHYDANTOlC acid 

NHPh.CS.NH.CHMe.CO 2 H. Formed from 
alanine and phenyl-thiocarbimide in alcohol 
(Marokwald, B. 24, 3280; c/. Aschan, B. 17, 
421). — KA' : minute needles. 

PHENYL-METHYL-THIOHYDANTOtN 

CS< \NEUCHMe* Foamed by treating 

phenyl-methyl-thiohydantolc acid (v. supra) 
with HC1. Small prisms (from alcohol). Split 
np by HClAq at 150° into aniline, alanine, CO*, 
and CS*. 

Phenyl-di-methyl-thiohydantoin 
CS< sNH h *CMe 2 * Formed from phenyl- 

thiocarbimide and a-amido-isobutyrio acid 
(Marckwald, B. 24, 3282). Crystals, sL soL Aq. 
Vol. IV. 


PHENYL-METHYL-THIOPHENE C U H U S 
i.e. S<°p h 8 ;^. [61°]. (271° unoor.). Got by 

heating acetophenone-acetone with P 2 S a at 125°, 
the yield being 70 p.c. of the theoretical amount 
(Paal, B. 18, 367). Needles, volatile with steam. 
Gives the indophenine reaction. 

Phenyl-methyl-thiophene S^CH^CFh* 

[73°]. Formed by heating CH,Ac.CHPh.C0 2 Na 
with P 2 S 3 or P 2 S a (Paal a. Piischel, B. 20, 2558). 
Plates, v. sol. hot alcohol. Gives the indophen- 
ine reaction on warming. Br forms GnHJJr.S 
[137°]. 

s-PHENYL-METHYL-THIO-TJBEA C ft H 10 N 2 S 
Le. CS(NHPh)(NHMe). [113°]. Formed from 
methyl-thiocarbimide and aniline (Gebhardt, B. 
17, 3038). Six-sided tables. Yields NH 2 Me and 
CS(NHPh) 2 on boiling with aniline. 

w-Phenyl-methyl-thio-urea 
CSfNHJ (NPhMe). [107°]. Formed from methyl- 
aniline hydrochloride and potassium sulpho- 
cyanide (Gebhardt, B. 17, 2094). Tables (from 
alcohol) or prisms (from hot water). 

Phenyl-methyl-^-thio-urea 
MeS.C(NH)(NIIPh). [71°]. Formed by warm- 
ing phenyl-thio-urea with Mel and alcohol 
(Bertram, B. 25, 49). Colourless crystals, al. 
sol. hot water. Converted by dilute H 2 S0 4 at 
160° into MeS.CO.NHPh. — B'HI. [147°].— 

B'H,S0 4 . [171°]. — B' 2 H 2 S0 4 . [171°]. — B'HNO a . 
[113°].— B'HOAc. [116°]. — B' 2 HPtGl„. [184°]. 
— B , C 8 H 2 (N0 2 ) 8 0H. [175°]. Yellow plates. 

Phenyl-di-methyl-thio-urea 
CS(NHMe)(NPhMe). [114°]. Formed from 
methyl-thiocarbimide and methyl-aniline (G.). 

Phenyl-di-methyl-^-thio-urea 
MeS.C(NH)(NPhMe). Formed from phenyl - 
methyl-^-thio-urea and methyl iodide (B.). 
Oil. Converted by dilute H,S0 4 at 160° into 
MeS.CO.NPhMe [54°]. — B'HI. [184°]. — 
B'C a H 3 N 8 0 7 . Small prisms. 

Phenyl-tri-methyl-^-thio-urea C 10 H, 4 N 2 S i.e. 
MeS.C(NMe)(NPhMe). Methyl-imido-mcthyV 
phenyl-carbamie thiic methyl ether. Formed by 
methylation of phenyl-di-methyl-^-thio-urea 
(B.).— B'HI. [c. 184°].— B'^HaPtClg. [c. 174°]. 
— B'C a H 3 N 3 0 7 . [126°]. Lemon-yellow crystals. 

Di-phenyl-methyl-thio-urea 
CS(NHPh) (NPhMe). [87°]. (205°). Formed 

from phenyl-thiocarbimide and methyl-aniline 
(G.). Prisms, v. sol. hot alcohol. Decomposed 
into the parent substances by distillation with 
steam. Boiling aniline yields CS(NHPh) 2 and 
methyl-aniline. 

Di-phenyl-methyl-\|/-thio-urea 
MeS.C(NPh)(NHPh). [110°]. Formed from 
CS(NHPh)* and Mel. Cone. HClAq at 150° 
yields aniline and methyl-mercaptan. — B'HI. 

Di-pheny 1-di-xne thyl-thio-ur ea CS (NPh Me ). r 
[72*5°]. Formed from NPhMe.CS.Cl and methyl- 
aniline (Billeter, B. 20, 1631). Prisms (from 
ligroin). 

Di-phenyl-di-methyl-^-thio-urea 
MeS.C(NPh) (NPhMe). (above 300°). Formed 
from CS(NHPh) (NPhMe) and Mel (Bertram, B. 
25, 57). CS* at 160° forms NPhMe.CS^e — 
B'HI. Crystalline meal, bL sol. hot water. 

Reference.— Qxi - nx - phenyl - methyl- ^-thip- 
ubeju 

F 
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PHENYL-METHYL-TTREA C B H I0 N 2 O i.e. 
CO(NH 2 )(NPhMe). [82°]. Formed from methyl- 
aniline hydrochloride and potassium cyanate 
(Gebhardt, B. 17, 2095). Thin crystals. 

Phenyl-di-methyl-urea CO(NMe 2 )(NPhMe). 
Formed from NMe 2 .COCl and aniline (Michler 
a. Escherich, B. 12, 1163). Crystals (from 
alcohol). 

Di-phenyl -methyl-urea CO (NPhMe) (NHPh) . 
[104°]. (204°). Formed from phenyl cyanate 
and methyl-aniline (G.). Small needles. 

Di - phenyl - di - methyl-urea CO(NPhMe) 2 . 
[121°]. (c. 350°). Formed from NPhMe.COCl 
and methyl-aniline (Michler a. Zimmermann, 

B. 12, 1165). Tables (from alcohol). 
PHENYL-(j8)-NAPHTHACRIDINE 

C J0 H,<g Ph >C l0 H a . [297°]. S. (alcohol) -04 

at 15°; S. (benzene) *29 at 18°. Formed by 
heating a mixture of di-(8)-naphthylamine with 
BzCl or with benzoic acid and P 2 0 5 or ZnCl 2 
(Claus a. Richter, B. 17, 1595 ; Ris, B. 17, 2029 ; 
Klopsch, B. 18, 1586). Needles, v. sol. hot 
benzene.— B'HCl. — B'^PtClg : yellow needles. 

Dihydride 0 1 A<®® Ph >0 1 ^,. Got 

from benzoic aldehyde (1 mol.) and (&) -naphthyl- 
amine (2 mols.) in presence of condensing 
agents (Claisen, A . 237, 273). Oxidised to 
phenyl-naphthacridine. 

(8)- PHENYL-NAPHTHALENE C 16 H 12 i.e. 
C ie H 7 .C 8 H B . [102°]. Y.D. 7-12 (calc. 7 05). 
Formed by passing a mixture of naphthalene 
and bromo-benzene through a red-hot tube 
(Watson Smith, B. 12, 2049; C. J. 39, 546; 

C. J . Proc , 6, 70). Formed also by the action 
of H 2 8 0 4 (80 g.) diluted with water (44 g.) on 
CHPh(OH).GH 2 OH (Zincke a. Breuer, A. 226, 
23; 240, 187). Fluorescent plates. May be 
sublimed. Gives rise on oxidation to a quinone 
C I8 H 10 O 2 [110°]. 

A hydrocarbon G lg H 12 [104°] got by distilling 
©hrysoquinone with soda-lime is perhaps identi- 
cal with the above (Graebe, B. 6, 66 ; 7, 792 ; 
Schmidt, /. pr. [2] 9, 285). 

(^-Phenyl-naphthalene dihydride v. Atron- 

ENE. 

Reference. — Oxy-amldo-phenyl-naphthalene. 
DI-PHENYL-NAPHTHAMIDINE C 28 H 18 N 2 
i.e. C|«H 7 .C(NPh).NHPh. [183*5°]. Formed 
from (a) -naphthoic acid, aniline, and PCl a 
(BSssneck, B . 16, 642). Needles (from alcohol). 
PHENYL-(8)-NAPHTHIND0LE C 18 H 18 N i.e. 

C,«H,<^g>CPh. [180°]. Formed by heat- 

ing the (8)-naphthyl-hydrazide of acetophenone 
with ZnCl 2 at 170° (Xnce, A . 253,42). Crystals, 
v. sol. alcohol and ether. Colours pinewood 
green.--B / 0 8 H 8 N 2 0 7 . [166°]. Brown needles. 

Phenyl-(/3)-naphthindole 

[211°]. Formed by the action of alcoholic HC1 
©n the (8) -naphthyl-hydrazide of phenyl-acetic 
aldehyde (I.). Needles, suddenly decomposed 
on fusion. Colours pinewood green. ZnCLj at 
170° converts it into the preceding isomeride. 
— B'O e Hj,N,O r [120°]. Reddish-brown needles. 
PHENYL-NAPHTHOTRIAZINE. Di hy - 

dride 0 lf H„N, U. C,A<^& [184°]. 

Formed bj heating benzene-azo- (^-naphthyl- 


amine with formic paraldehyde at 140° (Gold- 
schmidt a. Poltzer, B . 24, 1002). Plates (con- 
taining | aq). — B'HCl. [254°].— B' 2 H 2 PtCl 8 . 
Di-phenyl- (a8)-naphthotriazine C^H^N, i 

C ‘» H «<N.NPh h? C 194 °]- Got heating a 
solution of CHPh:N.C 10 H fl .N 2 Ph in HO Ac (Mel- 
dola, C. J. 57, 330). White flattened needles. 

PHENYL-NAPHTHOPHENANTHRAZINIt 

CgH 4 .*CH N/" 01008 * Tlle P hen y lo - nitr ate 
BThNO a , formed by boiling phenanthraquinone 
with phenyl-naphthylene-diamine in HOAc and 
then adding HNO s crystallises in dichroio 
needles or prisms (Witt, B. 20, 1185). 

(P^. 3) -PHENY L- (a) -N APHTHOQUIN OLINE 

C,.H„N i.e. C 10 H„<™ : £ G h . [68°]. Formed 

by heating its (Py. l)-carboxylic acid with soda- 
lime (Dobner, A. 249, 114). Yellow needles 
(from alcohol-ether). Yields a syrupy tetra- 
hydride. Salts. — B'^PtCla 2aq. ~ B'H 2 Cr 2 0 7 . — 
B'C„H 8 N 8 0 7 . [167°]. Thin needles (from alcohol). 

(Py. 3)-Phenyl-(8)-naphthoquinoline. [188°]. 
Formed by heating its carboxylic acid with soda- 
lime (D.). Needles or plates, insol. water, v. sol. 
alcohol. — B'^aPtCla aq.— B'C 0 H 3 N s O 7 . [250°]. 
Yellow plates, si. sol. ether. — B' 2 H 2 Cr 2 0 7 . 

Ethylo -iodide. [233°]. Plates, insol. 
ether. 

(Py. 3) -PHENYL- (a) -N AP HTHOQTJIN OLINE 
(Py. 1) -CARBOXYLIC ACID C 20 H 18 NO, t.c. 

c.A<SS^lcph* t 300 ^ Formed *>y 

heating (a)-naphthylamine with pyruvic acid 
and benzoic aldehyde in alcoholic solution (D.). 
Yellow needles (from alcohol-acetone). May be 
reduced to a tetrahydride. Produces, on oxida- 
tion, di-phenyl-pyridine tri-carboxylic acid and 

CO s H.C 1 NHPh< G * ( ^'.- NaA' Jaq. — CaA',4aq. 

— ZnA'*. — PbA' 2 . — AgA': insoluble powder. 
Ethyl e ther EtA'. [103°]. Needles. 

(Py. 3) -Phenyl- (£)-naphthoquinoline (Py. lj. 

carboxylio acid C^H^NC^. [296°]. Formed in 
like manner from (8)-naphthylamine (D.). 
Needles, v. si. sol. alcohol. — KA' 6aq.— NaA' 5aq. 
— CaA' 2 6aq.— ZnA' 2 2aq.— C ujjA'j aq (?). — AgA'. 

PHEN YL-NAPHTHOQIJIN 0XALINE 

The phenylo-bromide B'PhBr, 

formed from phenyl-naphthylene-diamine and 
bromo-acetophenone, crystallises in yellow 
plates, and is converted by NaOH into B'PhOH 
[148°], which crystallises in prisms, and yields 
B'PhNO s (Fischer a. Busch, B. 24, 1873). 
Di-phenyl-naphthoquinoxaline 

C 10 H a <^;£pk. [147°]. Formed by heating 

naphthylene-(l,2)-diamine hydrochloride with 
benzil in alcohol (Lawson, B. 18, 2426). Light- 
brown plates, v. sol. alcohol and ether. 
Phenylo-hydroxide 

(OH) :CPh" C 167 °]' Formed by 

oxidation of C, [164°], which la 

got by heating phenyl-naphthylene-o-diamine 
with benzoin at 200° (Fischer, B. 24, 722, 1871). 
Formed also from naphthylene-phenyl -diamine 
and benzil (Fischer, JB. 24, 2679). Yellow 
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prisms, insol. water, v. sol. ether.— B'HNO,. — 
B'HCl : dark-yellow needles, v. sol. aloohol. 
Di.phenyl-naphthoquinoxaline dihydride 

C,A<N^CPh- [ 165 °]- formed, together 
with a compound melting at 195°, from naph- 
thylene-phenyl-diamine and benzoyl-carbinol at 
155° (Fischer a. Busch, B . 24, 2680). Orange 
nledles, v. sol. benzene, v. si. sol. alcohol. 
PHENYL-NAPHTHOROSINDULINE 

C « H ‘ < Cc(NPh).CH:C.NPh.C:CH/ >C “ Hj ‘ t 256 ^- 
Formed, together with naphthyl-rosinduline, from 
benzene-azo-di- (a) -naphthylamine, hydrochlor- 
ide, aniline, and alcohol at 166° (Fischer a. Hepp, 

A. 256, 247). Deep-red bronzed plates. Gone. 
HClAq forms aniline and naphthorosindone 
[295°]. 

DI - PHENYL - (a) -NAPHTHYL- ACETAMID- 

INE C I0 H 7 .CH 2 .C(NPh).NHPh. [180°]. Formed 
from (a) -naphthyl-acetic acid (3 mols.), aniline 
(6 mols.), and PC1„ (Boessneck, B. 16, 642). 
Needles, sol. ether and benzene. 

PHENYL-(a)-NAPHTHYL-AMINE C 16 H 19 N 
i.e. C a H 4 .NH.C 10 H 7 . [60°]. Forms by heating (a) - 
naphthylamine hydrochloride with aniline at 
250° (Girard a. Vogt, Bl. [2] 18, 67 ; Streiif, B. 
13, 1852). Prepared by heating a mixture of 
(a)-naphthol (15 pta.), aniline (19*4 pts.) and 
CaCLj (11*6 pts.) under pressure for 9 hours at 
280° ; the yield being 26 p.c. of the theoretical 
(Friedlander, B. 16, 2077). White plates or 
prisms, v. sol. aloohol. Its solutions show blue 
fluorescence. Yields a tri-bromo- derivative 
[137°] and a di-nitro- derivative [77°]. H^SC^ at 
100° forms a tetra-sulphonio acid. — B'HCl : 
prisms, decomposed by water. — B'C a H s N 3 0 7 . 
Acetyl derivative C l8 H 15 NO. [115°]. 
Benzoyl derivative . [152°]. 
Nitrosamine. C )0 H 7 .NPh.NO. [92°]. 
Reddish-yellow crystals (Fischer a. Hepp, B.20, 
1247). 

Phenyl-(3)-naphthylamine G la H, g N. [108°]. 
(395°). Formed by heating (3)-naphthol with 
aniline and ZnCl 2 at 190° (Merz a. Weith, B. 13, 
1300), or with aniline hydrochloride (Merz a. 
Weith, B. 18, 1860). 

Preparation. — A mixture of (3)-naphthol (15 
ts.), aniline (19*4 pts.), and CaC^ (11*6 pts.) is 
eated under pressure at 280° for 9 hours ; the 
yield is 98 p.o. of the theoretical (Friedlander, 

B. 16, 2075). 

Properties . — White needles, sol. MeOH. 
Yields a tetra-bromo- derivative [198°] and a 
nitro- derivative [87°]. With nitroso-di-methyl- 
aniline hydrochloride and HO Ac it yields lustrous 
black crystals, which form a violet solution in 
Hj,S 0 4 (Witt, B. 21, 723). Sulphur at 240° forms 

8 <C H> NH E 178 °] (%“. B. 23, 2466). 
H 2 S0 4 at 100° forms a trisulphonic acid 

Salts. — B'HOl : unstable crystalline powder. 
— B'C^HaNjO,. Brownish needles, v. sol. CHC1,. 
Acetyl derivative . [93°]. Crystals. 
Benzoyl derivative . [186°] (Streiif, A . 
209, 151) ; [148°] (Claus a. Richter, B. 17, 1691). 
Nitroeamine C, 0 H 7 .NPh.NO. [93°]. 
Di-phenyl-naphthylamine G 10 H 7 NPh r [142°]. 
(836°-840° at 85 mm.). Formed by adding o- 
bromo-naphthalene (20 g.) to a boiling solution 
of potassium (3*3 g.) in diphenylamine (20 g.) 


mixed with aniline (15 c.o.) (Herz, B. 23, 2541). 
Silky needles (from dilute alcohol), insol. water. 

References. — Nitro-amido-, Di-nitro-, and 
Nitroso- Phenyl-naphthyl-amine. 

PHENYL. (a) -NAPHTHYLAMINE BLUE «. 

TrI- NAPHTHYL - TRI - AMIDO-TRI-PHENYL-CARBINTL 
CHLORIDE. 

PHENYL . (3) - NAPHTHYL - CARBAMIC 
ACID. 

Ethyl ether C J0 H 7 NPh.CO 2 Et. [93°]. 
Formed by the action of NaOEt on the chloride 
(Paschkowezky, B. 24, 2919). Satiny needles. 

Phenyl ether C JO H 7 NPh.C0 2 Ph. [149°]. 
S. (96 p.c. alcohol) *36 at 17° ; S. (benzene) 2*3 
at 17°. Formed from the chloride and NaOPh. 
Needles, v. si. sol. cold alcohol. 

Chloride C, 0 H 7 NPh.COCl. [102°]. Formed 
from phenyl-(3)-naphylamine and COCl 3 in 
toluene (Kym, B. 23, 425). White plates. 

PHENYL-(a)-NAPHTHYL CARBINOL 
Ph.CHfOH).C 10 H 7 . [86*5°]. (above 360°). Formed 
from tne ketone, zinc-dust, and KOH (Elbs, 
J. pr. [2] 35, 604 ; cf. Lehine, B. 13, 359 ; Beck- 
mann, B. 22, 915). Crystals, v. sol. alcohol. 
Gives a violet colour with H 2 S0 4 . 

Phenyl-di- (a) -naphthyl carbinol C^H^O i.e. 
Ph.O(C, 0 H 7 ) 2 OH. [160°-170°]. Formed, together 
with benzoic aldehyde, by boiling phenyl-(a)- 
naphthyl-(3)-pinacolin (C 10 H 7 ) 2 CPhBz (got by 
reducing phenyl (a) -naphthyl ketone with zinc 
and alcoholic HC1) with alcoholic KOH (Elbs, 
J. pr. [2] 35, 507). Grey crystalline crusts (from 
ether-aloohol), m. sol. alcohol, v. sol. ether. 

PHENYL - (3) - NAPHTHYL . CARBINYL - 
THIO-UREA. Tetrahydride C, g H w N 2 S i.e. 
NHPh.OS.NH.CHAH,,. [140°]. Formed from 
C, 0 H n .CHjNBLj and phenyl thiooarbimide (Bam- 
berger a. Helwig, B. 22, 1913). Vitreous rosettes. 

PHENYL - NAPHTH YL - CARBINYL - UREA. 
Tetrahydride NHPh.CO.NH.CH a C I0 H 1 , . 
Formed from naphthyl-carbinylamine and 
phenyl cyanate (Bamberger, B. 22, 1918). The 
(a)-compound melts at 126*6°, the (3)-isomeride 
at 141°. Both crystallise in needles. 

PHENYL-(a)-NAPHTHYLENE-DIAMINE 
C lfl H J4 N 2 i.e. G, 0 H a (NH 2 ) (NHPh) [1:4]. [148°]. 
Formed by reducing nitroso-phenyl- (a) -naphthyl- 
amine (Wacker, A. 243, 805). Needles (from 
alcohol) or plates (from benzene). 

P heny 1 -o- nap h t hy lene-di amine 
C 10 H a (NH 2 ) (NHC a H ft ) [1:2]. Amido-(P)-naph - 
thyl-phenyl-amine. [140°]. Formed, together 
with aniline, by reduction of benzene-azo-(3) 
naphthyl-phenyl-amine with SnCl 2 (Zincke a. 
Lawson, B. 20, 1170 ; Witt, B. 20, 1184). Broad 
needles or plateB. Nitrous acid passed into 
HO Ac (11 pts.) containing the hydrochloride in 
suspension forms C ih H„N 4 0 2 or C la H, 0 N 4 O 2 [208°], 
whence SnCl 2 forms C, e H 12 N 4 [194°], which 
yields B'HCl, C Ia H,,AcN 4 [261°] and C^H.^N, 
[177°], and gives with benzoic aldehyde a com- 
pound C 29 H, g N 4 [139°] (Zincke a. Campbell, A . 
255, 349). 

Salts. — B'HCl: long colourless ^glistening 
needles, v. si. sol. water, more readily in alcohol. 
— x B / H t S0 4 : needles, similar solubility. 
Phenyl-dinaphthylene-amine 0„H )r N 

^‘^p>NPh. [c. 144°]. Formed by heating 

(33)*di-oxy-dinaphthyl with aniline-zinc-ohlorid* 

w% 
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at 800° (Walder, B. 15, 2175). Prisms or 
needles, sol. alcohol.— [169°]. 

Di-phenyl-naphthylene-diamine 
[W] C 10 H a (NHPh) 2 . [168°]. Formed, together 
with C, 0 H 6 (OH)(NHPh) [163°), by heating dioxy- 
naphthalene with aniline and CaCl 2 (Annaheim, 
B . 20, 1372 ; Clausius, B. 23, 528). Silvery 
plates (from hot benzene). 

Acetyl derivative C 28 H 22 N 2 O a . [198°]. 

Di-phenyl-naphthylene-p-diamine 
[1:4J C 10 H 8 (NHPh) 2 . [144°]. Formed by reduc- 
ing the di-anilide of (a) -naphthoquinone with 
zinc, HO Ac, and alcohol (Fischer a. Hepp, A. 
256, 255). Colourless prisms. 

DI - PHENYL - NAPHTHYLENE - DI-THIO- 
UREA C 10 H 8 (NH.CS.NHPh) 2 . [355°-360°]. 
Formed from naphthylene (l,2)-diamine and 
phenyl-thio-carbimide (Bamberger a. Schieffelin, 
B. 22, 1376). Needles. 

DI-PHENYL-NAPHTHYLENE-UREA 
C 10 H„(NH.CO.NHPh) 2 . [335°]. Formed from 
naphthylene (1,2) -diamine and phenyl cyanate 
(Bamberger a. Schieffelin, B. 22, 1376). Crys- 
talline granules, v. si. sol. benzene. 

PHENYL-NAPHTHYL-ETHANE C 18 H Ifl i.e. 
G I0 H 7 .CH 2 .CH,Ph. Formed by heating naphthyl 
benzyl ketone with HI and P at 155° (Graebe a. 
Bungener, B. 12, 1078). Yields chrysene on 
passing through a red-hot tube. 

s-PHENYL-(iS) -NAPHTHYL-ETHYLENE 
C fl H v O 2 H 2 .C 10 H 7 . [145°]. Formed by distilling 
(8) -naphthyl cinnamate, C0 2 being split off 
(Anschutz, B . 18, 1946). Silvery plates. 

Di-bromide . [192°]. 

PHENYL-NAPHTHYL-ETHYLENE4-THI0- 

tIBEA NPh:C<g ( ^| H ’)>CH r [185°]. Formed 

from phenyl- (a) -naphthyl-urea and ethylene 
bromide (Foerster, B. 21, 1870). 

DI-PHENYL-NAPHTHYL-GUANIDINE 
C 28 H 19 N 8 CN 3 H 2 Ph 2 (C I0 H 7 ). [1 55°J. Formed by 

heating di-phenyl-thio-urea with (a)-naphthyl- 
amine, alcohol, and PbO (Tiemann, jB. 3, 6 ; Z. 
[2] 6, 309). Crystalline, sol. alcohol. 

PHENYL - (8) - NAPHTHYL - GUANIDINE 
CARBOXYLIC ACID 

O 10 H 7 NH.C(NH).NH.C 6 H 4 .CO 2 H. Formed by heat- 
ing cyan-carbimidamido-benzoic acid with (8)- 
naphthylamine (Griess, B. 16, 338). Crystals 
si. sol. hot alcohol. — B'HCl. Six-sided plates. 

PHENYL (a)-NAPHTHYL-KETONE 
0 17 H 12 0 i.e. C fl H s .CO.C, 0 H 7 . Mol. w. 232. [75-5°]. 
(385°) (Schweizer, A. 264, 196). Y.D. 119 (calc. 
116). S. (alcohol) 2*5 at 12°. 

Formation. — 1. Together with the (8)- 
isomeride, by heating naphthalene with HOBz 
and P 2 O fl at 210° (Merz, B. 6, 541, 966, 1238).— 
2. By heating (a) -naphthoic acid with benzene 
and P 2 O a (M.).— 3. Together with a smaller 
quantity of the (8)- isomeride,' by the action of 
A1C1„ on a mixture of naphthalene, CS 2 , and 
BzCl. The two ketones are separated by crystal- 
lisation from alcohol-ether (Elbs, J. pr. [2J 35, 
503; B. 19, 1965; Rospendowski, C . B. 102, 
872).— 4. By heating naphthalene with BzCl 
and ZnCt 2 , or Zn (Roux, A . Ch. [6] 12, 338 ; 
Kegel, A. 247, 178)* 

Properties. — Trimetrio prisms, very slightly 
volatile with steam. 

Beactions. — 1. Br forms C 17 H n BrO [98°] 
(&.),; [100*5°] (Rospendowski), whence HNO a 


gives C^EyBrfNOa^O decomposing at 90°. — 2. 
Cone. H 2 S0 4 with a few drops of water forms at 
100°- 150° benzoio acid and naphthalene (jB)- 
sulphonic acid. — 3. Soda-lime at 350° forms 
naphthalene and NaOBz. — 4. Chromic acid 
mixture forms C e H 5 .CO.C 8 H 3 (C0 2 H) a [l:2:3]. 
[155°]. — 5. Sodium acting on its ethereal solu- 
tion forms a greenish -yellow compound 
(C 10 H 7 .CPh) 2 O 2 Na 2 , whence water produces 
CPh(C 1( jH 7 ) 2 .CO.C 6 H 5 and other bodies, while 
C0 2 acting on the Na compound forms a yellow 
powder, split up by water into ketone and 
C 8 H 5 .C(C 10 H 7 )(OH).CO 2 H [148°] (Beckmann a. 
Paul, A. 266, 10). 

Oxim C a H 5 .C(NOH).C l0 H 7 . [142°]. Groups 
of white needles (from dilute alcohol) (Kegel, A . 
247, 181). Oxidised by CrO s in HOAo to 

C a H s .CO.C a H > <°°;gg [152°], which yields an 
anilide C a H 3 Bz<°°^NHPh [200°] and a p- 
toluide [197°] both converted by boiling NaOHAq 
into C a H 3 Bz<°°;g£ H [222°]. 

Phenyl (8) -naphthyl ketone [82°]. S. 2 at 
12°. Formed, at the same time as the (a)- iso- 
meride, from naphthalene (v. supra). Formed 
also by heating (8) -naphthoic acid with benzene 
and P 2 0 5 (Merz). Needles, v. sol. hot alcohol. 
Oxim. [176°]. Needles. Oxidised by CrO, 

in HOAc to yellow C a H 3 Bz<£°§* [132°], 

which is converted by heating with aniline into 
dark.red plates of C a H a Bz<^Q^ HPh [210°]. 
Reference. — Di - oxy - phenyl - naphthyl - 

KETONE. 

PHENYL NAPHTHYL KETONE o-CARB- 
OXYLIC ACID C 10 H 7 .CO.C 8 n r CO 2 H. [174°]. 
The chloride is formed from naphthalene, 
phthalic anhydride, and A1C1 S (Ador a. Grafts, 
Bl. [2] 34, 531). Prisms (from dilute alcohol). 

PHENYL - NAPHTHYL - METHANE v. 
Benzyl-naphthalene. 

Phenyl-di- (a) -naphthyl-methane G^EL* i.e. 
C«H 8 CH(C 10 H 7 ) 2 . [c. 180°]. Formed from 

phenyl- (o) naphthyl- (8) -pinacolin by distilling 
with zinc-dust. Got also by heating phenyl- 
di- (a) -naphthyl-carbinol with zinc-dust (Elbs, 

. J. pr. [2] 35, 508). Grey powder ; cakes together 
at 100°. 

Di-phenyl-naphthyl-methane C^Hy.CHPh,. 
[134° and 149°]. Formed by heating di-phenyl- 
carbinol with naphthalene and at 140° 
(Lehne, B. 13, 358 ; Hemilian, Bl. [2] 34, 826). 
Needles, sol. benzene and ether, si. sol. alcohol. 
PHENYL - (a) - NAPHTHYL - METHYL-PYR- 

SOLE CH:CMe>^ C|oH, ‘ (above 300°). 

Formed by heating the carboxylic acid [244°] 
(Lederer a. Paal, B. 18, 2598). Plates. V. e. 
sol. alcohol, benzene, and ligroin. 

Phenyl- (8) -naphthyl-methyl-pyrrole 

CH:CMe>^ C “ H ' - ( 52 °]- Formed by heating 
the carboxylio acid [249°] (L. a. P.). Small 
white concentric needles. V. sol. alcohol. 

PHENYL - (a) - NAPHTHYL - METHYL-PYR- 
ROLE CARBOXYLIC ACID 

C0 2 H.C=CMe> NO ‘‘ H ’- C 244 °3- Foraed ** 
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heating acetophenoneacetoacetic ether with (a)- 
naphthylamine at 180°, and saponification of the 
product (Lederer a. Paal, B. 18, 2598). Needles. 
V. sol. alcohol, benzene, and acetic acid. 

Phenyl-£-naphthyl-methyl-pyrrole carb- 
ozylio acid. [249°]. Formed in like manner, 
using (0) -naphthylamine (L. a. P.). Small 
white needles, sol. alcohol and HOAc. 

Ethyl ether EtA'. [116 0 ]. Plates. 

PHENYL - (A)-NAPHTHYL-METHYL-THIO- 
UREA C 10 H 7 NH.CS.NPhMe. [127°]. Got from 
(A)-naphthyl-thiocarbimide and methyl-aniline 
{Gebhardt, B. 17, 2091). Long yellow needles. 

Phenyl- (a) -naphthyl-me thyl-ij/- thio-urea 
€ 10 H y N:C(SMe).NHPh. [96°J. Formed from 
phenyl (o) -naphthyl- thio-urea and Mel (Foerster, 
B. 21, 1870). Small white needles. Yields 
(a)-naphthyl-tkiocarbimide on heating with CS*. 

PHENYL - (a) - NAPHTHYL- (A) -PIN ACOLIN 
O 6 H 5 .C(C, 0 H 7 ) 2 .CO.C a H fl . [c. 180°]. Fromphenyl- 
{a)-napnthyl ketone by boiling with zinc and 
HC1 (Elbs, J. pr. [2] 85, 505). Pale greenish- 
yellow crystalline crusts, v. sol. ether, si. sol. 
alcohol, insol. water. Cakes together at 100°- 
110°. Boiling alcoholic KOH forms benzoic 
aldehyde and phenyl-di-naphthyl-carbinol. 

PHENYL - (a) - NAPHTHYL - PINACONE 
C l0 H 7 CPh(OH).CPh(OH).C lj) H 7 . [61°]. A pro- 
duct of the action of sodium-amalgam on an 
alcoholic solution of phenyl-(a) -naphthyl ketone 
(Lehne, B. 13, 1800). Needles (from ether). 

DI - PHENYL - (a) - NAPHTHYL - PYRROLE 

CH:CPh> NC| » H ’- by heating 

its carboxylic acid with lime (Paal a. Braikoff, 
B. 22, 3092). Needles, v. sol. hot alcohol. 

Di - phenyl - (A) - naphthyl - pyrrole. [208°]. 
Formed in like manner (P. a. B.). Needles. 

DI - PHENYL - (a) - NAPHTHYL - PYRROLE 

CARBOXYLIC ACID C °^'cHcPh> NC ‘» Hl 

[272°]. Got by saponifying its ether, which is 
obtained from phenacyl-benzoyl-acetic ether 
and (a) -naphthylamine (Paal a. Braikofi, B. 22, 
8091). Small white plates, si. sol. hot alcohol. — 
KA'. SI. sol. hot water. 

Ethyl ether EtA'. [182°]. Needles. 

Di-phenyl-(A)-naphthyl-pyrrole carboxylic 
acid, [above 850°]. Got in like manner, using 
(0) -naphthylamine. Plates. — KA'. SI. sol. water. 

Ethyl ether EtA'. [182°]. Needles. 

PHENYL-(a)-NAPHTHYL SULPHIDE 
C 10 H 7 .SPh. [42 °] (K. a. B.) ; [49°J. (c. 215° at 
15 mm.). Formed from Pb(SPh) 2 and C, 0 H 7 Br 
{Krafft a. Bourgeois, B. 23, 3047). Formed also 
from (o) -diazonaphthalene chloride and NaSPh 
{Ziegler, B. 23, 2471). Prisms (from dil. alcohol). 

Phenyl (0) -naphthyl sulphide. [52°]. (c. 224° 
at 14 mm.). Formed in like manner. Needles. 

PHENYL (a) - NAPHTHYL SULPHONE 
C 6 H 5 .SO 2 .C 10 H 7 . [100°]. Formed by oxidising 
phenyl ja)-naphthyl sulphide with CrO, and 
HOAc (Krafft a. Bourgeois, B. 23, 3047). Formed 
also, together with the (j8)- isomeride, by heating 
benzene sulphonic acid with naphthalene and 
PA at 175° (Michael a. Adair, B. 10, 585). 
Crystals (from alcohol). 

Phenyl ( 0 ) * naphthyl sulphone, [116°]. 
Formed in like manner, and also by heating 
naphthalene (A) -sulphonic acid with benzene 
and PA (M. &. A), and by the action of zinc- 


dust or Aid, on a mixture of naphthalene and 
benzene sulphonic chloride (Crustsohoff, B. 7, 
1167 ; Otto a. Beokurts, B. 11, 2069). Needles. 

PHENYL-(a)-NAPHTHYL-THIO-SEMICARB- 
AZIDE NHPh.CS.NH.NHC 10 H 7 . [135°]. Formed 
from (a) -naphthyl-hydrazine and phenyl-thio- 
carbimide (Preund, B. 24, 4191). Needles. 

Phenyl - (0) - naphthyl - thio - semicarbaslde. 
[202°]. Formed in like manner from (£)- 
naphthyl-hydrazine (P.). White plates. 

PHENYL - (a) - NAPHTHYL - THIO - UREA 
NHPb.CS.NHC 10 H 7 . [163°]. Formed from 
(a) -naphthylamine and phenyl-thiocarbimide 
(Hofmann, Pr. 9, 274), and also from aniline 
and (a)-naphthyl-thiocarbimide (Mainzer, B. 15, 
1414). Plates, v. si. sol. alcohol. With ethylene 
bromide it gives two bases [185°] and [ISO 0 ]. 

Tetrahydride NHPh.CS.NHC 10 H i; - 

[153°]. Formed from phenyl-thiocarbimide and 
(a) -naphthylamine tetrahydride (Bamberger, B. 
21, 1794). Prisms, v. sol. benzene-alcohol. 

Phenyl -(A) -naphthyl- thio -urea 
NHPh.CS.NHC 10 H y . [165°]. Formed from 
(0 ) -naphthylamine and phenyl thiocarbimide 
(M. ; Freund a. Wolf, B. 25, 1468). Plates. 
Split up by HClAq at 150° into aniline, 08)- 
naphthylamine, and phenyl and (A)-naphthyl 
thiocarbimides. COCl 2 in toluene forms 

NPh:Q< ^ C "> H ’> CO [117°]. 

Tetrah ydride NHPh.CS.NHO^H,,. [161°]. 
Formed from phenyl thiocarbimide and (£)- 
naphthylamine tetrahydride (Bamberger a. 
Miiller, B. 21, 858). Prisms (from alcohol). 

PHENYL-(a)-NAPHTHYL-UREA. Te tra - 
hydride NHPh.CO.NHC, n H u . [193°]. Formed 
from (a)-naphthyiamine tetrahydride and phenyl 
cyanate (Bamberger, B. 21, 1794). Needles. 

w-Phenyl- (£) - naphthyl-urea 

NH.,.CO.NPh.C, 0 H 7 - [190°]. Formed by heating 
NPh(C 10 H ? ).COCl and alcoholic NH, at 130° 
(Kym, B. 23, 426). Needles, si. sol. cold alcohol. 

Phenyl-(A) -naphthyl-urea 
NHPh.CO.NHC l0 H : . [221°]. Formed from 

phenyl cyanate and (A) -naphthylamine (Gold- 
schmidt, B. 21, 2567). Prisms (from alconol). 

Tetrahydride^mh.GO.^BC^ n . [166°]. 
Formed from phenyl cyanate and the tetra- 
hydride of (A)-naphthylamine (Bamberger a. 
Muller, B. 21, 859). Needles, v. e. sol. alcohol. 

Phenyl-di- (0) -naphthyl-urea C V7 H 20 N 2 O i.e. 
NHPh.OO.N(Ci 0 H 7 ) 2 . [182°J. Formed from 
phenyl cyanate and di-(A)-naphthylamine (Geb- 
hardt, B. 17, 3039). Formed also by heating 
N(C 10 H 7 ) 2 .COC1 with aniline in CHC1, at 130° 
(Kym, B . 23, 429 ; Kiihn a. Landau, B. 23, 811). 
Needles (from alcohol). By heating with ani- 
line it is converted into CO(NHPh) 2 and di-(£)« 
naphthylamine. 

Phenyl-tri-(A)-naphthyl-urea 
CO(NPhC I0 H 7 ).N (C,„H 7 ) 2 . [168°]. S. (alcohol) 
*9 at 16° ; S. (benzene) 4-54 at 16°. Formed 
from (0 10 H 7 ) 2 N.COC1 and phenyl-(A) -naphthyl- 
amine at 260° (Paschkowezky, B. 24, 2924). 
Granular crystals, si. sol. cold alcohol. 1 

Di-phenyl- (8) -naphthyl-urea 
NHPh.CO.NPhC lo H r . [133°]. Formed from 
NPh(0 10 H ? ).COCl and aniline (Kym, B.23, 426). 
White plates, si. sol. cold alcohol. 

n-Di-phenyl -di-(A) -naphthyl-urea 
NPh 2 .CO.N (C 1# H 7 ) 2 . [104°]. Formed by heat* 
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ing NPh 2 .C0Cl with (O 10 H 7 ) 2 NH at 220° or by 
heating (O 10 H 7 ) 8 N.COCl with NPh.pi at 260° 
(Paschkowezky, B. 24, 2923). Crystalline 
powder, m. sol. cold alcohol. 

a-Di-phenyl-di-(0) -naphthyl -urea 
CO(NPh.C 10 H 7 ) 2 . [186°]. S. (alcohol) 1 at 18*5°. 
S. (benzene) 59 at 18*5°. Formed by heating 
C 10 E 7 NPh.COCl with C lc H 7 NPh.COCl at 250° 
(P*). Polyhedral granules.- Converted by HClAq 
at 250° into aniline, (j8)-naphthol, and COj. 

Tri-phen yl- (j9) -naphthyl-urea 
NPh 2 .CO.NPh.(C 1(> H 7 ). [128°]. Formed from 
C, 0 H 7 NPh.COCl and NPh 2 H at 240° (P.). Crys- 
talline powder, v. sol. alcohol. 

PHENYL o-NITRO-BENZYL KETONE 
C 8 H 5 .CO.CH2.C a H 4 N 0 2 . Nitro-dcoxybenzoln . 

Formed, together with the p-isomeride, by nitra- 
ting phenyl benzyl ketone (Ney, B. 21, 2448). 
Sol. ether (difference from p - isomeride). The 
p- isomeride yields a crystalline oxim [107°]. 

PHENYL p-NITRO-BENZYL OXIDE 
CA.O.CH,.C fi H 4 N0 2 . [91°]. Formed from 
p-nitro-benzyl chloride and KOPh (Kumpf, B. 
17, 1076). Plates (from alcohol). 

Reference, — Nitro - phenyl - nitro - benzyl 
oxide. 

PHENYL NITBODIPHENYLETHYL KE- 
TONE 0 a H 5 .C0.CHPh.CH 2 .C fi H 4 N0 2 . Formed 
from nitro-benzyl chloride, deoxybenzoin, and 
NaOEt (Buddeberg, B . 23, 2071). The o- com- 
pound melts at 102° and yields diphenylquinol- 
ine [96°] (420°) on reduction. The p- isomeride 
melts at 112° and yields an amido- compound 
[141°] on reduction. 

DI-PHENYL-DINITROSACYL. So-called. 
C Ja H 10 N 2 O 4 . [87°]. The chief product of the 
action of HNO s (S. G. 1*4) on acetophenone 
(Hollemann, B. 21, 860, 2835). It is accom- 
panied by an isomeride [179°]. Crystals (from 
ether). Converted by acids and alkalis into 
benzoic and oxalic acids, NH 8 , and hydroxyl- 
amine. Ac 2 0 yields C 16 H, 0 Ac 2 N 2 O a [149°]. 
Aniline and benzanilide form compounds melt- 
ing at 205° and 160° respectively. 

DI-PHENYL-NITROSAMINE v. Nitrosamine 
of Di-phenyl-amine. 

PHENYL-NITR0-T0LYL-THI0-TJREA v. 

Niyro-phenyl-tolyl-thio-urea. 

DI-PHENYL-NITRO-p-TOLYL-tJREA 
NPh 2 .C0.NHC a H 3 Me(N0 2 ) [1:4:3]. [139-5°]. 

Formed from nitro-p-toluidine and NPh 2 .COCl 
at 125° (Lellmann a. Bonhdffer, B . 20, 2121). 
Yellow needles, v. sol. chloroform and benzene. 

PHENYL-OCTIN OIC ACID C 14 H ia O a i.e . 
PhC(C a H 8 )(C 2 H 2 Et).C0 2 H (310°-320°). This 
appears to be one of the products of the action 
of CO at 170° on a mixture of NaOEt and 
PhCH s .C0 2 Na (M. Schroeder, A . 221, 46). 

PHENYL-OCTOIC ACID. Nitrile . 
C^j.CHPh.CN. (287°). Formed from phenyl- 
acetonitrile, hexyl iodide, and NaOH (Rossolymo, 
23.22, 1237). Oil. 

DI-PHfNYL-w-OCTYL TRICYANIDE 
C fc H lr C s N 8 Ph 2 . [43°]. (285° at 15 mm.). 

Formed from C„H 17 .COCl, benzonitrile, and 
A1C1, (Krafft a. Koenig, B. 23, 2384). 

PHENYL-OCTYL-THIO-UREA C^H^N-S i,e, 
C 8 H, 7 NH.CS.NHPh. [53°]. Formed from aniline 
and sec-octyl-thiocarbimide (Jahn, B. 8, 804). 


k-PHENYL-OSOTBIAZOLE C»H 7 N t Le. 

CH-N^>NPh. [224°]. Formed by warming the 

osotetrazone of glyoxal with FeCl 3 and HOlAq 
(Pechmann, A. 262, 291). SI. sol. water, v. sol. 

alcohol. HNO, yields ^° 2): ^NPh [184°]. 

Tri-phenyl-oso triazole cPh-N3 >NPh ‘ P 22 -I- 

Formed by heating the diphenyl-dihydrazide of 
benzil with alcohol at 2l0° (Auwers a. Y. Meyer, 
B. 21, 2806). White plates. 

PHENYL-OSOTRIAZOLE CARBOXYLIC 

ACID C0 « H -^^>NPh. [192°]. Formed by 

oxidising phenyl-methyl-osotriazole with KMnO, 
(Von Pechmann, B. 21, 2760). Formed also by 
boiling the phenyl-hydrazide of di-nitroso-acetonc 
with NaOHAq (Pechmann, A. 262, 283). White 
needles, sol. alcohol, not volatile with steam. 
Yields a nitro- compound [236°] which may be 
reduced to an amido- compound [252°]. 

Salts . — KA' aq. — BaA' 2 4aq. — CdA' 2 4aq. 
Methyl ether MeA'. [90°]. (286°). 
Ethyl ether EtA'. [59°]. (306°). 

Amide O^^Ph.CONH,. [143-5°]. Formed 
by boiling the phenyl-hydrazide of acetyl-di- 
nitroso-acetone with Na 2 C0 3 Aq (P.). Needles. 

Nitrile C 2 HN 3 Ph.CN. [94*5°]. (191° at 

60 mm.). Formed by the action of NaOH on 
the phenyl-hydrazide of di-nitroso-acetone (Pech- 
mann, A. 262, 297). Plates, v. sol. ether. H 2 S 
and alcoholic NH a convert it into the thio-amide 
C2HN3Ph.CS.NH, [132°]. 

Phenyl -osotriazole dicarboxylic acid 

5J|> [256°]. Formed by oxidising 

phenyl-ai-methyl-osotriazole with KMn0 4 (Pech- 
mann, A. 262, 311). Crystalline powder. After 
fusion it melts at 184°. — CaA" : needles. — AgjA". 

PHENYL-OSOTRIAZOLE CARBOXYLIC 

ALDEHYDE ^ HQ ) : ^N N Ph. [70°]. Formed 

by boiling its oxim with dilute H 2 S0 4 (Pechmann, 
A. 262, 294). Insol. cold water. 

Oxim GjHPhNg.CHiN OH. [115°]. A pro- 
duct of the action of alkalis on the compound 
CH(N0H).C(N2HPh).CH(N0Ac). 

Phenyl-hydrazide CjjHPhNg.CH^jHPh. 
[118°-140°]. Plates, v. sol. alcohol. 

PHENYL-OSOTRIAZYL ALCOHOL 
CH^OHJ.Q—Ns^pjj [67 °]_ Formed, together 

with the carboxylic acid, by warming the alde- 
hyde with cone. NaOHAq (Pechmann, A. 262, 
296). Prisms, v. e. sol. alcohol, si. sol. cold Aq. 

PHENYL-OSOTRIAZYL- AMINE CgH.oN, Le. 
ca 1 (NH 2 ).g=Nx >Nph _ ( 233 o a j. 100 

mm.). 

Formed from C2HPhN3.CS.NHa by treatment in 
alcoholic solution with Zn and HC1 (Pechmann, 
A. 262, 300). — B'HCl. [229°]. Tables. — 
B'aBLjPtClg. Prisms. — Di-thio-carbamate. 
[123°]. Tables. 

PHENYL-OXALACETIC ETHER C I4 H la O s i.e. 
COjjEt.CO.CHPh.COaEt. Formed by the action 
of Na on a mixture of oxalic ether and phenyl- 
acetic ether (Wislicenus, B. 20, 591 ; A. 246, 339). 
Oil, decomposed by distillation, v. sol. alkalis. 
FeCl a colours its alcoholic solution red. Boiling 
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dilute H 2 S0 4 gives 00 2 and phenyl-pyruvic 
acid [155°]. 

Phenyl-hy dr azide 

C0 a Efc.C(N 2 HPh).CHPh.C0 2 Et. [70°]. Needles 
(from dilute alcohol), v. sol. ether. 

Ethyl ether of the semi-nitrile 
CN.CHPh.CO.C0 2 Efc. [130°]. Formed from 
phenylacetonitrile, oxalic ether, and Na or 
NaOEt (Erlenmeyer, jun., B. 22, 1483). Plates. 
FeCl* colours its alcoholic solution green. 
PHENYL-OXAMIC ACID v. Oxalic acid. 
PHENYL-OXAMIDE v. Oxalic acid. 
PHENYL-OXAMIDE CARBOXYLIC ACID v. 
Oxalic acid. 

FHENYL-OXANTHRANOL C 20 H 14 O 2 i.e. 

°« H ‘<co h(OH) > c “ H ‘- [208 ° ] - Formed b y 

oxidation of phenyl-anthranol with K 2 Cr 2 0 7 and 
HOAc (Baeyer, A. 202, 58). Colourless tables, 
insol. water, sol* alcohol. Cone. H 2 S0 4 forms a 
purple solution. Reduced by zinc-dust and 
HOAo to phenyl-anthranol. Benzene and 
H, 2 S0 4 form crystalline OJE^O. 

Acetyl derivative C^B^AcO^ [196°]. 
Reference. — Di-chloro- and Oxy-phenyl- 

OXANTHRANOL. 

FHENYL-OXAZOLE C 0 H 7 NO is. 

[6°]. (221°). Formed by heat- 

tng bromo-acetophenone with formamide at 140° 
(Lewy, B. 20, 2578; Bliimlein, B. 17, 2580).— 
B'HCl. [80°]. — B^yptClg 2aq : yellow needles. 

Di-phenyl-oxazole CPh^^ 1 .^^ [103°]. 

(339°). Formed by heating w-bromo-aceto- 
phenone with benzamide at 145° (B. ; L.). 
Plates (from alcohol). — B'HCl. Needles. 

Phenyl-iso-oxazole ^^^CH^-N* [ 23 °]« 

Formed from the oxim of benzoyl-acetic alde- 
hyde and AcCl (Claisen a. Stock, B. 24, 134). 

PHENYL-OXAZOLE DIHYDRIDE C^NO 

i.e. (243°). Formed by warm- 

ing bromo-ethyl-benzamide with alkalis (Gabriel 
a. Heymann, B. 23, 2495). Liquid, smelling like 
phenyl-thiazole dihydride. Miscible with alco- 
hol and ether, si. sol. water. HBrAq forms bromo- 
ethyl - benzamide and CH^OBzJ.CHgNH,. — 
B^H^tCl,.— B'.H.Cr.p,.— B'CftN^,. [177°]. 

DI-PHENYL OXIDE C l2 H 10 O i.e. Ph 2 0. Mol. 
w. 170. [28°]. (253°). 1*5675 at 25°. 

Formation. — 1. By distilling cupric benzoate 
(List a. Limpricht, A. 90, 190). — 2. By warming 
diazobenzene sulphate or chloride with phenol 
(Hofmeister, B. 3, 747 ; A. 159, 204 ; Hirsch, B. 
23, 3709). — 3. By heating phenol with ZnCl 2 at 
850°, the yield being 6 p.c. (Merz a. Weith, B. 
14, 187). — 4. By heating phenol with A1C1, (M. 
a. W.).— - 5. Together with diphenylene ketone 
oxide and a body melting at 111°, by distilling 
sodium salicylate with phenyl phosphate (R. 
Richter, J.pr. [2] 28, 273). 

Preparation. — By distilling Al(OPh) s (Glad- 
stone a. Tribe, C. J. 41, 6). 

Properties. — Prisms (from cold alcohol), 
smelling like geraniums, almost insol. water and 
KOHAq. Cono. H*S0 4 forms 0(0 4 H 4 .S0 I H) J , 
which forms NajA^aaq, BaA", and Ag^A". 

References. — Di-amido-, Di-bbomo-, and Di- 
ifiTRo- and Bi-oxy- Diphenyl oxide. 


PHENYL-OXY-ACETAMIDINE t>. Mandel- 
Amidine. 

PHENYL-OXY-ACETIC ACID v. Mandelio 

ACID. « 

DI-PHENYL-OXY-AN GELIC ACID v. Di- 

%drO-CORNICULABIO ACID. 

PHENYL j?-OXY-BENZYL KETONE 

C«H v CO.CH 2 .C 8 H 4 OH. [129°]. Formed from 
CHjBz.C 6 H 4 NH 2 by the diazo- reaction (Ney, B. 
21, 2449). White spangles (from water). 

Acetyl derivative. [87°]. Plates. 
Isomeride v. Benzoin. 
PHENYL-OXY-BENZYL-UREA O l4 H I4 N.O. 
i.e.[l:2]C tt H 4 (OH).CH 2 .NH.CO.NHPh. Formed by 
warming C 6 H 4 (OH).CH 2 NH 2 with phenyl cyanate 
and benzene. Needles, sol. alcohol and ether. 
Methyl derivative 

[1:2] C 0 H 4 (OMo) .CELN H.CO.NHPh. [145°]. 

Formed from C 8 H 4 (OMe).CH 2 NH 2 and phenyl 
cyanate (Goldschmidt a. Ernst, B. 23, 2743). 

PHENYL-OXY-BROMO-PROPIONIC ACIDv. 
Bbomo-oxy-phenyl-propionic acid. 

PHENYL OXYBUTYL KETONE C u H, 4 0 3 i.e. 
C (J H a .CO.CH 2 .CH 2 .CH 2 .CH 2 OH. [41°]. Formed 
by boiling the anhydride of its carboxylic acid 
with water (Perkin, jun., G. J. 61, 733 ; 57, 310). 
Iridescent plates, v. sol. alcohol. If left to stand 
over H. 2 S0 4 it is converted into the anhydride. 

Oxim C h H 6 . C (N OH) .C 4 Il a OH. [57°]. Minute 
plates, si. sol. ligroin. 

Anhydride C.,11,,0 i.e. oh^ 0 - 

(250° at 720 mm.). Formed by heating its carb- 
oxylic acid at 200° (Perkin, B. 1C, 1792; 19, 
2559 ; C. J. 51, 730). Oil. Converted by HBrAq 
into phenyl bromo-butyl ketone. 

PHENYL OXY-BUTYL KETONE CARB- 
OXYLIC ACID. Anhydride C 12 H 12 0 8 i.e. 

CIF Benioyl-tetrametliyl - 

ene carboxylic acid. Phenyl dehydrohexone 
carboxylic acid. [144°]. Formed by saponifica- 
tion of its ether, which is made by the action of 
trimethylene bromide on sodium benzoyl-acetic 
ether (Perkin, jun., C.J. 61, 726 ; B . 19, 2557). 
Monoclinic crystals, a:6:c*= 2*638:1:3*398 ; 
£ = 74*44'. Y. sol. alcohol and ether. Converted 
by cone. HBrAq in the cold into C„H 4 .CO.C 4 H 8 Br. 
— CaA". — PbA" : white pp. — AgA' : white pp. 

Ethyl ether EtA'. [60°]. Monochnio 
prisms; 1*002:1: -591 ; £-68° 34'. 

Reference.— Nitbo-phenyl oxy-buxyl ketone 
anhydride carboxylic acid. 

PHENYL - OXY - BUTYRIC ACID v. Oxy- 

PHENYL-BUTYBIG ACID. 

PHENYL OXY-^-CUMYL KETONE 

C fl H 4 .CO.C 8 HMe s OH. [187°]. Formed by the 
action of nitrous acid on phenyl amido-v|/-cumyl 
ketone (FrShlich, B . 17, 1806). Plates, v. sol. 
alcohol, sol. alkalis. 

PHENYL OXYETHYL 8ULPHONE 
CyH^SOj-C^OH. Formed by heating glycolic 
chlorhydrin with sodium-benzene sulphinate 
and a little water at 120° (Otto, J.pr, [2] 80, 186). 
Prepared by boiling C 2 H 4 ^S0 2 C 8 H 4 )« vith KOHAq. 
Liquid, si. sol. water, miscible with alcohol and 
ether. Reactions. — 1. Cone, HaS0 4 forms 
C 8 H s .S0 2 .C 2 H 4 .0.S0 a H, which yields 3£BaA' 2 aq, 
crystallising from water in needles. — 2. Sodium - 
amalgam reduces it to alcohol and Ph.SO t H or 
PhSH. — 8. PC1 4 forms PhS0 2 .C 2 H 4 Cl, crystals- 
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ing from benzene in six-sided tablets [56°]. — 
4. rOl* forms the sparingly soluble anhydride 
(Ph.S0 2 .C 2 H 4 ) 2 0 [70°]. — 5. Aqueous NH„atl20 o 
•forms (Ph.S0 2 .C 2 H 4 ).jNH. — 6. Chromic acid 
oxidises it to Ph.S0 2 .CH 2 .C0 2 H 

Acetyl derivative O 10 H 12 SO 4 . Oil. 
Benzoyl derivative Ph.S0 2 .C 2 H 4 .0Bz 
[125°]. 

PHENYL OXY - METHYL KETONE v. 

Benzoyl-carbinol. 

PHENYL - OXY - NAPHTHYL KETONE. 

Ethyl derivative C I0 H fl (OEt).CO.C fl H 5 . [75°]. 
Formed from C, 0 H 7 .OEt, BzCl, and A1C1, (Gat- 
termann, B. 23, 1209). Needles. 
Phenyl-di-oxy-naphthyl ketone 

C,H 1 .CO.C (i H J <^g|j:g®[. [191°]. Formed by 

boiling (a)-benzoyl-naphthoquinone with SnCl* 
and alcohol (Kegel, A. 247, 183). White plates. 
Acetyl derivative. [155°]. Plates. 
Isomeride v. Di-oxy-phenyl-naphthyl-ke- 
tone. 

PHENYL - OXYPHENYLBI AZYL-HYDRAZ - 
lira: ^Q h Q^ > C.NH.NHPli. [181°]. Formed 

by heating di-phenyl-carbazide with C0C1 2 at 
100° (Freund a. Kuh, B. 23, 2831). White 
crystals, insol. benzene. Oxidised by FeCl 3 to 
C 2 N 2 Ph0 2 .N:NPh [200°]. 

PHENYL - OXY - PHENYLTHIOBIAZYL - 

HYDBAZINE ^^^C.NH.NHPh. [124°]. 

Formed by the action of COCl 2 on di-phenyl- 
thiocarbazide, the resulting C 2 N 2 PhSO.N:NPh 
[140°] being reduced by alcoholic ammonium 
sulphide (Freund a. Kuh, B. 23,2827). Needles. 

DI-PHENYL-DIOXYPHENYLENE DI- 
KETONE v. Dioxyphenylene diphenyl di- 

KETONE. 

PHENYL-OXY-PIVALIC ACID v. £-oxy- 

PHENYL- VALERIO ACID. 

PHENYL-OXY -PROPIONIC ACID v . Oxy- 

PHENYL-PROPIONIC ACID. 

DI-PHENYL OXYPROPYLENE DISUL- 
PHONE CH(0H)(CH 2 .S0 2 .C 6 II s ) 2 . Formed by 
oxidation of the product of the action of NaSPh 
on dichlorhydrin (Otto a. Bussing, B. 23, 758). 
Oil, v. sol. alcohol. 

Benzoyl derivative . [150°]. Needles. 
DI-PHENYL OXY-PROPYL SULPHONE. 
Anhydride (C 6 H 5 .S0 2 .CH 2 .CH 2 .CH 2 ) 2 0. [85°]. 
Formed by heating di-phenyl trimethylene di- 
sulphone with alcoholic potash at 120° (Otto, B. 
24, 1833). Hexagonal tables, insol. water. 

PHENYL OXYTOLYL KETONE. Methyl 
derivative C d H 5 .CO.C 6 H a Me.OMe. [80°]. 
Formed from C 8 H 4 Me(OMe), BzCl, and A1C1 3 
(Koenigs a. Carl, B. 24, 3897). Crystals. 

PHENYL-OXY-VALERIC ACID v. Oxy- 

PHENYL-VALERIO ACID. 

Di-phenyl-oxy-valerio acid v. Tetrahydro - 

CoRNICULARIC ACID. 

PHENYL-PARABAMIC ACID v. Parabamic 

ACID. 

PHEN7L-PARAC0NIC ACID v. Anhydride 
of Oxy-benzyl-succinic acid and Nitro-phenyl- 

PARACONIO ACID. 

DI-PHENYL-PENTADECYL TRICYANIDE 

0 8 N 8 Ph 2 (CHJ u CH 3 . [64°]. (328° at 13 mm.). 

Formed by heating benzonitrile with palmityl 
chloride and A1C1, from 40° to 100° (Krafft a. 


Hansen, B . 22, 809). Globular groups of 
needles (from isobutyl alcohol), v. sol. ether. 

PHENYL PENTADECYL KETONE 
C^.CO.C^H,,. [59°]. (251° at 15 mm.). 

Formed from palmityl chloride, benzene, and 
A1C1, (Krafft, B. 19, 2982 ; 21, 2266). Plates 
(from alcohol), sol. ether. Yields benzoic and 
pentadecoic acids on oxidation. 

Reference . — Oxy-phenyl pentadecyl ketone. 
PHENYL-PENTANE v. Amyl-benzene. 
PHENYL-PENTANE DICARBOXYLIC ACID 
C0 2 H.C 8 H 4 .CEt 2 .C0 2 H. [148°]. Formed by the 
action of KOHAq upon its anhydride 

C a H 4 <^Q t2 *^ [53°], which is got by the ac- 
tion of alcoholic potash and EtI on di-Dxy- 
ethyl-isoquinoline (Pulvermacher, B. 20, 2494). 
Crystalline. — BaA". — Ag^A" ; yellow powder. 

Phenyl-pentane tricarboxylic ether 
CHEt(C0 2 Et).C(CH 2 Ph)(C0 2 Et) 2 . (336° cor.). 
S.G. 2 5 ° 1*0899. ju D =» 1*4867 at 20°. Formed 
from sodium butane tricarboxylio ether and 
benzyl chloride (Bischoff a. Mintz, B. 23, 654). 
Yields, on saponification, two benzyl-ethyl-suc- 
cinic acids [157*5°] and [123*5 ]. 

Phenyl-pentane tricarboxylic acid 
CMe 2 (C0 2 H).C(CHJPh)(C0 2 H) 2 . [178°]. Ethyl 
ether Et 3 A"\ (337° cor.). S.G. \° 1*0950. 
Md = 1*4834 at 20°. Formed in like manner 
from isobutane tricarboxylic ether (B. a. M.). 
Yields, on saponification, the acid and also 
benzyl-di-methyl-succinio acid [155°]. 

Phenyl-pentane tri-carboxylic acid 
CHMe(C0 2 H).CH 2 .C(CH 2 Ph)(C0 2 H) 2 . [130°]. 

One of the acids got by saponifying the product 
of the action of benzyl chloride on sodium iso- 
butane tricarboxylic ether (Bischoff, B. 23, 
1947). Plates (from water). 

Di-phenyl-pentane tetra-carboxylic ether 
CH,(C(C0 2 Et) 2 .CH 2 Ph) 2 . (c. 240° at 20 mm.). 
Formed from disodium propane tetra-carboxylic 
ether and benzyl chloride (Dressel, A. 256, 191). 
Thick oil. 

PHENYL-PENTENOIC ACID C n H I2 0 2 i.e , . 
C (J H 5 .C 4 H fJ .C0 2 H. H ydrocinnamenylacrylic 

acid. [31°]. Formed by reduction of phenyl- 
pentinoic acid by sodium- amalgam (Baeyer a. 
Jackson, B. 13, 122). Plates. Yields di-oxy- 
phenyl-valeric acid on oxidation by alkaline 
KMn0 4 (Fittig a. Mayer, A. 268, 51). 
Dibromide . [109°]. Prisms. 
PHENYL-PENTINOIC ACID C„H 10 O, i.e . 
C fi H 5 .CH:CH.0H:CH.C0 2 H. Styryl-acrylic acid . 
[166°]. Formed from cinnamic aldehyde, Ac 2 0, 
and NaOAc (Perkin, G. J. 31, 403; Fittig, A . 
268, 50). Prisms (from water). On oxidation 
by alkaline KMn0 4 it yields benzoic aldehyde 
and racemic and oxalio acids (Doebner, B. 23, 
2374). — SrA' 2 2aq. — Ag„A". 

Chloride C 12 H 13 OCl. [25°]. 

Amide. [186°]. Tables (from alcohol). 
Di-phenyl-pentinoio acid 
C fi H 5 CH : CH. CH : CPh.CN. [119°]. Formed from 
cinnamic aldehyde, phenyl-acetonitrile, and 
NaOEt (Freund a. Immerwahr, B . 23, 2856). 
Needles, v. soL alcohol and ether. 

Reference . — Nnno- and Oxy-phenyl pen- 
tinoic ACID. 

PHEN YL-PHENTRIAZINE. Dihydride . 

CgH^^jT^pk. [128°]. Formed by adding 
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NaN0 2 to a solution of o-amido-benzyl-phenyl« 
hydrazine or o-amido-benzyl-aniline in HClAq 
at 0° (Busch, B. 25, 448). Plates, v. sol. al- 
cohol. Salts . — B'jHjPtOlg. [130°].— 
B'G a H 3 N 8 0 7 . [111 0 ]. Orange-red needles. 
PHENYL-PHENTRIAZOLE C 12 H 0 N 3 U. 

C,H 4 <^>NPh. [109°]. Occurs as a by- 

product in the manufacture of amido-azo-benz- 
ene (Gattermann, B. 21, 1633). Formed by the 
action of phenyl-hydrazine on bromo-di-nitro- 
benzene, the resulting nitro-phenyl-phentriazole 
[l:4:5]C a H 3 (N0 2 ):N 3 Ph being reduced to amido- 
phenyl-phentriazole [183°] and NH 2 then elimi- 
nated (Kehrmann a. Messinger, B. 25, 899). 

Isomeride Phenyl-phenyU 

ene-azimide . [90°]. Formed from o-amido- 

diphenylamine and nitrous acid (Sohopff, B. 23, 
1843). Needles, sol. alcohol. 

PHENYL-PHEN-(0)-NAPHTHACRIDINE 

C a H 4 <^ pl ^>C 10 H a . [198° uncor.]. Formed by 

heating a mixture of phenyl- (/8)-naphthylamine 
and benzoic acid with P 2 0 5 or ZnCl 2 (Claus 
a. Richter, B. 17, 1595). Sublimes in white 
needles. — B' 2 HJPtCl a : glittering yellow needles. 

DI-PHENYL PHENYL-ACETYLENE DI- 
KETONE V. DeHYDKO-ACETOPHENONE-BENZIL, VOl. 

i. p. 37. 

Di-phenyl-diphenylacetylene diketone v . 
Oxylepipen, vol. iii. p. 137. 

PHENYL-PHENYL-AMIDO-ACETIC ACID 

C«H 4 Ph.NH.CH 2 .CO J II. Formed from p-amido- 
diphenyl and chloro-acetic acid (Zimmermann, 
B . 13, 1966). Plates (from hot water). — EtA'. 
[95°]. Needles (from dilute alcohol). 

PHENYL PHENYL-AMIDO-ETHYL KE- 
TONE C (( H s .CO.C.,H,NHPh. [38°]. Formed from 
C d H 5 .CO.C v H 4 Br and aniline (Pampel a. Schmidt, 
B. 19, 2896). Yellow crystals. 

Acetyl derivative. [103°]. Needles. 
PHENYL PHENYL-AMYL KETONE 
C 18 H >20 O i.e. C a H v CO.CHPh.CK,Pr. [78°]. (330° 
cor.). Formed from phenyl benzyl ketone, 
NaOEt, and isobutyl bromide (Y. Meyer a. 
Oelkers, B . 21, 1295). Needles. Yields an oxim 
[118°] crystallising in prisms. 

PHENYL-PHENYL-BENZAMIDINE 

C 1 »H„N 2 i.e. CPh^ H >C„H 3 X > h. [198°]. Formed 

from C (J H 3 Ph(N0 2 ).NHBz, tin, and HOAc (Hiib- 
ner, A. 209, 347). Plates (from alcohol). — B'HCl. 
— B'.FLPtClg. — B'jjILSO,, : needles, si. sol. water. 

PHENYL-PHENYL BENZYL KETONE 
C 2fl H 16 0 i.e . C e H,Ph.CO.CH a Ph. [150°]. (above 
360°). Formed from diphenyl, phenyl-acetic 
chloride, and A1C1 3 (Papcke, B. 21, 1339). Plates 
(from alcohol). Converted by NaOEt and CSC1 2 
into C 6 H 4 Ph.CO.CPh:CS [above 320°]. 

PHENYL PHENYL-BUTYL KETONE 
C a H 5 .CO.CHPhPr. [33°]. (330°). Formed from 
sodium deoxybenzoin and w-propyl bromide 
(Bischoff, B. 22, 346). Thread-like needles 
(from alcohol). Yields an oxim [100°]. 

Phenyl phenyl-isobutyl ketone 
CaHj.CO.CHPhPr. [48°]. (325°). Yields an 

oxim [70°] and a phenyl-hydrazide [72°]. 

BI-PHENYL-DI-PHENYL-CARBINOL 
(C a H 4 Ph) 2 CH.OH. [151°]. S. (alcohol) 1-25; 
(ether) 3 ; (ligroin) *5 at 15°. Got by reducing 


the corresponding ketone with sodium- amalgam 
(Adam, A. Gh. [6] 15, 260; cf. Weiler, B. 7, 
1189). Plates. 

PHENYL - DI - PHENYL - CABBINYLAMINE 

C a H 6 .C fl H 4 .CHPh.NH 2 . [77°]. Got by reducing 
the oxim C a H & .C 9 H 4 .C(NOH).C a H 5 by sodium- 
amalgam (Koller, M . 12, 608). Needles (from 
ether), insol. water. Cone. H 2 S0 4 forms a deep- 
violet colour, becoming claret-red on warming. 
— B'HOAc. [161°]. White needles (from water). — 
B'HCl. [252°]. White needles.— B'HNO s . 
[211°]. — B' 2 H 2 PtCl a 4aq. [191°]. Yellow needles. 

Phenyl-triphenylcarbinyl-amine 
NHPh.CPhg. [146°]. Formed from aniline and 
CPh s Br (Elbs, B. 17, 703 ; Hemilian a. Silber- 
stein, B. 17, 746). Hexagonal prisms, v. sol. 
CS 2 . Yields a nitrosamine [c. 156°] and a 
tetra-sulphonic acid C 25 H, 7 (SO.,H) 4 N v&ich 
yields easily soluble Ba-^A 1 ’ and Cu 2 A ,,r . 

PHENYL TRI-PHENYL-CARBINYL KE- 
TONE v. (0)-Benzpinacolin. 

DI- PHENYL - DIPHENYLENE - DI - UREA. 
NHPh.CO.NH.C ti H 4 .C a H 4 .NH.CO.NHPh. [above 
300°]. Concentric needles (from aniline). 
Formed by adding phenyl cyanate (2 mols.) to 
an ethereal solution of benzidine (Kuhn, B. 18, 
1478). 

PHENYL PHENYL-ENNYL KETONE 

C s H 5 .CO.CIIPh.C 8 H J7 . [C1°J. (350°-355°). 

Formed from deoxybenzoin (E. Bischoff, B . 22, 
348). Yields an oxim [101°] crystallising in 
long needles. 

PHENYLPHENYL - ETHYL ALCOHOL 

[l:3]C a H 4 Ph.CHMe.OH. [86°]. Formed by re- 
ducing C a H 4 Ph.CO.CH 3 with Bodium -amalgam 
(Adam, A. Gh. [6] 15, 257). Crystalline mass. 
Cannot be distilled. 

DI-PHENYL DIPHENYLETHYLENE DI- 
KETONE CHPhBz.CHPhBz. Bidesyl. Hydro- 
oxylepiden. [255°]. Formed as described ii? 
vol. iii. p. 139. Needles (from benzene), insol 
alcohol. On boiling for two hours with alcoho 
it changes to an isomeride [261°], sol. alcoho 
(Fehrlin, B. 22, 553). 

Isomeride. [161°]. Isobidesyl. Accompanies 
bidesyl when prepared from deoxybenzoin, 
NaOEt, and I, or from BzCHBrPli, NaOEt, and 
deoxybenzoin (KnSvenagel, B. 21, 1356). Prisms 
(from alcohol). Reacts with hydroxy lamina 
forming C 36 II, 7 N,0 4 [110 o -120°J. Cone. H 2 SO< 
forms with bidesyl and isobidesyl a green 
solution, turning brown. NH 3 forms tetra- 
phenyl-pyrrole. 

PHENYL PHENYL-ETHYL KETONE 

C (i H 5 .CO.CHMe.C a H a . [53°]. (318° cor.). 

Formed from C a H 5 .CO.CHNa.C a H fl and Mel 
(V. Meyer a. Oelkers, B. 21, 1297). Needles 
(from alcohol). Forms an oxim [120°]. 

Phenyl phenyl-athyl ketone 
C 9 H s .CO.CH 2 .CH 2 .C a H 0 . [73°]. (above 360°). 
Formed by reducing phenyl styryl ketone with 
zinc-dust and HOAc (Schneidewind, B. 21, 
1325). Plates (from alcohol). Yields an oxim 
[87°]. Isoamyl nitrite and Nr GEt form 
C lfi H, 3 N0 2 [126°]. 

Phenyl diphenyl-ethyl ketone 
CaHj.CO.CHPh.CH^h. [120°]. Formed from 
phenyl benzyl ketone, NaOEt, and benzyl 
chloride (V. Meyer a. Oelkers, B. 21, 1300). 
Needles (from alcohol). Yields an oxim [208®]. 
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PHENYL PHENYL-ETHYL KETONE 
CARBOXYLIC ACID 0 6 H,.C0.CHPhCH 2 .C0 2 H. 
[152°] (J. a. M.) ; [161°] (M. a. 0.). Formed by 
oxidising dehydro-acetone-benzil with CrO , and 
HOAc (Japp a. Miller, B. 18, 184). Needles.— 
BaA' 2 2aq. — AgA'. 

Ethyl ether EtA\ Formed from 
Ph.CO.CIINaPh and ClCH 2 C0 2 Et (V. Meyer a. 
Oelkers, B. 21, 1305). When heated it yields 

an anhydride [152°], whence am- 
monia forms NH< \cPh*CPh Phenyl- 

hydrazine acting on desylacetic acid forms 
CjjgHjgN^O [110°J and (0,.H J7 N a 0) 2 [243°]. The 

former, NHPh.N^^p^^pjJ ? may be reduced 

ptr 

by Na and isoamyl alcohol to NH^p ^p ^ Q^p^ 
[207°]. Aniline converts the acid into 
Nth< CcPh:Oi'h [W0°] “d 
NPh< sCPh CPh'oPh:CPh^ >NI>l1 not molted at 


Phenyl phenyl-ethyl ketone carboxylio 
acid. Methyl ether 

C B H 5 .CO.CH(C0 2 Me).CH,Ph. (c. 253° at 50 
mm.). Formed from methyl benzoyl-acetate, 
NaOEt, and benzyl chloride (Perkin a. Caiman, 
C . J. 49, 155). 

Phenyl di-phenyl-ethyl-ketone carboxylic 
acid C^H^Oa i.e. C b H 5 .C0.CH 2 .CPh r C0 2 H. 
[183°]. Formed by heating the lactone of oxy- 
tri-phenyl-crotonic acid with alcoholic potash 

a a. Klingemann, C. J . 57, 081). Plates. 

2 ed by boiling HIAq to tri-phenyl-butyro- 
lactone. Phenyl-hydrazine in alcoholic solution 
yields G^RJNoO, which is reduced by Na and 
isoamyl alcohol to oxy- tri-phenyl-pyrrole di- 
hydride C 22 H 1P NO. — NH 4 A\ — AgA'. On heating 
with alcohol and hydroxylamine hydrochloride 
it forms C, 2 H 17 N0 2 [152°] and C^H^NO [143°]. 

Methylamide C^H^NOjj. [156°]. Formed 
from tri-phenyl-crotolactone and methylamine. 
Ethyl&mide. [130°]. Needles. 

Phenyl tri-phenyl-ethyl ketone carboxylic 
acid. Methylamide 

C g H 5 .CO.CHPh.CPh 2 .CONHMe. [260°]. Formed 
by heating the lactone of oxy-tetra-phenyl-cro- 
tonicacid with alcoholic NH 2 Me at 100 J to 200° 
(Klingemann a. Laycock, B. 24, 514). Plates, 
si* sol. alcohol. Yields, on distillation, 

NMe <CO h .CPh 2 [ 158 °]‘ 

PHENYL PHENYL-HEPTYL KETONE 
C g H s .CO.CHPh.C 8 H, 3 . [59®]. (345°). Needles 
or plates (from alcohol). Yields an oxim [89°] 
(Bischoff, B. 22, 347). 

PHENYL-DI-PHENYL-HYDRAZINE 
NHPh.NHC tf H 4 Ph. [127°]. Formed by reducing 
C ( II a .N 2 .C„H 4 Ph with ammonium sulphide 
(Locher, B. 21, 911). Needles or plates (from 
dilute alcohol). Yields a di-acetyl derivative 
[203°]. , 

PHENYL-DI-PHENYL KETONE u. Phenyl- 

BENZOPHElsONE. 

PHENYL-PHENYL MERCAPTAN C 12 H 10 S 
i.e. C„H 4 Ph.SH. [111°]. Formed by educing 
C tf H 4 Ph.SO a Cl with tin and HC1 (Gabriel a. 
Deutsch, J3. 13, 386). — PtyS.GJ^Ph).,. Reddish- j 


brown pp. — C^H^SMe. [108°]. Needles (Ober* 
mayor, B. 20, 2927). 

DI- PHENYL-DI-PHENYL-METHANE 
(C 8 H 4 Ph) 2 CH 2 . [161°]. (360°). Formed from 
diphenyl, methylal, HOAc, and H 2 S0 4 (Weiler, 
B. 7, 1188). Formed also from diphenyl, 
CHjCla, and A1C1 3 ; the yield being bad (Adam, 
A. Ch. [6] 15, 254). 

DI- PHENYL DI- PHENYL -METHYLENE 
DISULPHIDE CPh 2 (SPh)., [139°]. Formed by 
passing dry HC1 into a hot mixture of benzo- 
phenone, phenyl mercaptan, and ZnCl 2 (Bau- 
mann, B. 18, 888). Prisms (from ether). 

PHENYL -PHENYL DI - PHENYL - ETHYL 
KETONE O fl H 4 Ph.CO.CHPh.CH 2 Ph. [158°]. 
Formed from C 8 H 4 Ph.CO.CH,Ph, NaOEt, and 
benzyl chloride (Papcke, B. 2 i, 1339). Needles 
(from alcohol). Yields an oxim [175°]. 

PHENYL PHENYL - PROPINYL KETONE 
CARBOXYLIC ACID CPh:C.CHBz.C0 2 H. [135°]. 
(c. 275° at 40 mm.). Formed from di-benzoyl- 
propionic ether and alcoholic potash (Kapf a. 
Paal, B. 21, 1488). Yellow needles or plates, 
insol. water. Phenyl-hydrazine forms 0 2fl H 2 ,N 4 0 
[100°]. Boiling with alcohol and HClAq forms 
di-phenyl-furi'urane carboxylic acid [217 u ]. Al- 
coholic NH 3 yields di-phenyl-pyrrole carboxylic 
ether. — KA'2aq: yellow needles (from alcohol). 

PHENYL a - PHENYL - PROPYL KETONE 
C () H 5 .CO.CHEtPh. [58°]. (324° cor.). Formed 
from phenyl benzyl ketone, NaOEt, and EtI 
(V. Meyer a. Oelkers, B. 21, 1299). Needles. 
Yields an oxim [130°]. 

Phenyl phenyl-propyl ketone 
C ri H ri .CO.CH..CHPh.CH 8 or C 8 H 5 .CO.CMe 2 Ph 
[70°]. (340°"-345® i.V.). Formed by heating 
acetophenone with HI and P at 140° (Graebe, B. 
7, 1025). Plates (from alcohol), v. e. sol. ether. 

PHENYL DI- PHENYL -PROPYL THIO- 
UREA NHPh.CS.NH.CH,..CHPh.CH,Ph. [129°]. 
Formed from di-phenyl-propyl-amine and phenyl 
thiocarbimide (Freund a. Remse, B. 23, 2802). 

PHENYL PHENYL - PYRAZYL KETONE 
C 3 H 2 PhN 2 .CO.C 0 H v [123°]. Formed by heating 
phenyl-pyrazole with BzCl at 245° (Balbiano, G. 
19, 139). Needles (from dilute alcohol). Yields 
an oxim [154°] and a phenyl-hydrazide [140°]. 

DI-PHENYL-DI-PHENYL SULPHIDE 
C 24 H 18 S i.e. (C 8 H 4 Ph) 2 S. [172°]. Formed by 
distilling Pb(S.C 8 H 4 Ph) 2 (Gabriel a. Deutsch, B. 
13, 386). Plates, sol. alcohol and ether. 

Di-phenyl di-phenyl disulphide (C 8 H 4 Ph) 2 S r 
[150°]. Formed by atmospheric oxidation of 
C 6 H 4 Ph.SH (G. a. D.). Needles, sol. alcohol 
and CS 2 . 

PHENYL-PHENYL SULPH00YANIDE 

C 6 H 4 Ph.SCN. [84°]. Formed from Pb(SC 8 H 4 Ph), 
and IOy (Gabriel a. Deutsch, B. 13, 889). White 
crystals. 

DI-PHENYL-DI-PHENYL SULPHONE 

(C 8 H 4 Ph)„S0 2 . [216°]. Made by oxidising 

(C 8 H 4 Ph) 2 S with KMn0 4 (Gabriel a. Deutsoh, B. 
13, 387). Plates, si. sol. ether. 

PHENYL - PHENYL - SULPH0N0 - BENZ AM- 
IDINE PhC(NPhH):NS0 2 Ph. [139% Formed 
by the action of aniline on the imido-chloride 
obtained from the anilide of benzene sulphonio 
acid by the action of PCl g (Wallach a. Gossmann, 
A. 214, 214). Narrow plates (from alcohol). 
Appears not to combine with HC1. On dry die- 
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tillation it gives di-phenylamine, benzonitrile, 
S0 2 , and phenyl sulphides. 

PHENYL-PHENYL-THIOCARBIMIDE 
CAPh.NrOS. [58°]. Formed by distilling 
(C a H 4 Ph.NH) 2 CS with P 2 0 5 (Zimmermann, B. 
13, 1964). Needles. 

PHENYL PHENYL-THIO-GLYCOLLIC ACID 

C a H 4 Ph.S.CH 2 .C0 2 H. [170°]. Formed from 
chloro-acetic acid and C rt H 4 Ph.SNa (Gabriel a. 
Deutsch, B. 13, 389). Colourless crystals, si. 
sol. water. 

Phenyl-phenyl-di-thio-di-glycollic acid 
C 12 H 8 (S.CH 2 .CO.,H) 2 . [252°]. Formed from 

C l2 H 8 S 2 Pb and C1CH„.C0 2 H. Crystals. 

DI-PHENYL-DI-PHENYL-THIO-UREA 
CS(NH.C fl H 4 Ph) 2 [228°]. Formed from ^-amido- 
dipnenyl and CS 2 (Zimmermann, B . 13, 1963). 
Plates. 

PHENYL PHENYL DI-TOLYL-CARBINYL 
KETONE v. Phenyl-tolyl-pinacolin. 

PHENYL - PHENYL -_p - TOLYL - CARBINYL- 
TTREA NHPh.CO.NH.CHPh.C„H 4 Me. [206°]. 
Formed from C 6 H 4 Me.CHPh.NH 2 and phenyl 
cyanate (Goldschmidt a. Stoker, B. 24, 2802). 

PHENYL PHENYL-DI-XYLYL-CARBINYL 
KETONE v. Phenyl-xylyl-pinacolin. 

PHENYL PHOSPHATES. 

Mono - phenyl di - hydrogen phosphate 
G a H 5 O.PO(OH) 2 . Phenyl-phosphoric acid. [98°]. 
A product of the action of P 2 O a on phenol (Rem- 
bold, Z. 1866, 652; Jacobsen, B. 8, 1519; Rapp, 
A. 224, 157). Deliquescent needles. Partially 
decomposed by boiling water into phenol and 
phosphorio acid. Yields phenol and HPO s on 
distillation.— CaA". — BaA" : prisms. 

Chloride C 6 H 5 0.P0C1 2 . (242°). A pro- 
duct of the action of POCl 3 on phenol. Formed 
also from C 8 H 5 0.PC1 4 and S0 2 (Anschutz a. 
Emery, A. 253, 110). 

Di-phenyl hydrogen phosphate 
(C 6 H 5 O) 2 P0.0H. [56°] (R.). A product of the 
action of P 2 0 5 on phenol. Formed also by boil- 
ing (PhO) s PO (lmol.) with aqueous KOH (lmol.) 
(Glutz, A. 143, 193), and by decomposing the 
chloride with water.— BaA'«.— AgA'. — NH 3 PhA'. 
[c. 160°] (Wallach, B. 8, 1235). 

Chloride (C a H a O) 2 POCl. (315° at 272mm.). 
Formed from phenol and POCl 3 . Oil, slowly de- 
composed by water. 

Anilide (C a H 5 0) 2 P0.NHPh. [129°]. Six- 
sided tables, v. si. sol. water (W.). 

Tri-phenyl phosphate (C 6 H 5 0) 8 P0. [45°] (J.). 
(246° at 11 mm.) (A. a. E.) Formed, together with 
chloro-benzene, by the action of PC1 5 on phenol 
(Williamson a. Scrugham, C, J. 7, 240). Formed 
also from phenol and POCl 8 (Jacobsen), or PCl a 
(Glutz), followed by water. It is also a product 
of the aotion of water on C a H a O.PCl 4 (Anschutz 
a. Emery, A. 253, 110). 

Preparation . — A mixture of phenol (280 pts.) 
and phosphorus oxychloride (150 pts.) is heated 
to boiling with an inverted condenser for 16 
hours, the excess of phenol is removed by dis- 
tillation or by shaking with dilute NaOH ; the 
yield is 90 p.c. of the theoretical (Heim, B . 16, 
1763). 

Properties . — Needles, insoL water, si. sol. alco- 
hol, v. sol. ether. 

Reactions . — By distillation with sodium 
Acetate or benzoate it gives phenylacetate or 
benzoate. Heated with potassium sulphide it 


yields tri-phenyl-thio-phoBphate PS(OC*H s ) s , 
together with phenol and some diphenyl and 
di-phenyl oxide. On distilling with MgO, PbO, 
ZnO, or CaO the chief product is phenyl, together 
with some diphenylene-oxide (Kreysler, B. 18, 
1716). Chlorine passed into its cold ethereal 
solution forms (C 8 H a O) 8 PCl 2 (A. a. E.). 

Reference . — Nitro-phenyl-phosphates. 

PHENYL-PHOSPHINE C 6 H 5 PH 2 . Mol. w. 
110. (161°). S.G. — 1*001. A product of the 
action of alcohol on C tf H 8 PI;,H and on C a H 5 PCl 2 
(Michaelis, B. 7, 6 ; 10, 807; 12, 338; A. 181, 
303). Pungent liquid. 

Reactions. — 1. Absorbs oxygen, forming 
C a H s PHO.OH [70°].- 2. Sulphur at 100° forms 
liquid C fi H 5 PH.,S and solid (C a H a P) a S [138°].-3. 
CS 2 at 150° forms C I4 H r P..S r 

Salts.- C a H s PH ,1. “ Needles. — B' 2 HJPIC1 (! . 

Phenyl-di-chloro-phosphine C (( I1 5 PC1.,. 

Phosphenyl chloride. Mol. w. 179. (225 a cor.). 
S.G. I 1*3428 (Thorpe, C. J. 37, 347). Formed 
by passing benzene and PCI, through a red-hot 
tube. Formed also by heating IIgPh 2 with PC1 3 
at 180°, and by the action of A1GL, on a mixture 
of benzene and PC1 3 (Michaelis, B. 12, 1009 ; A. 
181, 280). Pungent fuming liquid, decomposed 
by water into HC1 and C a II 5 PHO.OH [70°]. 
Chlorine forms C„H a PCl 4 [73°J, which is split up 
at 180° into C„H 5 C1 and PCI*, and is converted 
by water into C fl H 5 PO(OH) 2 . SbCl 5 forms 
CJEI^PC^SbClj, an unstable yellow crystalline 
powder. Br yields C a H a PCl 2 Br 2 [208 U J and 
C a H s PCL3r 4 . HI forms C a H a PHI v H 2 S yields 
oily (C 0 H a PS) 2 and crystalline C., 4 H 20 N 2 S, [193° I. 
S forms liquid C a H 6 PSCl 2 (270°) (Kohler, B. 13, 
464). 

Phenyl-di-bromo-phosphine C fl H 5 PBr 2 . [257°]. 
Got from HgPh 2 and PBr, (Michaelis, B. 9,519). 
Liquid. Br yields C 0 H 3 PBr 4 [207 °j and 
C a H 5 PBr a . 

Di-phenyl -phosphine (C fl H 5 ) 2 PH. (o. 280°). 
S.G. ^ 1*07. Formed, together with the acid 
(C tt H a ) 2 PO.OH by the action of dilute NaOHAq 
on (C a H 5 ) 2 PCl (Michaelis a. Gleichmann, B. 15, 
801 ; Darken, B. 21, 1508). Oil, v. sol. alcohol. 
Weak base. Yields (C 6 H- > ) 2 PO.OH on oxidation. 
CS 2 forms (C a H,) l P 2 H 2 CS 2 [157°]. — B'HCi. 
Crystalline.-B'. i H 2 PtCl 6 .— B'HI. 

Di-phenyl-chloro-phosphine (C fl H 3 ) 2 PCl. 
(320°). S.G. i* 1*229. Formed from HgPh, 
and C a H 5 PCl 2 at 225° (Michaelis, B. 10, 627 ; 18, 
2109 ; A . 207, 208). Formed also by heating 
C rt H 5 PCl 2 in a sealed tube for 120 hours at 300° 
(D6rken, B . 21, 1505). Thick liquid, decom- 
posed by water or Na 2 C0 3 Aq into (C a H a ).jPH and 
(C 8 HJ 2 PO.OH. Absorbs oxygen from the air 
forming (CaHJjPOCl. 

Tri-phenyl-phosphine P(C a H a ) s . [79°J. 
(above 360°) (Michaelis, B. 15, 802, 1610 ; A. 
229, 297). Formed from C a H,PCl 2 , bromo- 
benzene and Na. Prepared by adcling sodium to 
a mixture of PC1 8 (1 mol.) and C u H a Br (3 mols.) 
diluted with 4 volumes of dry ether and kept 
cool. The reaction is completed by boiling for 
12 hours, and the ether is filtered off and 
evaporated to crystallisation. 

Properties . — Large prisms or tables, sol. 
alcohol, ether, and benzene, insol. water. Very 
weak base. Does not combine with CS^ 

Salts.— B'HI. [215°]. Prisms, sol. alcohol, 
insol. water. — B' 2 H 4 PtCl a .— B'HgCl*. 
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Alky to -halide*. — B'Mel. [183°].— 
B'MeClaq. [213°]. Crystals, y. e. sol. water 
and alcohol, insol. ether. — B' 2 Me 2 PtCl*. [238°]. 
B'Etl. [105°]. — B'PrI. [201-5°].— B'PrI 2aq. 
[191°].— B'CHjjPrl. [177°]. — B'C 5 H n I. [174°].— 
B'CH 2 PhCl aq. [288°].— B'CH 2 PhBr. [275°].— 
B'CH 2 PhI. [253°]. — B' 2 CH 2 I 2 . [231°]. — 
B'fiJ&fitr [above 300°]. 

Benzylo-nitrate B'C 7 H 7 N0 8 . [203°]. S. 
•838 at 15°. Needles (from water). 

Beneylo-picrate B'C 7 H 7 C 9 H 2 N 8 0 7 . [148°]. 

Benzylo- bichromate (B'C 7 H 7 ) 2 Cr 2 0 7 . 

Benzylo-sulphocyanide B'C 7 H 7 SCN. 
[189°]. Prisms, v. sol. alcohol, si. sol. water. 

Tri-phenyl-phosphine oxide (C^HJjPO. 
[153*5°]. (c. 300°). Formed by oxidising tri- 
phenyl-phosphine with Br and NaOHAq or with 
cone. HClAq and KC10 S . Prisms (containing aq), 
si. sol. water, v. e. sol. alcohol. Yields two tri- 
nitro- compounds [68°] and [242°], the latter of 
which yields a tri-amido- compound [258°], whence 
bromine water forms OP(C fl H 2 Br 2 (NH 2 )), [206°]. 
— B'HNOg. [75°]. Yellow needles, decomposed 
by water. 

Tri-phenyl-phosphine sulphide (G 6 H 5 ) 3 PS. 
[157*5°]. Formed from Ph 3 P and S in CS 2 . 
Colourless needles, v. sol. alcohol, insol. water. 

Tri-phenyl-phosphine selenide (C«H r> ).,PSe. 
[184°]. Formed from Ph 3 P and Se. Needles. 

Tetra-phenyl-diphosphine P 2 (C < .H,,) 4 . [67°]. 
(400°). Formed from (C to II,) 2 PCl and (C tf H 5 ) 2 PII 
(Dorken, B. 21, 1509). With OS, at 138° it 
forms Ph 2 P.CS.SPH,Ph 2 [157°], insol. ether. 

PHENYL-PHOSPHINIC ACID v. Phenyl- 

PHOSPHITES. 

Di-phenyl-phosphinic acid (C h H 5 ) 2 PO.OH. 
[190°] (Michaelis, B. 8, 922; 11, 885; 15, 802; 
18, 2113). Formed by oxidation of (C„H 5 ) 2 PC1 or 
of di-phenyl-phosphine. Needles, si. sol. cold 
alcohol.-- CaA' 2 3aq.—Ag A': bulky pp. 

Ethyl ether EtA'. [165°], Needles. 

Phenyl ether (CJI,)..PO.OC (J H r [136°]. 
Formed by oxidising (C 6 H fi ) 2 POC„H, (265°-270°), 
which is got by warming (C„H a ) 2 PCJ with phenol. 
Small needles, sol. hot alcohol, insol. water. 

PHENYL PHOSPHITES. 

Mono-phenyl dihydrogen phosphite 
C 0 H 5 O.P(OH) 2 . Formed by adding water to 
C b H 6 O.PC1 2 (21G°) which is got by the action of 
PCl 9 on phenol (Noack, A. 218, 90 ; Anschutz, 
A. 239, 310). Uncrystallisable syrup, decom- 
posed by addition of more water into phenol 
and H3PO3. 

Isomeride C 8 H 5 PO(OH) 2 . Phenyl phosphinic 
acid . Phosphenylic acid . Benzene phosphonic 
acid . [158°]. S. 23-5 at 15°. Formed by the 
action of water on C„H 5 PC1 4 (Michaelis, A. 181, 
321). Plates, sol. alcohol and ether. Yields, on 
nitration, C 9 H 4 (N0 2 )P0(0H) 2 [132°], which may 
be reduced to crystalline C„H 4 (NH 2 ).PO(OH) 2 . — 
NaHA"saq. — Na 2 A" 12aq. — CaH^",. — - 
CaA" 2aq.— SriELjA",, aq. — CuA".— FejA'^ 2£aq. 

Ethers.— Me^". (247°). — EtgA". (267°). 
— EtHA".— EtAgA".— PhHA'h [57°]. Formed 
from C fi H.POCl 2 by successive treatment with 
phenol and boiling water. Needles, si. sol. 
water. — Ph 2 A". [63-5°]. Formed from phenol 
and C^PC^. 

Chloride Ca^POCljj. (258°). Formed from 
C (i H 4 PCl 4 and water, and also from C^PClj and 
O. Thick liquid. 


Di-phenyl hydrogen phosphite (C 9 H s O)*POH. 
Formed by adding a little water to the compound 
(C u H 4 0) 2 PC1 (295° at 731 mm.) which is got 
from phenol and PC1 8 (N.). Uncrystallisable. 
Decomposed by more water into H s PO t and 
phenol. 

Tri-phenyl phosphite (CAOJjP. (220° at 
11 mm.). S.G. 1 184. Formed by heating 
phenol (3 mols.) with PC1 3 (1 mol.) at 230° in a 
current of dry C0 2 (Noack, A. 218, 91 ; Anschutz 
a. Emery, -4. 239, 311). Neutral liquid, v. sol. 
alcohol. Decomposed by water into phenol and 
H3PO3. Dry bromine forms (C # H ft O) 8 PBr 2 , which 
is converted by water into (u 6 H 5 0) 8 P0. 

PHENYL-PHTHALIDE v. Anhydride of Oxy- 

BENZYL-BENZOIC ACID. 

Di-phenyl-phthalide i.e. CgH^QQ^^O. 

Phthalophenone. Tri-phenyl-carbinol carboxylic 
anhydride. [115°]. Formed by the action of 
A1C1 ;1 on a mixture of benzene and phthalyl 
chloride (Fricdel a. Crafts, A. Ch. [6] 1, 523 , 
Baeyer, B. 12, 642 ; A. 202, 50) or of benzene 
with [l:2]C fl H,Bz.CO.OAc (Von Pechmann, B. 
14, 1866). Got also by heating phtlialyl chloride 
with HgPh 2 (Noelting, B. 17, 387). Plates ffrom 
alcohol). Insol. KOHAq, sol. boiling alconolio 
potash, but reppd. by acids. 

Reference. — Di-amido-di-phenyl-phthalidb. 
DI-PHENYL-PHTHALIDE CARBOXYLIC 
ACID v. Anhydride of Tri-phknyl-carbinol di- 

CARBOXYLIC ACID. 

PHENYL-PHTHALIMIDE v. PhenyUmide 
of Phthalic acid. 

PHENYL-PHTHALIMIDINE C 14 H n NO i.e . 
CJl^o^Nl’h. [160°]. Got by heating 

plithalide with aniline at 210° (Hessert, B. 10, 
1450; 11, 239; Racine, A. 239, 88). Formed 
also by reducing the phenylimide of phthalio 
acid with tin and IIClAq (Graebe, A. 247, 305). 
Plates (from alcohol), v. si. sol. hot water. 

PHENYL- PIPERAZINE v. Phknyl-pyrazinb 

HKXAHYDRIDE. 

PHENYL-PIPERIDINE v. Phenyl-pybidinf 

HEXAIIYDRIDK. 

PHENYL-PROPANE v. Cumenb. 
Di-phenyl-propane CH 2 (CII 2 Ph) 2 . Di-benzyl- 
methane. (290°-300°). Formed by heating di- 
benzyl ketone with HIAq and P at 180° (Graebe, 
B. 7, 1623). Got also from CH 2 C1.CHC1.CH 2 C1, 
benzene, and A1C1 S (Claus, B. 18, 2935). Liquid. 

Di-phenyl-propane CH 2 Ph.CHPh.CH 8 . (291°- 
295°). S.G. ^ -996. Formed from benzene, 
AlClj, and propylene chloride or allyl chloride 
(Silva, C. R. 89, 606). Formed also by adding 
H 2 S0 4 to a cooled mixture of toluene and sty- 
rene (Kraemer, Spilker, a. Ebenhardt, B. 23, 
3274). Oil, sol. alcohol and ether. 

Di-phenyl-propane CMe^Phj. (282°). 

Formed by the action of benzene and A1C1 8 on 
CCL 2 Me 2 or CH 2 :CC1.CH 8 (Silva, Bl. [2] 34, 674 ; 
35, 289). 

Tri-phenyl-propane C 8 H 4 (C 6 H 8 ) t (340°). 
Formed by the action of A1C1, upon a mixture 
of benzene and glyceryl tri-bromide or tri- 
chloride (Claus a. Mercklin, B. 18, 2935). Oil. 

PHENYL - PROPANE TRICARBOXYLIC 
ACID CH 2 Ph.C(C0 2 H) 2 .CH 8 .C0 2 H. [168-5°]. 

Formed from benzyl-malonic ether, NaOEt, 
and chi or 0 -acetic ether (Fittig, A» 256, 92). 
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Small prisma, m. sol. warm water. Yields 
benzyl-succinio acid [161 °] when boiled with 
water.— Ca 8 A'" 2 6^aq.— Ba 3 A'" 2 2iaq.— Ag 3 A'". 

Ethyl ether EtjA'". (336° cor.). S.G. 
¥ 1*1079. ju D «= 1*484 at 20°. Formed from 
sodium ethane tricarboxylio ether and benzyl 
chloride (Bischoff a. Mintz, B . 23, 653). 

Di-phenyl-propane tetra-oarboxylio aoid. 
jfi- nitrile of the di-ethyl ether 
(00 2 Et) 2 C(CH 2 .C 3 H 4 .CN) 2 . [86°]. Formed from 
sodium malonio ether and [1*.2]C 0 H 4 (CN).CH 2 C1 
(Hausmann, B, 22, 2019). Prisms. 

Tri-phenyl-propane dicarboxylio acid. 

Imide C s H < <;^^ 2 >CO. [174°]. Formed 

from jp benzyl ohloride, and 

NaOEt (Pulvermacher, B. 20, 2496). Yellow 
plates (from alcohol). 

Benzyl-imide O so H»,N0 2 . [109°]. 
PHENYL PROPARGYL OXIDE C,H ft O i.e. 
C 8 H 5 . 0 . 03 H 8 . (210°). S.G. ft 1*246. Formed 
by the action ol alcoholic potash on the bromo- 
allyl derivative of phenol (Henry, C. B. 96, 
1233). Liquid. 

PHENYL-PROP ARGYL-UREA C 10 H 10 N a O i.e. 
CH:C.CH 2 .NH.CO.NHPh. [133°]. Formed from 
propargylamine oxalate, phenyl cyanate, and 
KjCOjAq (Paal a. Hempel, B. 24, 3042). Needles. 

PHENYL-PROPENYL-AMIDINE C,,H 12 N 2 . 
[68°]. Formed from propionitrile, HOI, and 
aniline (Michael a. Wing, Am. 7, 72). Hexa- 
gonal plates, sol. alcohol and ether. — B'JUPtCl G . 

PHENYL PROPEN YL METHYL KETONE 
CARBOXYLIC ACID C^H,/), i.e. 

CH 3 .CO .C (GHo. C0 2 H) : CHPh . [125°]. S. 3 at 
100°; *5 at 15°. Formed by boiling benzoic 
aldehyde with acetyl-propionic acid and NaOAc 
(Erdmann, A. 254, 187).— BaA' 2 5aq. — CdA' 2 2aq. 
— MgA' 2 .~- CaA' 2 3|aq : groups of needles. 
Methyl ether MeA'. (c. 215° at 38mm.). 
PHENYL PR0PENYL SULPHIDE 
CJEta.S.CMeiCHjj. (208°). Formed by heating 
phenyl-sulphydro-crotonio acid (Autenrieth, A. 
254, 232). Yellowish oil, volatile with steam. 

TRI-PHENYL PR0PENYL TRISULPHONE 
C,H 5 (S0 2 Ph) a . [226°]. Got from CHBr(CH,Br) 2 
and sodium benzene sulphinate (Staffer, B. 23, 
1413). Needles, m. sol. hot alcohol. 
DI-PHENYL-PROPENYL-DI-UREA 

CEt <NH.CaNHPh- [ 170 °^ Formed tlom 
propionamidine and phenyl cyanate (Pinner, B. 
23, 2924). Needles, m. sol. alcohol. Yields di- 
phenyl-urea [234°] when boiled for a long time 
with alcohol. Boiling dilute HOAc forms 
NHPh.CO.NH.CO.C 2 H ft [137°]. 

PHENYL-PROPIOLIC ACID C 9 H 6 0 3 i.e. 
C a H s .C:C.C0 2 H. Mol. w. 146. [137°]. 

Formation. — 1. By the action of Na and C0 2 
on w-bromo-styrene (Glaser, Z. [2] 4, 328 ; A. 154, 
140).— 2. By boiling a/S-di-bromo-phenyl-pro- 
pionic acid or its ether with alcoholic potash 
(G. ; Perkin, jun., C. J. 45, 173 ; Weger, A. 221, 
70 ; Roser,^4. 247, 138).— 8. By boiling a-bromo- 
cinnamic acid with alooholio potash (G. ; 
Bairisch, J. pr. [2] 20, 181). 

Properties. — Trimetrio twin crystals. Re- 
duced by zinc and HOAo to cinnamio aoid 
(Aronstein a. Hollemann, B. 22, 1181) and by 
•odium-amalgam to phenyl-propionio aoid. Dry < 


HC1 passed through its solution in HOAo forms 
two chloro-cinnamic acids [142°] and [132°1 
(Michael, J. pr. [2] 40, 63). 

Salts . — KA'.— BaA' 2 aq : square tables.— 
BaA' 2 2aq : needles.— BaA' 2 3aq.— CuA' a 4aq. — 
AgA' : sparingly soluble pp. 

Ethyl ether EtA'. (260°-270°). 
References. — Amido- and Nitro- phenyl- 

PROPIOLIC ACID. 

a-PHENYL-PROPIONIC ACID C 9 H 10 O 2 i.e. 

CH 3 .CHPh.C0 2 H. Hydratropic acid. (268°). 
Formed by reducing atropio acid (15 g.) with 
(5 p.c.) sodium-amalgam (90 g.) (Trinius, A. 
227, 262 ; cf. Kraut, A. 148, 244 ; Fittig, A. 
195, 165). Got also from acetophenone by treat- 
ment with HCy, the resulting CH 3 .CPh(OH).CN 
being saponified and the oxy-phenyl-propionio 
acid reduced by HI andP (Janssen, A. 250, 135). 
Oil, with characteristic odour. Yields atrolactio 
acidCH 8 .CPh(0H).C0 2 H on oxidation by alkaline 
KMn0 4 . — BaA' 2 2aq. — CaA' 2 3aq. — CaA' 2 2aq.— 
AgA' : plates (from hot water). 

Methyl ether MeA'. (221°). 

Ethyl ether EtA'. (230°). S.G. ¥ 
1*0147 Has =83-3 (Briihl). 

Amide CHMePh.CONH 3 . [92°]. Plates. 
N^riZeCHMePh.CN. (232°). Formed by 
the action of PC1 & on the amide, and from sodium 
phenyl-acetonitrile and Mel (Oliveri, G. 18, 672). 

iS-Phenyl-propionic acid CHJPh.CH 2 .COJI. 
Hydrocinnamic acid. Mol. w. ’ 150. [48*7% 
(280° i.V.). H.C.v. 1,084,600. H.C.p. 1,085,500. 
H.F. 105,500 (Stohmann, J.pr. [2] 40, 135). S. 
*6 at 20°. A product of the putrefaction of albu- 
men, 20 g. being got from 5 kilos of ox-brain 
(Stockly, J. pr. [2] 24, 17). 

Formation . — 1. By reduction of cinnamic- 
acid by sodium-amalgam or HI (Erlenmeyer, A. 
121, 375; 137, 327; Popoff, Bl. [2] 4, 875; 
Giacosa, JET. 8, 108). — 2. By reducing a£-di- 
bromo-phenyl-propionio acid (Schmitt, A. 127,. 
319).— 3. From ethyl-benzene vid CH Jt Ph.CH 2 Cl 
and CHjPh.CH 2 .CN (Fittig, Z. 1869, 166; A. 
156, 249).- 4. By oxidising phenyl-propyl alco- 
hol (W. von Miller, B. 9, 274). — 5. By heating 
benzyl-malonic acid (Conrad, A. 204, 176). 

Properties. — Needles (from water), sol. alco- 
hol and ether ; volatile with steam. When 
taken internally it is secreted as hippurio acid 
(E. a. H. Salkowski, B. 12, 653). 

Salts.— NH 4 A'. Plates, v. e. sol. water. — 
CaA' 2 l^aq. — CaA' 2 2aq. — BaA' 2 2aq. — PbA' 2 aq. 
ZnA' 3 .— AgA'. Phenyl-hydrazine salt; 
[57°] ; silky needles (Liebermann, B. 24, 1107). 

Methyl ether MeA'. (239° cor.). S.G. ft 
1*0455. S.Y. 196*0. Liquid, with peculiar odour. 
Ethyl ether EtA'. (248° cor.). S.G. ft 
1*0343. S.Y. 221*5 (Lossen, A. 254, 63). 

n-Propyl ether PrA'. (262° cor.). S.G. 
ft 1*0152 (Weger, A. 221, 79). S.V. 246. 

I so amyl ether G ft H u A'. (292°). S.G. * 
•981 ; 4* *952 (E.). 

Benzyl ether C 7 H 7 A'. ( 0 . 300°). S.G. 
j— 1*074. Formed by warming benzol acetate 
with sodium (Conrad a. Hodgkinson, B. 10, 254; 
A. 193. 300). 

Amide C^jNO. [105°]. Formed by heat- 
ing the ammonium salt at 230° (Hofmann, B. 
18, 2740). Small needles. 

Nitrile C,H,N, (261° cor.). S.G. it 1-0014. 
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Occurs in the oil of Nasturtium officinale (Hof- 
mann, B, 7, 520). 

Di-a-phenyl-propionic acid CH 3 .CPh 2 .C0 2 H. 
[173°]. (above 300°). Made by oxidation of the 
(0)-pinacolin of acetophenone CPh 2 Mc.CO.CH 3 
[41°] with chromic acid mixture (Thorner a. 
Zincke, B. 11, 1993). Formed also by dissolving 
pyruvic acid and benzene in H 2 S0 4 at 0° (Bot- 
tinger, B. 14, 1595). White leaflets, sol. ether, 
alcohol, and hot water. — KA'— CaA' 2 l^aq. — 
BaA' 2aq.— AgA' : white pp. 

a£-Di-phenyI-propionic acid 
CH 2 Ph.CHPh.C0 2 H. [84°]. Formed by the 
action of sodium-amalgam on a mixture of 
benzyl chloride and ClC0 2 Et (Wurtz, C. B. 70, 
350). Got also by reducing phenyl -cinnamic 
acid (Oglialoro, J. 1878, 821). Needles, si. sol. 
boiling water. — CaA' 2 . — PbA' 2 . [146°].— AgA'. 

Nitrile CH 2 Ph.CHPh.CN. [58°]. (c. 335°) 
(Janssen, A . 250, 133). 

Di-0-phenyl-propionic acid 
CHPh 2 .CH 2 .C0 2 H. [145°]. Formed from allo- 
cinnamic acid, benzene, and H 2 S0 4 (Liebermann 
a. Hartmann, B. 25, 960). Needles.— CaA' 2 . 

aaj8-Tri-phenyl-propionic acid 
CH 2 Ph.CPh 2 .C0 2 H. [162°]. Formed by saponi- 
fying the nitrile with HOAc and fuming HClAq 
at 220° (Neure, A. 250, 147). White needles, v. 
si. sol. water. — AgA' : white insoluble powder. 

Nitrile CH 2 Ph.CPh 2 .CN. [126°]. Formed 
from CHPh 2 .CN, benzyl chloride, and NaOEt. 

Tri-jB-phenyl propionic acid Ph3C.CH2.CO2H. 
[177°]. Formed from PhgC.CHfCOaEtJa by 
boiling with alcoholic potash (Henderson, C. J. 
51, 226 ; B. 20, 1014). Prisms (from alcohol), 
v. si. sol. water.— KA'aq.— NaA' aq.— BaA' 2 aq. 
— AgA'. Minute needles. 

Ethyl ether EtA'. [81°]. 

References . — Amido-, Amido-bulpho-, Bromo-, 
Bromo-sulpho-, Bbomo-amido-, Bbomo-niteo-, 
Chloro-, Iodo-, Iodo-oxt-, Nitro-amido-, Nitro- 
oxy-, Nitro-, Oxy-amido- and Oxy- phenyl- 
propionic ACID. 

PHENYL-PROPIONIC ALDEHYDE 

C 6 H 5 .CH 2 .CH 2 .CHO. [208°]. Formed from 
n-cumene by successive treatment with Cr0 2 Cl, 
and water (£tard, A. Gh . [5] 22, 254). Oil. 
Forms a crystalline compound with NaHSO s . 

Oxim. Oil. Yields a solid hydroohloride. 
Ac 2 0 rapidly forms phenyl-propionitrile ; hence 
it is a syn- oxim (Dollfus, B. 25, 1918). 

PHENYL-PROPYL ALCOHOL C e H 12 0 t.c. 
CHPhEt.OH. Mol. w. 136. (216°). S.G. 
1*016. Formed by reducing phenyl ethyl ketone 
with sodium-amalgam (Errera, G. 16, 322 ; c/. 
Barry, B. 6, 1007. Got also from benzoic alde- 
hyde by successive treatment with ZnEt 2 and 
water (Wagner, Bl, [2] 42, 330). Yields 

CHPhEt.OAc (228° i.Y.) and oily CHPhEtCl. 

Phenyl-propyl alcohol CH 2 Ph.CH 2 .CH 2 OH. 
7235° uncor.) (213° at 360 mm.). S.G. \° 1*0079. 

1*5478. Boo - 68*79 (Brfihl, A. 200, 191). 
Ocours in storax as phenyl-propyl oinnamate 
(Miller, A. 188, 202). Prepared by reducing 
cinnamyl alcohol with sodium-amalgam (Riig- 
heimer, B. 6, 214 ; A. 172, 123 ; Hatton a. 
Hodgkinson, O. d. 39, 319 ; Errera, G. 16, 810). 
Viscid oil. Heating with oonc. HClAq yields 
<CH 2 Ph.OH s .GH Jf Gl (219°), whence NaOEt forms 
£H 2 Ph.CH v 0H v 0Et (220°). 

Acetyl derivative C 8 H g Ph.OAc. (245°). 


Pbenyl-isopropyl alcohol 

CH 2 Ph . CH ( OH ) . CH S . Methyl - benstyLcarbvnol , 
215°). Got by reducing benzyl methyl ketone 
E.). Liquid, with pleasant odour. 

Di-phenyl-propyl alcohol 
CH 2 Ph . CHPh . CH 2 OH. (301°). Formed by 
warming di -phenyl -propylamine nitrite (Freund 
a. Remse, B. 23, 2863). Oil, sol. alcohol. f 
PHENYL-PROPYL-AMINE C,H„N i.e. 

CH 2 Ph.CH 2 .CH 2 NH, (222° i.V.). Formed by 
reducing the phenyl-hydrazide (20 g.) of cin- 
namic aldehyde dissolved in alcohol (300 g.) by 
(2} 2 p.c.) sodium-amalgam (700 g.) and HOAc 
(70 g.) at about 30°, the yield being 80 % p.c. of 
the theoretical (Tafel, B. 19, 1930; 22, 1857). 
Liquid, m. sol. water, miscible with alcohol and 
ether. Absorbs C0 2 from air, forming a crystal- 
line mass. The aqueous solution is strongly 
alkaline.— B'HCl. [218°]. Plates.— B'H 2 S0 4 .— 
B' 2 PI 2 C 2 0 4 . [156°]. Needles. — B'H 2 C 2 0 4 .— 

B' 2 R>PtCl 5 . Plates, sol. hot water. 

Phenyl-isopropyl-amine CH 2 Ph.CHMe.NH 2 . 
(203°). Formed by the action of Br and KOHAq 
on the amide of phenyl-isobutyric acid (Edeleano, 
B. 20, 618). Liquid.— B' 2 H 2 PtCl # . Needles. 
Isomeride v, Cumidine. 
Di-phenyl-propyl-amine 

CH 2 Ph.CHPh.CH 2 NH 2 . (316°). Formed by re- 
ducing the nitrile (30 g.) of phenyl-cinnamic 
acid dissolved in alcohol by treatment with Na 
(75 g.) (Freund a. Bemse, B. 23, 2860). Liquid, 
sol. alcohol. Forms with HgCl 2 a crystalline 
compound [107°]. — B'HCl. [190°]. Needles. — 
Aurochloride [145°]. 

Di-acetyl derivative. [85°]. Needles. 
PHENYL - n - PROPYL - TRIAZOLE CARB- 

OXYLIC ACID g£ P N V C °sH- [161°). 

Formed by saponifying the nitrile which is made 
from phenyl-hydrazine dicyanide and butyric 
anhydride (Bladin, B. 25, 179). Cubes (from 
alcohol) or prisms (from benzene). — CuA',|aq. — 
AgA'. Bulky white pp. 

Amide C^PhPr.CO.NH,. [122*5°]. The 
thio-amide C 2 N 8 PhPr.CS.NH 2 [130*5°] is got 
by the action of alcoholic ammonium sulphide 
on the nitrile. 

Phenyl-iBopropyl-tri azole carboxylic acid 
SV 00 ^. [135°]. Formed in like 

manner (B.). Prisms. — HA'HOl. Needles. — 
CuA' ? 2jaq.— AgA : minute tables. 

Methyl ether MeA'. [76°]. 

Amide . [128°]. Needles. The thio-amide 
C2N3PhPr.CS.NH, [148°], formed by the action 
of alcoholio NH, and H 2 S on the crude nitrile, 
crystallises in yellow needles. 

DI - PHENYL - DI-IBOPROP YL-TETRAZONE 
NPhPr.N:N.NPhPr. [79°]. Formed by oxi- 
dising phenyl-isopropyl-hydrazine with HgO 
(Michaelis a. Philips, A. 252, 281). Octahedra. 
DI-PHENYL-PROPYL TRICYANIDE 

CPh <N:CpL> N ‘ ( 23 ®° at 15 mm.). 

Formed from benzonitrile, butyryl chloride, and 
A1C1, at 75° (Krafft a. Von Hansen, B. 22, 807). 
Decomposed by dilute H,S0 4 into NH„ butyric 
acid, and HOBz. — B'gHgPtOl,. Needles, 
PHENYL-PROPYLENE v. Allyl-bbnzxkx. 
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DHENYL PROPYLENE ■ - THIO . UREA 

C,.H i2 N 2 S i-e. ^ M N e ' S >C.NHPh. [117°]. 

Formed from the isomeric phenyl -allyl-thio-urea 
[95°] and HClAq at 100° (Prager, B. 22, 2992). 
Oxidised by potassium chlorate and HClAq to 
gHMe.SO.,^ NHPk [192°]. — B' 2 H 2 PtCl 6 . — 

B^cSn.O,. [154°]. Yellow needles. 

DI - PHENYL - ISOPROPYL - GLYOXALINE 

TETRA - HYDRIDE CHPr<^ - ^. [95°]. 

Formed from di-phenyl-ethylene-diamine and 
isobufcyric aldehyde (Moos, B. 20, 734). Crys- 
talline groups (from alcohol), si. sol. water. 

PHENYL-PROPYL-HYDRAZINE C 9 H, 4 N 2 i.e. 
C a H 5 N.H.NHPr. [158°]. Formed by heating 
propionamide with phenyl-hydrazine (Freund, 
B. 21, 2461). Plates (from chloroform). 

Phenyl-isopropyl-hydrazine C tt H 5 NPr,NH 2 . 
(233°). Formed from sodium phenyl-hydrazine 
and isopropyl bromide (Michaelis a. Philips, B. 
20, 2485; 4.252,278).~B'HC1. [135°]. Crystal- 
line. Yields a tetrazone [85°]. Phenyl-thio- 
carbimide forms NPbPr.NH.CS.NHPh. [116°]. 
Acetyl derivative. [102°]. Needles. 
DI-PHENYL-PROPYLIDENE DISULPHIDE 
Me 2 C(SRh) 2 . [56°]. Formed from phenyl-mer- 
captan and acetone (E. Baumann, B. 19, 2804). 
Crystals, insol. water, v. sol. alcohol. 

DI-PHENYL-PROPYLIDENE DISULPHONE 
Me 2 C(S0 2 Ph) 2 . [97°] (B.) ; [182°] (F.). Formed 
by oxidising Me 2 C(SPh) 2 (Baumann, B. 19, 2810), 
and also by treating CH 2 (SPh) 2 with NaOH and 
Mel (Fromm, A. 253, 162). Crystals, almost 
insol. cold water. 

PHENYL PROPYL KETONE C ln H. 2 0 i.e. 
Ph.CO.Pr. Mol. w. 148. (221°). S.G.^'992. 

Formation.— l.By distilling calcium butyrate 
with calcium benzoate (Schmidt a. Fieberg, B. 
6,498). — 2. By the action of A1C1, on a mixture 
of benzene and butyryl chloride (Burcker.BL [2] 
37, 4). — 3. By boiling benzoyl-acetic acid with 
dilute ah diolic potash (Baeyer a. PerMn, B. 16, 
2131 ; C. J. 45, 181). 

Properties. — Oil. Does not unite with 
NaHSO r Oxidised by Cr0 8 and BLjSO* to 
benzoic and propionic acids (Popoff, B. 6, 560). 
CrOaClj forms C 10 H, 2 O2CrO 2 Cl 2 , a brown powder. 

Phenyl isopropyl ketone Ph.CO.Pr. (209°- 
217°). Formed by distilling calcium isobutyrate 
with calcium benzoate (Popoff, B. 6, 1255). 
Liquid. Yields benzoic acid, C0 2 , and HOAc on 
oxidation. 

Ozim. — Ph.C(NOH)Pr. [58°]. Plates (from 
ligroln) (Rattner, B. 20, 506). 

PHENYL PROPYL KETONE CARBOXYLIC 
ACH) v. Ethyl-beneoyl-acetic acid , vol. i. p. 482. 

Phenyl isopropyl ketone o-carboxylio acid 
C„H, 2 0 8 i.e . Pr.C0.C 8 H 4 .C0 2 H. [121°]. Formed 
by boiling isopropylidene-phthalide with alcohol 
and KOHAq (Roser, B. 17, 2777). Crystals. 

PHENYL - PROPYL METHYL KETONE 
CARBOXYLIC ACID CH 2 Ph.CHAc.CH 2 .C0 2 H. 
[99°]. (235° at 40 mm.). Formed by reducing 
benzylidene-j8-acetyl-propionic acid with sodium- 
amalgam in presenoe of H 2 S0 4 (Erdmann, A. 
264, 203). Needles. It yields on oxidation 

[86°]. — CaA', 8aq. — 

AgA'. 


PHENYL METHYLENE PROPYL DI- 
KETONE v . Butyryl-acetophknone. 

PHENYL-PROPYL METHYL KETONE 

CHj.CO. CHMe.CH 2 Ph . (239°). Formed by 
distilling calcium acetate with calcium phenyl- 
isobutyrate (Yon Miller, B. 23, 1884). Oil. 

PHENYL - PROPYL METHYL KETONE 
CARBOXYLIC ACID v. Benzyl-methyl-aceto- 
ACETIC ACID, VOl. i. p. 25. 

Di-phenyl-isopropyl methyl ketone tricarb- 
oxylio acid. Ethyl ether of the dinitrile 
CO 2 Et.C(CH 2 .C 0 H 4 .CN) 2 .CO.CH 3 . [120 IJ J. Formed 
from sodium acetoaeotic ether and the nitrile 
[l^jCHjjCl.CaHj.CN (Gabriel a. Hausmann, B. 
22, 2018). Prisms (from alcohol). 

Hexa-pbenyl-isopropyl methyl ketone carb- 
oxylic acid C 42 H n) 0 3 i.c. (CPh 3 ) 2 C(CO,.H).CO.CH s ,. 
[160°]. Formed from sodium acetoacetio ether 
and BrCPbj (Allen a. Kdlliker, A. 227, 111). 
Crystals (from ether). 

PHENYL-PROPYL-PYRAZOLE C 12 H 14 N 2 i.e. 

(280°). S.G. 15 1-0435. 

Formed from butyryl-acetic aldehyde and phenyl- 
hydrazine (Claisen a. Stylos, B. 21, 1148). 
Liquid. 

PHENYL PROPYL SULPH0NE Ph.S0 2 .Pr. 
[44°J. Formed by the action of KOHAq at 100° 
on Ph.S0 2 .CHEt.C0 2 H [1 24°], which is made from 
a-bromo-butyric acid and sodium benzene Bulph- 
inate (Michael a. Palmer, Am. 7, 67; cf. Otto, 
B. 21, 998). Pearly plates, v. sol. alcohol. 

TRI - PHENYL - DI - PROPYL - DI - THIO - 
BIURET C 2 S J N a Ph 3 Pr 2 . [154°]. Formed by the 
action of aniline (1 mol.) on NPhPr.CSCl (2mols.) 
(Billeter a. Strohl, B. 21, 109). Yellow needles. 

PHENYL - PROPYL - THIO - CARBAMIC 
CHLORIDE NPhPr.CS.Cl. [36°]. Formed from 
propyl-aniline and CSC1 2 (Billeter a. Strohl, B 
21, 102). Prisms (from ligroin). 

DI - PHENYL - ISOPROPYL - THIO - SEMI - 
C ARB AZIDE NHPh.CS.NH.NPhPr. [116°]. 
Formed from phenyl-thiocarbimide and phenyl' 
isopropyl-hydrazine (Michaelis a. Philips, A. 
252, 280). Crystalline. 

PHENYL-PROPYL-THIO-UREA C 10 H I4 N 2 S 
i.e. NHPh.CS.NHC 3 H r [63°J. Formed from 
aniline and propyl-thio-carbimide and also from 
propyl-amine and phenyl thiocarbimide (O. 
Hecht, B. 23, 286). Pearly plates (from dilute 
alcohol). 

Di-phenyl-propyl-thio-urea CSNjjHPhgPr. 
[104°]. Formed by heating propyl -aniline 
with phenyl-thio-carbimide on the water-bath 
(Billeter a. Strohl, B. 21, 109). Needles. 

Di-phenyl-di-propyl-thio-urea CS(NPhPr) ? . 
[103°]. Formed from propyl- aniline and CSCL, 
(B. a. S.). Large plates. 

DI-PHENYL- PROPYL-UREA C 1h H 18 N 2 0 i.e . 
NH,,.CO.NH.CH 2 .CHPh.CH 2 Ph. [112°]. Formed 
from di-phenyl-propylamine hydrochloride and 
potassium cyanate solution (Freund a. Remse, 
B. 23, 2861). Needles, sol. alcohol a.id ether. 
PHENYX-PYRAZINE. Hexahydrid 6 

NP Ko£c^> NH - Fonned b 7 Seating 
bromo-benzene (3 pts.) with pyrazine hexa- 
hydride (8 pts.) at 270° (Schmidt a. Wiohmana, 
B. 24, 3239). Thick liquid, v. sol. water. 
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Di-phenyl-pyrazine OhH.jNj, i.e. 

N ^CPh°OH^ N - Iso-indole. [19C C cor.]. 

VJ>. 7*95 (Treadwell a. Meyer, B. 16, 342). 
Formed by the action of cold alcoholic NH„ on 
»-bromo-acetophenoneor on amido-acetophenone 
(Staedel a. Kleinschmidt, B . 11, 1744; 13, 
837 ; Mdhlau, B. 18, 163 ; Wolff a. Rdders, B. 

20, 432 ; Goedeckemoyer, B. 21, 2687). Broad 
yellow needles (from alcohol). — B' 2 H 2 PtCl„. 
Bronzed plates (from HClAq) quickly decom- 
posed by water. 

Hexahy dride C,flH lg N 2 . [109°] and [123°]. 
Formed by reducing di-phenyl-pyrazine with Na 
and isoamyl alcohol. Occurs in two forms. The 
(o)- variety [123°] crystallises from ligroin in 
white needles, and yields B"2HC1 [c. 310°], 
B"H 2 PtCl fl ^aq, and a nitrosamine C )8 H, 6 N 6 0 4 
[143°]. The (j8)- variety [109°] crystallises from 
alcohol in white needles and yields B" 2HC1 
[c. 296°] and B"HJPtCl a 2aq. 

Di-phenyl-pyrazine N<^ h ;^ h ^N. [119°]. 

(c. 340°). Formed by distilling the dihydrido 
(M.). Needles (from ligroin), ppd. by adding 
water to its solution in HClAq. — B' 2 H 2 PtCl fl . 

Dihydride [181°]. 

Formed by boiling benzil with ethylene-diamine 
and alcohol (Mason, B. 20, 268 ; C. J . 55, 97). 
Prisms (from alcohol), insol. water. Split up by 
HClAq into the parent substances. 

Di-phenyl-pyrazine. Hexahydride v. 
Di-phenyl-di-ethylene-diamine. 

Tetra - phenyl - pyrazine N<^ GPb:GPb ^>N. 

Di - tolane - azotide. [241°] (P.) ; [247°] (G.). 
Formed by heating benzoin with ammonium 
acetate (vol. i. p. 477). Formed also by reducing 
the di-oxim of di-phenyl-glyoxal in alcoholic 
solution by sodium-amalgam (Polonowska, B. 

21, 489), and by heating benzoic aldehyde with 
CPhH(NH 2 ).CPhH(NH { ) (Grossmann, B. 22, 
2302). White needles (from HO Ac), v. si. sol. 
alcohol. Cone. K 2 S0 4 gives a blood-red colour. 

PHENYL-PYRAZOLE C 9 H 8 N 2 i.e . 

n=ch> ch - t u °]. < 247 ° 00r -)- aG * y 

1*113. Formed by boiling epichlorhydrin with 
phenyl-hydrazine and benzene (Balbiano, G. 17, 
176 ; 18, 354). Got also by distilling its tri- 
carboxylic acid (Knorr a.Laubmann, B. 22, 180). 
Oil, sol. alcohol and ether. — B'^PtClg 2aq : 
needles, decomposing at 175°. 

Ethylo-iodide B'Etl. [117°]. Prisms. 

Dihydride n^ch , > oh *- C 62 °]- ( 274 ° 
at 754 mm.). Formed from phenyl -hydrazine 
(120 g.) dissolved in ether (600 g.) by addition of 
arcolein (50 g.) in ether (100 g.) (Fischer a. 
Knoevenagel, A . 239, 196). SI. sol. hot water, 
v. sol. alcohol, ether, and benzene. SI. sol. 
dilute acids, sol. cone. HC1. May be distilled 
with steam. K 2 Cr 2 0 7 colours its solution in 
dilute H 2 r0 4 reddish-violet, or, in very dilute 
solutions, blue. Gives no indole derivative when 
fused with ZnCL 2 . 

Reference. — Di-bbomo- phe n yl-p ybazolh di- 

HIDBIDE. 

Tetra-hydride (210° *t 


165 mm.). Formed from tri-methylene bromide, 
sodium phenyl-hydrazine, and benzene (Mi- 
chaelis a. Lampe, B. 24, 3738). Liquid.— 
B'C 6 H 3 N 8 O r Short yellow needles. 

Di-phenyl -pyrazole G 15 H 12 N 2 i.e . 

CPh;N H > NPh or ^|;N Ph > NPh -C 6 n.(836 0 ). 
Formed by distilling its carboxylic acids (Be^er 
a. Claisen, B. 20,2187 ; Knorr a. Laubmann,#. 
21, 1212 ; 22, 176). White crystals. 

Dihydride C, 5 H h N 2 . [136°]. Formed by 
reducing the base. Small needles. An isomeric 
or identical body [138°], got by distilling the 
phenyl-hydrazide of cinnamic aldehyde ; differs 
by fluorescing slightly in alcoholic solution. 

Tri-phenyl-pyrazole C 21 H l(j N 2 . [206°]. A 
product of the action of phenyl-hydrazine on 
anhydro - acetophenone-benzil (Japp a. Klinge- 
mann, C. J . 57, 709). Stellate groups of needles. 

Tri-phenyl-pyrazole Q^.^^NPh. [138°]. 

Got by warming CHJBz 2 with phenyl-hydrazine 
(Knorr a. Laubmann, B. 21, 1205). Plates (from 
ether). Weak base. 

Mcthylo-iodide B'Mel. [176°]. 

Dihydride ^p£ CHPh >NP h - [135°]. Got 

by reduction or by warming benzylidene-aceto- 
phene with phenyl - hydrazine and alcohol. 
Yields C 2 ,H 15 Br 3 N 2 [179°]. 

PHENYL-PYRAZOLE CARBOXYLIC ACID 
C, 0 H h N 2 O 2 . [220°]. Formed by distilling the 
tricarboxylic acid (Knorr a. Laubmann, B . 22, 
180). Needles (from Aq), v. sol. alcohol, si. sol. 
ether. May be sublimed. AgA' : amorphous pp. 
Phenyl-pyrazole dicarboxylio acid 

CH-C(CO^)> NPh - t 256 °3 < B -); 

R.). Formed by oxidising phenyl-di-methyl- 
pyrazole or phenyl-methyl-pyrazole carboxylic 
acid with alkaline KMn0 4 (Balbiano, B. 23, 1449 ; 
Claisen a. Roosen, B. 24, 1892). Small white 
plates in spherical groups (from aloohol). — 
(NHJjjA". [212°].— PbA".— Ag,>A". 

Methyl ether MeA". [128°]. 

Amide C 8 N 2 HPh(CO.NH 2 ) 2 . [190°]. 
Phenyl-pyrazole tri-carboxylic acid 

C0 2 H.C:C(C0 2 H)^ >NPl1, [ 184 °]' Forme(i b y 
oxidising phenyl-methyl-pyrazole dicarboxylic 
acid with alkaline KMn0 4 (K. a. L.). White 
needles (containing aq) (from ether), sol. water 
and alcohol. — BaHA'" ^aq : plates. 
Di-phenyl-pyrazole carboxylic acid 

Ci.HijNjO, i.e. C!DC(C0 2 H)/ >NPl1 or 

C02H ’cH^OPh> NPh - Got by aa P° nificati °“ ot 
its ether, which is obtained by boiling benzoyl- 
pyruvic ether CH^z.CO.CO-jEt (20 pts.) with 
HOAo (100 pts.) and phenyl-hydrazine (10 pts.) 
(Beyer a. Claisen, B. 20, 2185). Crystals (con- 
taining EtOH), which melt at 185°,v. sol. acetone# 
Ethyl ether EtA'. [90°]. (c. 400°). 
Di-phenyl-pyrazole dicarboxylio acid 

0i;H la N 8 O 4 Is. co 8 H.c.C(CO^:)^ >NPh - P 18 °l* 
Got by oxidation of di-phenyl-methyl-pyr azole- 
carboxylic acid (Knorr a. Laubmann, B. 22, 175), 
Satiny needles (containing 4 aq) (from HOAo)#— 
NI^HA". [c. 270°].— BaA 7 ' aq.—CaA" 2aq. 
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References,— Oxy- and Oxy-amido- phenyl* 

PYBAZOLE CARBOXYLIC ACID. 

DI-PHENYL-PYRAZOLONE v. Oxy-di* 

PHENYL-PYRAZOLE. 

PHENYL-PYRAZYL METHYL KETONE 

C a N 8 H 2 Ph.CO.CH,. [122° cor.]. Formed by 
heating j'-phenyl-pyrazole with AcCl at 150° 
(Balbiano, G. 19, 186). Small needles. Yields 
an oxim [131°] and a phenyl-hydrazide [144°]. 

TETRA * PHENYL * PYRIDAZINE DIHY- 
DRIDE CjgH^Nj i.e. Qph-Qph’NPh ? [149°]. 

Formed from desyl-acetophenone, phenyl-hydraz- 
ine, and HOAc (Smith, C. J. 57, 649). Yellow 
needles (from alcohol), v. sol. hot HOAc. Ac- 
cording to Klingemann (A, 269, 106), this body 
is probably phenyl-amido-tri-phenyl-pyrrole, 
since on boiling with HOAc it yields tetra- 
phenyl-pyrrole. 

(a)-PHENYL-PYBIDINE 

(270°). A product of the distillation of its di- 
carboxylic acid with lime (Skraup a. Cobenzl, M, 
4, 472). Heavy oil. Yields picolinic acid on 
oxidation. — B' 3 H i FtCl tf 2aq.-~Pi crate [c. 170°]. 

(0) -Phenyl-pyridine N <CH!cH h > CH ' 

(270°). Formed by distilling its carboxylic 
acid with lime (Skraup a. Cobenzl, M. 4, 453). 
Got also by heating pyrrole with benzylidene 
chloride and NaOEt (Ciamician a. Silber, B. 20, 
191). Heavy oil. Yields nicotinic acid on 
oxidation. — B' 2 H 2 PtCl a 3aq. — B'C fl H 8 N 3 0 7 . 
[163°]. Groups of yellow needleB. 

(y)-Phenyl-pyridine N< ^CH:CH^ CPh- 

[78°]. (275° uncor.). Formed by distilling its 
tetra-carboxylic acid with lime (Hantzsch, B. 
17, 1518). Plates (from water). Yields iso- 
nicotinic acid [304 6 ] on oxidation. — B^pyPtCl*. 
— B* JELfix.fi v [165°]. Orange needles. — 
Pier ate. [196°]. Yellow needles. 

Hexahydride C 6 H J0 PhN. [58% (256° at 
727 mm.). Got by reducing the base (Bally, B. 
20, 2590). Strong base, almost insol. water. — 
B'HCl. Needles.— B'^^tCl,. [204°-207°]. 
v-Phenyl -pyridine hexahydride 

NPh< NCHl'0^ >0H »- Phenyl-piperidine. 

(249°). Formed by heating piperidine with iodo- 
benzene or bromo-benzene at 260° (Lellmann, 
B. 20, 680; 21, 2279. Alkaline oil, v. sol. 
alcohol and ether. — B'^^PtClg 2aq ; needles or 
plates. — B'HjCraO, : plates. 

References,— Amido- and Nitro- phenyl- 

PIPERID1NB. 

Di- (a) - phenyl -pyridine C I7 H 18 N i.e. 

N <OPhioH> OH - C 82 °) < P ' “• S -)» P3°] (D.). 
Formed by distilling its carboxylic acids with 
soda-lime (Paal a. Strasser, B, 20, 2764 ; 
Doebner, A . 249, 121). Yellow needles, v. sol. 
alcohol. Yields an oily hexahydride. — 
R'jHfrPtOlg. [205°]. — B'HAuCl*. [202°]. — 
B' 4 H 4 Cr,0, , . Orange-red needles. 
Methylo-iodide B'Mel. [203°]. 
Tri-phenyl-pyridine C^H^N. [135°]. Formed 
by passing NH g through acetophenone, and 
adding P,0 6 (Engler, B. 6, 639 ; 19, 40; A, 238, 
*7)7^' APt Cl*. 

Reference , — Oxy-phenyl-pyrioine. 

Vol. IV. 
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0 18 h. N0 


[185°]. 


Formed by heating the dicarboxylic acid at 185° 
(Skraup a. Cobenzl, M. 4, 450). Needles, si. soL 
cold water. Yields nicotinic acid on oxidation. — 
CaA' a 2aq : long needles, v. sol. oold water. 


(a) -Phenyl-pyridine dicarboxylic acid 



235°]. Formed by oxidation of (a)-naphtho- 
quinoline (Skraup a. Cobenzl, M. 4, 463). 
Minute crystals, gives off indigo-blue vapours 
when heated. When distilled with CaO it yields 
(o) -phenyl-pyridine and the compound C 12 H 7 NO 
[140°-142°] (315°), which crystallises from 
alcohol in yellow plates and yields B'aHjPtCl*. 
Yields a di-bromo- derivative [205°]. 

Salts. — CaA" 2aq. — CuA" 4aq : violet 
crystalline pp. — Ag^A" ljaq. — H 2 A"HC1. — 
(HaA'^HaPtCl, 3aq. 

(0) -Phenyl-pyridine dicarboxylic acid 

[207°]. Formed 

by oxidation of (£)-naphthoquinoline (Skraup a. 
Cobenzl, M. 4, 442). Prisms (containing aq), 
si. sol. cold water. Salts. — HA'HCl. — 
(HA'),R,PtCl a 2^aq. — K 2 A" 3aq. — KHA" 2aq. — 
CaA" 3aq.— BaA" 4|aq.— CuA" 4aq. — Cu^H^A",. 
— AgH,A" 2 . 

Sulphonic acid C 131 H 9 NS0 7 i,e, 
N< C(C0 2 H):(?.C fl H,(S0 a H)(C0 2 H)[I:2:6] < 

^CH . CH :CH 


Formed, as well as C, 2 H a (SO s H)NO aq, by oxida- 
tion of (/8)-naphtho-quinoline sulphonic acid 
with alkaline KMn0 4 (Immerheiser, B, 22, 405). 
Crystals (from water). — K,A"'. — Ba g H,A'" g .— 
Pb 4 A" ; a (OH) 2 .— Ag 8 A 7,f {dried at 100°). 

The by-product C ls H a (SO g H)NO aq yields 
KA' aq, BaA' 2 2aq, PbA, 8aq, AgA' aq, an oxim 
[290°] and a phenyl-hydrazide [o. 295°]. 
Phenyl-pyridine dioarboxylio acid 

N <CT:C(CoS> OPh - [ 230 °] (hydrated); [246°] 
(anhydrous). Formed by heating the tetra- 
carboxylio acid at 170° (Weber, A. 241, 13). 
Greenish-yellow plates (containing aq). — 
CuA" 2aq : blue pp. 

(y) -Phenyl-pyridine tetra-carboxylic acid 

N <5|coS.cioo3!> cph - [207 ° ] - Pormod 

by oxidation of the phenyl-di-methyl-pyridine 
dicarboxylic acid, which is got from acetoacetic 
ether, NH g , and benzoic aldehyde (Hantzsch, B, 
17, 1515). Crystals (containing 8aq), v. sol. water. 
KH,A ir aq : small prisms or pyramids, si. sol. 
cold water. — Ba^NHJjA 1 ** 6aq ; minute tables. 
— Cu 2 A 1 ’’ 7aq. 

Di-phenyl-pyridine (7) -carboxylic acid 

N ^CPhicH> C - 00 » H - ( 276 °3- Pormed b 7 

heating (CHjBzJjCfCOaHJj with alcoholic NH, 
at 120° (Paal a. Strasser, B, 20, 2761). Needles 
(from alcohol). — AgA': pp., si. sol. hot water. 
Dihydride C lg H, g NO, i.e, 

NH <OPh-OH> OH OOsH - 0r y staUille flake »— 
NH t A'. [270°]. Formed irom (OH.BzLOH.CO.H 
and alcoholic NH, in the oold. Needles, v. sol. 
water. 



PHENYL-PYRIDINE CARBOXYLIC ACID. 


Hexahydrid, 

NH< vCHPh!cHp >CH ' COjH - f 839 °]- Formed, 
in small quantity, when di-benzoyl-di-methyl- 
malonio aoid is heated with alcoholic NH 3 at 
120° (P, a. S.). Crystals, v. si. sol. water. 
Yields a nitrosamine [159°]. 

Di-phenyl-pyridine tricarboxylic acid 



oxidising phenyl -naphthoquinoline carboxylic 
acid with alkaline KMn0 4 below 50° (Doebner, A. 
249, 120). Needles (from dilute alcohol). — 
Ag s A'" : white fiocculent pp. 

At 100° the ohief product is phenylene phenyl- 
pyridylene ketone carboxylic acid C, fl H n N0 3 
[226°], which on distillation with soda-lime yields 

^^CH 4 PhN forms an oxim [B4°] 

and B'gCrbg. 

Reference, — Oxy-phenyl-pyridine carboxylic 
acid. 

PHENYL PYRIDYL KETONE C„H () NO i.e. 
C rf H 5 .CO.C a H 4 N. (307°). Formed by heating 
its carboxylic aoid (Bernthsen a. Mettegang, B. 
20, 1209). Liquid. Yields a phenyl-hydrazide 
[143-5°].--B' 2 H 2 PtCl 8 . 

PHENYL (j3)-PYRIDYL KETONE CARB- 
OXYLIC ACID C a H 5 .CO.C 6 H s N.CO.;a. [147°]. 
Formed from quinolinic anhydride, benzene, 
and Aid, (Bernthsen a. Mettegang, B. 20, 1209). 
Prisms, v. e. sol. hot water. 

DI.PHEmn-PYBONE t^KcI-cPh^ 0, 
[139*5°]. Formed by heating its carboxylic acid 
(Feist, B. 23, 8734). Got also by heating de- 
hydro-benzoyl-acetio acid with HClAq at 245°. 
Needles resembling asbestos (from benzene). 
Its solution in cono. H 2 S0 4 exhibits violet 
fluorescence. Alcoholic NH 3 converts it, on 
heating, into oxy-di-phenyl-pyridine. 

DI-PHENYL-PYRONE CARBOXYLIC ACID 

CQ<°( °^ >0. P°n- Formed by 

warming chloro-dehydro-benzoyl-acetio acid 
(1 pt.) in H,S0 4 (3 pts.) at 140° (Feist, B, 23, 
3730). Small crystals (from benzene), v. sol. 
Chloroform. — NH 4 A'. [135°]. — BaA' 2 6aq. — 
AgjA'jAgNO,: curdy pp. 

Di-phenyl-pyrone dicarboxylio ether 

C0 <C(cS|cPh>°- c l40 °^ Formed by 

allowing a mixture of cupric benzoyl-acetic 
ether (24 g.), COCl* (10 g.), and toluene (40 g.) to 
Btand for six weeks (F.). Got also from acetone 
dicarboxylio ether, Et 2 0, Na, and BzCl (Diinsch- 
mann a. Pechmann, A, 261, 189). Plates, v. 
sol. most solvents. 

FHENYL-PYROTARTARIC ACID 
C # H s .OH 2 .CH(CO t H).OH 2 .OO s H. Benzyl-succinic 
acid, [161°]. Got by heating phenyl-propane 
tricarboxylio aoid and by reducing phenyl-ita- 
oonic aoid (BischofJ, B. 23, 653; Fittig a.Roeders, 
A . 256, 87 ; cf. Baeyer a. Perkin, B. 17, 449). 
White places, si. sol. cold water. Yields an an- 
hydride [102°]. — BaA" £aq.— CaA".— Ag,A". 

Phenyl-pyrotartaric aoid 
OOJS.CHPh.GHMe.GO 2 H. Two varieties [171®] 
and [193°] are formed by saponifying the pro- 
duct of the reaction of NaOEt on a mixture of 
a cyano-propionic acid and a-bromo-phenyl- 


acetic ether (Zelinsky a. Buchstab, B. 24, 1877). 
At 320° it forms an anhydride which on treatment 
with water yields a mixture of the two isomeric 
phenyl -methyl-succinic acids. 

Reference . — Oxy -amido -phenyl-P yrotartario 
acid. 

PHENYL-PYROXIMIDINE DIHYDRIDE 

CH 2 <^^ v ‘^J>CPh. Formed from 7-bromo- 

propyl-benzamide by shaking with hot water 
(Gabriel, B. 24, 3214). Liquid, si. sol. cold 
water.— B^R^tCl*. [185°].-B'C ti H 3 N 3 O r [151°]. 

DI-PHENYL-PYEEOLE NH <OPhCH' 

[143°]. Formed by the action of alcoholic 
potash on its carboxylic ether (Paal, B. 21, 
3061). Got also by heating the dicarboxylio acid 
C 4 NH 3 (C 8 H 4 .C02H) 2 with lime (Baumann, B. 20, 
1490). Plates (from HO Ac or dilute alcohol). 
Forms a red solution in H.,SO r Colours pine- 
wood, moistened with HClAq, red. 

Tii-phenyl-pyrrole NPh<£pb-QH [2 29°]. 

Formed by heating its carboxylic acid or its di- 
carboxylic acid C 4 NH2Ph(C d H 4 .C0 2 H)2 with lime 
(P. ; B.). Needles, si. sol. ether and alcohol. 

Tri-phenyl-pyrrole NH< CcPh-CH h * 

Formed by heating desyl-acetophenone with 
alcoholic NH* at 150° (Smith, G , J, 57, 645). 
Slender needles with violet fluorescence. 

Tetra-phenyl-pyrrole CagH^N i.e, 

NH <CPh-CPh- t 214 ' 5 °]- Formed from both 
bidesyls by heating with alcoholic NH 3 at 150° 
(Garrett, B. 21, 3107 ; Fehrlin, B, 22, 553 ; 
Magnanini a. Angeli, B. 22, 855). Got also by 
distilling its phenyl-?- amido- derivative (Klinge- 
mann, A, 269, 122). Needles or plates. 

Acetyl derivative . [226°]. Needles. 

Tetra-phenyl-pyrrole NPh^pk;^? 1 . 

[197°]. Formed by boiling desyl-acetophenone 
with aniline and HOAc (Smith, G. J. 57, 646). 
White silky needles, v. si. sol. cold alcohol. 

DI-PHENYL-PYRROLE CARBOXYLIC ACID 

[261°]. Formed by saponi- 
fying the ether, which is got by the action of 
alcoholic NH 3 or of boiling NH,OAc and HOAc 
on di-0-benzoyl-propionic ether (Kapf a. Paal, B, 
21, 1491, 3061). Orange needles, si. sol. alcohol. 
Ethyl ether EtA'. [159°]. Needles. 
Amide 0 J7 H )4 N 2 0. [217°]. 
Di-phenyl-pyrrole di-o-oarboxylic acid 

NH <^ic:I;:coll;cI- w- Fo ™ ed * 

heating C^H^CO.GgH^COjHJs with alcoholic 
NH, (Gabriel, B. 19, 840). Slender needles. 
Yields a nitrosamine C l8 H,2N,0 4 [0. 210°] crys- 
tallising from HOAc. 

Tri-phenyl-pyrrole carboxylic acid 

NP K0Ph;6H 02H - f 273 ^- Formed by sapo- 
nifying the ether, which is got by boiling di- 
benzoyl-propionio ether with aniline and HOAc 
(Paal, B. 21, 3061). Needles (from HOAo). 
Ethyl ether EtA', [170°]. Needles. 
Tri-phenyl -pyrrole di-earboxylio acid 

^KojoSico^ioH- P 960 )- Fonned ** 



PHENYL-ISOQUINOLINE. 


.warming 0 (l H 4 (C0.0 g H 4 .00 2 H) 2 with aniline 
{Baumann, B. 20, 1487). Crystals, inspl. water. 
AgoA": bulky pp. 

Ethyl ether Et a A". [12?°]. Needles. 
DI-a* PHENYL- 0 -PYBBOYL - PBOPIONIC 
ACID C 4 H 4 N.C0.0H 2 .CPh a .C0 2 H. [216°]. 

Formed by saponification of di-phenyl-pyrryl* 

crotolactone or^cQ H,N) > 0 [184°] which is 

got by warming (a)-pyrryl methyl ketone with 
benzil and cone, KOHAq (Angeli, B. 23, 1356). 
Colourless crystals, almost insol. water.— KA\— 
AgA': light-yellow pp. 

PHENYL PYEEYL KETONE CnH.NO i.e. 
NC4H4.CO.C4H5. [78°]. Formed by heating 
pyrrole with NaOBz and Bz 2 0 (Ciamician a. 
Dennsjtedt, B. 17, 2955). Yields O n H 8 AgNO. 
PHENYL-PYRUVIC ACID v, Phenyl-gly - 

CIDIO ACID. 

FHEITYL-QUIN AZOLINE C,H 4 <^£ ph . 

[101°]. Got by distilling o-amido-benzyl-benz- 
amide (Gabriel a. Jansen, B. 23, 2810). Yellow 
needles. Weak base. 

Pbenyl-quinazoline. Dihydride, 

ChHuN, i.e. 0,H 4 <^i^g h . [95°]. Formed 

by reducing [l:2]C 6 H 4 (N0 2 ).CH a .NPh.CH0 with 
zino and HClAq (Paal a, Busch, B. 22, 2686 ; 
Donner, Ph. [3] 20, 43). Six-sided tables (from 
ether-ligroin), almost insol. water and alkalis. 
Split up into aniline and benzonitrile by heating 
with zino-dust.— B'HCl 2aq. [80°] when hydra- 
ted ; [221°] when anhydrous. Concentric 

needles, sol. water.— B'HSnCl*. [130°-134°]. 
White crystals.— B'jayPtCl,. [208°]. Yellow 
crystals. — B' 2 H 2 S0 4 2aq. [79°]. Melts at 140°- 
143° when anhydrous. 

1 Methylo-iodide B'Mel. [170°] and 
£180°]. — B'MeI 2 . [157°]. Golden plates. 

Tetrahydride O a H ( <™ 2 ;^ h . [117°J. 

Got by reduction. Needles. Yields a crystal- 
line acetyl derivative and a brick-red nitros- 
amine. 

Di-phenyl-quinazoline. Dihydride . 

Cj„H 1 (i Nj i.e. [116°]. Formed 

by reduction of the benzoyl derivative of o-nitro- 
benzyl-aniline in HOAc with tin and HC1 (Lell- 
mann a. Stickel, B. 18, 1608). Small needles, 
v. sol. alcohol.— B'HCl : silky needleB. 

Reference . — Oxy-phenyl-quin azoline. 

(B. 2) -PHENYL-QUINOLINE 

OH !oH.C.N-CH- P-Phenyl-quinoline. [111*]. 
(260° at 77 mm.). S.G. 1*1945. Prepared by 
heating jp-amido-diphenyl with glycerin, nitro- 
benzene, and BLjSOj (La Coste, B. 16, 562 ; A. 
230, 8). Trimetric plates (from ether). — 
B'gHgPtClj. Orange crystalline powder. — 
B' a H a Cr 2 0 7 . [136°]. — Tartrate B'C 4 H fi O a 3aq. 
[153°]. Needies. 

Methylo-iodide B'Mel 2aq. [194°]. 
Ethylo-iodide B'EtI2aq. [169°]. 
Tetrahydride O^HjoPhN. Got by reduc- 
tion. Unstable pp. Yields a nitr os amine 
C g H,Ph(NO)N [112°], an acetyl derivative [100°], 
and a benzoyl derivative [187°].— B'HCl l£aq. 
{204°]« — B'C JESJ$fi r [166°]. 


(B. 4)-Phenyl -quinoline 

o-Phenyl-guinoline . (278° at 80 mm.). Got in 
like manner, UBing o-amido-diphenyl (C.). * Oil, 
with yellowish-green fluorescence.— B'jHaPtCl*. 
— B'JELfirfi,. [126°]. Orange plates. 

Methylo-iodide B'Mel. [163°]. Crystals, 
v. sol. water.— B'gMeJPtCl, [193°]. 

(Py. 1 ) - Phenyl - quinoline C u H 4 <^ P j^ ; ^. 

[62 6 ]. Got by heating its carboxylic acid 
(Konigs a. Nef, B. 19, 2430). Needles (from 
ether or ligroin). Solutions -of its sulphate and 
hydrochloride fluoresce blue. — B'H 2 Cr0 4 ; 
needles. — B'^R^PtCl,, : yellow four-sided tables. 

(Py- 2) • Phenyl - quinoline C,H 4 <^|^g h . 

Formed by adding a little NaOH to a solution of 
o - amido - benzoic aldehyde and phenyl - acetic 
aldehyde in dilute alcohol (Friedlander a. 
Gohring, B. 16, 1836). Oil, sparingly volatile 
with steam.— B'HCl. [93°]. — B^HJPtCl,,. 

(Py. 3) -Phenyl -quinoline C.H 4 < C ^^“ h . 
[86°]. (above 360°). 

Formation. — 1. By heating cinnamic alde- 
hyde (30 pts.) with aniline (20 pts.) and cone. 
HClAq (20 pts.) for two hours at 210° (Grimaux, 
C. B. 96, 584 ; Doebner a. Miller, B. 16, 1665 ; 
19, 1194). — 2. By warming o - amido - benzoic 
aldehyde with acetophenone, dilute aloohol, and 
a little NaOH (Friedlander a. Gohring, B. 16, 
1835). — 8. By distilling w-oxy-phenyl -quinoline 
or di-oxy-phenyl-quinoline with zinc-dust (Miller 
a. Kinkelin, B. 18, 1908 ; Weidel, M. 9, 151). — 
4. By distilling its carboxylio acid with soda-lime 
(Doebner, B. 20,280; A. 242, 294; Pfitzinger, 
J.pr. [2] 38, 583). 

Properties. — Silky needles (from dilute al- 
cohol), sol. ether, si. sol. water. Yields 
NHBz. C4H4.CO.jH [1:2] [182°] on oxidation by 
KMn0 4 in acid solution. 

Salts.— B'jHjPtClg 2aq. — B'HA uC 1 4 . [160°]. 
— (B'HCll^uCl*. [204°]. Needles.— B'H 2 Cr 2 0 7 : 
stable golden plates.— B'O.HjNjO,. [188°]. 

Alhylo -iodides B'Mel. [197°].-B'EtI. 
[195°].— B'sEtjPtCl,,. — B'EtCl 2aq. — B'jEtjPtCla. 

Tetrahydride C^H^N. (342°). Got by 
reducing the base with tin and HClAq (Doebner, 
B. 19, 1198). Oil, yielding an oily nitrosamine.— 
B'HCl. Needles (from alcohol), v. si. sol. water. 
(Py. l,3)-Di-phenyl-quinoline 

c « h «<N = cph • C112 ° ] - Formed hy heating 
the anilide of CH^Bzj* with H.JS04 (Beyer, B. 20, 
1772). Mass of white crystals.— B'^PtCl, 2aq. 
— B'H^SO^ Needles, v. si. sol. dilute BLjSO^ 
(Py. 2,3) -Di-pheny 1-quinoline 

c « H «<N-cph • £ 96 °}’ (°- 420 °>- Formed fa y 

reducing [1:2] C 8 H 1 (N0 2 ).CH J .CHPh.C0.C„H, 
with iron and HOAo (Buadeberg, B. 28, 2075). 
Large crystals, sol. alcohol.— ByaJPtCL. 

(Py. 2) -PHENYL- ISOQUINOLINE 

0 15 H„N i.e. [105°]. Obtained 

by reduction of the (Py. 4)-chloro- derivative by 
heating it with HI and P at 170° for three houra ; 
also by distilling phthalimide with zinc-d,ust 
(Gabriel, B. 18, 8477). Bhombio plates. Slightly 
volatile with steam.— B # f .H s 0l s PtCl 4 ; needles* 

a 3 
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PHENYL-ISOQTJINOLINE. 


Tetrahydride C,H < < ^^ E>h - [45°- 

48°]. Formed by reduction of an alcoholic 
solution of the (Py.)- mono- or di- chloro-deriva- 
tives by boiling with (3 p.c.) sodium-amalgam 
(Gabriel, B. 18, 8479). Crystals, v. sol. alcohol. 

References . — Amido-, Chlobo-, Chlobo- 
nitbo-, Nitbo-, Oxy-amido-, and Oxy- phenyl- 
quinoline. 

(Py. 1) - PHENYL - QUINOLINE (Py. 3)- 
CARBOXYLIC ACID C la H n N0 2 U. 

C « H ‘<N^C?0.H' Got by oxidation 

of phenyl * methyl - quinoline - phthalone with 
chromic acid mixture (Koenigs a. Nef, B. 19, 
2428). Yellow needles (from dilute alcohol), sol. 
acids and alkalis. 

(Py. 8) -Phenyl-quinoline (Py. 1) -carboxylic 
acid C,H,^^ ( COiH ) : ^p h . [207°J. Formed by 

warming pyruvic acid with benzoic aldehyde, 
aniline, and alcohol (Doebner, B. 20, 280; A. 242, 
291). Formed also by heating i satin with 
acetophenone and alcoholic potash (Pfitzinger, 
J. pr. [2] 83, 538). Needles, m. sol. cold alcohol. 
Yields phenyl-quinoline [84°] on distillation 
with soda-lime. — (HA') 2 H 2 PtCl u . — PbA' 2 aq. — 
$JuA' 2 aq.— ZnA' 2 aq.— AgA' : white pp. 

Phenyl - quinoline - o - di - carboxylic acid 

C,H 4 (0,H,)N (COjH ) 2 i.e. c,H 4 < Gp k ; g; GG g- 

Formed by oxidation of phenyl-acridine with 
KMn0 4 . 

Salts .— BaA" 4aq : glistening needles (Claus 
a. Nicolaysen, B. 18, 2706). 

(Py. 2,3) - Di - phenyl - quinoline carboxylic 

acid > [191 o], Formed by 


the action of isatin and alcoholic potash on 
deoxybenzoin (Pfitzinger, J. pr. [2] 38, 683). 
Needles, insol. water, v. sol. hot alcohol. 

(Py. 3) -PHENYL-QUINOLINE (B. 2)-SUL- 

PTrmorp inTTi SO a H.():CH.C.CH:CH 
PHONIC ACID HC:CH.C.N=CPh- Got - 

together with the more soluble (B. 3)-sulphonic 
acid, by heating (Py. 8) -phenyl-quinoline with 
H 2 S0 4 and SO, at 100° (Murmann, M. 13, 60).- 
Plates, si. sol. water, almost insol. alcohol. Gives 
oxy-phenyl-quinoline [238°] when fused with 
potash at 250°. — BaA' 2 : plates. — NH 4 A': plates. 
— AgA' : granules. 

(Py. 3) - Phenyl - quinoline (B. 8) - sulphonic 
acid. Formed as above (M.). Granules. Yields 
oxy - phenyl - quinoline [166°] on fusion with 
potash. — KA' aq. — BaA', 1 Jaq : needles. — 
AgA' 1 Jaq : needles. 

(£. 2) - Phenyl - quinoline p - sulphonic acid 
C lv H n NSO, i.e. [l:4]S0,H.0 8 H 4 .g:CH.Q.CH:QH 
HC:CH.C.N =*CH* 
Formed, together with the following more soluble 
isomeride, by sulphonation of jp-phenyl-quinoline 
(La Coste a. Sorger, A. 230, 30). Needles (con- 
taining 2aq). Turns brown, without fusion, at 
800°. Alkaline KMn0 4 gives quinolinic acid and 
v-sulpl o benzoic acid. — NH 4 A'. [above 810°]. — 
NaA'aq. — HgA' 2 : white pp. 

(B. 2) - Phenyl -quinoline ($) - sulphonic acid. 
Formed as above. Plates (containing aq), not 
melted a.< 800°. — NH 4 A' ; small scales. 

PHENYL-DIQUIN OLYL-METHANE. Octo- 
hydride CHPhfO.Hj^f),. [153°]. Formed from 


quinoline tetrahydride, benzoic aldehyde, and 
ZnCl g in alcohol (Einhom, B. 19, 1243). Its 
solution in HClAq is coloured green by FeCl,. 
Di-phenyl -(B. l)-quinolyl-methane 

CHPh^QiCH.G.CHiCH rinAoi -ri j t._ 
HC:CH.C.N==CH* £ 104 ^ formed by 

Skraup’s method from amido-tri-phenyl -methane 
(Fischer a. Frankel, B. 19, 749 ; A. 241, 364). 
Prisms, v. sol. alcohol. Yields a nitro- derivative 


[213°]. — B'jjiyPtCla (dried at 100°). 

DI-PHENYL-(Py. 3) -QUIN 0LYL-UEEA 
C 9 H 6 N.NPh.CO.NHPh. [150°]. Formed by 
heating carbostyril with phenyl isocyanate and 
benzene at 220° (Goldschmidt a. Meissler, B. 
23, 276). Needles (from benzene), boI. HClAq 
and re-ppd. by NH g . 

DI-PHENYL-QUINONE C 18 H, 2 0 2 i.e. 
CPh^Q '^^CPh. [214°]. Formed by heating 


phenyl methyl diketone with NaOHAq and a little 
K 3 FeCy 6 at 100° (Muller a. Pechmann, B. 22, 
2130). Orange-yellow plates, m. sol. benzene. 
Zinc-dust and HOAc reduce it to di-phenyl- 
hydroquinone [219°]. 

DI-PHENYL-QtJINOXAUNE C,H 4 <^:g£{j. 


[126°]. Formed by heating benzoin with o- 
phenylene-diamine in the air at 165° (Fisoher, 
B. 24, 720). Needles. 

Dihydride C„H 4 <^£ GPh . [149°]. 

Formed by heating benzoin with o-phenylene- 
diamine at 165° with exclusion of air. Prisms. 
Its solutions in ether and benzene fluoresce 
yellowiBh-green. 

Phenylo -hydroxide 

C1350]. 

Formed from benzil and o-phenylene-phenyl- 
diamine (Kehrmann a. Messinger, B. 24, 1239). 
— C.^H^NgClFeClg. Golden prisms, m. sol. cold 
water, insol. ether. — (C 2fl H, 9 N 2 Cl) 2 PtCl 4 . — 
C M H ltt N a HgCl,. Yellow scales. 

Tri-phenyl-quinoxaline. Dihydride 

°. H .<^^;cPh h - [ 117 °I Got b y heating 


benzoin with o-phenylene-phenyl-diamine in a 
sealed tube at 175° (Kehrmann a. Messinger, B . 
24, 1875). Crystalline, v. sol. ether. Its solu- 
tions fluoresce bluish-green. 

Tetra-phenyl-diquinoxaline, so-called. 
gPh:N.C.OH:Q.N:QPh r9ftQ01 - , - 

CPh:N.C.CH:C.N:CPh* [289 ^ Formed from 
tetra-amido-benzene and benzil (Nietzki a. 
Miiller, B. 22, 446). V. sol. hot HOAc. Forms 
a blue solution in cone. H 2 S0 4 . 

DI-PHENYL-QUIN OX ALINE CARBOXYLIC 

ACID C a H„N,0„ i.e. [4[]c,H,(CO*H)<*; GP J\ 

[288°]. Formed by mixing benzil and di- amido 
benzoic acid, both dissolved in hot HOAc (Zehra, 
B. 23, 8627). Yellow plates or needles. — 
BaA' 2 3aq : needles, si. sol. hot water. 

Ethyl ether EtA'. [151°]. Needles. 
TETRA -PHENYL -DIQUINOX ALYL O^H^N,, 

w. cPh:N> C ‘ H - C « H ‘<N:CPh- t ftbove 


Formed by mixing acetic acid solutions of benzil 
and tetra-amido-diphenyl {OJK^NH^pUSid]}, 
(Brunner a. Witt, B. 20, 1026). Crystals (from 
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phenol -HO Ac). Forms a bright-red solution in 
cone. H 2 S0 4 . 

PHENYL SELENIDE v. Organic compounds 
of Selenium. 4 

TETRA - PHENYL - Bill CANE v. Organic 
compounds oi Silicon. 

PHENYL SILICATE Si(OPh) 4 . [48°]. (420°). 
Prepared by heating phenol with SiCl 4 ; the yield 
being 78 p.c. of the theoretical amount (Hert- 
korn, B. 18, 1679). Long colourless prisms, v. 
eol. alcohol. Decomposed by hot water into 
phenol and silicic acid. Boiling alcohol forms 
ethyl silicates and phenol. 

TRI-PHENYL-STIBINE v. vol. i. p. 294. 

PHENYL-STYRYL-HYDRAZINE C 16 H 16 N 2 i.e. 
CHPh:CH.CH 2 .NPh.NH 2 . [64°]. Formed from 
styryl bromide and sodium phenyl-hydrazide 
(Michaelis a. Claessen, B. 22, 2239). Crystals, 
v. sol. alcohol and ether. 

PHENYL-STYRYL KETONE v. Benzylidene- 
acetophenone. Its carboxylic ether is described 
as Benzylidene-benzoyUacetic ether , vol. i. p. 481. 

PHENYL - SUCCINIC ACID C ]0 H J0 O 4 , i.e . 
C0 2 H.CHPh.CH 2 .C0 2 H. [167°]. 

Formation . — 1. By saponification of the 
nitrile which is got from w-chloro-Btyrene and 
KCy (Rtigheimer, B. 14, 428). — 2. By saponifica- 
tion of the product of the action of a-bromo- 
phenyl-acetic ether on sodium acetoacetic ether 
(R.).— 3. At 191° from C0 2 H.CHPh.CH(C0 2 H) 2 , 
got from a-chloro-phenyl-aeetic ether and sodium 
malonic ether (Spiegel, B. 14,873, 1693; A. 219, 
32 ; Alexander, A. 258, 74).~-4. From hydro- 
cornicularic acid by potash-fusion (S.). 

Properties. — Needles, sol. hot water and al- 
cohol, si. sol. chloroform. Br and PBr 3 yield a 
bromo* derivative [119°] converted by hot water 
dnto phenyl-maleic acid. 

Salt s. — CaA". — Ag.^A". 

Anhydride C 10 H s O s . [c. 54°]. 

(a)-Di-phenyl-suocinic acid C l8 H, 4 0 4 i.e. 
C0 2 H.CHPh.CHPh.C0 2 H. [222°] (when dry) ; 
[183°] (when hydrated). H.C. 1,848,300 (Osbi- 
poff, C. R. 109, 223). S. (alcohol) 44 at 21°. 

Formation . — 1. By heating a-bromo-phenyl- 
acetic acid with KCy (Franchimont, B. 5, 1048). 
2. Together with the isomeric (3) -acid, by re- 
duction of di-phenyl-malei'c anhydride with 
sodium-amalgam or 2n and HC1. Separated 
through the sparing solubility of the Ba salt 
(Reimer, B. 14, 1802 ; Anschutz, A. 259, 67). — 
8. By heating the (3) -isomeride with baryta- 
water at 200° (R.). 

Properties.-- Prisms (containing aq) or needles 
(from dilute HOAc). Yields di -phenyl-ethane 
and di-phenyl-ethylene when distilled with lime. 
HClAqat 200° converts it into the (3) -acid. 

Salts.— BaA" 2aq. S. 32 at 18°.— BaA" 4aq. 
— Ag 2 A": white pp. 

Mono-ethyl ether HEtA". [140°]. 

Di-ethyl ether Et^A". [84°]. Needles. 

Anhydride C la H 12 0,. [116°]. (240° at 

11 mm.). Formed when either of the two s-di- 
phenyl-suocinic acids is heated. Got also by 
heating the (a)- acid with AcCl at 120° (Till- 
manns, A . 258, 87). Trimetric crystals ; a:b:c 
** *508:1: *546. V. sol. chloroform. Yields the 
(a)- acid on boiling with water, and a mixture 
of (a)- acid (86 p.c.) and (3)- acid (14 p.o.) when 
treated with KOHAq. 

Nitrile CN.CHPh.CHPh.CN. [160°]. 


Formed, together with the ($)- isomeride by 
heating phenyl-acetonitrile with mandelio nitrile 
and alcoholic KCy at 55° (Chalanay a. Knoevena- 
gel, B. 25, 289). V. e. sol. alcohol. Converted 
into the (3)- isomeride by boiling with HOAc. 

Phenylimide C 22 H 17 N0 2 . [231°]. Got by 
heating either the (a)- or the (3)- anhydride with 
aniline. 

Phenyl - amic acid C^H^NO, i.e . 
C0 2 H.CHPh.CHPh.CO.NHPh. [220°]. Got by 
boiling the phenylimide with baryta (AnBchtitz 
a. Bendix, A. 259, 92). 

(3)-Di-phenyl-Buccinic acid 
C0 2 H.CHPh.CHPh.C0 2 H. [230°]. H.C. 1,822,900. 
S. (alcohol) 1*124 at 21°. 

Formation. — 1. By heating its nitrile with 
HClAq at 200°. — 2. By reduction of di-phenyl- 
malei'c anhydride.— 3. By heating the a-isomer- 
ide with HCAq at 200°. 

Properties.-— Needles, sol. alcohol, si. sol. 
benzene, insol. water. On distillation in vacuo 
at 250° it yields a mixture of the (a) - anhydride 
(89 p.c.) and the (3)- anhydride (11 p.c.). 

Reactions. — 1. Yields s-di-phenyl-ethane and 
di-phenyl-ethylene on distillation with lime 
(Reimer, B. 14, 1802).— 2. Baryta-water at 200° 
converts it into the (a)- isomeride. 

Salt s.— BaA" 7aq. S. 21 at c. 18°. — Ag 2 A". 

Ethyl ether Et 2 A". [141°]. Needles. 

Anhydride §HPh.CO>°- t°- 107 °J‘ 

Formed by heating the (3)- acid with AcCl at 
100°, and also by the action of AcCl on its salts. 
When boiled with water it yields the (a)- acid (75 
p.c.) and some (3)- acid (25 p.c.). Cold KOHAq 
forms only the (3)- acid. On heating with aniline 
it gives the phenylimide [231°]. 

Diphensuccindone 

c « h < ( ^-ch.co> c » h < ? [ 202 °J- 

Formed by heating the acid (5 g.) with cone. 
H 2 S0 4 (8 g.) until dissolved, and then pouring 
into water (Roser, A. 247, 153). White crystals, 
insol. water, sol. alcohol. Yields a dioxim 
C 1(J H, 0 (NOH) 2 [254°] and a phenyl-hydrazide 
C lfl H l0 (N 2 HPh) 2 [c. 265°]. Reduced by HI and 
P to C 16 H h [100°]. 

Nitrile CN.CHPh.CHPh.CN. [240°]. Ac- 
companies the («)- isomeride (v. supra). Colour- 
less needles, sol. hot alcohol. 

Tetra-phenyl -succinic acid 
C0 2 H.CPh 2 .CPh 2 .C0 2 H. [262°]. Formed bv 
heating a-cli loro-di-phenyl-acetic ether with 
finely-divided silver at 125° (Bickel,B. 22, 1588). 
Insol. water, v. sol. alcohol and ether. 

Ethyl ether Et*A". [89°]. 

Nitrile CN.CPh 2 .CPh 2 .CN, [e. 280°]. 
Formed by the action of NaOEt and I on di- 
phenyl-acetonitrile (Auwers a. V. Meyer, B. 22, * 
1227; cf. Anschutz a. Romig, A. 233, 349). 
Formed also by the action of nitrous acid on di- 
phenyl-acetonitrile (Neure, A. 250, 148). Flat 
needles (from HOAc), v. si. soL hot alcohoL 
Liquefied by heating for a long time at }80°. 

Phenyl-isosuccinic acid v. Benzyl-xalonio 

ACID. 

References . — Nitbo- and Oxr- phenyl- 
succinic acids. 

DI-FHENYL-SUCCINIHIDINE CmHuH. 
C*H 4 <]^|^pj|^NPh. Formed from ethylene 
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Cyanide and aniline hydrochloride at 154° 
(Blochinann, B. 20, 1856). Greyish-yellow 
Crystals, insol. water. Yields the phenylimide 
ol succinic acid when boiled with HGlAq. — 
B'HCl. — B'jHaPtCl,,. — B'H 2 S0 4 . — BHBr. — B'HI. 

PHENYL-SULPHAMIC ACID C 6 H 7 NS0 9 i.e. 
C 8 H a NH.S0 3 H. Formed as a salt from ClSO a H 
(1 mol.), aniline (8 mols.) and chloroform in the 
cold. Got also by the action of solid fuming 
sulphuric acid on aniline in CHC1 3 at a low tem- 
perature (Wagner, B. 19, 1157 ; Traube, B. 23, 
1655; 24, 360).— NaA'.—KA' : leaflets, sol. hot 
alcohol.— BaA' 2 2aq : leaflets or needles, sol. hot 
water. Decomposed by acids into aniline and 
H 2 SO NH^PhHA'. [192°]. Plates. 

PHENYL SULPHATE. 

Hydrogen phenyl sulphate C 6 H 5 0.S0 2 .0H. 
Phenyl-sulphuric acid. Occurs in urine of 
horses, men, and dogs (Baumann, B. 9, 55 ; 11, 
1907 ; H. 2, 335), the quantity being greatly in- 
creased by administration of phenol. The K 
salt is formed by adding K,S 2 0 7 (125 pts.) to a 
solution of phenol (100 pts.) and KOH (60 pts.) 
in water (90 pts.) at 65°. The free acid quickly 
splits up, in aqueous or alcoholic solution, into 
phenol and H 2 S0 4 . — KA'. S. 14 at 15°. Plates 
(from alcohol). Not attacked by potash. The 
dry salt changes at 150°-160° into phenol p- 
sulphonic acid. — BaA' 2 3aq : needles. 

DI-PHENYL SULPHAZIDE v. Phenyl - 
hy dr azide of Benzene sulphonic acid. 

DI-PHENYL SULPHIDE C 12 H J0 S i.e. Ph 2 S. 
Mol. w. 186. (293°). S.G. 1-119. 

Formation. — 1. By the dry distillation of 
sodium benzene sulphonate (Stenhouse, Pr. 14, 
351 ; A. 140, 288).— 2. From S(C b H 4 .NH 2 ) 2 by 
elimination of NH 2 by the diazo- reaction (Krafft, 
B. 7, 884, 1164).— 3. By distilling Pb(SPh) 2 
(Kekul6 a. Szuch, C. R. 64, 752).— 4. By the 
action of Naon SO(C fi H a ) 2 (Colby a.McLoughlin, 
Am. 9, 67). — 5. By the action of NaSPh on 
C„H 6 .N 2 C1 in molecular proportions (Ziegler, B. 
23, 2471).— 6. By heating benzene with S and 
A1C1, at 80° (Friedel a. Crafts, A. Ch. [6] 14, 
438). 

Preparation. — Ammonium sulphide is slowly 
added to an acid solution of diazobenzene, 
cooled with ice, the oil which separates is co- 
hobated for 2 or 8 hours to decompose the di- 
sulphide, and finally distilled ; the yield is good 
(Graebe a. Mann, B. 15, 1683). 

Properties.-^- Oil, with slightly alliaceous 
odour, y. sol. hot alcohol, miscible with ether. 
Its alcoholic solution is not ppd. by AgNO a or 
HgCl 2 . Yields di-pbenyl-sulphone on oxidation. 

Di-phenyl disulphide Ph 2 S 2 . Mol. w. 218. 
[61°). (310°). 

Formation.— 1. By oxidising phenyl mer- 
captan with dilute HNO a (Vogt, A. 119, 142 ; 
Otto, A . 143, 213), with chromic acid mixture 
(Kekul6, Z. 1867, 194), and by exposure of its 
ammoniacal solution to air. — 2. From NaSPh 
and CyCl (Clemm, J.pr. [2] 1, 147).— 3. Together 
with mekcury by distilling Hg(SPh)* (Dreher a. 
Otto, A. 154, 178).— 4. From NaSPh and I 
(Hiibner a. Alsberg, A. 156, 330).— 5. In small 
quantity by adding zinc-dust to a mixture of 
S 2 C1 2 and benzene (Schmidt, B. 11, 1173). — 6. 
By reducing CJHft.SOgCl with HI (Cleve, B. 21, 
1100).— 7., By. heating C 8 H a S0 2 H with HSPh 
(Otto, B. 9, 1589).— 8. By passing SO* into a 


solution of phenyl-hydrazine in benzene, and 
heating to boiling (Michaelis a. Buhl, B. 23f 
476). 

Properties. — Needles, with faint odour, insoh 
water, V. sol. alcohol and ether. 

Reactions. — 1. Deduced by zino and dilute 
H. 2 S0 4 to C 6 H 5 SH. — 2. Oxidised by nitric acid to 
benzene sulphonic acid.— 3. Split up by long 
boiling into Ph 2 S andS (Graebe, A. 174, 189). — 

4. Alcoholic potash formB KSPh and C tt H 5 S0 2 K. 

5. Alcoholic KjS forms KSPh.— 6. Bromine 
forms crystalline Ph 2 SBr 2 . 

Di-phenyl tetra-sulphide (C 6 H 5 ) 2 S 4 . S.G. 
HA 1*297. Formed by the action of H 2 S on a 
cone, alcoholic solution of benzene sulphinic 
acid (Otto, J. pr. [2] 37, 208). Formed also by 
the action of S 2 C1 2 on phenyl mercaptan. Thick 
yellow oil, m. sol. alcohol, v. sol. ether. 

Di-phenyl hexasulphide (C 6 H 5 ) 2 S 6 . An 
amorphous solid formed by heating benzene 
(20 g.) with S 2 C1 2 (10 g.) and iodine (1 g.) for 
100 hours at 120° (Onufrovitch, B. 23, 3368). 

References . — Amido-, Amido-imido-, Bromo-, 
Chloro-, Chloro-nitro-, Iodo-, Nitro-, and 

OXY-DI-IUIENYL SULPHIDES. V. also Dl-PHENYL- 
DI-PHENYL SULPHIDE. 

DI-PHENYL SULPHIDE o-CARBOXYLIC 
ACID C 8 H 3 .S.C 8 H 4 .C0 2 H. Formed by the action 
of alkalis on the product of the action of NaSPh 
on diazotised o-amido-benzoic acid (Ziegler, B . 
23, 2471). Plates (from benzene), insol. water. 

PHENYL SULPHINIC ACID is Benzene 

SULPHINIC ACID. 

Diphenyl sulphinic acid C 6 H 4 Ph.S0 2 H. Got 
by reducing C 12 H 9 .S0 2 C1 in ether with sodium- 
amalgam (Gabriel a. Deutsch, B. 13, 388). Crys- 
talline powder, decomposing at about 70°. 

PHENYL SULPHITE (Schall, B. 25, 1490, 
1875). The salt NaS0 2 .OPh is formed from 
NaOPh and S0 2 , and exhibits the following re- 
actions : — 1. Alkyl iodides convert it into phenyl 
ethers of the sulphonic acids R.S0 2 .OH. — 
2. Benzyl ether forms phenyl benzyl oxide, SO,*, 
and NaCl at 180° (yield 1 6 p.c.).-3. C0C1 2 forms 
CO(OPh) 2 , S0 2 , and NaCl at 180°.-4. Iodoform 
(1 mol.) heated with NaS0 2 .OPh (3 mols.) at 
180° forms Mel, CH s .S0 2 .OPh, and 1 rubbadin.’ 

Rubbadin C 44 H 32 S 4 0 8 ,mol. w. 830 (by Raoult’s 
method, calc. 806). Bub. crystallises from dilute 
alcohol in minute brownish-red plates, S. (alco- 
hol) 43 at 20°, and forms a claret-coloured 
solution in alkalis. Its solution in NH s Aq dyes 
silk and wool pale-claret colour, and cotton 
yellowish-violet. 

Reactions . — 1. Reduced by zinc-dust and 
NaOHAq to C 44 H a4 S 3 O g . — 2. Cone. HNO,, free 
from nitrous fumes, at 0° forms C 44 H 28 (N0j a S a 0 8 , 
a red crystalline powder, m. sol. hot alcohol, 
which may be reduced toC 44 H 23 (N0 2 ) 4 (NH a ) 2 S,O g , 
a glittering black crystalline powder (from ether- 
phenol) which yields a black crystalline di-acetyl 
derivative. — 3. HClAq at 200° forms phenol 
(2 mols.), H 2 S (2 mols.), and Cs-H^SjjOg, a 
reddish-brown crystalline powder wnich yields 
the derivatives C 32 Hj 9 Ac 2 S 2 0g, 8 Me 2 S 2 0 9 , 

and G, 2 H 14 Br 4 Ac 2 8 2 O i .— 4. Fusion with NaOH 
forms SO(C„H 4 .OH) 2 [96°] and salicylic acid. 

Di-acetyl derivative 
Dark-brown powder, decomposed by heat with- 
out previous fusion. Split up by long boil- 
ing with alcohol into C^H^^Og, sol. alcohol 
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and insol. alcohol. Br in chloro- 

form converts the di-acetyl derivative into 

Di-methyl-rubbadin C 44 H 3ft Me,S 4 O g . Got 
from rubbadin, KOHAq, and Mel. Dark reddish- 
brown powder. 

PHENYL SULPHOCYANIDE C„H fl .SCN. 
(231°cor.). S.G. IT? 1*155. Formed fromPb(SPh) 2 
and CyCl. Prepared by adding cuprous sulpho- 
cyanide to a solution of diazobenzene sulphate 
and potassium sulphocyanide (Billeter, B. 7, 
1753 ; Gattermann a. Haussknecht, B . 23, 738). 
Liquid. Yields phenyl mercaptan when heated 
with alcoholic potash. 

Polymeride (Ph.SCy) 8 . [97°]. Got from 
PhSNa and cyanuric chloride (Klason, J. pr. [21 
33, 120). Prisms (from HO Ac). 

Reference. — Nitro-phenyl sulphocyanide. 

PHENYL SULPHOCYANO-ETHYL KETONE 
C I0 H 0 NSO i.e. C tl H 3 .OO.C 2 H 4 .SCy. Got from 
0 8 H 8 .C0.G 2 H 4 Br and KSCy in alcohol (Pampel a. 
Schmidt, B. 19,2897). Liquid. 

DI-PHENYL SULPHONE (C.H0J3O,. 
Sulphobenzide. Mol. w. 218. [128°]. (376°) at 
722 mm. 

Formation. — 1. From benzene and S0 3 
(Mitscherlich, P. 81, 628 ; Freund, A. 120, 76 ; 
Otto, A. 136, 160), fuming K 2 S0 4 (Berthelot, B. 
9, 349), or HS0 3 C1 (Knapp, Z. [2] 6, 41).— 2. By 
oxidation of Ph 2 S (Stenhouse, A. 140, 290; Ke- 
kul6 a. Szuch, Bl. [2] 8, 204).— 3. By distilling 
benzene sulphonic acid (F.).— 4. From benzene, 
C tt H 5 S0 2 Cl, and A1C1 3 ; the yield being 80 p.c. of 
the theoretical amount (Beckurts a. Otto, B. 11, 
2066).— 5. By heating benzene (200 c.c.) with 
cone. H 2 S0 4 (300 c.c.), the yield being 6 p.c. of 
the benzene employed (Istrati, J3Z. [3] 1, 492).— 
6. By heating C tf H ft .S0 2 Cl with HgPh„ (Otto, B. 
18, 248). — 7. By oxidation of di-phenyl sulph- 
oxide with KMn0 4 and HOAo (Colby a. McLough- 
lin, Am. 9, 67). 

Properties.— Monoclinic prisms (from benz- 
ene) or plates (from alcohol), v. sol. ether. PC1 4 
at 160° forms C 3 H 6 S0 2 01 and chloro-benzene. 
Converted by potash-fusion intophenol, diphenyl, 
Ph 2 S, PhSH, and other bodies (Otto, B. 19, 
2425). Hot fuming H 2 S0 4 forms benzene sul- 
phonic acid. 

References. — Amido-, Bjromo-, Chloeo-, 
Nitro-, Oxy-amido-, and Oxy- di-phenyl sul- 

PHONES. 

PHENYL SULPHONE ACETIC ACID v. 

Phenyl-sulphono-acetic acid. 

DI-PHENYL SULPHONE o-CABBOXYLIC 
ACID O 13 H 10 SO 4 i.e. C a H 5 .S0 2 .C 8 H 4 .00 2 H. [152°]. 
Formed by oxidising PhS.G ti H 4 .00 2 H with HNO s 
(Graebe a. Schultess, A. 263, 7). Needles (con- 
taining aq). Melts at 99° when hydrated. 

Di-phenyl sulphone jp-carboxylic acid, [above 
300°]. Got by oxidation of phenyl tolyl sulphone 
with KMn0 4 (Michael a. Adair, B. 11, 119). I 
Prisms (from alcohol), si. sol. hot water.— AgA'. 1 

Di-phenyl sulphone di-carboxylic acid 
R0 2 (C a H 4 .00 2 H) 2 . (above 800°]. Got by oxi- 
dising di-p-tolyl sulphone (M. a. A.). Small 
prisms, sol. nitrobenzene. 

DI-PHENYL 8ULPHONE m-SULPHONIC 
ACID C 4 H 5 .S0 2 .G a H 4 .S0 8 H. Got by heating di- 
phenyl sulphone (1 mol.) with HO.SOjCl (1 mol.) 
at 150° (Otto, B. 11 , 2075; 19 , 2417). Fibrous 
crystalline mass, v. sol. water. — HA' aq.— 


NaA , 3aq.-CaA , 2 7aq.— BaA' 2 4Jaq.— PbA' 2 3$aq. 
— CuA' 2 7£aq. 

Chloride . [99°]. White needles. 

Amide Ph.S0 2 .C ti H 4 .S0 a NH 2 . [154°]. 

Anilide. [131°]. Hard nodules. 

Ethers.— EtA'. [89°].-PhA\ [106°]. 

Di-phenyl sulphone di-sulphonic acid 
S0.,(C fl H 4 .S0 3 H) 2 . Formed from di-phenyl 
sulphone (1 mol.) and H0.S0 2 C1 (2 mols.) at 
155° (Otto, B. 19, 3124). Deliquescent mass. — 
&A" aq. — Na 2 A"3aq. — CaA" GJaq.— BaA" 5aq. 
— PbA"3aq.-CuA" 3 r >q. 

Chloride C l2 H 8 S 8 0 # CL. [176°]. Plates. 

Amide. [242°]. Nearly inBol. ether. 

Anilide. [212°]. Lustrous plates. 

Ethers Et 2 A". [82°].-Ph 2 A". [193°]. 

DIPHENYL SULPHONIC ACID C l2 H l0 SO| 
i.e. C 8 H 4 Ph.S0 3 H. Formed, together with the di- 
sulphonio acid, by heating diphenyl with H.S0 4 
(Engelhardt a. LatschinofT, B. 4, 661 ; 6, 193). 
— KA'aq. Crystals (from 40 p.c. alcohol). — 
BaA' 2 . — CuA'., Gaq. 

Ethyl ether EtA'. [74°]. Needles. 

Chloride C 12 H a .S0 2 Cl. [115°]. 

Amide C l2 II„.S0 2 NH 2 . [227°-280°]. Slender 
needles (Gabriel a. Deutsch, B. 13, 3<S0). 

Diphenyl di-o-Bulphonio acid C I2 H, () S 2 0 8 i.e, 
S0 3 H.C e H 4 .C ti H 4 .S0 8 H. Formed by elimination 
of NH 2 from benzidine disulphonic acid (Lim- 
pricht, A. 261, 327). Viscid mass. Yields di- 
oxy-diphenyl [99°] by potash-fusion. BaA" 6 jaq. 
— PbA" 5aq : needles, v. e. sol. water. 

Chloride C 12 H 9 (S0 2 C1) 2 . [138°]. Prisms, 

Amide C, 2 H M (S0 2 NH 2 ) 2 2aq. Prisms. 

Anilide C 12 H 3 (S0 2 NHPh) 2 . [157°]. 

Diphenyl di-p-sulptionic acid C 12 H 8 (S0 8 H) 2 . 
[72*5°] . Formed by sulphonating diphenyl 
(Fittig, A. 132, 209 ; Engehardt, Z. 1871, 260). 
Deliquescent prisms. — K.A" 21aq. — CaA". — 
BaA". 

Chloride. [203°] (G. a. D.). Prisms. 

Amide . [above 300°]. Needles. 

References.— Nitro-, Oxy-amido-, and Oxi- 
diphenyl sulphonic acid. 

PHENYL-SULPHONO-ACETIC ACID 
C 8 H 8 S0 4 i.e. CaHj.SOj.CHjj.COjjH. [112°]. 

Formation.— 1. From sodium benzene sul- 
phinate and chloro-acetio acid (Gabriel, B. 14 f 
834).— 2. By saponifying its ether, which is got 
by boiling sodium benzene sulphinate with 
chloro-aceto-acetic ether (Otto a. Bdssing, B. 23, 
755).— 3. By oxidising phenyl-thio-glycollic acid 
(Claesson; Blomsfcrand, B. 4, 712; 8, 120; 
Otto, B. 19, 3138). — 4. By warming phenyl oxy- 
ethyl sulphone (1 vol.) with E^S0 4 (1 vol.), 
diluted with water (2 vols.), and extracting with 
ether (Otto, J.pr . [2] 80, 340). 

Properties. — Monoclinic crystals, m. soL 
water, but separated by addition of NaCl. SoL 
alcohol and ether. 

Reactions. — 1. Deduced by sodium amalgam 
to benzene sulphinic and acetic acids.— 2. Gives 
oU C0 2 above 160°, forming phenyl methyl sul- 
phone. — 3. Chlorine t passed into its_warm aque- 
ous solution, forms CHCL.SOa.CeHa [59°].— 

4. PCI* gives the chloride [58°j, and at 110° 
forms CeH4.SO2.CCL.COCl, which on treatment 
with water gives CeH4.SO2.CHCL (Otto, J, pr* 
[2] 40, 540). 

Salt s. — BaA' 2 2aq. — CuA', 2aq.— CaA', 2 Jaq. 
— PbA' 2 2aq.— AgA'. Sparingly soluble needles. 
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Methyl ether MeA'. Oil (Otto, /. pr. [2] 
86, 436). 

Ethyl ether EtA'. [42°) (0.). Readily 
saponified by NaOHAq, while KOHAq gives 
phenyl methyl sulphone. Bromine at 90°, fol- 
lowed by NaOHAq, forms C«H 5 .S0 4 .CHBr 2 [76°]. 
Alcoholic potash forms Ph.S0 2 .Me (Michael a. 
Milner, Am. 7, 66). NaOEt forms the compound 
C 4 H ft .S0 2 .CHNa.C0 2 Et, which yields Ph 2 S 2 , Ph 2 S, 
PhSEt, and Ph.S0 2 Me on distillation (Otto a. 
ROssing, B . 22, 1463 ; 23, 1647). 

Chloride Ph.S0 2 .CH 2 .C0Cl. [68°]. 

Amide Ph.S0 2 .CHj.C0NH 2 . [163°]. Needles 
(from water). Yields Hg^gHaNSO,).* [215°] on 
boiling with HgO. 

PHENYL- SUL PHONO- ACETONE v. Phenyl 

METHYLENE METHYL SULPHONE-KETONE. 

Di-phenyl-di-sulphono-acetone v. Di-phenyl 

DI-METHYLENE DISULPHONE-KETONE. 

PHEN YL-SULPHON 0- AN GELIC ETHER 
C I$ H, a S0 4 i.e. C fl H 4 .80 2 .0H(C 9 H i )C0 2 Et. [64*5°]. 
Got from PhSO^CHNa-CO-jEt and allyl iodide 
(Michael, Am. 7, 67). Prisms (from alcohol). 

PHENYL-SULPHONO-n-BUTYRIC ACID 
0 8 H ft .S0 2 .CHEt.C0 2 H. [124°]. Formed from 
benzene sulphinic acid, a-bromo-butyric acid, 
and Na^COjAq (Otto, B. 21, 996). Needles, m. 
col. water. Yields phenyl propyl sulphone on 
iheating. 

Di-phenyl-di-sulphono-butyric ether 
<C a H 5 .80 2 ) 2 CMe.CH 2 .C0 2 Et. [97°]. Got by oxi- 
dation of (PhSJaCMe.CHjj.COjjEt (Autenrieth, A. 
269, 367). Small crystals, insol. water. Con- 
verted by KOHAq into benzene sulphinic acid 
and /8-phenyl-isocrotonic acid. 

PHEN YL-STJLPHON 0-CR0T0NIC ACID 
G a H & .80 2 .CMe:CH.C0 2 H. [168°]. S. u . 38 ; 

26. Formed by heating the Na salt of 
B-chloro-crotonic acid [94-5°] with sodium benz- 
ene sulphinate in aqueous solution at 170° 
(Autenrieth, A . 269, 343). Plates (from water), 
m. sol. ether. At 210° it slowly changes to the 
following isomeride [127°]. —KA' ljaq.— BaA' 2 aq. 
— MgA'jj 7aq. — ZnA' 2 6aq. — CuA' 2 aq. — AgA'. 
[200°]. Matted needles (from water). 

Phenyl-sulphono-isocrotonic acid 
C a H # .S0 2 .CMe:CH.C0 2 H. [127°]. S. *26 at 16°; 
6 at 100°. Formed by heating 0-chloro-isocro- 
tonic acid with sodium benzene sulphinate in 
aqueous solution at 146°. Got also by saponify- 
ing di-phenyl-di-sulphono-isobutyric ether (Au- 
tenrieth, A. 259, 335). Feathery needles. Yields 
benzene sulphinic acid [81°] on boiling with 
potash. — KA' 3aq. — BaA' 2 2|aq. — MgA' 2 6aq. — 
ZnA' 2 6aq. [120°] (hydrated). —AgA'. [c. 243°]. 

Ethyl ether EtA'. Oil. 

DI - PHENYL - DI - SULPHONO - DI - ETHYL 
OXIDE C, e H lg S 2 0 B Le. ©(C^.SO^h),. [70°]. 
Formed from CgHySO^C^Cl and dry Ag 2 0 
(Otto, J. pr. [2] 30, 202). Needles, sol. benzene. 
A polymeride [88°] is got by heating the com- 
pound (G a H 4 .S0 2 ) 2 G 2 H 4 with KOHAq. 

DI - PHENYL - DI- SULPHONO -DI- ETHYL 
SULPHIDE^S(0 f H 4 .S0 2 Ph) 2 . [124°]. Got from 
OgHg.SOjj.OACl and alcoholic KSH (Otto, J. pr . 
[2] 80, 848). Needles (from dilute alcohol). 

DI - PHENYL - DI - SULPHONO - HEXOIG 
ETHER (0 a H $ .S0J 2 CMe.CHEt.C0 2 Et. [111 0 ]. 
Got by oxidising (PhS) 2 CMe.CHEt.C0 2 Et (Au- 
tenrieth, A. 269, 872). Crystals, v. sol. alcohol. 


DI-PHENYL- DI- SULPHONO -DI- PHENYL 
OXIDE (pA.SOrOgHJgO. [70°]. (above 200°). 
Got by heating C 4 H 4 (S0 2 Ph) 2 with alcoholio 
potash at 165° (Otto a. Rdssing, B. 20, 187). 
Needles, v. e. sol. alcohol, insol. water. 

PHENYL-a-SULPHONO-PROPIONIC ACID 
C 6 H 5 .80 2 .CHMe.C0 2 H. [116°]. Formed by 

heating a-bromo-propionic ether with sodium 
benzene sulphinate and ether. Minute needles. 
— NaA'.— BaA' 2 2aq.— EtA'. [c. 17°]. 
Phenyl-0-sulphono-propionic acid 

C a H 5 .80 2 .CH 2 .CH 2 .C0 2 H. [124°]. Got from 

/3-bromo-propionic acid, benzene sulphinic acid, 
and Na 2 CO,Aq (Otto, B . 21, 89). Plates, si. sol. 
cold water. 

DI-PHENYL SULPHOXIDE (O a H 5 ) 2 SO. 
[71°]. Formed by the action of S0 2 or SOCl t 
on benzene in presence of A1C1, (Colby a. 
McLoughlin, Am. 9, 67 ; B. 20, 195). Triclinio 
crystals, v. sol. alcohol. Oxidised by KMn0 4 to 
Ph 2 S0 2 . Reduced by sodium to Ph 2 S. NaNO, 
and H 2 S0 4 give S0(C 6 H 4 .N0 2 ) 2 [116°] and 
S0 2 (C a H 4 .N0 2 ) 2 [163°]. 

Di-phenyl-di-sulphoxide v., Phenyl ether of 
Benzene thiosulphonio acid. 

PHENYL-SULPHURIC ACID v. Phenyl 
sulphate and Phenol, Reaction 19. 

PHENYL SULPHUROUS ACID v. Benzene 

SULPHONIC ACID. 

PHENYL 8ULPHYDRATE v. Phenyl mer- 
captan. 

PHENYL-SULPHYDRO-ACETIC ACID v. 

Phenyl-thioolycollio acid. 

PHENYL - SULPHYDRO - ACETOPHENONE 
C a H B .CO.CH 2 .SPh. [53°]. Formed from w-bromo- 
acetophenone and NaSPh (Delisle, B . 22, 306). 
Crystals, v. sol. ether and acetone. 

DI - PHENYL - DI - SULPHYDRO - BUTYRIC 
ETHER C l8 H 20 S 2 O 2 i.e . (PhS^CMe.CHj.CO^t. 
[58°]. Got by passing HC1 into a mixture of 
acetoacetic ether and phenyl mercaptan (Escales 
a. Baumann, B. 19, 1790). Pearly plates (from 
alcohol), v. sol. ether. 

PHENYL-SULPHYDRO-CROTONIC ACID 

CH a .CH:C(8Ph).C0 2 H. [86°]. Formed by the 
action of Na and phenyl mercaptan on the Na 
salt of o-ohloro-crotonic acid [97°] (Autenrieth, 
A. 254, 246). Needles or plates. Its K salt is 
hygroscopic, 8. (alcohol) 20*8. 

Isomeride CHMe:C(SPh).C0 2 H. [80°). Got 
in like manner from the stereo-isomeric liquid 
chloro-crotonic acid. White plates. Its K salt 
is hygroscopic, 8. (alcohol) 10-4. 

Phenyl-jS-sulphydro-crotonic acid 
CH s .C(8Ph):CH.C0 2 H or CH 2 :C(8Ph).CH 2 .C0 2 H. 
[177°]. 8. (alcohol) 2 in the cold. Formed, to- 
gether with small quantities of an isomeride 
[145°], by warming di-phenyl-di-sulphydro- 
butyric ether with alcoholic soda (Escales a. 
Baumann, B. 19, 1791). Plates (from alcohol), 
insol. water. — BaA' 2 2aq.— AgA' : amorphous pp. 

Isomeride CH,.C(8Ph):CH.C0 2 H. [158°]. 

Formed from phenyl mercaptan and the Na salt 
of chloro-crotonic acid [95°] (Autenrieth, A. 264, 
230). Both acids form a cherry-red solution in 
HgSO,. 

DI-PHENYL SULPHYDRO-ETHYLIDENS 
DI8ULPH0NE. Phenyl derivative 
(C fl H a .S0 2 ) 2 CMe.SPh. [194°]. Got by heating 
(0 4 H 4 .SOs) 3 CH.SPh with alcoholio soda and 
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Mel at 100° (Laves, B. 23, 1416). Crystals (from 
chloroform). 

DI - PHENYL . DI - SULPHYDBO - HEXOIC 
ETHEE CH 1 .C(SPh) ? .OHEt.C0 2 Et. [71°]. Got 
from ethyl-acetoacetic ether, phenyl meroaptan, 
and HOI (Autenrieth, A . 259, 371). Shining 
erystals, v. sol. ether and aloohol. 

BI-PHENYL SULPHYDBO-METHENYL DI- 
8ULPHONE Phenyl derivative 
(0,H ft .S0 2 ) 2 CH.SPh. [175°]. Got by the action 
of KMn0 4 and dilute K*S0 4 on CH(SPh) 3 dis- 
solved in benzene (Laves, B. 23, 1414). Silky 
needles, m. sol. ohloroform, nearly insol. water 
and alcohol, sol. alcoholic NaOH. May be oxi- 
dised to CH(S0 2 Ph) a [215°]. 

DI. PHENYL - DI - SULPHYDBO- PHENYL- 
ACETIC ACID C 8 H 5 .C(SPh) 2 .C0 2 H. [143°]. 

Formed from phenyl-glyoxylic acid, phenyl- 
mercaptan, and HC1 (Escales a. Baumann, B. 
19, 1789). Insol. water, v. sol. ether. Crystal- 
lises from benzene with KA' l|aq. 

PHENYL - SULPHYDBO - PHENYL -THIO- 

BIAZYL-HYDRAZINE j?f^g>C.NH.NHPh. 

[142°]. Got by reducing the corresponding azo- 
compound with alcoholic ammonium sulphide 
(Freund a. Kuh, B. 23, 2830). Plates, si. sol. 
alcohol. 

DI-PHENYL - DI - SULPHYDBO -PB0PI0NIC 
ACID CH 3 .C(SPh) 2 .C0 2 H. [117°]. Got from 

pyruvic acid, phenyl mercaptan, and HC1 
(Escales a. Baumann, B. 19, 1787). Needles 
(from ligroxn). — NaA'. — BaA' 2 2aq : v. sol. hotAq. 
Amide. [93°]. Needles (from alcohol). 
DI-PHENYL SULPHYDBO-PBOPYLENE 
DI8ULPHONE. Phenyl derivative 
C 6 H ft .S0 2 .CH 2 .CMe(SPh).S0 2 .C 8 H 5 . [149°]. 
Formed by oxidising C a H 5 .S0. 2 .CH 2 .CMe(SPh) 2 
with KMn0 4 in the cold (Otto a. Bossing, B. 24, 
234). Crystalline granules, si. sol. cold alcchol. 

DI - PHENYL - DI - SULPHYDBO - VALEBIC 
ACID CH 8 .C(SPh) 2 .CH 2 .CH 2 .C0 2 H. [69°]. Got 
from phenyl mercaptan, j8-acetyl-propionic acid 
and HC1 (Escales a. Baumann, B. 19, 1795). 
Prisms (from chloroform-ether). — BaA' 2 . 

PHENYL-TETBIC ACID C n H 10 O a i.e. 

CHjPh.QH.CO Formed by heating bromo- 

benzylacetoacetic ether (Moscheles, B. 21,2609). 
Not affected by HClAq at 170°. Yields a ben- 
zoyl derivative CjjHgBzO, [110°] crystallising in 
needles. 

PHENYL-THIAZOLE C 9 H 7 NS i.e. 

N< ^CPh:CH- £ 62 °]- ( 273 ° oor -)- Got b y the 
diazo- reaction from the amido-phenyl-thiazole 
that is produced by the action of thio-urea on 
bromo-acetophenone (Popp, A . 250, 279; cf. 
Arapides, A. 249, 25). SI. sol. cold water. — 
kB'HCI. [80°]. Needles.— B , 2 H 2 PtC1.2aq. [196°]. 
— * B'HHgCl,. [153°].— P i c r a t e. [165°].— 
“B'HAuC 1 4 . [175°]. Needles (from alcohol). 

M-Phenyl-thiaiole N^ch^CH- (269°). 
Formed by heating thio-benzamide with di- 
chloro-di-ethyl oxide at 100°. Oil. — B'HCl 2aq. 
[62°]. — B'jHgPtClg 2aq. [175°] (when anhydrous). 
— Pi or ate. [126°]. Yellow needles. 

Dihydride PhenyUthiazoU 

we. (276). Got by heating thio-benzamide 


with ethylene bromide (Gabriel a. Heym&nn, B. 
23, 158 ; 24, 784). Formed also by the action 
of PC1 5 on S 2 (C 2 H 4 .NHBz)« (Gabriel a. Coblentz, 
B. 24, 1124). Oil. Yields a crystalline di- 
bromide. — B' a 3HCl. - B'CgHgNgO,. [172°]. 
Yellow needles. — B'jHjPtCl,,. 

y-Phenyl-thiazole. Tetra-hydride 

NPh<^^^‘® H . Got by reducing ethylene 

phenyl-di-thio-carbamate [128°] with tin and 
HC1 (Forster, B. 21, 1871). Oil.- B' 2 H 2 PtCl fl . 

Di-phenyl-thiazole N<^ G £ b ;^ H . [93°]. 

(above 360°). Got from thiobenzamide and 
bromo-acetophenone in alcohol (Hubaoher, A . 
259, 237). Plates, v. sol. alcohol and ether. 

Tri-phenyl-thiazole N <CcPh* CPh* 

Got from thiobenzamide and bromo-deoxy- 
benzoin (Hubacher, A. 259, 245). Prisms (from 
ether), m. sol. alcohol, nearly insol. HClAq. 
Reference. — Oxy-phenyl-thiazole. 
PHENYL-DITHIENYL C 4 H 3 S.C 4 H 2 PhS. 
[209°]. A product of the action of S on toluene 
at a red heat (Benard, C. R. Ill, 48). Plates, v. 
si. sol. alcohol and ether. Gives a blue colour 
with isatin and H 2 S0 4 , and a green colour with 
phenanthraquinone and H 2 S0 4 . Gives rise to 
G 14 H 7 Br 8 S 2 [320°] and C h H 8 (N0 2 ) 2 S 2 [273°]. 
PHENYL THIENYL KETONE t>. Thienyl 

PHENYL KETONE. 

(a) -PHENYL- (fi) -THIO- ALLOPHANIC ACID 

Ethyl either. C 10 H 12 N 2 SO 2 i.e. 
NH 2 .CS.tfPh.C0 2 Et. [127°]. Foimed from 
NHAc.CS.NHPh and ClC0 2 Et (Seidel, J.pr. [2] 
32, 275). Monoclinic tablets, converted by alco- 
holic NH S at 100° into phenyl-thio-urea. 

(0) -Phenyl- thio-allophanio acid. Ethyl 
ether NHPh.CS.NH.CO^t. Got from phenyl- 
thio-urea and ClCOgEt (Seidel, J. pr. [2] 32, 
270). Oil. AcCl at 60° forms NHAc.CS.NHPh 
[170°]. 

Phenyl di- thio-allophanio acid. I so amyl 
ether NHPh.CS.NH.CO.SCJH, ,. [102°]. 

Formed from phenyl-thio-urea and Cl.CO.SC^H,! 
(Schone, J. pr. [2] 32, 256). Needles. Very 
unstable. Forms an acetyl derivative [240°]. 

Di-phenyl-thio-allophanic acid. Ethyl 
ether NHPh.CS.NPh.C0 2 Et. [95°]. Formed 
from di-phenyl-thio-urea and ClCO <2 Et (Seidel, 
J. pr. [2] 32, 262). Prisms (from aloohol). 
Alcoholic AgNO a ppts. C^Hj^SO^gNO,. 

Reactions. — 1. Caustic potash regenerates 
CS(NHPh) 2 . — 2. Aqueous ammonia at 100° 
forms NHPh.CS.NH^ and NHPh.CO.Et. — 3. 
Alcoholic aniline at 100° forms CS(NHPh), and 
NHPh.COgEt. — 4. HgO in presence of alcoholio 
ammonia forms (NHPh.C0.NPh.C0 2 Et) 2 Hg0 
[129°], a crystalline body that is reconverted by 
H 2 S into di-phenyl-thio-allophanic ether. — 5. 
By heating in a current of HC1 it is converted 
into CS(NHPh) 2 , aniline, and phenyl-thiocarb- 
imide. 

Di-phenyl-di-thio-allophanic acid, /so* 
amyl ether NPhH.CS.NPh.CO.SC # H n . [87°]. 
Got from di-phenyl-thiurea and Cl.CO.SC.H u 
(SchOne, J.pr. [2] 32, 268). Needles (from alco- 
hol). It is insoluble in cold water, but decom- 
posed by hot water. Its alcoholic solution is 
ppd. by AgNO„ HgCl 2 or PtCl 4 . HgO and NH* 
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convert it (in alcoholic solution) into di-phenyl- 
guanidine, [147°]. 

TRI-PHENYL-THIO-AMMELINE 

C a H„N 4 Si.«. C(SH)<^- ^^j>NH. [238']. 

Formed from phenyl-cyanamide and phenyl- 
thiocarbimide, and got also by heating tri-phenyl- 
biguanide with CS 2 at 100°, and by heating di- 
phenyl-guanidine with phenyl-thiocarbimide, 
alcohol, and mercury sulphocyanide (Rathke, B. 
20, 1065; 23, 1673). Plates (from cnloroform). 
Converted by alooholic potash into tri-phenyl- 
ammeline. Alcohol and EtBr at 100° form 
C 21 H 16 EtN 5 SHBr, crystallising from alcohol in 
plates.— B'HCl.— AgC s HPh,N 5 S : yellow pp. 

DI-PHENYL-THIO-BENZAMIDE 
Ph,CS.NPh 2 . Formed by heating di-phenyl- 
benzamidine with H 2 S or CS 2 at 130° (Bernthsen, 
A . 192, 38). Yellow triclinic crystals (from 
benzene); a:6:c* *927:1: ‘766, a = 93° 29', £ = 
100° 55', 7= 84° 14'. Insol. cold water, si. sol. 
cold alcohol. 

PHENYL-DI-THIO-BIURET C 8 H B N 3 S 2 i.e. 
NHPh.CS.NH.CS.NH 2 . [174°]. Formed by 
heating aniline with perthiocyanio acid (Glutz, 

A. 154, 44). Got also by boiling carbimido- 
phenyl-thio-urea with ammonium sulphide 
(Wunderlich, B. 19, 452). Prepared by adding 
phenyl-thiocarbimide (36 g.) to an alcoholic solu- 
tion of cyanamide (11 g.) and Na (6 g.), and de- 
composing the pp. by dissolving in a solution of 
NH 4 C1 (14-5 g.) containing NH a Aq (50 c.c.), 
passing in H 2 S, and heating to boiling (Hecht, 

B. 25, 756). Pearly plates, si. sol. hot water. — 
B'HC1.-B'HN0 8 . 

Ethyl derivative C a H 8 EtN 8 S 2 . [109°]. 
Got by adding alcohol, NH a Aq, and EtI to the 
base (Tursini, B. 17, 584). Trimetric tables. 

PHENYL-THIO-CARBAMIC ACID 
NHPh.CO.SH. Methyl ether NHPh.CO.SMe. 
[84°]. Formed by heating di-phenyl-methyl- ij'- 
thio-urea NHPh.C(NPh).SMe with dilute H 2 S0 4 
(Will, B. 15, 339). Plates, sol. alcohol, ether, 
and benzene. Decomposed by KOH into aniline, 
MeSH, and C0 2 . Boiling alcoholic NH„ forms 
MeSH and phenyl-urea. Aniline gives methyl 
mercaptan and CO(NHPh) 2 . 

Ethyl ether NHPh.CO.SEt. [73°]. 
Needles. Got by heating NHPh.C(NPh).SEt 
with dilute H 2 S0 4 and by the action of aniline on 
Cl.CO.SEt (Will). 

Isoamyl ether NHPh.CO.SC ft H n . [67°]. 
Got from aniline and Cl.CO.SC 4 H n (Sch6ne, 
J. pr. [2] 82, 249). Needles (from ether). 

Ethylene ether 00<g^^ 2 . [79°]. 

Got by heating di-phenyl-ethylene-4-thio-urea 
with dilute HClAq at 200° (W.). Formed also 
by the action of chloro-acetic acid on the ethyl- 
ene ether of phenyl-di-thio-carbamio acid (Evers, 
B. 21, 976). Needles, sol. alcohol and ether, 
insol. acids and alkalis. 

Phenyl ether NHPh.CO.SPh. [125°]. 
Formed bv heating phenyl mercaptan with 
phenyl cyanate (Snape, O. J. 47, 778 ; B. 18, 
2432). Needles, v. sol. alcohol andether. 

Phenyl-\f/-thio-carbamic aeid NHPh.CS.OH. 

Ethyl ether OgH^NSO t.e. NHPh.CS.OEt 
or NPh:C(SH).OEt. [72°]. Formed by heating 
phenyl-thiocarbimide with alcohol (Hofmann, 
a, 2, 120; 8, 772; Bamberger, B. 15, 2164). 


Formed also by the Motion of alcoholio potash 
on phenyl-thiocarbimide (B. Sohiff, B. 9, 1316). 
Triolinio prisms, sol. alkalis and reppd. by OO r 
Resolved by distillation into alcohol and phenyl- 
thiocarbimide. Oxidised by alkaline K s FeCy s to 
C^H^NAS, or S 2 (C(NPh).OEt) 2 [102°}, which 
is also got by the action of I on C 9 H l0 NOSAg 
(Liebermann a. Natanson, B. 13, 1575 ; Jacob- 
sen, B. 19, 1076). — (C 9 H 10 NO.S) 2 Pb 2aq : small 
needles. — C 9 H 10 NOSAg. — C 9 H I0 NOSHgClHCl : 
needles. — (CjH^NOSJjjHg. [78°] (Stephanovitch, 
B. 7, 692).— (C 9 H I0 NO3) 2 HgAgNO s . Needles.— 
C 9 H J0 NOSMe. (260°-265°). Oil.— C fl H 10 NOSEt. 
[30°]. (275°). Prisms; decomposed by dilute 
H 2 S0 4 at 200° into aniline and CO(OEt)(SEt) 
(Liebermann, B. 13, 682; A. 207, 148).— 
CgH^NOSC^H,,. [76°] (Mylius, B. 5, 977). 

Phenyl ether NHPh.CS.OPh. Got by 
heating phenyl-thiocarbimide with phenol at 
145° (Dixon, C. J . 57, 268). Sulphur-yellow 
octahedra ; decomposed by heat. 

Phenyl di-thio-carbamic acid NHPh.CS.SH. 
Splits up into CS 2 and aniline when set free 
from its salts. * 

Salts. — The salt NHPh.CS.SK is formed by 
boiling potassium xantliate EtO.CS.SK (1 mol.) 
with an alcoholic solution of aniline (1 mol.) 
(Rathke, B. 11, 958). Prepared from CS 2 , aniline, 
ether, and alcoholic potash (Losanitsch, B. 24, 
3024). Yellow monoclinio needles, v. e. sol. 
water and alcohol, insol. ether. Yields CS(NHPh) t 
when heated. Boiling water forms phenyl-thio- 
carbimide and CS(NHPh) 2 . — NHPh.CS.SNH 4 . 
Yellow prisms. Converted by I into (NHPh.GS) 2 S 
[138°]. BaA' 3 : yellowish plates. — NiA' 2 . 

Methyl ether NHPh.CS.SMe. [93*5°]. 
Formed from the NH 4 salt and Mel (L.) and also 
by heating NHPh.C(NPh).SMe with CS 2 at 160° 
(Will, B. 15, 342). Decomposed by alkalis into 
MeSH and aniline. 

Ethyl ether NHPh.CS.SEt. [60°]. Formed 
from phenyl-thiocarbimide and mercaptan at 
150° (Hofmann, B. 2, 120; Will, B. 15, 1306), 
and also by the action of EtI on the ammonium 
salt (L.). Tables, v. sol. alcohol, sol. alkalis. 

Isoamyl ether C 5 H,,A'. [171°]. 

Ethylene derivative CS^g^-ffi** 
[134°]. Formed, together with phenyl-thiocarb- 
imide, by heating OfNPh)^^* 1 *^ 2 with CS,at 

200° (W.). Needles. Converted by Mel into 
C 9 H„NS 2 MeI [149°]. 

References.— Bromo-, Chloro-, and Nitro- 

PHENYL-THIO-CARBAMIO ACID. 

PHENYL-THIOCARBAMINE-CYAMIDE v. 

CARBIMIDO-PHBNYL-THIO-tJREA. 

PHENYL - THIOCARBAMINE - ETHYL - 
CYAMIDE v . Ethtl-carbimido-phenyl-thio- 

UREA. 

PHENYL-TH 1 0 -C ABB AZI0 ACID 

NHPb.NH.CO.SH. The phenyl hydrazine salt 
NHPh.NH.CO. SNjHjPh [84°] is formed from 
phenyl-hydrazine and COS (Heller, A . 263, 269). 

Phenyl di-thio-carbazio acid 
NHPh.NH.CS.SH. Formed, as phenyl-hydrazine 
salt NHPh.NH,CS.SN ? H # Pb [97°] by adding 08, 
to an ethereal solution of phenyl-hydrazine 
(Fischer, A. 190, 114). Plates, v. sol. alcohol 
and ether. Readily decomposed by heat into 
OSCNfrEyPh)* CS 2 , H*S, and NH r 
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PHENYL-THIO-SEMICAJUJAZIDE C 7 H h N 3 S 
It. NHj.OS.NH.NHPh. [201°] (F. ; P.) ; [190°] 
(S. a. E.). 

Formation. — 1. By warming di-phenyl- thio- 
carbazide with alcoholie or aqueous alkalis 
(Fischer, A. 212, 324).— 2. By heating phenyl- 
hydrazine sulphocyanide. — 3. By heating phenyl- 
hydrazine With thio-urea or with phenyl-thio- 
urea (Pellizzari, O. 16, 203 ; Skinner a. Kuhe- 
mann, C. J. 53, 550 ; B. 20, 3373). 

Properties. — Needles, insol. ether, si. sol. hot 
water, v. sol. hot alcohol. Cono. HClAq at 120° 
forms phenyl-thiocarbizine C 7 H 0 N 2 S. COCl 2 
forms CO;N 2 Ph.CS.NH 2 [c. 270°] crystallising 
from HO Ac (Freund, A. 21, 2465). 

Acetyl derivative NHPh.NH.CS.NHAc. 
[179°]. Formed by mixing solutions of acctyl- 
thiocarbimide and phenyl -hydrazine in dry 
benzene (Dixon, C. J. 55, 303). Small prisms. 

Benzoyl derivative C u Hi 3 N 3 SO. Silky 
needles. Does not melt at 220°. 

Di-phenyl-thiocarbazide CS(NH.NHPh) g . 
[c. 150°]. Formed by heating the compound of 
phenyl-hydrazine and CS 2 at 110°-140° (Fischer). 
Formed also from phenyl-hydrazine and CSC1 2 
(Heller, A. 263, 278). Triangular prisms (from 
alcohol). Dissolves in hot aniline, forming a 
solution which is green in thin layers, but red 
in thick layers. Hot alcoholic potash also forms 
this dichroic substance, di-phenyl-thiocarb- 
azone C 13 H 12 N 4 S or CS(N 2 Ph)NH.NHPh, which 
yields (C, 8 H I2 N 4 S) 2 ZnO, and nmy be reduced by 
zinc-dust and NaOHAq to phenyl-thio-semicarb- 
azide and aniline. Di-phenyl-thio-carbazone 
may be oxidised by ppd. Mn0 2 in presence of 
alcoholic potash to red needles of di-phenyl- 
thiocarbodiazone CS(N 2 Pb) 2 . 

Di-phenyl-thio-semicarbazide 
NHPh.NH.CS.NHPh. [177°]. Formed from 
phenol-hydrazine and phenyl-thiocarbimide in 
alcoholic solution (Fischer, A. 190, 122). Prisms 
(from alcohol), si. sol. ether. COCLj forms 
COiNjPh.CS.NHPh [188°], crystallising in 
needles (Freund, B. 21, 2466). 

Butyryl derivative 

C 4 H 7 O.NPh.NH.CS.NHPh. [156°]. Formed 
from sodium phenyl-hydrazine, phenyl thio- 
carbimide, and w-butyryl chloride (Michaelis a. 
Schmidt, A. 252, 309). V. sol. hot alcohol. 

Benzoyl derivative 

NPhBz.NH.CS.NHPh. [310°]. Obtained from 
NPhBz.NH a and phenyl-thiocarbimide (M. a. S.). 

Beference. — Nitro-di-phenyl-thio-semigarb- 
kzmE. 

J>1 . PHENYL - THIO - SEMICABB AZIDE 
CARBOXYLIC ACID C U H 1S N 3 0 2 S i.e. 
NHPh.OS.NH.NHOA.CO 2 H. [204°]. Formed 
by warming w-hydrazido-benzoic acid with 
phenyl thiocarbimide and HOAc (Roder, A. 236, 
173). Colourless needles. 

PHENYL-THIOCARBIMIDE 0 7 H 5 NS i.e. 
CAN.CS. Mol. w. 185. (220°) at 750 mm. 

(Schiff, B. 19, 568). S.G. j 1*059 (Nasini a. 
Scala, O. 17, 66). S.V. 148*4 (Schiff; Losses 
A. 254, 73). 

Formation.— 1. By distilling phenyl-thio- 
urea with P.p 4 (Hofmann, Pr. 9, 274, 487 ; O. J. 
18, 809; B . 15, 980).— 2. By heating di-phenyl- 
thio-urea with oono. HClAq at 165° (Men a. 
Weith, Z . 1869, 589).— 3. By the action of I on 
a benzene solution of tri-phenyl-guanidine (Hof- 


mann, B. 2,453 ; Rudneff, J.R. 10,184). — 4. By 
heating phenyl cyanate or phenyl -carbamio ether 
with P 2 S 5 at 160° (Michael a. Palmer, Am. 6, 
258).— 6. Formed, together with 0 - or p- tolyl- 
thiocarbimide, by heating phenyl-o- or p- tolyl- 
oyanamide (C 8 H 5 N:C:NC 7 H 7 ) with CS 2 at 180°- 
200° (Huhn, B. 19, 2409). 

Properties. — Pungent oil, volatile with 
steam. 

Reactions. — 1. Alcohol at 100° forms 
NHPh.CS.OEt, while mercaptan gives rise to 
NHPh.CS.SEt. — 2. Alcoholic potash forms 
CS(NHPh) 2 and CO(NHPh) 2 . — 8. Ammonia 
forms CS(NHPh)(NH 2 ), aniZinu gives CS(NHPh) 2 , 
and other amines act in like manner.— 4. PEt, 
acts violently, and forms G 13 H 20 NPS, while 
PMe 3 forms oily C, 0 H h NPS, which yields crys- 
talline B'HCl.-- 6. Chlorine passed into its solu- 
tion in chloroform forms (PhNCS) 2 Gl 2 [150°- 
100°] and PhNCCl* (212°). The chloride 
(PhNCS) 2 Cl 2 is converted by H 2 S intoCS(NHPh) 2 , 
and by warm spirit into (PhNCS) 2 0, crystallising 
in yellow needles [118°J (Helmera, B. 20, 786). 
6. Bromine in chloroform or HOAc forms red 
crystals of (PhNCSBr.,) 2 , decomposed at 100° 
into pale-yellow plates* (PhNCSBr), [190°] (Hel- 
mers ; cf. Proskauer a. Sell, B. 9, 1262). — 7. S0 8 
forms 0 7 H 5 NS 2 0 3 [180°-183°], crystallising from 
benzene, and converted by water at 100° into 
amido-benzene p-sulphonic acid,<J0 2 , and H 2 S 
(Magatti, B. 11, 2267J.-8. PCl a at 100° forms 

CJIjNCClj and C„H 4 <g^CCl (248°) (Hofmann, 

B. 12, 1126).— 9. ClSO,H forms C„H I0 K,S 5 
[151°], insol. water, and S0 3 H.C 8 H 4 .N0S aq, sol. 
water (Pawlewski, B. 22, 2200).— 10. Reduced 
copper at 200° forms benzonitrile. — 11. H 2 8 
forms phenyl-thio-urea. — 12. Boiling water 
forms CS(NHPh) 2 , CO.„ and H 2 S (Bamberger, B. 
14, 2642). — 13. HOAc forms, on heating, 
CO(NHPh) 2 , Ac 2 0, H 2 S, and C0 2 ; the di-phenyl- 
urea being further split up into aniline and C0 2 , 
with formation of Ac a O (Cain a. Cohen, C. J. 
59, 327 ; cf. Gumpert, J. pr. [2] 32, 294).- 

14. Chloro-acetic acid and alcohol at 170° form 

PhN:C<Q [148°], which yields aniline, CO*, 

and thioglycollic acid on boiling with water 
(Liebermann a. Voeltzkoff, B. 13, 276).— 

15. Sodium malomc ether in presence of alco- 
hol forms C J4 H 18 SN0 4 Na, whence acids liberate 
C u H 17 SN0 4 , or (C0 2 Et) 2 CH.CS.NHPh [60°] 
(Michael, J. pr. [2] 35, 451).— 16. Sodium cyan - 
amide and alkyl iodides form cyano-phenyl- 
alkyl-thio-ureas (Hecht, B. 23, 1664). In this 
way the following compounds may be prepared : 
NHPh.CS.NMeCy [186°], NHPh.CS.NEtCy 
[144°], NHPh.CS.NCyCA [100°], crystallising 
in needles, NHPh.CS.NCyC 3 H 7 [108°], crystallis- 
ing in needles, and NHPh.CS.NCy.CH 2 Ph [182°]. 
17. Aldehyde -ammonia torms CgAiNsS fi t [148°], 
crystallising from alcohol in silvery needles (R. 
Schiff, B. 9, 567 ; O. 6, 244).— 18. Benzamidine 
hydrochloride and dilute NaOHAq form 
CPh(NH).NH.CS.NHPh [125°] (PiAier, B. 22, 
1609). Prisms. 

References . — Bromo-, Chloro-, Iodo-, Nrnio-, 
and Oxy- Phenyl-thiocarbimide. 

PHENYL-THIOCARBIZINE C 7 H 8 N 2 S is. 

*<g, [129°]. Formed by heating phenyl- 
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thio-semioarbazide (10 g.) with dilute (20 p.o.) 
HClAq (30 o.c.) for 12 hours at 180° (E. Fischer, 

A. 212, 826). Plates (from water), v. e. sol. 
alcohol. May be distilled. Mel forms G 7 H 4 MeN 2 S 
[123°]. Does not reduce Fehling’s solution. 
HIAq at 200° forms aniline, HjS, CO^ and NH S . 
Aqueous NaOCl forms a violet pp. which dis- 
solves in H 2 S0 4 with deep-red colour. Br in 
chloroform gives C,H a BrN 2 S [210°] crystallising 
in needles. 

Salts. — B'HCl. [240°]. Needles. — 
B'gHjjPtCla. Yellow prisms. — C 7 H 5 N 2 SAg : floc- 
oulent pp. got by adding ammoniacal AgNO s . 

Acetyl derivative C 7 H 5 AcN 2 S. [187°]. 
Got by heating phenyl-thiocarbizine with Ac 2 0 
(F.). An isomer id e [74°] (275°), got by heating 
acetyl-phenyl-hydrazine witn OSCl^and benzene 
(Freund, B. 21, 2408), is converted by boiling 
with alcohol and HgO into acetyl-phenyl-carb- 
izine. * 

Benzoyl derivative C 7 H 5 BzN 2 S. [180°]. 
Got from the base and BzCl (Fischer). An i s o- 
meride [110°] is got by heating NHBz.NPhH 
with COCL in benzene at 100° (F.). 

PHENYL THIOCABBONATE CS(OPh) 2 . 
[97°]. Formed from NaOPh and CSCL* (Ber- 
green, B. 21, 846). White crystals, sol. alcohol. 

PHENYL-TBI-THIO-OETHOFORMATE 
CH(SPh)„. [40°]. Got by boiling aqueous 
NaSPh with chloroform (Gabriel, B. 10, 185). 
Thick prisms, sol. ether. Split up by fuming 
HClAq at 100° into formic acid and PhSH. 

PHENYL-THIOGXYCOLLIC ACID C 8 H 8 S0 2 , 
i.e. CH 2 (SPh).C0 2 H. [62°]. Formed by sapo- 
nifying its ether, which is got by adding ClC0 2 Et 
to a solution of NaSPh in absolute alcohol 
(Claesson, Bl. [2] 23, 441 ; Gabriel, B. 12, 1639). 
Thin tables, si. sol. cold water. Oxidised by 
KMn0 4 to phenyl methyl sulphone (Otto, B. 19, 
3138). Salts.— KA'.—NaA'.—BaAV— CaAV— 
MgA' 2 3aq. — CdA' 2 aq.— ZnA' 2 2aq.— PbA' 2 . [60°]. 
— MnA' 2 5aq. — CuA' 2 . — AgA' aq : crystalline pp. 

Ethyl ether EtA\ (277°). S.G. ± 1*136 ; 
M 1127. 

Amide . [104°]. Tables (from alcohol). 
References. — Amido- and Bromo- Phenyl- 

THIOGLYCOLLIC ACIDS. 

(a) -PHENYL-THIOHYD ANTOl C ACID 

C„H 10 N 2 SO 2 ,i.e. NH 2 .C(NPh).S.CH 2 .C0 2 H. [148°- 
152% Got by heating aniline with ammonium 
sulphocyanide, chloro-acetic acid, and alcohol 
(Claesson, B. 14, 732). Needles (from HOAc) ; 
m. sol. hot water and ether. Cold NaOHAq con- 
verts it into C,gH I7 N s S 3 0 4 [112°-115 0 ] (Lieber- 
mann, A. 207, 129). 

(0) -Phenyl - thio-hy dantoic acid 
NHPh.0(NH).S.CH 2 .C0 2 H. Got by evaporating 
an alcoholic solution of ammonium chloro- 
acetate and phenyl-thio-urea at 100° (Meyer, B. 
14, 1659). Decomposes on heating without 
melting. Insol. water, alcohol, and ether. Boiling 

dilute HOI forms [148°]. 

Isomeride v. Phenyl-thio-hydantoin. 
Di-phen^ 1-hy dantoic acid 
NHPh.C(NPh).S.CH 2 .C0 2 H. Got from potassium 
chloro-acetate and di -phenyl-thio-urea (Lange, 

B . 12, 597). Yellow octahedra. 
PHENYL-THIO-^-HYDANTOXN OJELfifiQ, 

U C(NH)<^^ t . [178®]. Got from ohloro- 


acetic anilide and thio-urea, and obtained also by 
boiling (jS)-phenyl-hydantoio acid with HOAc or 
cone. NHgAq (Meyer, B. 14, 1661), and by the 
action of phenyl-cyanamide on thioglycollic acid 
(Andreasch, B. 15, 324). Needles, sol. NaOHAq. 

Phenyl-thio-hydantoin CS<^^‘q^. Got 

by melting glycocoll with phenyl-thiocarbimide 
(Aschan, B. 17, 424). Monoclinic plates, de- 
composing near 200°. Boiling alcoholic potash 
converts it into a salt of an oily phenyl-thio-hydan- 
toic acid NHPh.CS.NH.CH*.CO*H which, when 
set free, rapidly changes again to phenyl-thio- 
hydantoin. 

Di-phenyl-thio-hydantoin C l& H l2 N 2 SO, %4. 
CS< XNPh!cH,, ? [ 176 °]- Got from chloro-acetio 
acid and di-phenyl-thio-urea (Lange, B. 12, 595). 
Iridescent plates, insol. water, v. sol. hot alcohol. 
Boiling dilute HClAq forms the compound 
C u H 7 NS0 2 [148°]. — B' 2 H:jPtCl 6 . Yellow needles. 

Di-phenyl-thio-hydantoin CS<^ h -^ ph * 

[233°]. Formed by the action of alkalis on 
NHPh.CS.NH.CHPh.C0 2 Et (Kossel, B. 24,4152). 
Reference . — Oxy-di-phenyl-thiohydantoin. 

PHENYL-DI-THIO - DI- METHYL- KETUBET 

NH< Cc^H)i^ >CMea- P3 9 °]. Formed from 
phenyl-di-thio-biuret and acetone (Fromm, B. 
25, 1278). Sol. alkalis. Converted by benzyl 

chloride into C,H,N<^p h ^y|>CMe, [128°] 
which is insol. alkalis. 

DI-PHENYL-THIO-OXAMIDE C 2 S 2 (NHPh) r 
[133°]. Formed from di-phenyl -oxamide by 
successive treatment with PC1 5 and H 2 S (Wal- 
lach, B. 18, 527). Golden plates. 

( a) -P HEN YL-THIO PHENE C I0 H # S i.e. 
C 4 SH 3 Ph. [41°]. Formed by heating either 
CH.3z.CH(C0 2 H) 2 or 0-benzoyl-propionic acid 
with P 2 S 6 (Kues a. Paal, B. 19, 3141). Small 
tables, insol. water, v. e. sol. ether, v. sol. alco- 
hol. Volatile with steam. With isatin and cold 
K 2 S0 4 it gives a splendid bluish-violet colour, 
changing to dark blue. Bromine gives rise to 
C 10 H tf Br 2 S [56°J and C 4 SBr s .C a H 4 Br [1:4] [146°]. 

(0) -Phenyl-thiophene C 4 H,PhS. [170°]. 
(330°). A product of the passage of the vapours 
of toluene and sulphur through a red-hot tube 
(Kenard, C . R. 109, 699). White spangles, m. 
sol. cold alcohol. Gives a blue colour with isatin 
and H 2 S0 4 , and a green colour with phenanthra- 
quinone and H 2 S0 4 . Yields C^jjBrS.CgH^rp^] 
[195°], C 4 H 2 (N0 2 )S.C tf H 4 .N0 2 [1:4] [178°], a di- 
sulphonio acid, and a tetrasulphonio aoid. 

Di- (a) -phenyl-thiophene [153°] 

Formed by heating CjjH 4 Bz 2 with P 2 S 4 at 180° 
(Paal, B. 21, 3058). White plates (from alcohol). 

Tri-phenyl-thiophene C 4 Ph,HS. [127°]. Got 
by heating desyl-acetophenone with P 2 S 4 at 150° 
(A. Smith, C. J. 57, 647). Plates, v. sol. benzene. 
Gives a greenish-yellow colour with HjS 0 4 and 
isatin or phenanthraquinone. 

Tetra-phenyl-thiophene C^H^S i.e. 

S <CPh:CPh- Thionesaal - LWn 

Formation. — 1. By the dry distillation of 
thiobenzoic aldehyde (Laurent, A. 52, 354).— 2. 
By distilling benzyl sulphide or benzyl di- 
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sulphide (Marcker, A . 136, 94). —8. By distilling 
benzylidene sulphide (Fleischer, A . 140, 239 ; 
144, 194). — 4. By distilling barium phenyl-acetate 
with S (Forst, A. 178, 376). —5. By heating 
phenyl-acetic acid with S for 6 hours at 260° 
(Ziegler, B. 23, 2473). — 6. By heating phenyl 
benzyl ketone with S. — 7. By heating s-di- 
phenyl -ethylene with S at 250° (Baumann a. 
Klett, B. 24, 3311). Minute needles, si. sol. 
alcohol, v. sol. benzene and CS 2 . Yields a 
sulphonic acid, and also the following derivatives : 
C m H 1(} C1*S [219°] (Dorn, A. 153, 350), C M H 17 Br 8 S 
[265 o -270°], C m H 16 (N0 2 ) 4 S [above 250°]. 

DI - PHENYL - DI - THIO - DI-PHENYL - EE- 
TATE CPh 2 (SPh) 2 . Phenyl-mercaptol of benzo- 
phenone . [139°]. Formed by passing HC1 gas 
into a hot mixture of benzophenone, phenyl- 
mercaptan, and ZnCl 2 (Baumann, B. 18, 888). 
Short prisms, si. sol. alcohol and ether. 

PHENYL THIOPHOSPHATE PS(OPh) 3 . 
[49°]. (above 860°). Got by boiling PSC1 3 with 
phenol (Schwarze, J. pr. [2] 10, 222) and by 
heating phenyl phosphate with KjS (Kreysler, B. 
18, 1718), or with S at 190° (Anschiitz, A. 253, 
118). Needles (frbm alcohol), turning red in air 
and light. Not decomposed oy water. 

Phenyl tri-thiophosphate PO(SPh) 8 . [72°J. 
Got by boiling PhSH with POCl 3 . Prisms (from 
alcohol). Decomposed by warm water. 

Phenyl tetra-thio-phosphate PS(SPh) s . 
[86°]. Got from PhSH and PSCl g . Silky white 
needles, not affected by boiling water. 

PHENYL THIOSDLPHDRIC ACID 
C s H v S.S0 2 .OH. Phenyl hydrogen thiosulphate . 
Got by dissolving Ph 2 S in I^SO^ (Stenhouse, Pr. 
17, 62; A. 149, 254). — BaA' 2 2aq: crystalline. 

PHENYL-THIO-DRAMIDO-ACETIC ORTH- 
ALDEHYDE. Di-ethyl derivative 
NHPh.CS.NH.CH r CH(OEt) 2 . [96°]. Got by 
mixing phenyl-thiocarbimide with amido-acetal 
NH 2 .CH 2 .CH(OEt) 2 (Wohl a. Marckwald, B . 22, 
569). Needles (from dilute alcohol), insol. water 
and ligroln, v. boI. ether. Cold cone. H 2 S0 4 
forms NHPh.CS.NH.CH 2 .CH(OH) (OEt) [94°] 
which yields, by loss of H 2 0, the salts 
OnHuNaSO^PtCla and C n H 14 N 2 S0CaH 8 N 3 0 7 
190°]. 

PHENYL-THIO-URAM IDO-BENZOIC ACID 

m-AMIDO-BKNZOIC ACID. 

o-PHENYL - THIO - DRAMIDO - CINNAMIC 

ACID NHPh.CS.NH.0 a H 4 .CH:CH.C0 2 H. [237°]. 
Formed by heating o-amido-cinnamic acid with 
phenyl-thiocarbimide on the water-bath (Roth- 
schild, B. 23, 3343). 

DI- PHENYL - DI - THIODRAMIDO - TETRA- 
0XY-DI-PHENYL. Tetr a -methyl deriva- 
tive C I2 H 4 (OMe) 4 (NH.CS.NHPh) 2 . [184°]. 
Formed from C a H 2 (OMe) 2 (NH 2 ).C 0 H 2 (OMe) 2 (NH 2 ) 
and phenyl thiocarbimide (Baessler, B. 17, 2128). 
White flakes, sol. hot alcohol and benzene. 

PHENYL-THIODRAMIDO-PHENYL-ACETIC 
ETHER NHPh.CS.NH.CHPh.C0 2 Et. [162°]. 
Formed from phenyl-amido-acetic ether and 
phenyl-thiocarbimide (Kossel, B. 24, 4151). 
White crystals, sol. hot alcohol. 

PHENYL-THI0 - DRAMIDO -THIO - FORMIC 
ACID v . Phenyl-di-thio-allophanio acid. 

PHENYL - THIODRAMIDO - TOLYL - C ARB - 
AMIO ETHER NHPh.0S.NH.C a H I Me.NH.CO 2 Et. 

r 9 ]. Formed, together with CS(NHPh) 2 , by 
action of phenyl-thiocarbimide on amido- 


tolyl-oarbamio ether (Sohiff, B. 23, 1818). 
Prisms (from alcohol), v. si. sol. alcohol. 

DI- PHENYL - DI -p - THIODRAMIDO -DI - 
TOLYL-o-SDLPHIDE O^NA i.e. 
S(O a H 8 Me.NH.CS.NHC fl H 5 ) 2 . Thio-p-tolyl-di - 
phenyl-thiourea . [134°]. Formed by the action of 
phenyl-thiocarbimide upon di-j)-amido-di-tolyl- 
sulphide (Truhlar, B. 20, 670). White prismatic 
needles. Y. sol. alcohol, ether, and benzene. 

PHENYL-THIO-DREA C 7 H R N 2 S i.e. 
NHPh.CS.NR,. Mol. w. 152. [154°]. S. -26 at 
18° ; 5*93 at 100°. S. (alcohol) 5*59 at 16°; 68 
at 78°. 

Formation . — 1. By heating phenyl sulpho- 
cyanide with alcoholic NH S (Hofmann, Pr. 9, 
276). — 2. By boiling aniline with ammonium 
sulphocyanide (Schiff, A . 148, 338 ; Rathke, B. 
18, 3104). — 3. By heating aniline sulpho- 
cyanide at 190° (Salkowski, B. 24, 2728 ; cf. De 
Clermont, C. R. 82, 512). — 4. By passing H 2 S 
into a solution of phenyl-cyanamide in benzene 
(Weith, B. 9, 819). 

Properties.— Needles, sol. alkalis and reppd. 
by acids. Tastes bitter. 

Reactions. — 1. Heated in a sealed tube at 
180° it yields CS(NHPh) 2 , ammonium sulpho- 
cyanide, NH 8 , HgS, and aniline.— 2. Ammonia 
at 140° forms aniline and ammonium sulpho- 
cyanide. — 3. Boiling aniline forms CS(NHPh) r — 
4. HClAq at 120° forms aniline, H 2 S, NH 8 , and 
C0 2 .— 5. By boiling with alkaline lead acetate 
solution it gives phenyl cyanamideN:C.NHO a H & , 
which polymerises on heating to tri-phenyl-iso - 
melamine (PhN:C) s (NH) 8 . — 6. When boiled for 
several hours with freshly-precipitated HgO 
i( yields asymmetrical tri-phenyl-melamine 

PhN<^®|-*J Ph ;>C.NHI>h (Hofmann, B. 18. 
3220).— 7. Cl.CO.C0 2 Et forms oxalyl-di-phenyl- 
biuret, NH<^Qg*^pjj^C 2 0 2 (v. Chloro-gly- 

oxylio ether).— 8. ClC0 2 Et forms phenyl-thio- 
allophanic ether. — 9. Silicon tetrabromide gives 
solid SiBr 4 (C 7 H 8 N 2 S) 4 , sol. hot benzene, but de- 
composed by boiling alcohol (Reynolds, C. J. 
53, 856).— 10. An alcoholic solution of allyl 
bromide forms a base C )0 H, 2 N 2 S (Werner, C. J. 57, 
302). — 11. Benzyl chloride in alcohol yields 
CS(N 2 H 8 Ph)C 7 H 7 Cl [112°) (W.).— 12. Ethylene 
bromide forms 0, a H, a N 2 8 [139°], which gives the 
, salts B"2HBr [214°], B"2HC1 [218°], B^HjPtCl,, 

| and B"2C B H 2 (N 0 2 ) 8 OH [196°] (Bertram, B. 25, 
59).— 13. H 2 0 2 oxidises it, in alcoholic solution, 
to di-phenyl-di-amido oiazthiole (Hector, B. 22, 
1176). 

Salt s.— B'^PtCl,.— B' a Cu 2 01* 6aq. [145°] 
(Rathke, B. 17, 305). Trimetrio crystals (from 
alcohol). 

Acetyl derivative NHPh.CS.NHAc. 
[173°]. Formed from acetyl sulphocyanide and 
aniline (Miguel, A. Ch . [5] 11, 318), and by the 
action of Ac 2 0 on the product of the action of 
phenyl thiocarbimide on aldehyde-ammonia 
(Schiff, B. 9, 570). Tables (from dilute alcohol). 
-— B'HBr. [270°]. Prisms, v. e. sol. water. 

Benzoyl derivative NHPh.CS.NHBz* 
[149°]. S. (alcohol) 4 at 78°. Needles, insoL 
water (Miguel). 

o-Oxy-beneoyl derivative 
NHPh.CS.NH.CO.C a H 4 OH. [192°]. Formed 
from salicyl-thiooarbimide and aniline (M.). 
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Bi-phenyl-thio-urea C 13 H 12 N 2 S i.e. 
CSfNHPh)* Mol. w. 228. [151°] (Lellmann, 

A . 221, 21 ; Losanitsch, B. 19, 1821). 

Formation .— 1 . By boiling aniline with CS a 

and alcohol (Hofmann, A . 57, 266; 70, 144). 
2. By heating aniline with potassium sulpho- 
eyanide and H 2 S0 4 (Laurent a. Gerhardt, A. Ch. 
[8] 22, 103; 24, 196). — 3. From aniline and 
phenyl -thiocarbimide. — 4. From di -phenyl-cyan- 
amide and H 2 S (Weith, B. 7, 1303).— 5. By boil- 
ing s-di-phenyl-guanidine with CS 2 (Hofmann, 

B. 2, 460). 

Properties. — Trimetric crystals (from alco- 
hol), nearly insol. water, v. sol. alcohol and 
ether. Sol. alkalis and reppd. by acids. Has a 
very bitter taste. 

Reactions. — 1. Partially decomposed on dis- 
tillation into tri -phenyl -guanidine, CS 2 , and 
H 2 S.— "2. P 2 0 6 , ZnCI 2 , or HC1 split it up into 
aniline and phenyl-thiocarbimide.— 3. Boiling 
alcoholic potash forms di-phenyl-urea. — 4. Di- 
phenyl-urea is formed when the alcoholio solu- 
tion is boiled with HgO. — 5. A cold solution of 
nitrous ether in alcohol forms tri-phenyl-guan- 
idine, phenyl thiocarbimide, and S (Glaus, B. 4, 
143).— 6. Iodine , added to its boiling alcoholio 
solution, forms tri-phenyl-guanidine and phenyl 
thiocarbimide. — 7. Aniline forms, on heating, 
tri-phenyl-guanidine and H 2 S.— 8. Sodium - 
amalgam reduces it to aniline, H 2 S, and CH 4 
(Merz a. Weith, Z . [2] 4, 612). — 9. When heated 
with HgCL, it yields tri-phenyl-guanidine (Buff, 
2, 498). — 10. Fuming B^S0 4 decomposes it on 
heating, forming aniline, COS, and S0 2 (Fleischer, 
B. 9, 993).— 11. COC1* forms O u H 10 N 2 SO [87°], 
crystallising in prisms and split up by heat into 
OOS and di-phenyl-cyanamide (Will, B. 14, 
I486).— 12. CSClj, in benzene forms C 14 H 10 N 2 S s , 
crystallising in yellow needles [156°], si. sol. 
Alcohol. In presence of ether CSC1 2 forms 

UPh:0< N g h >CS [79°] (Freund a. Wolf, B. 26, 


1469).— 13. RjS at 170° forms aniline and CS 2 
(Weith, B. 7, 1304). — 14. Alkyl iodides form alkyl 
derivatives, which may perhaps be formulated as 
derivatives of i|/-thio-urea. Thus, Mel forms 
NHPh.G(SMe):NPh [110°], which is decomposed 
•by heat into MeSH and 0(NPh) 2 , and by alco- 
'holic potash into MeSH and CO(NHPh) 2 . In 
like manner EtI forms C, & H lfl N 2 S [79 °] (v. Di- 
phenyl-ethyM'-thio-urea), and ethylene brom- 
4de gives C 16 H 14 N 2 S [136°] (Will, B. 14, 1490).— 
16. Allyl bromide in alcohol yields 0,„H J7 N 2 SBr, 
crystallising in trimetrio prisms [171°] (Werner, 
C. /. 57, 303). — 16. Benzyl chloride in alcohol 
•forms C^HwNjjSCl, crystallising in prisms [153°] 
(W.).— 17. Phenyl cyanate in presence of benz- 
ene at 180° forms di-phenyl-urea and phenyl 
sulphocyanide (Goldschmidt a. Meissler, B. 23, 
•271). — 18. Ao 2 0 yields aoetanilide and some 
phenyl-thiocarbimide (Werner, C. J. 69, 398). — 
19. Chloro-glyoxylic ether forms di-phenyl-di- 
“thio-parabanio acid 0 I JBL n N # S 2 0 2 [216°] and 
<<3 2 ,H, y H|S t O [231°], which by boiling with alco- 
hol an£ AgNO a is converted into di-phenyl- 
parabanic acid, aniline, and H,S, while by boil- 
ing alcoholio ammonia it is converted into 
C 14 H 18 N 4 O s [220°], whence fuming HNO, forms 
C l3 H lfi N 5 0 # [285°]. The compound C 21 H, 7 N,S 2 0 
-is converted by fuming HNO t into G li H t N 4 SO l 
f[235°] (Stojentin, J.pr. [2] 32, 8). 


Tri-phenyl-thio-urea NHPh.CS.NPly [152°]. 
Formed by heating phenyl-thiocarbimide with 
diphenylamine at 280° (Gebhardt, B. 17, 2092, 
3036). Long white needles, v. sol. hot alcohol. 

Tetra-phenyl-thio-urea CS(NPh 2 ) 2 . [195°]. 
Formed by heating tetra-phenyl-guanidine with 
CS 2 at 270° ; the yield being 60 p.o. of the theo- 
retical amount (Bernthsen a. Friese, B. 15, 
1530). Formed also from NHPh 2 and C8C1* 
(Bergreen, B. 21, 340). Long needles, sol. hot 
alcohol, insol. alkalis. Yields diphenylamine on 
heating with diluted (70 p.c.) H 2 80 4 . 

Di-phenyl-thio-urea v. Di-phentl-di-phentl* 

THIO-UREA. 

References. — Amido-, Bromo-, Chlobo-, Iono-, 
Nitro-, and Oxy- Phenyl-thio-urea. 

PHENYL-THIO-UREA carboxylic acid 
v . wi-Amido-benzoio acid, Reaction 7. 

DI-PHENYL-TOLENYL-AMIDINE 
i.e. C a H 4 Me.C(NPh).NHPh. [168°]. Got by 
warming G 8 H 4 Me.C(OEt):NH 2 Cl with aniline 
and alcohol (Glock, B. 21, 2656). Plates (from 
benzene), v. sol. alcohol. 

PHENYL-TOLUENE v . Methyl-diphenyi*. 

D I-PHEN YL-T0LUIC ALDEHYDE C^H^O 
i.e. CPh 2 H.O a H 4 .OHO. [-15°]. (190°-195° at 
46 mm.). Formed by heating terephthalic alde- 
hyde with benzene and cone. HjSO, at 100° 
(Oppenheimer, B. 19, 2028). Oil. Reduces 
ammoniacal AgNO s , being itself oxidised to tri- 
phenyl-methane carboxylic acid. KMn0 4 gives 
tri-phenyl-oarbinol p-carboxylio acid. Reacts 
with phenyl-hydrazine. Yields OJEIuONaHSOj, 
a crystalline pp., si. sol. water, insol. alcohol. 

PHENYL-o-TOLUIDINE C 13 H l3l N i.e . 
[l:2]OeH 4 Me.NHPh. [41°]. (305° i.Y.) at 728 
mm. (Graebe, A . 238, 863). Formed, together 
with NHPh 2 and ditolylamme by heating o-tolu- 
idine with aniline hydrochloride at 280° (Girard 
a. Willm, Bl. [2] 25, 248). Coloured violet-blue 
by HNO s . 

Phenyl-m-toluidine. (300°-305°). Got by 
heating [1:3:5] 0 6 E[ 5 Me(NHPh).0H with zinc- 
dust (Zega a. Buch, J. pr. [2] 83, 542). Oil. 
Coloured green by 11,804 containing HNO a . 

Phenyl-p-tolu*dine 0 7 H 7 .NHPh. [87°]. 
(318° i.Y.) at 728 mm. (Graebe, A. 288, 863). 
Formed by distilling tri-tolyl-rosaniline acetate 
(Hofmann, A. 132, 291). Obtained also, together 
with diphenylamine and ditolylamine by heating 
p-toluidine (1 mol.) with aniline (1 mol.) and HC1 
(1 mol.) at 230° (De Loire, Girard, a. Ghapoteaut, 
Bl. 1867, i. 360 ; A. 140, 347). Prepared by heat- 
ing phenol with p-toluidine and ZnOl^, or p-cre- 
sol with aniline and ZnGl* at 200°, or with SbCl, 
(Buch, B. 17, 2634). Crystals. Coloured blue 
by HNO g . With benzoic acid and ZnCl 2 at 260° 
it yields phenyl-methyl-acridine 0,oH IS N (Bonna, 
A. 239, 60). Bromine vapour forms a tetra- 
bromide [135°], a hepta-bromo- derivative [185°], 
and a compound NC 18 H, 2 Br 7 or NO ls H-„Br T 
[254°]. Excess of Br at 310° forms NC lf H^r u 
[296°] (Bonna). Bromine in HOAc added to an 
alcoholio solution forms a tetra-bromo- derivative 
[156°]. 

Salt.— B'HCl: plates. 

Acetyl derivative C^HjjAcN. [51°]. 
Yields C, s H,,BrAcN [72°], crystallising in plates. 

Benzoyl derivative CJH^NO. Crystals. 
Yields crystalline C 7 ^(NO ? ).NBz.C 6 H 4 Nq r 

Ni tro 8 amine C,H 7 NPh.N0. [82°]. Yellow 
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needles (from ligroin). Br forms jC 18 H lv BrN 2 0 
[166°] (Bonna, A. 239, 56). 

PHENYL-TOLYL-ACETAMIDINE 0, 5 H 18 N 2 
U CH 3 .C(NC 7 H 7 ).NHPh. [76°]. Formed from 
-acetyl jp-toluidine by successive treatment with 
Pd 5 and aniline (Wallaoh a. Fassbender, A. 214, 
206). — B' 2 H 2 PtCl 8 . 

PHENYL-p-TOLYL-ACETIC ACID 
C I H 7 .CHPh.00 2 H. [115°]. Formed from a- 
bromo-phenyi-acetic acid, toluene, and zinc- 
dust (Zincke, B. 10, 996; Neure, A. 250, 149). 
Plates (from water), v. sol. alcohol. — KA'4aq. — 
NaA'6aq. — CaA' 2 2aq: needles (from dilute al- 
cohol). 

Ethyl ether Etk f . [34°]. Plates. 

Amide C 15 H 15 NO. [151°]. 

Nitrile C 7 H 7 CHPh.ON. [59°]. 
Phenyl-di-tolyl-acetio acid [7B°- 

83°]. Got by oxidising (C 7 H 7 ) 2 CPh.CO.C„H 3 
(Thomer, A. 189, 123). Amorphous powder, 
insol. water, v. sol. alcohol. 

PHENYL-TOLYL- AMINE v . Phenyl-tolu- 
idine. 

PHENYL-p-TOLYL-BENZYL-BITXBET 

NHPh.CO.N (CR 2 Ph) . CO.N HC 8 H 4 Me. [o. 100°]. 
Formed from p-tolyl-benzyl-urea and phenyl 
cyanate (Kuhn a. Henschel, B. 21, 505). Needles 
(from dilute alcohol). 

PHENYL-p-TOLYL-BENZYL-UBEA 
CaH^NjO. [113°]. Got from p-tolyl-benzyl- 
carbamic chloride and aniline (Hammerich, B. 
25, 1823). Dimorphous : prisms or plates, sol. 
ether and alcohol. 

PHENYL-DI-p-TOLYL-BIUBET C^NA 
i.«. NHPh.CO.N(C a H 4 Me).CO.NHC a H 4 Me. [140°]. 
Formed by heating di-p-tolyl-urea with phenyl 
cyanate at 170° (Kuhn a. Henschel, B . 21, 505). 
Crystals (from alcohol). 

Di-phenyl-tolyl-biuret 

NHPh.CO.NPh.CO.NHC a H 4 Me. [216°]. Got by 
heating di-phenyl-urea with p-tolyl cyanate at 
170° (K. a. H.). 

PHENYL-p-TOLYL-CABBINOL C i4 H I4 0 i.e . 
C a H 4 Me.CPhH.OH. [53°]. Got by reducing 
phenyl tolyl ketone in alcoholio solution by 
Bodium-amalgam (E. a. O. Fischer, A . 194, 265). 
Stellate groups of needles (from ligroin). 

Di-phenyl-tolyl-carbinol C 20 H, 8 0 i.e . 
Cya 4 Me.OPh r OH. tl50°]. Formed by oxidising 
di-phenyl-tolyl-methane with CrO s and HOAc 
(F.). Crystals (from ligroin). May be distilled. 

PHEN YL-p-TOLYL-CABBIN 0L o-CABB- 
0XYLIC ACID. Lactone v. Tolyl-phthalide. 
Di-phenyl-tolyl-carbinol carboxylic acid. 

Lactone [147°]. 

(above 360°). Formed by oxidising di-phenyl- 
m-xylyl-methane with chromic acid mixture 
(Hemilian, B . 16, 2361 ; 19, 3063). Prisms. 

The isomerio J^4®J 0 6 H s Me<^^Q h5, ^0, 

[179°], (above 860°), is got by oxidation of di- 
phenyl-c-xylyl-methane, and is accompanied by 
I l:2:5]CPh 2 (OH).O i H a Me.OO a H, which yields 
BaA' 2 and CaA' s and does not form a lactone. 

PHENYL-o-TOLYL-CABBINYLAMINE 
CL:2]C # H 4 Me.CHPh.NH r (299°) at 721 mm. 
Formed by reducing the oxim of phenyl o-tolyl 
ketone dissolved in alcohol by adding sodium- 
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amalgam and HOAo (Goldschmidt a. Gtdcker, 

B, 24, 2806). Yields an acetyl derivative [124°]. 
— B'HCl. [249°]. Needles, m. sol. water. 

m-Isomeride. (299°) at 724 mm. Yiolds 
B'HCl [243°] and an acetyl derivative [97°]. 

p-Isomeride. (296°) at 723 mm. Yields an 
acetyl derivative [131°] and the salts B'HCl 
[252°], B'AJPtClg 2aq [119°], B'C 4 H a 0 8 [157°], 
B' 2 C 4 H a 0 8 [73°]. The hydrochloride is con- 
verted by potassium sulphocyanide into the com- 
pound C a H 4 Me.CHPh.NH.CS.NH 2 [101°] and 
by potassium cyanate into the urea derivative 
C 6 H 4 Me.CHPh.NH.CO.NH 2 [158°]. 

PHENYL TOLYL - CABBINYL KETONE 
CABB0XYLIC ACID 0 l8 H 14 0 3 i.e . 
C a H 4 Me.CH a .C0.C 8 H 4 .C0 2 H. [112°]. Formed 

by heating ^ 

KOHAq at 100° (Heilmann, B. 23, 3100). 
Vitreous prisms. — AgA'. Converted by heating 
with an alcoholic solution of hydroxylamine 

hydrochloride into 
[134°]. 

PHENYL-o-TOLYL-CYANAMIDE 

NPh:C:N 0 6 H 4 Me. Carbophenyltolylimide • 

(320°-325° uncor.). Formed by adding HgO to 
a boiling solution of phenyl-o-tolyl-thiourea in 
dry benzene, the yield being 65 p.c. of the 
theoretical. Oil. On keeping, it polymerises to 
a brittle glassy solid [68°-71 0 ]. V. sol. benzene, 
si. sol. ether. By boiling with dilute alcohol it 
is converted into phenyl-o-tolyl-urea. R 2 S 
passed iuto its boiling solution in dry toluene 
converts it into phenyl-o-tolyl-thiourea. Heated 
with CS 2 at 180°-200° it yields a mixture of 
phenyl- and o-tolyl-thiocarbimides. It com- 
bines with o-toluidine, forming w-phenyl-di-o- 
tolyl-guanidine (Huhn, B. 19, 2410). 

Phenyl-p-toiyi-cyanamide NPh:0:NC 7 H 7 . 
(325°~380° uncor.). Resembles the preceding 
isomeride in mode of preparation and properties. 

DI - PHENYL - TOLYLENE - TETBA- AMIDO- 
METHANE CJH 20 N 4 i.e. 

C, H,<^>C(NHPh) 2 (?). [161°]. Formed by 

heating C(NPb) 2 with tolylene-o-diamine at 135° 
(Dahm a. Gasiorowski, B. 19, 3057). Needles 
(from benzene) . — B' 2 3HC1. [174°].— B'H 2 S0 4 . 

DI-PHENYL-m-TOLYLENE DIAMINE 
O ltt H, g N, i.e. [l:3:61C 8 H3Me.(NPhH) 2 . [105°]. 

Formed by heating orcin (1 pt.) with aniline 
(4 pts.) and a mixture of ZnCl 2 and CaCl 2 at 
220° (Zega a. Buch, J. pr. [2] 33, 542). White 
needles (from glacial HOAc). 

Di-acetyl derivative [160°]. 
Di-benzoyl derivative [190°]. 
Dinitro8amine C, B H, 8 N 4 0 2 . [170°]. 
Reference . — Di-nitbo-phenyl-tolylenk-di- 

AMINE. 


PHENYL-o-TOLYLENE-GDANIDINE 

c ,H,<J|>°:NPh, [167°]. Mol. w. 229 (calo. 

223). Formed from o-tolylene-diamifte and di- 
pbenyl-cyanamide (Keller, B. 24, 2514). Needles 
(from warm alcohol). Di-p-tolyl-cyanamide 

forms C,H,<^ >C:NPh^ >C(NHC,H,), [193°], 

while phenyl cyanide gives the compound 
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PHENYL-TOLYLENE-GUANIDINE. 



[234°].— B'HCl.-- 


B'jH^PtCl,,. — B' 2 H 2 S0 4 : white needles. 

Mono-acetyl derivative. [147°]. 

Di-benzoyl derivative. [222°]. Prisms. 

Nitrosamine G, 4 H 12 N 4 0. [125°]. 

DI-PHENYL - m- TOLYLENE-DI-METHYL- 
DI-AMINE C 2l H M N 2 i.e. C 8 H 3 Me(NPhMe) 2 . [124°]. 
Formed from C 7 H fl (NHPh) 2 , NaOH, and Mel 
(Zega a. Buch, J.pr. [2] 33, 546). White laminse 
(from HO Ac). 

DI - PHENYL-o-TOLYLENE - DI- THIO - DI- 

UREA [l:3:4]C 6 H 3 Me(NH.CS.NHPh) 2 . [c. 150°]. 
Formed from tolylene-o-diamine and phenyl- 
thiocarbimide in aloohol (Lellmann, A. 221, 19). 
Thin plates (from dilute alcohol), v. sol. warm 
NaOHAq, si. sol. water. 

Di-phenyl-m-tolylene-di-thio-di-urea 
[l:2:4]G 8 H 3 Me(NH.CS.NHPh) 2 [168°]. Formed 
from tolylene-m-diamine and phenyl-thio- 
carbimide (Lussy, B. 8, 670 ; Gebhardt, B. 17, 
8046 ; Billeter a. Steiner, B. 18, 3293 ; 20, 228). 

Di-phenyl-p-tolylene-di-thio-di-urea 
[l:2:5]C 8 H 3 Me(NH.CS.NHPh) 2 . [181°]. Formed 
from tolylene-p-diamine and phenyl-thiocarb- 
imide in alcohol (Lellmann a. Wiirthner, A. 228, 
206). Plates, nearly insol. alcohol. 

DI-PHENYL-TOLYLENE-DI-UREA 
C 7 H 8 (NH.CO.NHPh) 2 . [above 300°]. Formed 
by adding phenyl cyanate to an ethereal solution 
of tolylene-diamine [99°] (Kuhn, B. 18, 1477). 
White pp. Insol. water, aloohol, ether, and 
benzene, v. si. sol. acetic acid. By boiling with 
aniline it yields s -di-phenyl-urea. 

PHENYL-p-TOLYL-ETHANE C 15 H 18 , i.e. 
CH 2 Ph.CH 2 .C fl H 4 Me. [27°]. (286° uncor.). 

Formed by reduction of tolyl benzyl ketone by 
HI and P (Mann, B. 14, 1646). White plates. 

Phenyl-p-tolyl-ethane CH 3 .CHPh.C 8 H 4 Me. 
(279°). Formed from CgH^C^Br, toluene, and 
zinc-aust (Bandrowski, B. 7, 1016). Oil. Yields 
p-benzoyl-benzoic acid on oxidation. 

PHENYL-p-TOLYL-ETHYLENE C 14 H h , i.e. 
CHPh:CH.C 8 H 4 Me. Methyl - stilbene. . [120°]. 
Formed by boiling p-tolyl-benzyl-carbinol with 
dilute H2S0 4 (Mann, B. 14, 1646), and also by 
distilling p-tolyl oinnamate (Anscnutz, C. J. 47, 
898 ; B. 18, 1945). Pearly plates with blue fluor- 
escence, v. si. sol. alcohol, v. e. sol. ether. Yields 
O ia H, 4 Br 2 [187°]. 

DI - PHENYL - DI -p- TOLYL - ETHYLENE 
OXIDE ? GjJELhO. Phenyl tolyl (a)-pinacolin. 
[215°]. Formed by the action of zinc and HClAq 
on phenyl p-tolyl ketone in alcohol, and got also 
by heating a mixture of the ketone with phenyl- 
tolyl-carbinol, alcohol, and ZnCl 2 (ThSrner a. 
Zincke, B. 11, 71 ; A. 189, 104). Minute needles, 
m. sol. hot alcohol. Cone. HClAq at 150° 
changes it into the isomerio (jS)-pinacolin 
CLH 4 .CO.CPh(C 6 H 4 Me) 2 [137°]. 

PHENYL p-TOLYL ETHYLENE DISUL- 
PHONE 0 6 H 5 .S0.C2H 4 .S0 2 .C 7 H 7 . [162°]. Got by 
boiling C 8 H A .S0 2 .C 2 H 4 C1 with an alcoholic solu- 
tion of sodium toluene p*sulphinate (Otto, J. pr. 
[2] 80, 199). 

PHENYL - TOLYL - ETHYLENE - * - THIO- 
XTEEA NPh:0<g £^>CH r [128°]. Formed 

by boiling the methylo-iodide of the ethylene 
derivative of tolyl-di-thio-carbamic acid with 


aniline (Will a. Bidschowski, B. 15, 1815), Silky 
plates. 

PHENYL -p- TOLYL - ETHYL - THIO-TTBEA 

0 16 H, 8 N 2 S, i.e. NPhEt.GS.NHO,H 7 . [90°]. Formed 
from p-tolyl-thiocarbimide and ethyl-aniline 
(Gebhardt, B. 17, 2091). Colourless crystals. 

s-PHENYL-DI-o-TOLYL-GUANIDINE 
C 8 H 5 N:C(NHC 7 H 7 ) 2 . [102°]. Formed by the 

action of an alcoholic solution of aniline upon 
di-o-tolyl-thiourea in presence of PbO. Got also 
by the combination of C 6 H 5 .N:G:N.C 7 H 7 with 
aniline (Huhn, B. 19, 2412). Felted needles. 
V. sol. warm alcohol, ether, and benzene. — 
B'HCl. — B' 2 H 2 CljPtCl 4 : orange-yellow tables. 

w-Phenyl-di-o-tolyl-guanidine 
C 7 H 7 N:C(NHC 8 H 5 )(NHC 7 H 7 ). [112°]. Formed 
from o-toluidine and C 7 H 7 N:C:NC 6 H S (Huhn). 
Long needles, v. sol. alcohol. Salt s. — B'HCl. — 
B' 2 H 2 PtCl 8 : orange-yellow tables. 

s-Di-phenyl-p-tolyl-guanidine 
C 7 H 7 N:C:(NHC 8 H S ) 2 . [121°]. Formed by the 
action of an alcoholio solution of p-toluidine 
upon di-phenyl-thiourea in presence of PbO 
(Hofmann, B. 2, 459 ; Huhn, B. 19, 2412). 
Felted needles. Y. sol. alcohol and ether.— 
B'HCL— B' 2 H 2 Cl 2 PtCl 4 : reddish-yellow pp. 

w-Di-phenyl-p-tolyl-guanidine C^H^N,, i.e. 
C 8 H 5 N:C(NHC 8 H 5 )(NHC 7 H 7 ). [127°]. 

Formation. — 1. By heating phenyl-p-tolyl- 
thiourea with an alcoholic solution of aniline in 
presence of PbO. — 2. By the combination of 
C fl H 5 N:C:NC 7 H 7 with aniline (Huhn, B. 19, 2409). 
— B'HCl. — B' 2 H 2 Cl 2 PtCl 4 : sparingly soluble pp. 

PHENYL TOLYL-IMIDO-BENZYL KETONE 
C 8 H i .CO.C(NC 7 H 7 ).C 8 H 5 . Formed by heating 
o-toluidine with benzil at 100° (Bandrowski, M. 
9, 689). Yellow plates (from alcohol). 

PHENYL o- TOLYL KETONE C u H I2 0 U- 
CaHyCO.OJB^Me [1:2]. (314°) at 735 mm. 

(Smith, B. 24, 4046) ; (295°) at 722 mm. (G. a. 
S.), Formed by the action of AlCl., on a mix- 
ture of o-toluic chloride and benzene (Ador a. 
Rilliet, B. 12, 2301 ; Goldschmidt a. Stdcker, B. 
24, 2805). Formed also, together with a much 
larger quantity of the p- isomeride, from BzCl, 
toluene, and AlCl, (Elbs, J. pr. [2] 35, 466). 
Oil. Yields anthracene on long boiling or on 
heating with zinc-dust. 

8yn-Oxim C 7 H 7 .Q.C 8 H ft . [69°]. 

HO.N 

anti-Oxim C 7 H 7 .g.C 8 H 5 . [105°] (S.). 

N.OH 

Phenyl-w-tolyl ketone C 8 H v CO.C 8 H 4 Me [1:8]* 
(315° i.Y.) at 745 mm. S.G. ^ 1-088. Formed 
by the action of AlCl, on a mixture of m-toluio 
chloride, benzene, and AlCl, (A. a. R. ; G. a. S.L 
Got also by cautious oxidation of phenyl -w-tolyl- 
methane (Senff, A. 220, 252). Oil, miscible with 
alcohol. Reduced by HIAq at 200° to C 14 H 14 
(269° at 725 mm.). 

Oxim. [101°]. Reduced by sodium-amal- 
gam in presence of HOAc to m-toluio anilide and 
CgH4Me.CPhH.NHj. 

Phenyl-p-tolyl ketone C 8 H 6 .CO.CgH 4 Me [1:4]. 
[60°]. (827° i.V.). 

Formation. — 1. Together with the o-isomeride 
by heating benzoic acid with toluene and P 2 0 4 at 
200° (Kollarits a. Merz, B. 6, 446 ; Thdmer, A . 
189, 83). — 2. By oxidising C 8 H 4 Me.CPhH 2 
(Zincke a. Plascuda, B. 7, 982).— 8. By distilling 
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PHENYL-TOLYL DI-METHYLENE DI-SULPHONE KETONE. 


» mixture of calcium jp-toluate and benzoate ! 
(Radziszewski, B. 6, 810). — 4. By heating BzCl 
with toluene and zino at 190° (Grucarevic a. 
Merz, B. 6, 1243). — 5. By the action of A1C1 S 
on a mixture of jo-toluic chloride and benzene 
(A. a. R.). — 6. From BzCl, toluene, and A1C1,. 

Properties. — Prisms, m. sol.’ alcohol, v. sol. 
ether. Dimorphous. Yields ^-benzoyl-benzoio 
acid on oxidation. Reduced to C fi H 4 Me.CH 2 Ph 
by distillation over zinc-dust. Sodium-amalgam 
forms phenyl-tolyl-carbinol. Zino and HClAq 
acting on the alcoholic solution form two pina- 
colins O^H^O. The (a)-pinacolin [215°] may be 
converted into the (£)-isomeride [137°] by heat- 
ing with HOAo. 

anti-Oxim C 8 H 5 .Q.C 8 H 4 Me. [154°] 
HO.N 

(Hantzsch, B. 23, 2325, 2776 ; 24, 58 ; cf. Weger- 
hoff, A. 252, 11). Converted by HOAo and HC1 
into jp-toluic anilide. Yields an acetyl deriva- 
tive[124°] and a benzoyl derivative [85°] (Auwers, 

B. 23, 399). 

syn-Oxim C 8 H 5 .C.C 8 H 4 Me. [116°]. Con- 
. N.OH 

verted by HOAo and HC1 into benzoyl-toluidine 
and some toluic anilide. Yields an acetyl deriva- 
tive [118°-122°] and a benzyl derivative [51°]. 

Phenyl p-tolyl diketone C 8 H r ,.CO.COC 7 H 7 . 
Formed by heating di-bromo-deoxybenzo'in with 
water at 183° (Bucher, B. 22, 2819). Yellow oil, 
solidified by cold. 

References. — Di-amido-, Nitro-, Oxy-amido-, 
and Oxy- phenyd-tolyl-ketone. 

PHENYL TOLYL KETONE CARBOXYLIC 
ACID v . Toluyl-benzoio acid. 

Phenyl p-tolyl ketone dicarboxylio acid 
C lfl H„O a i.e. C^.CO.C^MeCCO.H), [1:4:2:6]. 
Benzoyl-wvitic acid [245°]. Formed by oxidising 
phenyl mesityl ketone with dilute HNO s (Elbs, 
J.pr. [2] 35, 489). Needles. — Ag 2 A". 

An isomeric acid, got by oxidation of phenyl 
^-cumyl ketone CaHj.CO.CaHaMe,, [5:1:2:4], yields 

Ag,A". 

PHENYL-o-TOLYL-METHANE 0 14 H 14 i.e. 
C 8 H v CH 2 .C 8 H 4 Me [1:2]. o- Benzyl-toluene. Mol. 
w. 182. (284°). Formed, together with the p- 
isomeride, by heating benzyl chloride with 
toluene and zinc-dust (Zincke, B. 6, 906 ; Senff, 
A. 220, 249). Got also from C 8 H 4 Me.CH 2 Cl, 
benzene, and zinc-dust (Barbier, B. 7, 1544). 
Yields anthracene when passed through ft red- 
hot tube. 

Phenyl-m-tolyl -methane 

C, H 5 . CH a . 0„H 4 Me [1:3]. (275° i.V.). S.G. ^ 
•997. Got by reducing the ketone with HI and 
P (Ador a. Rilliet, B. 12, 2300). Prepared by 
heating w-chloro-m-xylene (1 pt.) with benzene 
(7 pts.) and A1C1 8 (Senff, A. 220, 230 ; cf. Bar- 
bier, C. R. 79, 660). Oil, sol. alcohol and ether. 
Gives a di-nitro- derivative [141°]. 

Phenyl-p-tolyl-methane 

C 8 H Js .CH a .CaH 4 Me [1:4]. (280° i.V.). Formed, 

with the o- isomeride, by heating benzyl chloride 
with toluene and zinc-dust (Zincke, B. 7, 1153 ; 
A. 161, 93). Formed also by the action of zinc- 
dust on benzyl chloride (Prost, BL [2] 46, 248), 
and by heating phenyl jp-tolyl ketone with ammo- 
nium sulphide and 8 at 320° (Willgerodt, B. 20, 
2470). Oil, Yields jp-benzoyl-benzoio acid on 
oxidation. Does not form anthracene when 
Von. IV. 


passed through a red-hot tube. Yields a disul- 
phonic acid [88°], which gives K..A" 3|aq. 
BaA" 8£aq, and CuA" 4£aq. 

Phenyl-di-tolyl-methane CHPh(C 7 H 7 ) 2 . [56°]. 
Got by heating (C 7 H 7 ) 2 CPh.CO.G a H 5 with soda- 
lime at 300° (Thorner a. Zincke, B. 11, 70). 

Di - phenyl - o-tolyl - methane C , 0 H 18 i.e. 
C 6 H 5 ) 2 CH.C 8 H 4 Me. [59-5°]. (354°).* Formed 

rom leucaniline by diazotising and boiling with 
alcohol (Fischer, A. 194, 282 ; Rosenstiehl a. 
Gerber, A. Ch. [6] 2, 342). Spherical groups of 
prisms (from MeOH), v. sol. ether. Oxidised 
by CrO s and HOAo to (C B H A ) 2 C(0H).0,H 4 Me 
[150°]. 

Di-phenyl-m-tolyl-methane. [62°]. (above 
360°). Formed by distilling its carboxylic acid 
with baryta (Hemilian, B. 16, 2368). Long 
thin needles (from alcohol), v. sol. ether. The 
crystals emit light when powdered. Its dilute 
solutions fluoresce blue. 

Di-phenyl-p-tolyl-methane. [71°]. (above 
360°). Formed by distilling its o-carboxylic 
acid, and also by the action of P 2 0 5 on a mix- 
ture of toluene and di-phenyl-carbinol or of 
benzene and phenyl-^-tolyl-carbinol (Hemilian, 
B. 7, 1209 ; 19, 3066 ; Fischer, A. 194, 263). 
Needles or prisms, v. sol. hot alcohol. 

References .— Di-amido-, Chloro-, Nitro-, 
Nitro-amido-, and Oxy- phknyl-tolyl-mkthane. 

PHENYL -j p - TOLYL - METHANE -o- CARB- 
OXYLIC ACID 0 6 H 4 Me.CH 2 .C 8 H 4 .C0 ;i H. [134°]. 
Formed by warming C 8 H 4 Me.C0.0 8 H 4 .C0 2 H 
with NH 3 Aq and zinc-dust (Gresly, A. 234,236). 
Needles (from alcohol), nearly insol. water. — 
BaA' 2 : plates, v. sol. water. 

Phenyl-tolyl-methane dicarboxylio acid 
C0 2 H.C 8 H 4 .CH(C 7 H 7 ).CO 2 H. [154°]. (above 

300°). Got by saponifying the nitrile, which is 
prepared by treating an alcoholic solution of 
CN.C 8 H 4 .CH 2 .CN with benzyl chloride and KOH 
(Eichelbaum, B. 21, 2679). Prisms, sol. alcohol. 

Amide . [224°]. Small plates. 

Imide C 6 H,<™^)>CO. [176°]. 

(above 300°). Got by heating the amide with 
cone. HClAq. Needles, v. sol. alcohol. 

Nitrile . [110°]. (above 300°). Plates. 

Di-phenyl-p-tolyl-methane carboxylic acid 
C 8 H 4 Me.CHPh.C 8 H 4 .CO.,H. [165°]. Formed by 
warming p-tolyl-phthalide with benzene and 
A1C1, (Gresly, A. 234, 2421. Needles (from 
alcohol).— BaA' 2 2£aq: si. sol. water. 

Di-phenyl-p-tolyl-methane carboxylio acid 
CHPh 2 .C 8 H 3 Me.C0 2 H[4:2:l]. [217°]. Formed 

from di-phenyl -p-tolyl-carbinol carboxjdio acid, 
NaOHAq, and zinc-dust (Hemilian, B. 16,2363). 
Transparent tables, v. sol. alcohol. — BaA' 2 4aq. 
— AgA' : minute needles, insol. water. 

Di-phenyl-p-tolyl-methane carboxylic acid 
CHPh 2 .C 8 H 3 Me.C0 2 H[4:l:2]. [203°]. Formed 

from di-phenyl-metbyl-phthalide, NaOHAq, and 
zinc-dust (Hemilian, B . 19, 3064). Needles or 
tables, sol. hot alcohol.— BaA' 2 3aq. — AgA'. 

PHENYL-p-TOLYL DI-METHYLENE DI- 
8TJLPH0NE KETONE C 18 H lfl S 2 0 A it 
C 8 H i .S0 2 .CH 2 .C0.CH 2 .S0 2 .C 8 H 4 Me. [112°]. 

Formed from CH 2 Br.CO.CH r SO ? .O e H 4 Me by 
treatment with 0 6 H A 80 2 Na and obtained also from 
C 8 H ft .SO,.CH 2 .CO.OH 2 Br and OAMe.SOjNa 
(Otto, /. pr. [2] 36, 427). Plates, m. soL aleo* 
i hoi, v. soL CHC1,. 
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PHENYIrTOLYL*METHYL-PYRROLE. 

PHENYL - o - TOLYL - METHYL - PYRROLE fa. Ebenhardt, B. 23, 3271). They are oils. 


*OA<SteS- (82TO) - Formed by 

heating its carboxylic aoid [199°] (Lederer a. 
Paal, B. 18, 2696). Plates, v. e. sol. alcohol. 
Phenyl-p-tortyl-methyl-pyrrole. [91°]. 

S hove 360°). Got by heating its carboxylic acid 
27°]. Tables (from ligroin). 

PHENYL - o - TOLYL - METHYL - PYBBOLE 

CARBOXYLIC ACID C 4 H 4 MeN<^^, 0aH . 

[199°]. Got by saponifying its ether, whioh is 
formed by boiling acetophenone-acetoaoetio 
ether with o-toluidine and HOAo (Lederer a. 
Paal, B. 18, 2696). Small prisms (from alcohol). 

#-Isomeride. [227°]. Made in like manner 
from p-toluidine. Plates, v. sol. alcohol. 

Ethyl ether EtA'. [116°]. Crystals. 
PHENYL - o - TOLYL - METHYL- THIO-UREA 
0 16 H l8 N a S i.e. NMePh.CS.NHC 7 H 7 . [121°]. 

Formed from methyl-aniline and o-tolyl-thio- 
carbimide (Gebhardt, B. 17, 2091, 3036). Plates. 

Phenyl-#- toly 1-methyl-thio-urea. [124°] . 

Formed in like manner from #-tolyl-thiooarb- 
imide (G.). Small trimetric tables. By distil- 
lation with steam it is resolved into the parent 
substances, which slowly recombine in the dis- 
tillate. 

PHENYL-TOLYL-NAPHTHYL-GUANIDINE 
C 24 H 21 N, i.e. CN 3 H 2 Ph(C 7 H 7 ).C 10 H 7 . [below 
60°]. Formed by boiling an alcoholio solution 
of phenyl- tolyl-thio-urea and naphthylamine 
with PbO (Tiemann, B. 8, 6). Brittle resin, 
forming a crystalline hydrochloride. 

PHENYL-DI-TOLYL-PHOSPHINE 
(C e H 4 Me) 2 PC # H ft . [67°]. Formed from #-bromo- 
toluene (2 mols.), G 8 H 6 PC1 2 (1 mol.), and Na 
(Ddrken, B. 21, 1612). Crystals, v. sol. ether. 

Di-phenyl-tolyl-phosphine C 8 H 4 MeP(C 8 H 5 ) r 
[68°]. Formed from (C 6 H a ) 3 PCl, #-bromo- 
toluene, and Bodium (Darken, B. 21, 1611). 
Small prisms. Yields (C 8 H 5 ) 2 PO(C 8 H 4 Me) 
[130°] and (CA^S^H.Me) [139°]. 

PHENYL-TOLYL-(a)-PINACOLIN O^H^O v. 
Di-phknyl-di-#-tolyl-ethylenb oxidk. 

Phenyl-tolyl-(/3) -pinacolin 
0 6 H & .C0.0Ph(0 7 H 7 ) 2 . [137°]. Formed by the 

action of AcCl on phenyl-tolyl- (a) -pinacolin or 
on phenyl-tolyl-pinaoone (Zinoke a. Tharner, B. 
10, 1477 ; 11, 66, 1396 ; A. 189, 110). Prepared 
by boiling phenyl #-tolyl ketone with alcohol, 
HClAq, and zinc. Small dimetrio tables, si. sol. 
cold alcohol. On heating with soda-lime at 300° 
it yields phenyl-di-tolyl-methane. 

PHENYL-TOLYL-PINACONE G 2g BL,O a i.e. 
0 T H 7 .CPh(0H).CPh(0H).0 7 H 7 . [166°]. Formed 
by treating an alcoholic solution of phenyl jp- 
tolyl ketone with zino and H 2 S0 4 (Zincke a. 
Tharner, B. 10, 1476). Minute needles (from 
alcohol). Decomposed by fusion and by boiling 
alcoholic potash into phenyl tolyl ketone and 
phenyl-tolyl- carbinol. Converted into phenyl- 
tolyl- (j8) -pinacolin by heating with dilute H 2 S0 4 
at 160°, wtth HOAo at 190°, with AcCl, or with 
HClAq. Alcoholio HOI in the cold forms 
phenyl-fcolyl-(a)-pinaoolin. 

PHENYL-TOLYL-PBOPANE 0 18 H lg i.e. 
CH 2 .CHPh.CH 2 .G 8 H 4 Me. Theo- (317°), m- (812°), 

of cone. HjSSo, on* a mixture of styrene and o-, 
w- f and #-xylene respectively (Kraemer, Spilker, 


miscible with alcohol and ether. 

PHENYL-TOLYL-PROPIONIC ACID 
CH^h.CHfOeH.MeJ.COjH. o- [96*5°], m- [80°], 
#- [105°]. Formed from the corresponding 
nitriles, which are got from the tolyl-aceto- 
nitriles by treatment with NaOEt and benzyl 
chloride (Papcke, B. 21, 1331). The o-nitrile is 
an oil (340°-863°) ; the m-nitrile [63°] (350°- 
860°), and thep-mtrile [79°] are crystalline. 

Di-phenyl-p-tolyl-propionie acid. Nitrile 
CH 2 Ph.CPh(C 8 H 4 Me).ON. [121°]. Formed 
from phenyl-p-tolyi-acetonitrile, NaOEt, and 
benzyl chloride (Neure, A . 260, 160). Needles. 

DI-PHENYL -TOLYL-PYBBOLE C 2 ,H 19 N i.e . 

The o- [115°] (above 300°) 

and#- [203°] compounds are formed by distilling 
the corresponding carboxylic acids with lime 
(Baumann, B. 20, 1492 ; Paal a. Braikoff, 22, 
8089). Both crystallise in white needles. 

DI-PHENYL-TOLYL-PYBBOLE CABBOXY- 

LIC ACID N Theo- acid 

[227°] and its p- isomeride [206°] are got by 
saponification of the ethers, which melt at 136° 
and 146° respectively, and are formed by boiling 
the corresponding toluidine with phenacyl- 
benzoyl-acetic ether CHjBz.CHBz.0O.jEt and 
HO Ac (Paal a. Braikoff, B. 22, 3088). Both 
acids are crystalline and si. sol. ether. 

Di-phenyl-p- tolyl -pyrrole dicarboxylic acid 

NfCAXcicSiooS'cH £ 263 °J- Formedb y 

heating G.jH^GO.O.H^CO.jH), with #-toluidine 
on a water-bath (Baumann, B. 20, 1489). 
Yellowish needles, v. sol. alcohol and CS 2 . 

PHENYL #- TOLYL SULPHIDE Ph.S.C,H 7 . 
An oil got by the action of NaSPh on #-diazo- 
toluene chloride (Ziegler, B. 23, 2471). 

Phenyl #- tolyl disulphide Ph.S 2 .C 7 H 7 . 
Formed by adding Br to an ethereal solution of 
PhSH and 0 7 H 7 SH. Got also, together with 
Ph 2 S 2 , by heating toluene p-sulphinic aoid with 
PhSH (Otto a. Rdssing, B. 19, 8133). Thick 
oil, insol. water, scarcely volatile with steam. 

PHENYL #-TOLYL SULPHONE 0„H 12 S0 2 
*.«. 0,H i .S0 2 .0„H 4 Me. [126°]. 8. (alcohol) 1-62 at 
20°. Formed by the action of P 2 0 8 on a mixture 
of toluene and benzene sulphonic acid, or of 
benzene and toluene #-sulphonio acid (Michael 
a. Adair, B. 11, 116). Formed also from benz- 
ene sulphonic ohloride, toluene, and AlCl g 
(Beckurts a. Otto, B. 11, 2068). Prisms or tablets. 

PHENYL-o- TOLYL-SEMI-THIOCARBAZIDE 
0 I4 H 15 NjS i.e. NHPh.OS.NH.NH.0 8 H 4 Me. [146°]. 
Formed from phenyl-thiooarbimide and o-tolyl- 
hydrazine (A. E. Dixon, O. «T. 67, 260). Pearly 
prisms, v. si. sol. water, v. sol. hot alcohol. 

Isomeride O a H 4 MeNH.CS.NH.NHPh. [163°]. 
Formed from o-tolyl-thiocarbimide and phenyl* 
hydrazine. Vitreous prisms, v. si. sol. water. 

PHENYL o-TOLYL-THIO-UBEA C I4 H 14 N 2 S 
t.e. NHPh.CS.NHC 8 H 4 Me. [140 0 ]. Formed from 
o-tolyl-thiocarbimide and aniline (Staats, B. 13, 
137) and by passing R 2 8 into a boiling eolation 
of phenyl-tolyl-oyanamide NPh;C:NO y B^ in dry 
benzene (Huhn, B. 19, 2411). Long needles, si. 
sol. water. Boiling HClAq (34 p.o.) splits it up 
into aniline, o-toluidine, phenyl-thiocarbimide, 
and o-tolyl-thiocarbimide (Mainzer, B. 16, 1419). 



PHENYL-UREA. 


IB 


flgO, added to its solution in boiling benzene, 
forms phenyl-tolyl-cyanamide. 

Phenyl-p-tolyl-thio-urea 
NHPh.CS.NHC a H 4 Me. [137°] (S.) ; [141°] 

(F. a. W.). Formed from p-tolyl-tniocarbimide 
and aniline (S.), and from phenyl-^p-tolyl-cyan- 
amide and H^S (H.). Plates, si. sol. water. Split 
up by HOlAq in the same way as the o- isomeride 
(M.), and decomposed by HgO in like manner. 
COCl 2 passed into its solution in toluene forms 

NPh:0<g(£^>00 [89°J, crystallising in 

white needles (Freund a. Wolf, B. 25, 1466). 

Tetra-w-phenyl-di-o-tolyl-thio-urea 
C^H^S i.e. (CHPh 2 .C 6 H 4 .NH) 2 CS. [123°]. 
Formed from CHPh 2 .C 8 H 4 .NH 2 and CS 2 (Fischer 
a. Franckel, A. 241, 368). White needles, insol. 
cold alcohol. 

References . — Nitbo- and Oxy- Phenyl-tolyl- 

THIO-TJREA. 

PHENYL - p - TOLYL - THIO - TTREA-w-CARB- 
OXYLICACID. Nitrile 
NHPh.CS.NH.C ti H 4 .CH 2 .ON. [141°]. Formed 
by warming phenyP-thiocarbimide with amido- 
phenyl-acetonitrile (Freund a. Immerwahr, B. 
23, 2856). With furfuraldehyde it forms 
NHPh.CS.NH.C a H 4 .CCy;CH.0 4 H 8 0 [160°] crys- 
tallising from alcohol. 

PHENYL-o-TOLYL-UREA C I4 H 14 N 2 0 i.e. 
NHPh.CO.NHO fl H 4 Me. [212°]. Formed by 
boiling NPhiCkNCyH, with dilute alcohol (Huhn, 

B. 19, 2410). Slender needles. 
Phenyl-m-tolyl-urea. [165°]. Formed from 

phenyl cyanate and m-toluidine in ether 
(Buchka a. Schachtebeck, B. 22, 840). Needles. 

Phenyl-p-tolyl-urea. [211°] (H.) ; [218°] 

(Freund a. Wolf, B. 25, 1467). Formed by 
boiling phenyl-jp-tolyl-cyanamide with dilute 
alcohol (Huhn, B. 19, 2408). 

Phenyl-di-p-tolyl-urea C^R^O. [136°]. 
Formed from (C fl H 4 Me) 2 N.COCl and aniline 
(Hammerich, B. 25, 1821). Needles, sol. alcohol. 

Di-phenyl-jp-tolyl-urea NPh 2 .CO.NHC 7 H 7 . 
[130°]. Formed from NPh 2 .GOCl and p-toluidine 
(Michler, B. 9, 713). Needles. 

References. — Oxy-ehenyl-tolyl-urea. 

(j8)-PH ENYL-UMBELLIFERONE C Jft H 10 O 8 i.e. 

[ 4 ] O.H a (OH)<g^:^. [244°]. Prepared 

by the action of H 2 S 0 4 on a mixture of benzoyl- 
a cetio ether and resorcin (Pechmann a. Duis- 
berg, B , 16, 2126). Plates (from dilute alcohol). 

PHENYL - TJRAMIDO - ACETO - NITRILE 
C a H r CH(CN).NH.CO.NH 2 . Phenyl-aceto - 
nitrile-v/rea. [178°] with decomposition. 
Formed by heating equimolecular quantities 
of benzaldehyde-oyanhydrin and urea at 100° 
(Pinner a. Lifsohutz, B. 20, 2355). Prisms. 
V. sol. alcohol, m. sol. hot water. By. boiling 
with dilute HC1 it is converted into di-oxy- 

phenyl-glyoxaline c^H) ; N> C ' 0H - 

PHENYL-TTBAMIDO-BENZOIG ACID v. vol. 

i. p. 167. 

PHENYL . a ■ TJEAMIDO ■ CBOTO -H1TEILE 

C, H i .CH:OH.O(ON)H.NH.CO.NH 2 . Phenyl-croto- 
nitrile-urea. [160° with decomposition]. Prepared 
by heating equivalent quantities of cinnamio- 
aldehyde-eyanhydrin and urea to 96° for several 
hours ; the yield is 40 p.c. of the cyanhydrin 
(Pinner a. Lifsohutz, B. 20, 2353). Needles. 


M. sol. hot alcohol. By boiling with dilute 
HC1 it is converted into di-oxy-styryl-glyoxaline 
m ^NH.CH.CH:CHPh 
UU \NH.CO 

PHENYL - TJRAMIDO - PHENYL - ACETIC 
ACID NHPh.CO.NH.CHPh.CCXjH. [154°]. 
Formed by the action of potash on di-phenyl- 
thiohydantoin (Kossel, B. 24, 4153). Sol. water. 

Ethyl ether EtA'. [165°]. Formed from 
phenyl-amido-acetic ether and phenyl cyanate 
(K.). Crystalline powder, sol. hot alcohol. 

PHENYL-URAMIDO-PROPIONIC ACID 
0 Ifl H I2 N 2 0 8 i.e. 0 8 H 5 NH.C0.NH.0H 2 .0H 2 .C0 2 H. 
[172°]. Formed by heating 0-amido-propionio 
acid with phenyl-urea at 140° (Hoogewerff a. 
van Dorp, R . T. C. 9, 49). Tablets and needles, 
m. sol. cold alcohol. AcCl forms C I0 H, 0 N.,O 2 
[234°] and C^H^cN^, [138°]. KOBr and HOI 
form O 10 H, 0 Br 2 N 2 O 8 [202°] and C 10 H,Br 8 N 2 O a 
[220 J ].-KA'.—CaAV— AgA. 

Ethyl ether EtA'. [85°]. Needles. 
DI-PHENYL-HRAZINE C 14 H 12 N 4 0 2 U. 

NPh<^;°°>NPh. [264°]. Formed by 

heating phenyl semicarbazide at 160° (Pinner, 
B. 21, 2329) or phenyl-carbazic ether at 240° 
(Heller, A. 263, 282). White needles, v. sol. 
warm HO Ac. Yields the acetyl derivatives 
C h H,,AcN 4 0 2 [173°], O 14 H 10 Ao 2 N 4 O 2 [153°] and 
the ether G 14 H n EtN 4 0 2 [137°]. 

PHENYL-URAZOLE v. Di-oxy-phenyl-tbi- 

AZOLE. 

PHENYL-UREA G 7 H 8 N 3 0 i.e. NHPh.CO.NH*. 
[147°]. Formation.— *1. By passing cyanic acid 
vapour into cooled aniline or from aniline sul- 
phate and potassium cyanate (Hofmann, A. 53, 
57 ; 57, 265 ; 70, 130 ; 74, 14 ; Weith, B. 9, 810). 

2. From aniline and moist cyanogen chloride. — 

3. From phenyl cyanate and NH 3 . — 4. From mer- 
curio fulminate and aniline (Steiner, B. 8, 518). 
5. From benzamidoxim, NaOH, and benzene 
sulphonic chloride (Pinnow, B. 24, 4171). 

Properties. — Monoclinic needles, v. sol. alco- 
hol and boiling water, sol. ether. Decomposed 
at 150° into s-di-phenyl-urea, C0 2 , and NH ? . 

Reactions. — 1. Cono. KOHAq yields aniline, 
NH 8 , and C0 2 .— 2. Baryta-water yields phenyl- 
biguanide (Emich, M. 12, 16). — 3. Aniline at 
190° forms s-di-phenyl-urea. — 4. Fuming sul- 
phuric acid forms [1:4] C^fNBy.SOjH and 
S0 8 H.0 a H 4 .NH.C0 2 H (Hentschel, B. 18, 978).— 
5. ClCO.CO^Et forms phenyl-allophanic ether 
and phenyl-parabanio acid. 

Acetyl derivative NHPh.CO.NHAc. 
[183°]. Needles (McOreath, B. 8, 1181 ; Kiihn, 
B. 17, 2880 ; Pinnow, B. 24, 4171). 

Propionyl derivative. [137°]. Prisms. 
Benzoyl derivative NHPh.CO.NHBz. 
[199°]. Silky needles, v. sol. alcohol. 

s-Di-phenyl-urea C J8 H 12 N 2 0, i.e. CO(NHPh) r 
Mol. w. 212. Canrbanilide. [235°]. (260°). 

Formation . — 1. From aniline ana phenyl - 
cyanate (Hofmann, A. 57, 266; 74, 15). — 2. From 
aniline and 000^ (Hofmann, A. 70, 13*P; Hent- 
schel, J. pr. [2] 27, 499).— 3. By heating di- 
phenyl-thio-urea with alcoholic potash. — 4. By 
distilling phenyl-urea (H. ; Pinnow, B. 24, 4172). 
5. By dry distillation of aniline oxalate (Hof*, 
mann, Pr. 15, 335).— 6. By heating urea (1 pt.) 
with aniline (3 pts.) at 160° (Baeyer, A. 181, 251) 
or phenyl-urea (1 mol.) with aniline (1 mol.) at 

m2 
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PHENYL-UREA. 


185° (Weith, B. 9, 821). — 7. Together with NH 3> 
benzamide, and benzanilide, by heating di- 
benzoyl-urea with aniline at 180° (Holleman, 
B. T . C . 10, 72). — 8. By the action of an ethereal 
solution of C1C0 2 0C1, on aniline (Hentschel, J. pr. 
[2] 36, 810). — 9. From NHPh.C0 2 Et and aniline 
at 160° or NaOPh at 220°.— 10. From CO(OPh), 
and aniline at 150°- 180° (Eckenroth, B. 18, 516). 
11. From C(OEt) 4 and aniline at 280° (Bender, 
B. 13, 699). — 12. By heating carbamic ether 
with aniline (3 mols.) at 180°-185° (Smolka, M. 
11, 200). — 13. From benzamidine hydrochloride, 
phenyl cyanate, and NaOHAq (Pinner, B. 22, 
1607). 

Properties. — Prisma (from alcohol), v. si. sol. 
water, v. sol. alcohol and ether. May be distilled. 

Reactions. — 1. Cone. H 2 S0 4 forms C0 2 and 
C 6 H 4 (NH2)S0 8 H. — 2. Alcoholic NH 3 forms urea 
and aniline (Claus, B. 9, 693).— 3. PCl a forms 
phenyl cyanate (Weith, B. 9, 810). C1C0 2 CC1 3 
also forms phenyl cyanate on heating. — 4. P 2 0 5 
forms phenyl cyanate and aniline. — 5. Dry 
NaOEt at 220° forms aniline and tri-phenyl- 
guanidine. — 6. ClCO.CCXjEt forms di -phenyl - 
parabanic acid. 

Acetyl derivative NHPh.NPhAc. [115°]. 
Laminae (from water) (McCreath, B. 8, 1181). 

w-Di-phenyl-urea NPh 2 .CO.NH 2 . [189°]. 
Formed from NPh 2 .COCl [85°] and alcoholic NH 3 
at 100° (Michler, B. 8, 1665 ; 9, 396, 715). 
Needles. Gives a blue colour with H 2 SO,. Split 
up by distillation into cyanic acid and diphenyl- 
amine. 

Tri-phenyl-urea NPh 2 .CO.NHPh. [136°]. 
Formed by heating a solution of NPh 2 .COCl, 
dissolved in chloroform, with aniline at 130° 
(Michler, B. 9, 396, 716). White needles. Re- 
solved by heat into diphenylamine and phenyl 
cyanate. 

Tetra-phenyl-urea CO(NPh 2 ) 2 , [183°]. 
Formed by heating NPh 2 .COCl with NPh^H and 
zinc-dust (Michler, B. 12, 1166). Got also from 
diphenylamine and COCl 2 (Girard a. Willm, Bl. 
[2] 25, 248). Resolved by HClAq at 250° into 
diphenylamine and C0 2 . 

References . — Amido-, Bromo-, Chloro-, 
Chloro-nitro-, Nitro- and Oxy- phenyl-urea. 

PHENYL -UREA m - CARBOXYLIC ACID 
NHPh.C0.NH.C e H 4 .C0 2 H. [270°]. Formed by 
heating m-amido - benzoic acid with phenyl 
cyanate at 100° (Kuhn, B . 17, 2882). Prisms, sol. 
alcohol, si. sol. ether. 

Di-phenyl-urea di-m-carboxylic acid 
C 16 H 12 N 2 O a , i.e. C0(C fl H 4 .NH.C0 2 H) 2 . 

Formation. — 1. By heating w-uramido-benz- 
oio acid (Griess, Z . 1868, 650 ; B. 9, 796). — 2. By 
heating a mixture of m-uramido-benzoio acid 
with m-amido-benzoio acid at 175° (Traube, B. 
15, 2122). — 3. From m-amido-benzoic acid and 
COCla (Sarauw, B. 16, 44). — 4. By boiling 
CS(C 6 H 4 .NH.C0 2 H). with HgO and KOHAq 
(Griess, A . 172, 169). — 6. By heating urea with 
m-amido-benzoio acid at 130° (T.). 

Properties. — Minute needles, almost insol. 
water, alcohol, and ether. 

Salts.— BaA" 3aq.— PbA".— Ag^". 

Ethyl ether Et^. [162°]. Needles. 

Amide 00(C«H 4 .NH.G0.NH 2 ) 2 . Got hy heat- 
ing urea with m-amido-benzamide at 140° (Schiff, 
A , 232, 140). White powder, insol. water, de- 
composing above 270°. 


Di-phenyl-urea di-p-oarboxylic acid. Formed 

when urea is heated with ^>-amido-benzoic acid 
(Griess, J.pr . [2] 5, 370). Small needles. — BaA". 

TETRA - PHENYL - UVINONE C S4 H )20 O 4 . 
Formed in small quantity in the preparation of 
di-phenyl-furfurane by heating di-phenyl-fur- 
furane dicarboxylio acid (Perkin a. Schlosser, 
G. J. 57, 956). Thin yellow needles, not melting 
at 280°. H 2 S0 4 forms a dark-green solution with 
brick-red fluorescence. 

DI-PHEN Y L- VALER AMIDINE O^H^, i.e. 
C 4 H„.C(NPh).NHPh. [111°]. Formed by heating 
isovaleric acid with aniline and PC1 S at 160° 
(Hofmann, J. 1865, 416). Crystalline, nearly 
insol. water. 

0-PHENYL-n-VALERIC ACID 

CHPhPr.COgH. [52°]. Formed by heating its 
nitrile with HClAq at 185° (Rossolymo, B. 22, 
1235). Needles. 

Nitrile CHPhPr.CN. (261°). Formed from 
phenyl-acetonitrile, PrI, and NaOH. Oil. 

0 - Phenyl - iso - valeric acid C n H 14 0 2 i.e. 
CH 2 Ph.CHEt.C0 2 H. (272°). Formed by reduc- 
tion of phenyl-angelic acid with sodium-amalgam 
(Baeyer a. Jackson, B. 13, 118). Formed also by 
heating benzyl -ethyl-acetoacetic ether with cone. 
KOHAq (Anschutz, A. 261, 306). Oil. — AgA'. 
Chloride ( c . 147° at 24 mm.). Oil. 
Amide C^H^NO. [89°J. Monoclinio 
crystals; a : b:c = -817:1:1*189; 0 = 70° 28'. 
7 -Phenyl-valeric acid 

CH 2 Ph.CHMe.CH 2 .C0 2 H. (176*5° at 15 mm.). 
Got by potash-fusion from ‘ diethyl carbo- 
benzonic ’ acid, which is a product of the action 
of alcoholic potash on deoxybenzoin (Anschutz, 
A. 261, 302). Oil, yielding benzoic acid on 
oxidation. 

Ethyl ether C 13 H 18 O s . (146° at 15 mm.). 
Chloride CuHjgOCl. (131° at 11mm.). 
Anilide C, 7 H 10 NO. [102°]. Trimetrio 

needles; o:6:c = *685:1: *608. 

5-Phenyl-valeric acid 

CH 2 Ph.CH 2 .CH 2 .CH 2 .C0 2 H. [59°]. Formed by 
reducing CHPhiCH.CH^CHg.COjjH (Baeyer a. 
Jackson, B. 13, 122). Leaflets, si. sol. water. 

Benzyl ether. (330°-340°). S.G. L73 
1*027. Got by heating benzyl butyrate with Na 
at 130° (Conrad a. Hodgkinson, A. 193, 318). 
Liquid. 

Isomeride v . Benzyl-isobutyrio acid. 
Reference . — Amido-, Di-bromo-, Di-bromo- 
amido-, Nitro- and Oxy- phenyl-valeric acids. 
PHENYL-VINYL- v. Styryl-. 
DI-PHENYL-VINYL-DIAMINE C I4 H n N a i.e. 
NHPh.CH 2 .CH:NPh. [105°]. Formed by heating 
CH 2 Cl.CH:NPh with aniline (Berlinerblau, M. 
8, 187). Sol. alcohol and ether. 

PHENYL VINYL KETONE CARBOXYLIC 
ACID v . Benzoyl-acrylio acid. 

DI-PHENYL- VINYL NITRITE C J4 H 11 NO a i.e. 
CPh 2 :CH.N0 2 . [87°]. Formed by gradually adding 
HNO a (1 pt.) to a hot solution of di-phenyl-ethane 
(1 pt.) in HO Ac (10 pts.) (Anschutz a. Romig, A* 
233, 327). Needles, v. sol. alcohol and ether. 

TRI - PHENYL VINYL TRISULPHONE 
C a H 4 .S0 2 .CH 2 .CH(S0 2 C a H 4 ) 2 . [86°]. Formed by 
oxidising the product of the action of NaSPh on 
CHC1 2 .CH 2 C1 (Otto, B. 24, 1835). Crystalline. 

PHENYL-XYLENE v. Di-methyl-diphenyl. 
and Phenyl-tolyl-methan*. 
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PHENYL-XYLIDINE C 14 H ia N i.e. 
O fl H s M3 2 .NHPh. [52°]. (173° at 15 mm.). Formed 
by heating xylidine with aniline hydrochloride 
(Girard a. Vogt, Bl. [2] 18, 67). Sol. alcohol. 

PHENYL-o-XY L YL-C ABBIN OL 0 15 H J6 0 i.e. 
C u H 5 .CH(OH).C b H 3 Me 2 [1:3:4]? [68°]. (336° i.V.) 
at 744 mm. V.D. 107*7 (for 106). Formed from 
the ketone, KOH, and zinc-dust (Elbs, J. pr. [2] 
35, 469). White radiating needles (from alcohol). 
Somewhat decomposed by distillation. 

Phenyl-m-xylyl-carbinol 
CeHs.CHJOHJ.CAMe, [1:2*4]? [57°]. (331° i.V.) 
at 744 mm. V.D. 102*7 (for 106). Formed from 
the corresponding ketone by reduction (Elbs, 
J.pr. [2] 35, 472). 

Phenyl-p-xylyl-carbinol 
C a H 5 .CH(OH).C fl H 3 Me 2 [1:2:5]. [88°]. Formed 
from the ketone, KOH, and zinc-dust (Elbs). 
Prisms (from alcohol) ; v. si. sol. water, m. sol. 
HOAc, v. e. sol. alcohol and ether. 

PHENYL - p - XYLYL -p - C YMYL-METHANE 
[2:5:1] Me 2 0 6 H 3 .CHPh.C <J H 3 MePr [1:2:5]. Formed 
from phenyl -p-cymyl-carbinol,p-xylene, and P 2 O a 
(Elbs, J.pr. [2] 35,498). Oil. 

DI - PHENYL - o - XYLYLENE - DIAMINE 
C 2( ,H 20 N 2 i.e. C 6 H 4 (CH 2 .NHPh) 2 . [172°]. Formed 
by boiling di-<w-bromo-o-xylene with an alcoholic 
solution of aniline (Lesser, B. 17, 1825). Small 
plates (from alcohol). 

PHENYL o-XYLYL KETONE C v Ji u O i.e . 
C B H 4 .CO.C # H 3 Me, [1:3:4] ? [48°]. (340° i.V.) at 

744 mm. V.D. 102*2 (for 105). Formed from 
BzCl, o-xylene, and A1CI, ; the yield is 80 p.o. 
(Elbs, J. pr. [2] 35, 467). Groups of snowy 
needles (from alcohol). Insol. water, si. sol. 
cold HOAc, v. sol. alcohol. 

Phenyl 771 -xylyl ketone CyH^.CO.C^HaMeo 
[1:2:4]. (321° i.V.) at 744 mm. V.D. 102*3 (for 

305). From ?7i-xylene, BzCl, and A1C1 3 (Sollscher, 
B. 15, 1682 ; Elbs, J.pr. [2] 35, 469). Oil. Partly 
converted by long boiling into (B. 2) -methyl - 
anthraquinone. In presence of a little of the 
corresponding phenyl - xylyl - carbinol, (B. 2)- 
methyl-anthracene is formed. 

anti-Oxim C,H ’^og‘. [126°]. Con- 

verted by PCI, into C„H„.CO.NHPh (Smith, B. 
24, 4048). Yields an acetyl derivative [91°], 
crystallising in flat prisms. 

syn-Oxim [152°]. Formed, 

as well as the preceding body, by the action of 
an alcoholic solution of hydroxylamine on the 
ketone. PCl a at —20° forms G^HyCO.NHCgHy. 
Yields an acetyl derivative [103°]. 

Phenyl - p - xylyl ketone CaHj.CO.C^HyMea 
[1:2:5]. [36°]. (317° i.V.) at 744 mm. V.D. 
106*2 (for 105). From p-xylene, A1C1 3 , and BzCl 
<Elbs, B. 17,2847 ; J.pr. [2] 35, 472) ; the yield 
is 65 p.c. Transparent prisms (from alcohol), 
insol. water, m. sol. HOAc, v. e. sol. ether and al- 
cohol. Very slightly volatile with steam. Yields 
methyl-anthracene when boiled for a long time. 

Reaction . — 1. H. 2 S0 4 has no action in the 
cold, but on warming HOBz is split off.— 
2. H 2 S 2 0, forms a disulphonio acid 
C # H 3 Me 2 .C0.C # H 3 (S0 3 H) 2 , whose salt BaA"2aq 
is v. e. sol. water. -8. HNO s (S.G. 1*15) at 180° 
forms benzopbenone dicarboxylie acid 
C 4 H a .OO.C a H 3 (C0 2 H) 2 [1:2:6], 


PHENYL-o-XYLYL-KETONE 
OXYLIC ACID 

[4:3:1] 0 6 .H 3 Me 8 .C0.0aH 4 .C0 2 H [2:1]. Xylene - 
phthaloylic acid. [162°]. Formed by the action 
of A1C1 3 on a mixture of phthalio anhydride and 
o-xylene (F. Meyer, B. 15, 636). Minute prisms 
(containing aq). Yields benzoic and (4, 8, ^-di- 
methyl- ben zoic acids when fused with potash. 

Phenyl-m-xylyl-ketone o-carboxylic acid 
[4:2:1] C ti H3Me 2 .C0.C a H 4 .C0 2 H. Formed in like 
manner from m-xylene (M.). Needles, si, sol, 
water, sol. alcohol. 

Phenyl-p-xylyl-ketone o-carboxylic aoid 
[5:2:1] C a H 3 Me 2 .C0.C a H 4 .C0 2 H [1:2]. Formed in 
like manner from p-xy lene. Amorphous solid, 
insol. water, sol. alcohol and benzene. 

Phenyl-?n-xylyl-ketone (a) -carboxylic acid 
C 6 H 5 .C0.C (j H,Me„.C0 2 H [4:5:8:1]. [160°]. 

Formed, together with the following isomeride, 
by oxidising benzoyl-mesitylene with ohromio 
acid mixture (Louise, Bl. [2] 4£, 418 ; A. Ch. 
[6] 6, 218). Needles, v. sol. ether, insol. cold 
water.— BaA' 2 2aq.— MgA' 2 6aq. —AgA' : needles. 

Phenyl-w-xylyl-ketone (£)-carboxylio acid 
C a H 5 .C0.C a H 2 Me 2 .C0 2 H[2:6:8:l]. [185°]. Formed 
as above. The Mg salt is more soluble than 
that of the isomeric acid. Efflorescent needles, 
v. si. sol. hot water. Converted by P 2 0 5 into 
di-methyl-anthraquinone [158°].— AgA': needles. 

Phenyl-xylyl-ketone dicarboxylie acid 
C f) H 5 .CO.C 0 HMe 2 (CO 2 H) 2 . Benzoyl-cunvidic acid. 
[85°]. Formed by oxidation of phenyl duryl 
ketone (F. Meyer a. Ador, J. 1879, 562). Melts 
at 85°, becomes solid, and melts again at 173°. 
— BaA'*2§aq: long silky needles. 

PHEETyL - DI - p • XYLYL - METHANE 
C tt H a .CH (C 6 H.,Me 2 ) 2 [1:2:5] 2 . [93°]. (above 360°). 
From phenyl p-xylyl carbinol and p-xylene 
(Elbs, J.pr. [2] 35, 476). Or from di-p-xylyl 
carbinol, benzene, and P 2 O a . Prisms (from 
ligroin). Its solutions show blue fluorescence. 

Di-phenyl-o-xylyl-methane C 24 H 20 i.e. 
(C a H a )CH.C a H 3 Me 2 [l:3:4]. [68*5°]. (above 360°). 
Formed from di- phenyl -carbinol, o-xylene, and 
P 2 O a (Hemilian, B. 19, 3070). Needles, v. sol. 
alcohol and ether. 

Di-phenyl-w-xylyl-methane 
O a H a .CH 2 *O a H 3 Me 2 [1:2:4]. [61*5°]. (above 860°). 
Formed by boiling di-phenyl-carbinol with 
w-xylene and P 2 0 a (Hemilian, B. 19, 3061). 
Prisms, v. sol. alcohol and ether. Oxidised by 
chromic acid mixture to methyl-di-phenyl- 
phthalide and di-phenyl-phthalide carboxylic 
acid. 

Di-phenyl-p-xylyl-methane. [92°]. (above 
360°). Formed by digesting di-phenyl-carbinol 
with p-xylene and P 2 O a (Hemilian, B. 16, 2360; 
Bl. [2] 34, 326; Petrieff, Bl. [2] 41, 816). 
Monoclinic crystals, v. sol. alcohol and ether. 
Oxidised by chromic acid mixture to di-phenyl- 
methyl-phthalide [179°], di-phenyl-tolyl-carb- 
inol m-carboxylic acid [c. 253°] and di-phenyl- 
phthalide carboxylic acid [245°]. 

Reference. — Nitbo-di-amido-phenyl-di-xyiiYI*- 

METHANE. • 

PHENYL-DI-XYLYL-METHANE o-CABB- 
OXYLIC ACID [4:2:1] O a H 3 Me 2 .CH 2 .C.H 4 .C0 2 H, 
[158°]. Formed by reducing phenyl-m- xylyl - 
ketone carboxylic acid with zinc-dust and NH,Aq 
(Gresly, A. 234, 237). Small needles (from 
alcohol).— Ba A ' 2 aq : plates (from dilute alcohol). 
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PHENYL-p-XYLYL-(£) -PINACOLIN O S0 H tt O 
U. CX.0(0 a H,Me 2 ) r C0.0 a H s . [146°]. Formed 
by the action of zinc and HClAq on phenyl 
p-xylyl ketone (Elbe, J.pr. [2] 35, 477). Clumps 
of prisms (from ligroln), m. sol. alcohol and ether. 
Soda-lime at 820° splits it up into benzoic 
acid and phenyl-di-xylyl-methane. 

PHENYL-XYLYL-PROPANE O 17 H 20 U. 
G 8 H 5 .CHMe.CH 2 .G tf H 3 Me 2 . (324°). Formed from 
♦-cumene, styrene, and cone. H 2 S0 4 (Kraemer, 
Spilker a. Ebenhardt, A. 23, 8273). 

PHENYL-XYLYL-PROPIONIC ACID 
0 8 H 8 Me 2 .CHPh.CH 2 .C0 2 H. Formed from cin- 
namic acid, m-xylene, and HaS0 4 (Liebermann 
a. Hartmann, B. 25, 959). Amorphous, v. sol. 
warm benzene. When allocinnamio acid is used 
it is accompanied by another acid [220°]. 

DI - PHENYL - XYLYL . PYRROLE CARB- 

OXYLIC ACID 0,H„N<^p^;^ 02H . [264°]. 

Formed by saponifying its oily ether, which is 
got from phenacyl-benzoyl-acetio ether and 
(4,2,l)-m-xylidine (Paal a. Braikoff, B. 22, 8090). 
Small needles, m. sol. hot alcohol and benzene. 

PHENYL XYLYL STJXPHONE C 14 H 14 S0 2 , i.e. 
0 < ,H 5 .S0 2 .C fl H f Me 2 . [80°]. Formed from benzene 
sulphonic chloride, m-xylene, and A1C1 S (Beckurts 
a. Otto, B . 11, 2069). Yellowish needles. 

PHENYL m-XYLYL-UREA C J6 H Ia N 2 0 i.e. 
C B H„NH.OO.NHPh. [131°]. Formed by mixing 
m-xylidine with phenyl cyanate (Bromme, B. 
21, 2703). White matted needles, sol. alcohol. 

PHENYTHRONIC ACID v. Phenyl-methyl- 

FUBFUBANE PI CARBOXYLIC ACID. 

PHILLYRIN C 27 H M O n l^aq. [160°]. S. *08 
at 9° ; S. (alcohol) 2-5 at 9°. A glucoside in the 
bark of Phillyrea latifolia (Bertagnini, ,4.92, 109 ; 
118, 124). Crystalline, insol. ether. Split up by 
dilute acids into glucose and crystalline philly- 
genin C^H^O,,, v. sol. ether. A glucoside 
C 2e H, a O n ([184°] ;S. *05 in the cold, 12*5 at 100°) 
in OUafragrans is perhaps identical with phil- 
lyrin. It is split up by acids into glucose and 
O 20 H M O a [70°] (Eykman, JR. T. C. 5, 127). 

PHLEIN C 3a H a2 0 31 . [215°]. S.G. 1*48. S. 
3*26 at 10°. [a] D «— 48-5. Occurs in the bulbs 
of cat’s-tail grass (Phleum pratense) and in the 
roots of BaldAgera arundinacca (Ekstrand a. 
Johanson, B. 20, 3310 ; 21, 597). Carbohydrate 
resembling starch, but not coloured blue by 
iodine. Reduces AgNO a , but not Fehling’s solu- 
tion. 

PHLOBAPHENE C 88 H 2a O n . Named from 
<p\oi6s t bark, and j8a^, colour. Occurs in oak 
bark, and formed by boiling quercitannio acid 
with dilute acids (Hofstetter, A . 51, 63 ; Gra- 
bowski, A. 145, 3 ; Oser, J. 1876, 903 ; Bottinger, 
A. 202, 270 ; 240, 338). Reddish-brown powder, 
insol. water, ether, and cold alcohol. Alkalis 
form a reddish-brown solution, which absorbs 
oxygen from the air. Turned black by FeCl„. 
Potash-fusion yields protocatechuic aoid (Procter, 
C. /. 36, 979). Yields C 88 H 18 Ac 7 O l7 , 0 w H 19 Bz 7 O 1T , 
and O^KeO^, which is insol. alcohol, v. 
sol. waterfT Bromine yields Cja ift Br 10 O, 7 and 
C^HaoBraO,,, which forms C,Jl l3 Br e kQ 7 0 17 . A 
substance resembling phlobaphene 

oocurs in hops (Etti, A . 180, 223 ; D. P. J . 228, 
854). 

PHLOGISTIC THEORY v. Combustion, voL ii. 
pp. 241-2, 


PHLORAMINE C^NO*, U. 
C 6 H 8 (OH) 2 {NH 2 ). Amido -resorcin ? Formed by 
passing NH 3 over phloroglucin (Hlasiwetz a. 
Pfaundler, A. 119, 202). Thin plates (from 
water), si. sol. cold water, v. sol. alcohol, insol. 
ether. Turns brown in air. Decomposed by 
alkalis. Its solutions are not coloured by FeCl s . 
— B'HCl. — B' 2 HgS0 4 2aq : long yellowish needles. 

PHLORElN C^HuNOj. Formed bv passing 
nitrous acid gas into an ethereal solution of 
phloroglucin (4 g.) containing HN0 8 (4 c.c. of 
S.G. 1-26) (Benedikt, B. 7, 445 ; A . 178, 93). 
Lustrous dark -green powder, insol. water, v. sol. 
alcohol and ether, forming a dark-brown solution. 
Alkalis form a purple solution. Yields phloro- 
glucin when fused with potash. Zinc and dilute 
H 2 S0 4 form a colourless body, re-oxidised to 
phlorein by air. 

PHL0RETIC ACID v. p-Oxy-ci-phenyl-pbo- 
pionic acid. It yields a crystalline di-bromo- 
derivative (Hlasiwetz, A. 102, 145). 

PHLORETIN C 15 H 14 O fl . [255°]. Formed by 
boiling phlorizin or glyoyphyllin with dilute acids 
(Stas, A. 30, 200 ; G. Roser, A. 74, 178 ; Hlasi- 
wetz, A. 96, 118; Schiflf, A/ 156, 2; 172,357; 
229, 374 ; Rennie, C. J. 49, 860). Small laminae, 
with sweet taste, v. si. sol. hot water and ether, 
v. e. sol. alcohol. Inactive to light. Bromine 
forms C, 5 H 10 Br 4 O 5 [205°-210°] (Schmidt a. Hesse, 
A. 119, 103). Alkaline solutions absorb oxygen 
and turn orange in air ; boiling cone. KOHAq 
splits it up into phloretic acid and phloroglucin. 
Aniline at 170° forms C 2l H 19 N0 4 , a scarlet powder. 
AcCl gives amorphous C, 5 H 12 Ac 2 O a aq. 

Salts.— C 15 H n (NH 4 ) 3 0 5 : amorphous. Gives 
off NH a in air.— O 80 H 18 Pb s O 10 5aq. ~C 15 H 13 Ag0 5 : 
unstable pp. 

PHLORIZIN C 2l H 24 O I0 2aq. Named from 
< p\oi6s f bark, and root. [109°] (when anhy- 

drous). S.G. 1-43. S.*lin the cold. [a] D = -49 
at 15°. Occurs in the root-bark of the apple, pear, 
plum, and cherry tree, from which it may be ex- 
tracted by dilute alcohol (Stas a. De Koninck,.4. 
15, 75 ; 30, 193 ; A. Oh. [2] 69, 367 ; Mulder, 
Rev. Sclent. 3, 50 ; Roser, A. 74, 178 ; Strecker, 
A. 74, 184; Rennie, G. J. 51, 635). Silky needles 
with slightly bitter taste, si. sol. cold water, v. e. 
sol. hot water and alcohol, insol. ether. Melts 
at 109°, becomes solid, and melts again at 171°. 
Lffivogyrate. Decomposed by dilute acids into 
glucose and phloretin. Gives pps. with baryta 
and MeOH, with lime-water, and with lead sub- 
acetate. Air and ammonia form reddish-brown 
amorphous phlorizein C 21 H 30 N 2 0, 3 . Gives a violet 
colour on boiling with ZnS0 4 and KN0 2 (Nickel, 
Fr. 28, 248). FeCl, gives a brownish-red colour. 
Aniline at 180° forms C„H 34 N 2 0 8 , a yellow 
powder, yielding a mono- and a tri- acetyl deri- 
vative. 

Acetyl derivatives C^BLjjAoOjo 2aq : 
needles (from water). — O 2 ,H 21 Ac 3 O 10 . — 
C-aHj^AcjOjo aq : amorphous solid. 

Tri-benzoyl derivative . Powder. 

Isophlorizin O^H^O,,,. [105°]. Occurs in the 
leaves of the apple-tree (Rochleder, Z. [2] 4, 741). 
Silvery needles. Its ammoniacal solution turns 
brown in air. Its solution is ppd. by lead sub- 
acetate. Dilute HJ&Ot splits it up into glucose 
and isophloretin 0, S H 14 0 4 , whioh is v. sol. ether t 
and yields phloroglucin when heated with cone* 
KOHAq. 
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PHLOBQBBOMINEq a Br t HO. [152°]. Formed 
by the action of excess of bromine on a very 
dilate aqueous solution of phlorogluoin (Benedikt, 
A* 189, 165 ; C. J. 84, 499). Dimetrio prisms ; 
0:6* 1:1*2. Insol. water. Not attacked by potash 
or HNO s . Warm alcohol decomposes it, forming 
penta-bromo-acetone [76°]. NH,Aq forms CBr a H 
and OftB^H^jj, crystallising from water in oolour- 
less laminae [124°]. 

PHLOBOGLTJCIN 0^0, i.e. O a H 3 (OH) 3 
[1:3:6]. Mol. w. 126. [219°] (Baeyer, B. 19, 2186). 
BLF. 163,348 (Stohmann, J.pr. [2] 83, 471). 

Formation . — 1. By boiling phloretin with 
cone. KOHAq (Hlasiwetz, A. 96, 118).— 2. By 
potash-fusion from quercetin, maclurin, catechin, 
scoparin, gamboge, dragon’s blood, limettin, and 
bergaptene (Hlasiwetz, A . 112, 96; 119, 199; 
127,367; 184, 118, 283; 138, 190; Zwenger,A. 
123, 164; Gautier, Bl. [2] 33, 683; Tilden a. 
Beck, C. J. 67, 328 ; Pomeranz, M. 12, 387). — 
3. By fusing resorcin with a large excess of 
NaOH, the yield being 65 p.c. (Barth a. Schreder, 
B. 12, 603). — 4. By soda-fusion from phenol, 
benzene, tnsulphonio acid, orcin, and naringenin 
(Barth a. Schrdder, B. 12, 422; M. 3, 649; 
Will, B . 20, 297). — 6. By fusing its tricarboxylic 
ether with potash (Baeyer, B. 19, 3458).— 6. By 
fusing 5-di-bromo-phenol with potash (Blau, M. 
7, 632). 

Preparation.— By soda-fusion from resorcin 
(Tiemann a. Will, B. 14, 964 ; 18, 1323). 

Properties. — Trimetrio crystals (containing 
2aq) ; a:6;c» -825:1:3*417. Melts at 200°- 209° 
when slowly heated. Y. sol. water, alcohol, and 
ether; si. sol. NaClAq. Tastes sweeter than 
sugar. May be sublimed. Its solution is ppd. by 
lead subacetate. FeG] 8 gives a bluish-violet 
colour. Reduces Fehling’s solution and am- 
moniacal AgNO r Its alkaline solution absorbs 
oxygen and turns brown in air. Colours acidified 
pine-wood red. An alcoholic solution gives a 
red colour with HClAq and vanillin (Lindt, Fr . 
26, 260), oil of cloves, or oil of pimento (Ihl, 
Chem. Zeit. 18, 264). 

J Reactions. — 1. Bromine forms crystalline tri- 
bromo-phlorogluoin and finally phlorobromin. 
2. Chlorine passed into its aqueous solution 
forms tri-chloro -phlorogluoin CaCl^OH^Saq 
[136°], which soon decomposes into tetra-chloro- 
acetone hydrate, and ai - chloro - acetic acid 
(Webster, G. J. 47, 428 ; Zincke a. Kegel, B. 22, 
1476). Chlorine passed into its solution in 
HO Ac forms CHCl 2 .CO.CHClj4aq [49°]. Chlorine 
passed into a cooled solution of dry phlorogluoin 

in chloroform forms CO^qq^’qq^CCI* [48°], 

(269°), decomposed by water into C0 2 , di-ohloro- 
aoetio acid, and C0(CHC1 2 ) 2 .— 3. Dilute HNO, 
forms nitro-phloroglucin. — 4. Ammonia produces 
phloramine. —6. Nitrous add in its ethereal solu- 
tion forms phlorein. In acetio acid solution it 
gives tri-nitroso-phloroglucin (vol. iii. p. 619). — 
6. Aqueous HI at 140° forms nearly tasteless 
scales of phloroglucideG,jH, 0 O a 2aq,sl. sol. warm 
water. Phloroglucide is also got by heating 
phlorogluoin alone or with P0C1*.— 7. Heated 
with salicylic acid it forms two compounds of the 

term OA<g 0 >O.H(OH)<g 0 >O.H 4 . one of 

these (described by Kostanecki and Nessler) 
which vields an acetyl derivative C tt H 9 0 4 (0Ac) 
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[218°]; the other isomeride [326°] orystaUises 
from HOAo in green -yellow tables.— 8. With 
o - amido - benzoic aldehyde and NaOHAq it 
forms red C 13 H 8 N0 2 , possibly di-oxy-acridine 

0 t H s (0H) 1 <^j H >0,H 4 , which form* B'^PtCl, 

and C, 8 H 7 Bz 2 N0 2 (Eliasberg a. Friedl&nder, B. 
25, 1752).— 9. Phenyl cyanate unites, forming 
OgH^O.CO.NHPhJg, a yellowish powder [128°] 
(Goldschmidt a. Meissler,B. 23, 269). — 10 .Benzene 
sulphonic chloride added to the slightly alkaline 
solution forms C a H Jt (0.S0 2 C 6 H ft ) 8 [117°] (George- 
sen, B. 24, 418).— 11. Aniline at 210° forms tri- 
phenyl-tri-amido-benzene [193°] (Minunni, B. 

21, 1984).— 12. Phloretic add at 170° forms 
C 3 S Hj. 2 0 14 , crystallising from water in lamina 
(Hlasiwetz, A. 119, 199). 

Tri-oxim G a H a (NOH) a . Formed from 
phlorogluoin and aqueous hydroxylamine (Baeyer, 
B. 19, 159). Colourless crystals, v. si. sol. water 
and aloohol, sol. alkalis and acids. Explodes at 
155°. 

Phenyl-hydrazine derivatives. The 
salt C a H a 03N.>HjPh [78°-83°] is got from phloro- 
glucin (1 mol.) and phenyl-hydrazine (3 mols.) 
in alcoholic solution (Baeyer a. Koohenadrfer, B. 

22, 2190). Nodules, sol. alcohol and ether. Cold 
NaOHAq sets free phenyl-hydrazine. In alco- 
holic solution it changes on keeping to 
G a H 3 (OH)(N 2 H2Ph) 2 [144°], which crystallises 
from toluene in needles, and yields a penta- 
benzoyl derivative [176°]. 

Tri-acetyl derivative O a H 3 (OAc) 8 . 
[106°]. Got by heating phlorogluoin with AcCl. 

Di-benzoyl derivatives C a H a (OH)(OBz)„ 
Two isomerides [165°] and [191°-195°] are got 
from phlorogluoin with BzCl. The compound 
[165°] is more sol. benzene than the other 
(Skraup, M. 10, 391, 722). 

Tri-benzoyl derivative G a H 3 (OBz) 8 . 
[174°]. Formed, together with 0, 2 H a (OBz) 4 
[199°], by warming phlorogluoin with BzCl and 
NaOH (S.). Plates, sol. benzene. 

Tri-methyl ether C a H a (OMe),. [52°]. 
(256°). Formed by passing HC1 into a solution 
of phlorogluoin in MeOH, the resulting 
C a H 3 (OH)(OMe) 2 being treated with Mel and 
KOH (Will, B. 21, 603). Crystals, insol. water 
and alkalis, v. sol. alcohol and ether. Cone. 
HN0 3 forms a blue solution. Bromine gives 
CaBr^OMe), [145°]. When phlorogluoin is 
treated with KOH and Mel the products are 
C a H3Me s 0 8 [184°], C a H 2 Me 4 0, [114°], and 
C rt Me a O a [80°] (Margulies, M. 9, 1052; 10, 459). 
When tetra-methyl-phloroglucin is heated in 
sealed tubes with HClAq it yields isopropyl 
ketone, isobutyric acid, HOAo, and C0 2 . Hence 

it would appear to be OMe,<^;^ e >O.OH 

(Spitzer, M. 11, 104, 287). Hexamethyl-phloro- 
glucin heated with LiAq at 200° produces iso- 
butyric aoid and C 7 H la , and, on oxidation, yields 
di-isopropyl ketone. Hence it would appear to 

beCMe,<Og;^ j >00. 

Di-ethyl ether C a H,(OEt) f [OH). [75°]. 
Made by passing HC1 into an alcoholic solution 
of phlorogluoin or its carboxylic aoid (Will a. 
Albrecht, B. 17, 2106). Long while needles. 
May be distilled. 
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Tri-ethyl ether C a H 8 (OEt) 8 . [43°]. Got 
hy heating the di-ethyl ether witn EtI and alco- 
holic potash (W. a. A.). 

Penta-ethyl derivative v . vol. ii. p. 605. 

Tri-phenyl ether O fl H 3 (OPh) 3 ? [176°]. 
A produot of the action of Na on phenyl acetate 
(Hodgkinson, C. J. Proc. 2, 188). V. si. sol. Aq. 

jBe/er«nces.—TRi-BROMo-, Bromo-di-iodo-, 
Tri-ghloro-, Nitboso-, and Nitro- phloroglucin. 

FHLOBOGLU C1N CABBOXYLIC ACID v. 
Tri-oxy-benzoic acid. 

Phloroglucin tricarboxylic ether 0, 6 H 18 0 9 
U. C a (0H) 3 (00 2 Et) 3 . [100°]. Formed from 

malonic ether and ZnEt 2 (Lang, B. 19, 2937). 
Prepared by dissolving Na (14‘4 g.) in malonic 
ether (200 g.) at 100° and heating the product 
for six hours at 145° (Baeyer, B. 18, 3457 ; 
Bally, B. 21, 1766). In this preparation an an- 
hydride O a (OH) 2 (CO 2 Et) 2 <^0Q [170°] is also 

formed. Needles (from dilute alcohol), insol. 
water. Does not react with nitrous acid gas. 

Beactions . — 1. Potash-fusion yields phloro- 
glucin. — 2. Bromine in CS 2 ppts. bromo-phloro* 
glucin dicarboxvlic ether [128°]. — 8. Chlorine 
gives tri-chloro-acetamide. — 4. Phenyl cyanate 
and C a H a at 200° form C 6 (0.C0.NHPh) a (C0 2 Et) 8 
[195°] (Goldschmidt a. Meissler, B. 23, 270). 

Tri-acetyl derivative C a (0Ac) 3 (C0 2 Et) 3 . 
£76°]. Needles (from alcohol or ether). 

Oxim C a H a (N0H) a (C0 2 Et) 3 . [171°]. 

PHLOBOGLTJ CIN - PHTH ALElN C 20 H 12 O 7 . 
Formed by heating phloroglucin with phthalic 
anhydride at 170° (Link, B. 13, 1652). Minute 
orange needles, si. sol. water. Its alkaline solu- 
tions are orange-red, without fluorescence. Zino- 
dust and NaOHAq reduce it to phloroglucin- 
phthalin an amorphous reddish-yellow 

mass. 

PHLOROGLUCIN SULPHONIC ACID 

CyiflSOa i.e. C 6 H 2 (0H) 8 .S0 9 H. Formed by mix- 
ing phloroglucin with H 2 S 2 0 7 (Schiff, B. 6, 26 ; 
A. 178, 191). Yields a crystalline K salt. P0C1 3 
converts it into the anhydrides O I2 H 10 S 2 O u , v. e. 
sol. water, and C 12 H 8 S 2 O 10 , si. sol. water, and 
C 24 H lg S 2 0i 5 . 

PHLOBOL v. o-Ethyl-phenol. 

PHLORONE v. Xyloqtjinone. 

PHOBOHE C 9 H 14 0 i.e. COCCHCMe,),. Mol. 
w. 188. [28°]. (197°) at 743 mm. 8.G. *885. 

ja D «b 1*600 at 20° (Briihl, A. 235, 15). R^ 
70*93 in a 14*6 p.c. benzene solution. Formed, 
together with mesityl oxide, by leaving acetone 
in contact with quicklime (Fittig, A . 110, 32). 
Formed also by the action of oono. HClAq on 
acetone (Baeyer, A . 140, 301), and by heating 
nitroso-triaoetonamine with potash (Heintz, A. 
187, 250). Yellowish prisms. Yields acetone, 
oxalic acid, and C0 2 on oxidation with KMn0 4 
(Pinner, B. 15, 691). Slowly combines with 
NaHS0 3 , forming di-isobutyl ketone di-sulphonic 
acid. Yields ^-cumene on heating with P 2 0 3 
and mesitylene on heating with cone. H. 2 S0 4 . 
Yields me&tyl oxide on distilling with dilute 
H 2 S0 4 (Claisen, A . 180, 18). Bromine in CS Z 
forms C*H 14 Br 4 0 [88°]. Zinc and H 2 S0 4 reduce 
it, in alcoholic solution, to deoxyphorone C^H^O 
[108°]. HI forms C # H 16 I 2 0 [13°] (Kasaneff, B. 
8, 485). Phorone does not react with benzoic 
aldehyde (Ol&isen, B. 14, 852). 


Oxim 0 9 H )4 :N0H. l48 0 ]. (218°). Tables, 
v. sol. alcohol (Nageli, B. 16, 496). 

Isophorone. The substance to which this 
name has been given is a mixture (Lay cock, 
A. 258, 230). 

Camphor-phorone 0 8 H 14 0 i.e . 

y GH 2 .OH 2X 

OMe^ ^OPr (KSnigs a. Eppens, B. 25, 

\CO / 

260). (208°) (Kachler, A. 164, 79). Got by 
distilling caloium camphorate (Laurent, A, Ch. 
[2] 65, 329 ; Gerhardt a. Li&s-Bodart, A. 72, 
293) and by heating camphor (1 pt.) with H„S0 4 
(4 pts.) at 100° (Schwanert, A. 123, 298). 
Colourless oil with aromatic odour. Inactive to 
light. PCl a yields C 9 H l3 Cl (205°). Yields a- 
methyl-glutaric and acetic acids on oxidation. 
Na followed by Mel yields C„H 13 MeO (225°- 
230°). Na followed by AcCl yields C 18 H 27 Ac0 2 
(230°-240°). Bromine in CS 2 forms C 9 H l3 Br a O 
[52°]. 

PHOBONIC ACID O n H 18 0 5 . [184°]. Formed 
by saponification of its nitrile, which is got by 
boiling the product of the action of gaseous HC1 
on acetone with alcoholic potasli (Pinner, B. 14, 
1071 ; 16, 585). Large prisms (from dilute al- 
cohol), si. sol. water. —KHA" l^aq : needles, v. sol. 
water. — CaA" 3aq : prisms. — •Ag.A." aq : pp. 

Ethyl ether Et,A". [125°]. 

Amide, [above 300°]. Prisms. 

Anhydride O n H, fl 0 4 . [138°]. Got by 

heating the acid at 190°. 

Imide O n H lfl O s (NH). [205°]. Formed from 
the anhydride and alcoholio NH 3 . 

Nitrile C n H, 8 N 2 0 2 . [above 320°]. 

PHOSENE v. Synanthrene. 

PHOSGENE GAS. Another name for COCl 2 ; 
v. Carbon oxychloride, vol. i. p. 692. 

PHOSPHAM. (?)PN 2 H. When dry NH 3 is 
passed into well-cooled PC1„, a solid oolourless 
mass is obtained, said by H. Rose to contain 
PC1 3 and NH 3 in the ratio PC1 3 :5NH 3 (P. 24, 
308; 28, 529). This substance is probably a 
mixture of various compounds; other substances 
are formed if the PC1 3 is not cooled. If PC1 5 is 
treated with NH a at the ordinary temperature, 
6NH S are absorbed by PC1 5 (H. Rose, l.c .) ; from 
this product ether dissolves out N 3 P 3 Cl a ( v . Ni- 
trogen phosphochloride, vol. iii. p. 670) ; if the 
product is heated, HOI and NH 4 C1 are evolved, 
and a white, loose powder remains, to which 
Gerhardt (A. Ch. [3] 18, 188; 20, 225) gave the 
composition PN 2 H and the name phospham. 
Liebig a. Wdhler (A. 11, 139) obtained this com- 
pound by passing PCI* or PC1 5 over heated 
NH 4 C1, and washing and heating the product ; 
they supposed it to be PN 2 . The same substance 
was obtained by Pauli (A. 101, 41) by heating 
an intimate mixture of P 2 S a and NH 4 C1, also by 
heating red P with S andNH 4 Gl, and by heating 
powdered Ca phosphide with S and NH 4 C1, and 
washing the residue with an acid. Pauli’s 
analyses showed less N than is required by the 
formula PNjjH. By treating PC1 5 with NH„ 
washing for a long time with water, digesting 
with HClAq, then with KOHAq, washing with 
water and then with ether, Salzmann (B.7,494) 
obtained a substance resembling phospham and 
approximately agreeing with the composition 
P 3 N3H 4 ; Salzmann regarded this substance as 
probably a mixture of several very similar com- 
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pounds ot P, N, and H. Besson (C. E. 114, 
1264) says that PC1 S absorbs 8HN 3 , and that on 
heating PNJH is formed. 

Phospham is a white, loose powder; in- 
soluble in ordinary solvents ; melts and vaporises 
when heated in absence of air ; oxidised by heat- 
ing in air ; yields HPO, and HN S when moistened 
with water and heated (Gerhardt, l.c.) ; fused 
with KOH or Ba0 2 H 2 forms NH 3 and ortho- 
phosphate, with incandescence. 

Phospham may be regarded as one of the 
nitriles of H,P0 4 : thus P0.0H.(0NH 4 ),-4H 2 0 
» PN 2 H ; the other nitriles would be PON, which 
is known (t>. Phosphorus oxynitride, p. 144) 
[PO(OH) 2 ONH 4 — SHjO = PON], and PN s H 4 , which 
has not been isolated [PO(ONH 4 ) 3 — 411,0 
= PN,H 4 ]. Mendelejeff (B. 23, 3472 note) 
thinks it likely that phospham is a polymeride 
of PN 2 H, inasmuch as it is analogous to N S H 
(hydrazoic acid, vol. iii. p. 559) and both P and P 
compounds show a greater readiness to polymerise 
than N and compounds of N. M. M. P. M. 

PHOSPHAMIC ACIDS AND ALLIED COM- 
POUNDS. Two «nic acids may be derived theo- 
retically from PO(OH) 3 , viz. PONH,(OH) 2 and 
PO(NIi 2 ) 2 OH; both acids have been isolated. 
The compound PO(NH 2 )„ is described as 
Phosphamide, and PO.NH.NH 2 as Phosphamido- 
imide (infra). The two thiophosphamic acids, 
PS.NH 2 .(OH) 2 and PS(NH 2 ) 2 OH are probably 
formed by the action of NH S on PSC1, ( v . Tmo- 
phosphoryl chloride, Reaction 7, p. 148). The 
three amic acids (or salts of these) deriva- 
ble from H 4 P,0 7 are known: P 2 0 3 NH 2 (0H) J , 
P 2 0„(NH 2 ) 2 (0H) 2 , and P f O,(NH 1 ),OH. By heat- 
ing P 2 0 3 (NHj),0H the NH 4 salt of the acid 
P 2 0,(0H)N is obtained. There are also several 
acids (or their salts) known, which maybe derived 
from hypothetical P 4 0 7 (0H) 6 [2P 2 0 3 (0H) 4 -H 2 0 
= P 4 0 7 (0H) J by replacing OH by NH 2 or NH. 
Imidophosphoric acid, PO.NH.OH, perhaps 
exists. 

Piiosphamic acid PO.NH 2 (OH) 2 . ( Amidophos - 
phoric acid.) Obtained by Stokes (Am. 15, 198 
[1893]) by suspending the lead salt in a little 
ice-water, decomposing by excess of H 2 S, and 
filtering into alcohol. White microscopic crys- 
tals ; easily sol. water ; does not give NH S with 
caustic alkalis ; heated to 100° is Blowly changed 
to an NH 4 salt, perhaps NH 4 .P0 3 ; aqueous solu- 
tion soon changes to NH 4 R 2 P0 4 . Acid and 
normal salts have been prepared. The lead salt 
is formed by adding lead acetate to a solution of 
PO.NKj.OH.OK, which salt is produced by add- 
ing alcoholic NH, to an alcoholio solution of 
PO.Cl(OPh) 2 , and saponifying the PO.NH 2 (OPh) 2 
thus formed by KOHAq. 

Phosphodiamic acid PO.(NH 2 ) 2 OH. ( Diamido - 
phosphoric acid.) Stokes (B. 27, 565 [1894]) 
prepared this acid by saponifying the product of 
the action of NH,Aq on POCl^OPh). The acid 
gives salts PO(NH 2 ) 2 OM, and also salts of an 
acid P(NH 2 ) 2 (OH), (Abstract in C. J. 66 [11], 
188 [1894]). 

Pyrophosphamic acid P 2 O s (NH 2 )(OH) 3 . This 
is said by Gladstone (0. J. 17, 229) to be the 
chief product of the action of NH, onP 2 O a ; 
Schiff (A. 103, 168) formulated this product as 
PO.NH.OH, imido-phosphoric acid ; Stokes (lx.) 
says the product is a mixture. For details v. 


G. (lc.\ also C . J. 3, 135; 21 64) ; also G. a. 
Holmes ( C . /. 17, 225). 

Pyrophosphodiamio acid P 2 0,(NH 2 ) 2 (0H) 3 
(G., C . J. 19, 290; G. a. H., l.c.). Formed by 
action of water or alkalis on N s P,Cl t „ by treating 
POC1, with cone. NH,Aq, and in many other 
ways. A white amorphous solid, easily soluble 
in water and alcohol. The acid is dibasio. The 
salts are difficult to obtain pure, as they easily 
change into pyrophosphamates ; salts of Ba, Ag, 
and Zn are described. 

Pyrophosphotiuamic acid PAfNHJaOlI 
(G., G. J. 19, 1 ; 21, 64). Dry NH, is passed 
into POC1, until saturated, the product is heated 
to 220° and boiled for a short time with water, 
the residue is washed with cold water, and then 
with a little dilute alcohol. A white, amorphous, 
tasteless powder, nearly insoluble in water ; 
slowly acted on by cold water, more quickly by hot 
water, yielding P 2 0 3 (NH 2 ) 2 (0H) 2 Aq and NH,Aq ; 
boiled with HClAq gives H,P0 4 and NH 3 . Pyro- 
phosphotriamates of NH 4 , Ba, Cd, Co, Cu, Cr, 
Fe, Pb, Mg, Mn, Hg, Ni, Pt, K, Ag, Tl, and Zn 
are described ; the acid is said to be tetrabasic. 

Pyrophosphonitrilio acid P 2 0 3 (0H)N. The 
NH 4 salt of this acid is said to be formed by 
heating P 2 0 3 (NH 2 ) 3 0H, and the K salt by heat- 
ing P 2 0 3 (NH 2 ) 3 0K (G., C. J . 22, 19). 

Tetraphosphamic acids and allied com- 
pounds. By the reaction of NH, with POC1, 
under different conditions, Gladstone (C. J. 21, 
261 ; 22, 15), obtained various compounds which 
may be regarded as (1) tetraphosphodiamic acid 
P 4 0 7 (NH 2 ) 2 (0H> 4 , (2) P 4 0 7 (NH 2 ) 4 (0H) 2 tetra- 
phosphotetramic acid, (3) ? tetraphospho-irnido- 
tetramidc P 4 0 7 (NH 2 ) 4 NH (called by G. tetra - 
phosphopcntazotic acid), (4) ? tetraphosphodi - 
imido-diamidc P 4 0 7 (NH„) 2 (NH) 2 (called Iby G. 
tctraphospiiotetrimic acid). Some of the above 
acids are regarded by Mente (A. 248, 232) as 
imido- acids. M. M. P. M. 

PHOSPHAMIDES. I. Phosphoric triamide 
O.P(NH,J, (Phosphoryl triamidc) [derived from 
0.P(0H) s *=H 3 P0 4 ]. This compound is said by 
Schiff (A. 101, 300) to be obtained by passing NH, 
gas into P0C1 3 , and treating the product with 
water. It is described as a snow-white, amorphous 
solid ; heated out of air gives NH,and PON ; fused 
with KOH gives NH, and K phosphate ; scarcely 
acted on by boiling water, KOHAq, or dilute acids ; 
soluble in hot cone. H 2 S0 4 ; slowly attacked by 
boiling cone. HNO, or HClAq. Gladstone ( 0 . J. 
22, 18) could not obtain this compound. 

II. Phosphorous diamide OH.P.(NH 2 ) 2 [de- 
rived from OH.P(OH) 2 =*H,PO,]. The white 
powder produced by passing NH, into P 4 O a * n 
benzene or ether has probably this composition 
(Thorpe a. Tutton, C. J. 59, 1027). It dissolves 
in water with incandescence; HClAq reacts 
violently, forming non-inflammable PH„ P, 
NH 4 C1, H 3 P0 3 Aq, and H,P0 4 Aq. 

Thiophosphamide iB described under Thio- 
phosphoryl chloride, Reactions , No J7, p. 148. 

M. m. P. M. 

PHOSPHAKIDO-IMIDE PO.NH.NHj (Phos- 
phoryl imido -amide. Formerly called Phos - 
phodiamide) (Gerhardt, A. Gh. [3] 18, 188 ; 
Schiff, A. 101, 310). Obtained by saturating 
PClj with NH„ boiling the product with watex 
as long as HC1 passes into solution, then bolliog 
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with potash* then, with HN0 3 Aq or HsS0 4 Aq, 
washing, and drying over E^SO^ A white 
powder, insolnble in alcohol, water, or turpentine ; 
heated out of air gives NH a and PON ; heated 
in moist air gives NH, and HPO a ; fused with 
KOH gives K phosphate and NH S ; slowly 
oxidised by fusion with KNO g , but resists action 
of most oxidisers. M. M. P. M. 

PHOSPHATES. Salts of the phosphoric 
acids . Besides the salts directly derived from 
the three phosphoric acids HPO s , H s P0 4 , and 
H 4 P 2 0 7 ( v . Phosphoric acids, p. 124), phos- 
hates exist which are probably derived from 
ypothetical di-, tri-, or meta- phosphoric acid 
wHPO a ; and a few salts have been isolated 
which are perhaps derived from the hypotheti- 
cal acids P 4 0 7 (0H) fl and P 10 0, fl (OH) ia . 

Composition. — Orthophosphates are de- 
rived from H 8 P0 4 ; they may be divided into 
classes according to the replacing powers of the 
metals : (1) monovalent metals form MHjPO^ 
M 2 HP0 4 , and M g P0 4 ; (2) divalent metals form 
MH 4 P 2 O a , MHP0 4 , and M s P 2 O a ; (8) trivalent 
metals form MH 3 P 2 O a and M^Og*, (4) tetra- 
valent metals form MEy? 2 0 8 and M 3 P 4 0 18 . 

Pyrophosphates are derived from H 4 P 2 0 7 : 
(1) salts of monovalent metals and 

M 4 P 2 0 7 ; (2) salts of divalent metals MHjPjO, 
and <fcc. 

Metaphpsphates are derived from HP0 3 : 
(1) salts of monovalent metals MPO„ ; (2) salts 
of divalent metals MP 2 O e , &o. Various modifi- 
cations of Na (and other) metaphosphates are 
known, all having the empirical formula MPO s , 
but differing both in physical and chemical pro- 
perties from one another ; these salts were clas- 
sified by Fleitmann a. Hanneberg (A. 65, 804 ; F., 
P . 78, 233, 338) as : (1) dimetaphosphates , salts 
of H 2 P 2 0 6 ; (2) trimetaphosphates , salts of 

H a P 8 Og ; (3) tetrametaphosphates, salts of 

H 4 P 4 0i 2 ; and (4) hexametaphosphates , salts of 
H a P 6 0 18 . Tammann (Z. P. C. 6, 122) has exa- 
mined the electrical conductivities, and the de- 
pressions of freezing-points, of aqueouB solutions 
of several di-, tri-, and hexa- metaphosphates ; 
he comes to the conclusion that Fleitmann’s 
dimetaphosphates should be represented in 
solution as M 8 (P0 8 ) 8 ( i.e . aB trimetaphosphates), 
and that his tri- salts when in solution are really 
M 2 (PO,) a (i.e. dimetaphosphates). Tammann’s 
results point to the existence in aqueous solu- 
tion of 8 iBomeric hexametaphosphates which 
may be represented as (i.) M 2 .M 4 (P0 8 ) fl e.g . 
Na 2 .Na 4 (PO > ) 8 , K 2 .Na 4 (PO*) # ; (ii.) M 4 .M 2 (P0 3 ) a e.<7. 
Na 4 .Na 2 (P0 8 ) 8 , A&.Na^PO,). ; (hi.) M ft .M(P0 3 ) fl 
e.g . Na fi .Na(POj) e , (NH 4 ) 5 .Na(PO„) 6 . There are 
also, according to Tammann, three different Na 
metaphosphates insoluble in water ( v . also T. y 
J. pr. [2] 45, 417). 

Tetra - and deka-phosphates. Salts of 
tho compositions NagP 4 0 12 and Na 12 P, 0 O sl are 
obtained by fusing together Na 4 P 2 0 7 and 
Na d (PO g ) a ; these salts may be regarded as de- 
rived from the hypothetical condensed acids 
H a P 4 0, g 2H 4 P 2 0 7 — H 2 0), and H 12 P lft O„ 

( = 5H 4 P 2 O y — 411*0) , respectively. 

The composition of all. the phosphates may 
be represented empirically by the expression 
nMO.raPjO^HjO, where MO stands for a basic 
oxide. 

Ocourrmtce. —Phosphates of A1 and Oa occur 


in large quantities in many rooks ; phosphate! 
of Fe, Pb, Mg, NH 4 , &o. are also widely dis- 
tributed minerals. Coprolites (the fossilised 
excrements of former land-animals), and guanc 
(the excrement of certain birds) consist very 
largely of Oa phosphate. Phosphates occur in 
some kinds of coal, in the ashes of plants, and 
in the bones of animals. 

Formation. — Some of the orthophosphates 
are obtained by reacting on H s P0 4 Aq with me- 
tallic oxides or carbonates ; others are formed 
by double decomposition from the alkali phos- 
phates ; when a metaphosphate is fused with a 
metallic oxide or hydroxide a normal ortho- 
phosphate is generally formed. Many pyro- 
phosphates are obtained by double decomposi- 
tion from Na 4 P 2 0 7 , which is formed by strongly 
heating Na 2 HP0 4 ; other pyrophosphates are 
found by neutralising H 4 P 2 0 7 Aq by basic oxides 
or hydroxides. Metaphosphates are generally 
formed by strongly heating orthophosphates 
MHJP0 4 or MBHP0 4 , when M or R is a metal 
whose oxide is volatile ; many are produced by 
double decomposition from NaPO s ; some are 
formed by heating Cu 2 (PO a ) 4 ‘ with a metallio 
sulphide and filtering from GuS. 

The processes by which any one of the three 
classes of phosphates is formed from another 
is perhaps best understood by representing the 
phosphates thus : 

meta pyro ortho 

P 2 0 a .M 2 0 P 2 0 5 .2M 2 0 P 2 0 a .3M 2 0 

Metaphosphate becomes pyro- by gaining M 2 0, 
and becomes ortho- by gaining 2M 2 0, and so 
on. Metaphosphate fused with metallic oxide, 
hydroxide, or carbonate yields pyrophosphate or 
orthophosphate, according to the quantities used ; 
thus (1) 2NaPO s + Na 2 CO, - Na 4 P 2 0 7 + C0 2 ; 
(2) 2NaPO s + 2Na 2 CO g « 2Na 8 P0 4 + 200 2 . The 
metaphosphate of a heavy metal yields an or- 
thophosphate and HjP 0 4 by boiling with water ; 
thus 3AgPO g + 8H 2 0 - Ag s P0 4 + 2H 3 P0 4 . The 
change from a pyro- to an ortho- phosphate is 
often effected by boiling with water, the pro- 
duct being an acid salt, thus Na 4 P 2 0 7 + H 2 0 
= 2Na 2 HP0 4 ; or the pyrophosphate is fused 
with hydroxide or carbonate, thus 

Ba 2 P 2 0 7 + Ba0 2 H 2 = Ba 3 (P0 4 ) 2 + H 2 0. 

Acid orthophosphates with one atom of H yield 
pyro-phosphates when strongly heated, e.g. 
2Na 2 HP0 4 — H 2 0 = Na 4 P 2 0 7 ; and those with two 
atoms of H yield metaphosphates, e.g . 

NaBLjPO, - H 2 0 « NaP0 3 . 

Similarly a double orthophosphate of the form 
M 2 RP0 4 yields a pyrophosphate on heating 
if R forms a volatile oxide, e.g. 2Na 2 (NH 4 )P0 4 
» Na 4 P 2 0 7 + HgO + 2NH 3 . The removal of M 2 0 
from a normal orthophosphate with formation 
of a metaphosphate is often effected by fusing 
with Si0 2 or B 2 O s or other anhydride which 
forms a salt with Mp, Ag. Naj,P0 4 + SiO t 
= NaPO, + NagSiOt. 

The metaphosphates formed by the processes 
sketched above belong to several series of 
salts all of whioh have the empirical formula 
nMPOj. According to Fleitmann a. Henneberg 
(A. 65, 304; F., P. 78, 233, 338), these salts 
belong to five series. 

Monometaphosphates MPO*. Not many of 
these have been obtained with certainty; they 
are produoed by heating alkaline oxides with 
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equivalent quantities of H,P0 4 to redness until 
the residue ceases to give an acid reaction (the 
temperature not being high enough to melt the 
mass), and washing the residue with cold water; 
some of the salts— e.g. NaPO s and KP0 3 — are 
formed by heating MH 2 P0 4 or MjEL^O, to red- 
ness (c. 315°) till the residue is almost wholly 
insoluble in cold water (Maddrell, 0. S. Mem . 3, 
273). 

Dimetaphosphates M^O*. The salts of Cu, 
Zn, and Mn are prepared by heating equivalent 
quantities of MO and H s P0 4 to redness. The 
Na and NH 4 salts are obtained by decomposing 
the Ou salt by Na 2 SAq or NH 4 sulphide solu- 
tion, filtering, and ppg. by alcohol. These salts 
yield others of the series by double decomposi- 
tion. The salts of this series are soluble in 
water and orystallisable. Tammann (Z. P. C. 6, 
122) thinks these salts are really trimetaphos- 
phates (v. Properties and Reactions). 

Trimetaphosphates M 3 P s O # . The salts of 
this series are crystalline. The Na salt is pre- 
pared by slowly heating NaNH 4 HP0 4 with fre- 
quent stirring, till the residue has a faintly acid 
reaction, treating with cold water, filtering, and 
allowing the filtrate to crystallise. The salt is 
also formed by heating NaNH 4 HP0 4 till a glassy 
mass remains, and cooling very slowly. The 
other salts are obtainod from the Na salt by 
double decomposition. Tammann (l.c.) regards 
these salts as dimetaphosphates (v. Properties 
and Reactions). 

Tetrametaphosphates M 4 P 4 0 12 . PbO is 
heated with H S P0 4 to redness, as in making the 
Cu, Zn, and Mn dimetaphosphates ( v . supra) ; 
the crystalline salt which is formed is insoluble 
in water, and much more easily decomposed by 
acids than the Pb salt got from Na 2 P 2 O a . The 
Na salt is obtained by decomposing the Pb salt 
by Na 2 SAq ; and other salts are obtained from 
the Pb salt by double decomposition. Salts of 
Bi and Cd are obtained similarly to the Pb salt. 
These phosphates are uncrystallisable. Tam- 
mann (J.pr. [2] 45, 417) says that CuNa 2 P 4 0 12 
is the only salt which certainly belongs to this 
series. 

Hexametaphosphates M g P a 0 1( ,. NaNH 4 HP0 4 
is heated till a glassy mass remains, which is 
cooled rapidly (Graham, T. 1833. 253). The Na 
salt yields others by double decomposition. 
These salts are non-crystallisable, and dry to 
resinous-like masses. Tammann’s experiments 
>7.c.) seem to show that Na^O,,, is a mixture of j 
several isomeric salts (v. p. 118). 

Tammann (l.c.) describes salts belonging to 
the series of penta -, okto -, deka~ t and tetrakai - 
deka- metaphosphates. 

Tetraphosphates M 0 P 4 O, 3 . A few of these 
salts have been prepared, e.g. Na 6 P 4 0, 8 by fusing 
2NaPO g + Na 4 P 2 0 7 , and Ba 3 P 4 0, 3 by fusing the 
Na salt with BaOl, (F. a. H., A. 65, 304 ; TJels- 
mann, A. 118, 99). 

Delcaphosphates M 12 P l0 O„. The Na salt was 
obtained by fusing Na 4 P 2 0 7 + 8NaPO s (F. a. H., 
lx.); some other salts Vere obtained from the 
Na salt by double decomposition (U., l.c.). 

Properties and Reactions.— The orthophos- 
phates MHjP 0 4 dissolve in water, forming acid 
solutions ; the dimetallio salts MgHPC^ dissolve 
in water when M is an alkali metal, the solutions 
are feebly alkaline. Of the normal salts M,P0 4 , 


only those of the alkali metals are soluble in 
water ; the solutions have an alkaline reaction, 
and are decomposed very easily, even by C0 2 , 
forming M 2 HP0 4 Aq. Most of the heavy metals 
form only M ? P0 4 . Solutions of- alkali ortho- 
phosphates give a yellow pp. (Ag 3 P0 4 ) with 
AgNO*Aq, and a yellow pp. on warming with 
NH 4 molybdate solution. The orthophosphates 
M 3 P0 4 are not decomposed by heating strongly, 
unless they are salts of volatile bases ; MjHP 0 4 
give M^jjO- and HjO, and MHjPC^ give MPO g 
and HjjO, when strongly heated. M 3 P0 4 , M - 
alkali or alkaline earth metal, are not changed 
by heating with charcoal, but M 2 HP0 4 and 
give M 3 P0 4 and P. When M is a heavy 
metal, the Balts M 8 P0 4 generally give metallic 
phosphides by heating with C. Orthophosphates 
heated with K or Na yield alkali phosphide. 
Many insoluble orthophosphates are decomposed 
by fusion with alkali carbonate, but those of the 
alkaline earths are only partially decomposed. 
H 2 S0 4 decomposes all orthophosphates. When 
the salts M 8 P0 4 are heated with SO*Aq under 
pressure, M 2 HP0 4 or MH 2 P0 4 are formed (Pitter, 
Ghem. Indust. 1878. 398 ; Gerland, J. pr . [2] 4, 
97). * 

Of the pyrophosphates, the normal alkali salts 
are soluble in water, with feebly alkaline re- 
actions ; the others are generally insoluble but 
dissolve in Na 4 P 2 0 7 Aq, forming double salts (H. 
Hose, P. 76, 13; Schwarzenberg, A. 65, 133; 
Persoz, A. 65, 163). Solution of pyrophos- 
phates give orthophosphates when boiled with 
the stronger acids, or heated with water to 280° 
(Reynoso). M 4 P 2 0 7 are not changed by heat 
unless they are salts of bases decomposed by 
heat; give MPO„ and FLfi when 

strongly heated. All the pyrophosphates are 
changed to orthophosphates by heating strongly 
with sufficient alkali or alkali carbonate. Pyro- 
phosphates of metals whose oxides are not re- 
duced by H give orthophosphates and P 2 0 4 
when heated in H ; those which contain metals 
whose oxides are reduced by H, but not by heat 
alone, give metallic phosphide when heated in 
H ; and those containing metals the oxides of 
which are reduced by heat alone, yield metal, 
H 2 0, H 8 P0 4 , <fec., when heated in H (Struve, J. pr. 
79, 845). Pyrophosphates in solution give a 
white pp. with AgNO s Aq ; they do not give an 
immediate pp. with warm NH 4 molybdate, and 
thsy do not coagulate albumen when acidified by 
acetic acid. 

Some metaphosphates are soluble, others are 
insoluble, in water ; some are crystalline, others 
are amorphous (v. supra : Formation of different 
classes of metaphosphates). Solutions of these 
salts in water are changed to orthophosphates 
on long-continued boiling ; they give a white pp. 
with AgNO*Aq, no immediate pp. with NH 4 
molybdate, and they coagulate albumen after 
acidification by acetic acid. 

Tammann (Z. P. 0. 6, 123) has examined 
the electrical conductivities of solutions of 
Fleitmann’s di- and tri- metaphosplihtes of Na ; 
his results indicate that the ions of the salts in 
solution are Na* and (PO*)*. He has also 
measured the depression produced in the freezing- 
point of water by dissolving these salts therein ; 
and, taking the results along with the electrical 
conductivities, he concludes thatFleitmann's dv 
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salts are tri- salts, and F.’s tri- salts are really 
di- salts. By the reaction of AgN0 3 Aq on the 
Na a P fl Oj. of Graham and Fleitmann, Tammann 
obtained a crystalline salt Ag tf P 6 0 18 , and two 
salts Ag 4 Na 2 P 6 0, 8 and Ag 5 NaP tt 0 18 , and from 
these he formed three Na salts which he 
formulates as Na fi P 8 0 18 , Na 4 .Na 2 .P«0, 8 , and 
Na s .Na.P a O, g . Measurements of the electrical 
conductivities of these salts confirm the above 
formulas, and they tend to show that the ions of 
the salts in solution are Na 4 and Na.jP 6 0, 8 , and 
Na a and NaPp,,, respectively. A fuller examina- 
tion of Graham’s salt led T. to conclude that it 
contains another isomeric hexametaphosphate 
Na,.Na 4 .P a O l8 . 

For detection and estimation of phosphates a 
manual of analysis must be consulted. 

ORTHOPHOSPHATES. Salts derived from 
H 3 P0 4 . (For thioxy orthophosphates v. Phos- 
phoric SULPHIDE, p. 147.) 

Aluminium orthophosphates. Many occur in 
miivrals, e.g. angelite , fischerite , wayellite, tur- 
quois . The pps. obtained by adding Na-jHPO^q 
to alum solutions vary in composition. They 
may be represented as a?Al 2 0 3 , 2 /Pp„ x being 
chiefly 1, 2, 3, dSid y being 1 and 2 (Munroe, A. 
159, 638 ; Wittstein, J. B. 27, 167 ; Fuchs, S. 
24, 121 ; Millot, 0. B. 82, 89). 

The normal salt , AlP0 4 .aH 2 0, is obtained by 
gradually pouring neutral alum solution into 
excess of NajaPO^q ; a white loose powder ; 
soluble mineral acids, soluble organic acids, 
soluble NH 4 citrate solution (Erlenmeyer, B. 14, 
1869), soluble A1 salt solution (Fleischer, Fr. 6, 
28), soluble in potash; infusible at red heat, 
fused with Fe and Si0 2 gives Fe phosphide 
(SchlOsing, C. B. 67, 1247); partially decom- 
posed by fusing with Kp0 3 (Rammelsberg, P. 
64, 405; cf. Vauquelin, A. Ch. [2] 21, 138). 
When air-dried x *= 4 to 5 ; dried over H 2 S0 4 , 
x «s 8 (Rammelsberg, Millot, Wittstein). For 
other phosphates of A1 v. Rammelsberg (he.), 
Sohweitzer (B. 8, 310; 6, 28), Ludwig (. Ar . Ph. 
[2] 59, 19), Hautefeuille a. Margottet (0. B. 106, 
135), Erlenmeyer ( Z . 3, 572). 

Double salts with phosphates of Ca, Li, 
and Mg have been described (v. Gm.-K ., i. 2, 
670). 

Ammonium orthophosphates. The normal 
salt , Am„P0 4 .3Hp, crystallises in short pyra- 
mids, obtained by treating Am 2 HP0 4 with cone. 
NH 3 Aq (Berzelius, Gm.-K. i. 2, 527). Loses two- 
thirds NH 3 by boiling water (Kraut, C. C. 1855. 
894). SeBtini (B. 11, 1927) obtained a salt with 
5H 2 0. The di-ammonium salty Am 2 HP0 4 , is 
formed in monoclinic prisms by allowing NH S or 
(NH 4 )pO s in H 3 P0 4 Aq to evaporate ; soluble 
four parts cold water, solution is alkaline ; on 
boiling NH„ is evolved ; S.G. 1*62-1*67 (Ram- 
melsberg, B. 3, 278 ; Schiff, A. 112, 88 ; Buignot, 
J. 1861. 15 ; Proust a. Brooke, Gm.-K. i. 2, 528). 
The mon-ammonium salt , AmH 2 P0 4 , crystallises 
in quadratic forms, isomorphous with KEL>P0 4 , 
by adding NH g Aq to H s P0 4 Aq till BaClgAq 
ceases to*give a pp. S.G. 1*758 (Schiff, l.c.\ 
Mitscherlich, P. 19, 385). 

Barium orthophosphates. The normal salt , 
Ba 3 P 2 O g , is a heavy white solid, obtained by ppg. 
BaOljjAq by Na a P0 4 Aq (Graham ; Rotondi, B. 
15, 1441). Two acid salts have been obtained : 
(1) BaHF0 4> by boiling the normal salt with 


H 3 P0 4 Aq, or by ppg. BaCl 2 Aq by Na 2 HP0 4 Aq ; 
soluble in 10,000 to 20,000 parts water, easily 
soluble if NH 4 salts, BaCL,, or NaCl is present ; 
soluble in Hj,P0 4 Aq or dilute HNO.,Aq (Berzelius, 
Ludwig, Rose, Brett, Wittstein, Bischoff, Mala- 
guti, Gm.-K. i. 2, 272; Skey, C. N. 22, 61; 
Erlenmeyer, J. 1857. 145 ; Setschenoff, C. C. 1875. 
97 ; Gerland, J. pr. [2] 4, 125) ; (2) BaH 4 P 2 O p , 
from a solution of BaHP0 4 in H 3 P0 4 ; white 
triclinic crystals ; decomposed by much water to 
H 3 P0 4 Aq and BaHP0 4 (Berzelius). 

Double salts. — (1) 3Ba,P 2 O s .BaCl 2 (Rose, 
P. 8, 211 ; Ludwig, Ar. Ph. [2] 66, 265 ; Deville 
a. Caron, A. Ch. [3] 67, 451) ; 

(2) 4BaHP0 4 .BaCl 2 (Erlenmeyer, J. 1857. 145) ; 

(3) BaNaPO 4 .10H 2 O (Rose, Guyton, Berzelius, 
Gm.-K. i. 2, 313 ; de Schulten, Bl. [2] 39, 500 ; 
Joly, C. B. 104, 1702) ; (4) BaKPO 4 .10H 2 O (de 
S., l.c.). 

Beryllium orthophosphates. The normal 
salty Be 3 P 2 0 8 , is a white pp., obtained by adding 
Na 2 HP0 4 Aq to solution of a salt of Be. An 
acid salt is obtained by dissolving the normal 
salt in H 3 P0 4 Aq (Vauquelin, Cjfm.-JT. i. 2, 269). 

Double salts. Be.NH 4 and Be.K phos- 
phates are known (Rossler, Fr. 1878. 148 ; 
Ouvrard, C. B. 110, 1333). 

Bismuth orthophosphate BiP0 4 . White 
powder, obtained by adding Bi 2 O r .rH/) to 
HiPO^q; little known (Wenzel, Gm.-K. i. 2, 
832 ; Chancel, C. B. 50, 416). 

Cadmium orthophosphates. The normal 
salty Cd 3 P 2 0 8 , is obtained as an amorphous pp. 
by adding Na 3 P0 4 Aq to a Cd salt solution (de 
Schulten, Bl. [3] 1, 473). 

Acid salts (de S., l.c .) : (1) Cd 5 H 2 P 4 0 16 .4H 2 0, 
by ppg. hot CdCl 2 Aq by NapPC^Aq. 

(2) CdH 4 P„0 8 .2H 2 0, by dissolving the foregoing 
salt in cold dilute H,P0 4 Aq and allowing to 
evaporate at ordinary temperature. 

Double salt 3Cd 3 P 2 0 8 .CdCl 2 (de S., l.c.). 

Calcium orthophosphates. Ca phosphates 
are widely distributed minerals. 

Normal salt Ca 3 P 2 0 H . Obtained, as a white 
amorphous powder, by adding NH 3 Aq to solution 
of bone-ash in HClAq or HNO„Aq ; by adding 
Na s P0 4 Aq, or a mixture of Na 2 HP0 4 Aq and 
NH 3 Aq, to CaCl 2 Aq. For details of preparation 
from phosphoritCy or bone-ash, &o. v. Dictionary 
of Applied Chemistry. The pp. from CaCl 2 Aq 
in presence of NH 3 contains 5H 2 0 according to 
Wittstein (J. 1866. 168; v. also Ludwig, Ar. Ph. 
[2] 69, 286). Slightly soluble in water ; one 
litre cold water dissolved 79 mgm. freshly ppd., 
and 31 mgm. strongly heated, Ca 3 P 2 0 8 (V6lcker, 
J. 1862. 131). Decomposed slowly by boiling 
water into CaH 4 P 2 0 8 and 2Ca 3 P 2 0 8 .Ca0 J4 H 2 
(Warington, C. J. [2] 11, 983). Solubility in 
water is increased by small quantities of alkali 
salts ( v . Wohler, P. 4, 166 ; Liebig, A. 61, 128 ; 
Lassaigne, J. 1847. 341; Thomson, Ann. Philos. 
17, 12 ; Volcker, J. 1862. 131 ; Fresenius, Fr. 
10, 133 ; Hiinefeld, Delkeskampf, Morveau, 
Gm.-K. i. 2, 367 ; Terreil, Bl. [2] 35, 548 ; Erlen- 
meyer, B. 14, 1253). Presence of starch and 
various organic substances increases solubility in 
water (v. Wohler, A. 98, 143 ; Hayes, N. Ed. P. J. 
5, 378). Soluble in COAfi » CaC0 8 and CaHP0 4 
separate on standing (Liebig, A. 106, 196 ; 
Warington, C. J. [2] 4, 296 ; Dusart a. Pelouze, 
C. B. 66, 1327 j von Georgievics, M. 12, 566). 



PHOSPHATES. 


m 


Partially decomposed by boiling with 
NaOHAq, or by fusing with Na 2 C0 3 (Wohler, A . 
61, 437 ; Rose, P. 96, 437 ; Fresenius, Fr . 10, 
133). Easily changed to CaC 2 0 4 by boiling 
with (NH 4 ) 2 C 2 0 4 Aq (Fresenius, l.c.). 

Strongly heated with 0 and Si0 2 , gives Ca 
silicate, P, and CO ; heated in CO,’ all P is set 
free (Schldsing, G. B. 59, 384 ; Anderson, B. 5, 
1065). Heated with Na, K, or Mg, metallic 
phosphide is formed (v. Gm.-K . i. 2, 366). 

Dissolved by SC^q ; on standing, CaHP0 4 
and CaS0 3 separate (v. Gerland, C. N. 20, 268 ; 
Aldred, 0. N. 42, 177 ; Rotondi, B. 15, 1441). 
Dilute H 2 S0 4 Aq forms CaHP0 4 , or CaH 4 P 2 0 8 , or 
CaS0 4 and H 3 P0 4 , according to the quantities of 
H 2 S0 4 and Ca 3 P 2 0 8 , the temperature, and the time 
of action (v. Gm.-K. i. 2, 369 ; Kolb, C . B. 78, 
825 ; Joulie, 0. B. 76, 1288 ; Crum, A. 63, 394). 
For the (similar) reactions with HClAq and 
HNOjAq v. Crum, l.c. ; Piccard (J. 1886. 168) ; 
Bischof ( S . 67, 39) ; Birnbaum a. Packard ( Z . [2] 
7. 137) ; Tissier (G. B. 38, 192) ; Warington ( G . J. 

[2] 4, 302). 

Double salt 8 . (1) Ca 3 P 2 0 8 .Ca 2 Si0 4 (Carnot 
a. Richard, G. B. 97, 316). (2) 3Ca 3 P 2 0 8 .CaCl 2 by 
fusing Ca 3 P 2 0 8 with NaCl, or heating to 250° 
with CaCLjAq, or passing PC1 S vapour over glow- 
ing lime (Eorchhammer, P. 91, 568; Debray, 
A. Ch. [3] 61, 424 ; Daubr^e, Ann. M. (4) 19, 
684 ; Deville a. Caron, A. Ch. [3] 67, 451). 

(3) 3Ca 3 P 2 0 8 .CaF 2 ; occurs native as apatite 

(with varying quantities of CaCL) ; obtained by 
fusing Na 2 HP0 4 , CaF 2 , and CaCl 2 (D. a. C., l.c . ; 
Briegler, A. 97, 95). (4) Ca(NH t )P0 4 .aH 2 0 

(Herzfeld a. Feuerlein, Fr. 1881. 191). 

(5) CaKP0 4 (Rose, P. 77, 291). (6) CaLiPO, 
(Rose, P. 77, 298). (7) CaNaPO, (Rose, P. 77, 
291 ; Bunge, A. 172, 18). 

Acid salts. I. Dicalcium phosphate 
Ca-^H^Og. Obtained by adding Na 2 HPG 4 Aq, or 
NaNH 4 HP0 4 Aq, to excess of CaCl 2 Aq ; pp. con- 
tains a little Ca 3 P 2 0 9 : also by the action of C0 2 Aq 
on CaC0 8 and (NH 4 ) 2 HP0 4 Aq (Becquerel, C. B. 
34, 573) ; and by acting on powdered CaCO, with 
H 3 P0 4 Aq (Debray, A. Ch. [3] 61, 424) ; by passing 
C0 2 into H 2 0, holding freshly ppd. Ca 3 P 2 0 8 in 
suspension (Percy, P. M. [3] 26, 194 ; Reichardt, 
Ar. Ph . [3] 2, 236). Obtained in crystals by 
allowing solutions of (NHJ^HPC^ and CaCl 2 to 
mix slowly through a porous cell (Vohl, A. 88, 
114), or through a layer of water (Drevermann, 
A. 87, 120) ; also by allowing a solution of 
amorphous CaHP0 4 in a weak acid to evaporate 
(BOdeker, A. 69, 206 ; Baer, P. 75, 152 ; Vor- 
bringer, Fr. 9, 457 ; v. also Causse, J. Ph. [5] 
21, 544). CaHP0 4 ppd. at low temperatures 
and dried quickly at 100° contains 2H 2 0, which 
is lost by long drying at 100° in a stream of dry 
air. Forms Ca^O, when strongly heated ; de- 
composed to Ca 2 P 2 O g and CaH 4 P 2 0„ by long boil- 
ing with water. For description of various 
hydrates 0 ?CaHPO 4 .yH 2 O v. Yorbringer (Fr. 9, 
457), Gerland (J. pr. [2] 4, 104), Millot (Bl. [2] 
33, 194), Skey (C. N. 22, 61), Dusart a. Pelouze 
( G . B. 66, 1327), Davies ( C . N. 64, 287). Soluble 
in boiling NH 4 ClAq (Kraut, Ar. Ph. [2] 111, 
102) ; soluble SO.Aq (Gerland, J.pr. [2] 4, 123), 
in HClAq and HNO s Aq (Berzelius, Baer, Gm.-K. 
i. 2, 372). Decomposed by boiling alkali carbonate 
solutions (Malaguti, Gm.-K. i. 2, 378). 

11. Monocalcium phosphate CaH 4 P 2 0 8 .H 2 0. 


This salt is the chief constituent of artificial 
* superphosphate of lime * prepared by treating 
crushed bones, phosphorite , <fcc., with EL{S0 4 (u. 
Dictionary of Applied Chemistry). Prepared 
by dissolving Ca 2 H 2 P 2 0. in 31 p.c. H 3 P0 4 Aq, 
crystallising, washing with absolute alcohol, then 
with ether, and drying (Stoklasa, Listy Chem., 
13, 203, 240, 273 ; abstract in G. J. 58, 695). 
This salt is also formed by evaporating 
Ca 2 H 2 P 2 O g with HNO,Aq + H 2 S0 4 Aq. Also by 
leaving a solution of the commercial honey-like 
monocalcium phosphate in contact with Ca 3 P 2 O ft 
for some time, and evaporating the solution 
formed at a gentle heat; the salt is thus ob- 
tained in crystals (Pointet, Bl. [3] 5, 254). Not 
hygroscopic ; the hygroscopic nature of the pre- 
paration made by Birnbaum and others is said by 
Stoklasa (l.c.) to be due to traces of H„P0 4 . 
Thin rhombic plates (u. Haushofer, #. K. 7, 263) ; 
S.G. 2*02 (Schroder, B. 11, 126). Loses H 2 0 at 
100°, decomposes at 200° to mixture of CaP 2 O 0 
and Ca 2 P 2 0 7 (Birnbaum, B. 6, 898). Decom- 
posed by H 2 0. Stoklasa (l.c.) represents the 
decomposing action of water as 
.rCuH 4 P a 0..H 3 0+II 8 0 

=s (x- l)CaH 4 P,0.. H a O + CaliP0 4 + 2H a O+ E.PO* ,* 
the greater the quantity of water the more salt 
is dissolved without decomposition ; with 200 
parts H.O to 1 part salt a clear solution is formod 
without any free H 3 P0 4 ; above this limit 
CaH 4 P 2 0 8 is re-formed from the products of its 
decomposition (for older observations v. Birn- 
baum, l.c.; Erlenmeyer, N . J. P. 7, 225; Wa- 
rington, Fr. 1880. 243). According to Reynoso 
(C. B. 34, 795), water at 280° decomposes the 
salt, forming H 3 P0 4 and crystalline Ca 3 P 2 0 8 . 
Various salts produce Ca 2 H 2 P 2 0 8 from solutions 
of CaH 4 P 2 0 8 (v. Debray, A. Ch. [3] 61, 424 ; 
Dusart a. Pelouze, C. It. 66, 1327 ; Vorbringer, 
Fr. 9,457; Erlenmeyer, l.c . ; Birnbaum, l.c.). 

Cerium orthophosphate CeP0 4 . By fusing 
Ce 2 0 3 with KP0 3 ; also by digesting Ce 2 K 8 (P0 4 ) s 
with KClAq. Monoclinic prisms ; S.G. 3-8 
(Ouvrard, C. B. 107, 37). The double salt 
Ce 2 K„(P0 4 ) 3 is formed by fusing K 3 P0 4 or K 4 P 2 O f 
with Ce 2 0 3 . 

Chromium orthophosphates. The normal 
chromic salt , CnjPoOg, is known in two forms, 
green and violet. Violet form, Cr 2 P 2 0 8 .12H 2 0, 
a violet crystalline pp. by adding NagHPO^q to 
excess of Cr alum solution ; loses 7H 2 0 at 100°, 
becoming green; changed to green by cone. 
HNO s Aq, H 2 S0 4 , or PC1 3 (RammelBberg, P. 68 , 
383; Etard, C. B. 84, 1091). Green form , 
Cr 2 P 2 0 8 .6H 2 0, by adding excess of NajHPC^Aq 
to Cr alum ; also by ppg. a slightly acid solu- 
tion of a Cr salt by Na 2 HP0 4 and Na acetate 
(Rose, P. 77, 291, 298 ; Carnot, Bl. [2] 37, 482; 
Vauquelin, Gm.-K. i. 2, 304). Soluble mineral 
acids, also KOBLAq (v. Dowling a. Plunkett, 
Chem. Gazette , 1858. 220; Kammerer, Fr. 12, 
375). Gives alkali chromates by fusion with 
alkali sulphates (Grandeau, O. B. 95, 921). 
Forms a double salt with Ca (Dingier, 
D. P. J. 212, 532 ; Plessy, B&p. Chivtapp. 1862. 
453 ; Kothe, D. P. J. 214, 59). The acid salt 
CrH 3 P 2 0 8 . 8 H 20 is probably formed by dissolving 
Cr 2 0 a .#H 2 0 in HgPC^Aq (Vauquelin, Gm.-K. i. 2, 
304 ; Haushofer, Z. K 7, 263). 

Chromou8 orthophosphate Cr 3 P 2 0 8 .H 2 0, a 
blue pp. by adding JNa 2 HP0 4 Aq to CrCl^Aq ; 
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quickly becomes green in air (Moissan, A . Ch. 
[5J 25, 401). 

Cobalt orthophosphates. The normal salt 
Co s P 8 O g .crH 2 0 is formed by heating CoHP0 4 .3H 2 0 
with water, or with CofNOgJgAq, to 250° in a sealed 
tube (Debray, A . Oh. [3] 61, 438) ; also by treating 
GofNHJPO^HjjO with boiling water (Chancel, 
Precis d' analyse [Paris, 1862J 1, 263). In this 
Balt £b 2. A salt with x • 8 is said to be formed 
by PPg« CoH 4 P 2 OgAq by alcohol (Reynoso, C. B . 
84, 795; Beitler, Vierteljahr . Pharm. 7, 246). Two 
acid salts are known : (1) CoHP0 4 .8R 2 0, by 
boiling CoC0 3 with H 3 P0 4 Aq, or boiling solution 
of a Co salt with CaH 4 P 2 0 8 (Debray, J. Ph. [3] 
46, 121) ; a salt with 5BLfi was obtained by 
Bodeker (A. 94, 367). (2) CoH 4 P 2 O g , by heating 
Co pyrophosphate with water to 280° (Reynoso, 

0. B. 34, 795). Double salts: NH 4 salts v. 
Dirvell, C. B. 89, 903 ; Popp, Z. [2] 6, 305. For 
luteo- and roseo- oobaltamine phosphates v. 
Gibbs a. Genth, Am. S. [2] 21, 86 ; 23, 234, 319 ; 
Braun, Gm.-K. i. 8, 463 ; Porumbaru, G. B. 93, 
842. For K and Na double salts v. Ouvrard, G. B. 
106, 1729. 

Copper orthophosphates. Normal salt 
Cu,P 2 0 g .3H 2 0, obtained by adding a little 
Na;jHP0 4 Aq to excess of a Cu salt solution (Mit- 
Bcherlich, Gm.-K. i. 8, 614); also by heating 
CuCOg with H 3 P0 4 Aq to 70° (Debray, A. Ch. 
[3] 61, 437). A blue-green powder ; decomposed 
by hot water under pressure (Debray ; v. also 
Reynoso, C. B. 34, 1795 ; Jorgensen, Gm.-K . 

1. 3, 615). Basic salts and acid salts are 
known ; composition doubtful ( v . Rammelsberg, 
P. 68, 883 ; Metzner, A. 149, 67). For double 
salts with NH 4 v. Metzner, l.c., and Schifif, A. 
123, 41 ; with Na, v. Weineck, A. 156, 67 ; with 
K, also with Na, v. Ouvrard, G. B. Ill, 177. 
For an account of the salts produced by the 
reaction of Na^PO^q with CuS0 4 Aq and 
Cu(N0 8 ) 2 Aq v. Steinschneider, C. C. 1891, ii. 51 
(abstract in C. J. 60, 1423). 

Didymium orthophosphate DiP0 4 : also 
double salts with alkali metals (Ouvrard, C. B. 
107, 37). 

Iron orthophosphates. Ferrous Balts.. 
The normal salt Fe 3 P 2 0 a .8H 2 0 occurs native 
as vivianite ; it is obtained by ppg. FeS0 4 Aq 
with excess of Na 2 HP0 4 Aq, and digesting at 
60°-80° for eight days. Small monoclinio crys- 
tals (Rammelsberg, P. 64, 251, 405), nearly 
colourless but becoming blue in air (Debray, 
C. 12. 59, 40). A salt with one H 2 0 is obtained 
by heating with water at 250° 

(Debray, A. Ch. [3] 61, 437). Various acid salts 
are obtained by dissolving Fe in H 3 P0 4 Aq; if 
the materials are air-free, and evaporation is 
effeoted in C0 2 , the salt Pe^B.^ i O n AK i O is 
formed (Erlenmeyer, Debray, Rammelsberg, l.c.). 
For double salts with NH 4 , v. Otto, J.pr. 2, 
409 ; and Debray, 0. 12. 59, 40. 

Ferric Balts. The normal salt FeP0 4 is 
obtained by ppg. FeCl„Aq by Na 2 HP0 4 Aq ; dried 
at 50° contains 8H 2 0, at 100° contains 4H 2 0, 
dehydrated Dy heating strongly ; also formed by 
oxidation in air of FegP 2 Og (Debray, Rammels- 
berg, Witt stein, l.c.). Whether the salt ppd. from 
FeCl 3 Aq in presence of acetio acid is the normal 
or a basic salt is undecided (v. Winkler, J. 
prakt. Pharm . 5, 887 ; Heydenrich, C. N. 4, 
158; Struve, N. Peters. <Acad. Bull . 1, 465; 


Wackenroder a. Ludwig, Ar. Ph. [2J 53, 1 ; Mohr, 
Fr. 2, 620). FeP0 4 .«H 2 0 is sol. c. 1500 parts 
boiling water ; but is decomposed (Lachowicz, M. 
13, 357). Acid salts are obtained by dissolving 
Fe 2 0 $ .®H 2 0 in H 3 P0 4 Aq : Erlenmeyer got 
FeH fl P 8 0 12 by evaporating quickly (v. alsoWaine, 
G . N. 36, 132 ; Wagner, Chem. Zeitung. 1881. 
247). Hautefeuille a. Margot tet (C. B. 106, 1857) 
obtained various ferric phosphates by dissolving 
FeaOg.aH^O in glacial phosphoric aoid. 

Lanthanum orthophosphate LaP0 4 : also 
double salts with K and Na (v. Ouvrard, O . B. 
107, 37). 

Lead orthophosphates. The normal salt, 
Pb 3 P 2 O g , is ppd. as a white powder by adding 
Na 2 HP0 4 Aq to Pb acetate solution (Berzelius; 
Mitscherlich, Gm. 3 ; v. also Heintz, P. 73, 119 ; 
Gerhardt, A. Ch. [3] 22, 605 ; Haushofer, Z. K. 
7, 264). A. double salt with PbCLj is obtained 
by action of Na 2 HP0 4 Aq on PbCLj (Debray, A.Ch. 
[3] 61, 419; Manross, A. 82, 848; Deville a. 
Caron, A. Ch. [3] 67, 451). By ppg. boiling 
Pb2NO,Aq by H 3 P0 4 Aq, Heintz (P. 73, 119) 
obtained the acid salt Pb^^Og. 

Lithium orthophosphates. The normal 
salt , Li 3 P0 4 .H 2 0(?2Li 8 P0 4 .H 2 0). By heating 
NagHPO^q with solution of a salt of Li 
(Mayer, A. 98, 183; v. also Berzelius, P. 4, 
245 ; Rammelsberg, C. N. 38, 240, also B. 15, 
283 ; Fresenius, Fr. 1, 42 ; Kraut, A. 182, 165). 
Loses H 2 0 at 100°. Obtained in rhomboidal 
tables, S.G. 2*41 at 16°, by dissolving in fused 
LiCl (de Schulten, Bl. [3] 1, 479). Soluble in 
c. 2,540 parts water. Acid salts : LiH 2 P0 4 and 
LiH^OgJELjO, by dissolving normal salt in 
H 3 P0 4 Aq (Rammelsberg, l.c.). 

Magnesium orthophosphates. The normal 
salt, MgjPgOg.ccBLjO, is obtained with 4^0 
by ppg. Mg salts by alkali phosphate and dry- 
ing at 100° (Graham ; Rose, P. 76, 24 ; Gre- 
gory, A. 54, 98 ; Stein a. Tollens, A. 187, 79 ; 
Fresenius). Forms monoclinic crystals (Haus- 
hofer, Z. K. 6, 137). Very slightly soluble water 
(Volker, J. 1862. 1311. For solubility in salt 
solutions v. Liebig (A. 106, 185), and in citric 
acid v. Erlenmeyer (B. 14, 1253). Soluble 
SOgAq fGerland, J. pr. [2] 4, 126 ; Rotondi, B. 
15, 141). Crystals with 6H 2 0 separate from 
MgS0 4 Aq + Na2HP0 4 Aq at 36° and upwards; 
and at lower temperatures a salt with 14H 2 0 is 
obtained (v. Percy, P.M. [8] 26, 194; Reischauer, 
N. B. P. 12, 43 ; 14, 67). 

Acid salts. 1. MgEPOg-al^O (x = 6, 7, 8, 9) ; 
by dissolving magnesia alba in H 3 P0 4 Aq (Berg- 
mann, Fourcroy, Gm.-K. i. 2, 446; Debray, 
J. pr. 97, 116; Haushofer, Z. K. 7, 257).— 
2. MgH 4 P 2 0 8 ; by boiling the foregoing acid salt 
with water (Sohaffner; Rotondi, B. 15, 141). 

Double 8 alts. Magnesium-ammonium 
orthophosphate MgNRjPOg.eH^O. By adding 
Na 2 HP0 4 Aq to a Mg salt to which NH 4 ClAq and 
excess of NH 3 Aq have been added; or by adding 
a mixture of HgP0 4 Aq and excess of NH g Aq to a 
Mg salt. For experiments on different conditions 
of formation v. Graham (A. 29, 25) ; Riffault 
(A. Ch. [2] 19, 90) ; Mohr (Fr. 12, 36) ; Gibbs 
(C. N. 28, 51) ; Lesieur (C. B. 69, 191); Stein a. 
Tollens (Qm.-K. 1, 2, 476) ; Kubel (Fr. 8, 125) 5 
Kissel (Fr. 8, 164) ; Brunner (Fr. 11, 80) ; Ber- 
zelius (P. 4, 275) ; Heintz (Fr. 9, 16). Obtained 
in large crystals by separating the reacting 
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Liquids by a membrane (Vohl, A. 88, 114 ; No- 
nier, C. B. 78, 800; Millot, Bl. [2] 18, 20; Mil- 
lot a. Maquenne, Bl. [2] 23, 238). Loses NH, 
in air; strongly heated gives For 

solubility in various solutions v. Fresenius (A. 
55, 109); Ebermayer (J.pr. 60, 41); Liebig (A. 
106, 196) ; Voloker (J. 1862. 131)’ ; Kissel (Fr. 
8, 173) ; Gerland (/. pr. [2] 4, 127) ; Millot (Bl. 
[2] 18, 20) ; Ville (O. B. 75, 844). Another 
Mg-NH 4 phosphate is described by Gawalovski 
( C . 0 . 1885. 721). For other double salts : with 
MgCLp v . Deville a. Caron (A. Ch. [8J 67, 456) ; 
with MgCl 2 and MgF 2 , v. Bischof (D. P. J . 237, 
51, 136) ; with MgCl, and CaF 2 , v. D. a. C. (Z.c.) ; 
with K, v . Haushofer ( Z . K . 7, 257), Ouvrard 
(O. B. 106, 1729) ; with Na, v. Rose, Berzelius, 
&c. (Gm.-K.i. 2, 476), Ouvrard (l.c.). 

Manganese orthophosphates. Normal man- 
ganic orthophosphate, MnPO^HjO, a greenish 
grey pp. by adding cone. Mn^NOgJgAq to H s P0 4 
and a little boiling water (Christensen, J. pr. [2] 
28, 1). For properties of products of reaction of 
H a P0 4 on manganates and permanganates v. 
Laspeyeres (J.pr. [2] 16,820) -, Hermann (P. 74, 
303) ; Rose (P. 105, 289) ; Barreswill (C. R. 44, 
677) ; Hoppe-Seyler (J.pr. 90, 303). 

Normal manganous orthophosphate, 
Mn 8 P 2 0 8 .a;H 2 0. Obtained with 14H 2 0 by ppg. 
MnS0 4 Aq by Na^PC^Aq ; loses 7H 2 0 over 
H 2 S0 4 , and one more H 2 0 at 100° (Erlenmeyer, 
A. 190, 208). Salts with 9 to 11 H 2 0, 7H 2 0, and 
3H 2 0are obtained by decomposing MnHP0 4 .zH 2 0 
by water, and drying under different conditions 
(E., l.c.). The salt without RjO is formed by 
strongly heating the hydrates, also by heating 
Mn 2 P 2 0 T in H (Struve, J. 1860. 73). A white 
amorphous pp., soluble mineral acids and acetic 
acid, and various salt solutions (v. Berzelius, 
Gm.-K. i. 2, 472 ; Heintz, P. 74, 449 ; Joulin, 
A. Oh. [4] 30, 272 ; Gerland, J. pr. [2] 4, 97 ; 
Wittstein, Gm.-K. 2, 472 ; Braun, Fr. 7, 340 ; 
Erlenmeyer, B. 14, 1263). 

Various acid salts have been described; — 

1. MnHP0 4 .3H.,0 (Bddeker, A. 69, 206 ; Heintz, 
P. 74, 449; Erlenmeyer, A. 190, 208). -2. 
MnH 4 P 2 0 8 .2H 2 0 (Heintz, Erlenmeyer, l.c.). — 
3. Mn 8 P 2 0 8 .MnHP0 4 .ccH 2 0 (Erlenmeyer, lx.; 
Haushofer, Z. K. 7, 257). Double salts: with 
MnCl 2 (Deville a. Caron, A. Ch. [3] 67, 459) ; 
with Fe 8 P 2 0 8 and MnCl 2 , and with Fe 3 P 2 0 H and 
MnF 2 (D. a. 0.,'Z.c.) ; with NH 4 (Otto, S. 66, 288 ; 
Heintz, l.c.); with K and with Na (Ouvrard, 
C. B. 106, 1729). 

Mercury orthophosphates. Normal mer- 
curous orthophosphate, Hg 8 P0 4 , by ppg. excess 
of N ajt HP0 4 Aq by HgNO s Aq (Gerhardt, J. 1849. 
283). Brooks (P. 66, 63) describes a basic salt. 
A double salt with HgNO s is described by 
Gerhardt (l.c. ; v. also Qm.-K. 3, 918). Normal 
mercuric orthophosphate, Hg s P 2 0 8 , is obtained 
by heating Hg 3 P0 4 to low redness, also by adding 
strongly acidified Hg(NO„) 2 Aq to Na 2 HP0 4 Aq 
(v. Gm.-K 3, 754, 918 ; also Haaok, C. G. 1890. 
[2] 736). For a double salt Hg.NHjHg 2 0.P0 4 
v . Hirzel ( Gm.-K . 3, 820). 

Nickel orthophosphates. The normal salt 
Ni,P 2 O a .7B^O is obtained as a green flocculent 
pp. by adding Na 2 HP0 4 Aq to a Ni salt ; heated 
strongly loses 7H 2 0 (Rammelsberg, P. 68, 883 ; 
Struve, Gm.-K. 3, 543). Double salts ; with 
NH* (Debray, O . B. 69, 40); with Mg (Rose, 


Gm.-K. 3, 568) ; with Na and with K (Debray, 
lx. ; Ouvrard, O . B. 106, 1729). 

Potassium orthophosphates. Normal salt 
K 3 P0 4 . A white solid, obtained by adding excess 
of KjC 0 3 to H a P0 4 Aq, and evaporating ; slightly 
soluble cold water, more soluble hot water. 
Acid salts : 1. K 2 HP0 4 (Graham, Funke, Qm.-K. 

2, 30). 2. KH 2 P0 4 ; by dissolving KaGO, in so 
much H 3 P0 4 Aq that blue litmus paper is turned 
red but goes blue again on drying. Colourless tetra- 
gonal crystals ; very soluble water ; at red heat 
gives KPO s ; S.G. 2 29 to 2*4 (v. Gm.-K. 2, 80 ; 
also Senarmont, A. Ch. [3] 33, 391 ; Schiff, A. 
112, 88 ; Buignet, J. 1861. 15). 

Silver orthophosphates. Normal salt 
Ag 8 P0 4 , a yellow solid, obtained by adding an 
alkali phosphate to AgNO a Aq (Wetzlar, Gm.-K. 

3, 918 ; Skey, C. N. 22, 61 ; Lassaigne, J. Ph. 
[3] 16, 289 ; Joly, C. R. 103, 1071). The acid 
salt Ag 2 HP0 4 forms, in white hexagonal crystals, 
from a solution of the normal salt in H 3 P0 4 Aq 
(Berzelius, P. 2, 163 ; Hurtzig a. Geuther, A. Ill, 
160 ; Schwarzenberg, A. 65, 162 ; Joly, O. B. 
103, 1071). 

Sodium orthophosphates. The normal salt, 
Na 3 P0 4 .12H 2 0, is obtained by adding excess of 
NaOHAq to NajjHPC^Aq and evaporating. Six- 
sided pyramids; melt at 77° ; S.G. 1*618 (Schiff, 
A. 112, 18) ; soluble in 2 pts. water at 15° ; solu- 
tion absorbs C0 2 from air, giving Na 2 HP0 4 Aq. 
The anhydrous salt, Na 3 P0 4 , is obtained by 
heating the salt with 12H 2 0, or by heating 
Na 2 HP0 4 .12R 2 0 with NaOH in equal molecular 
proportions (Graham, Mitscherlich, Gm.-K. 2, 
163). S.G. 2*611 at 12°, 2*536 at 17*5° (Clarke’s 
Table of Specific Gravities). For experiments 
on diffusion of the different Na orthophosphates 
v. van Bemmelen, B. 11, 1675 ; Hinteregger, B. 
11, 1619 ; Tobias, B. 16, 2452. 

Disodium hydrogen orthophosphate 
Na 2 HP0 4 .12H 2 0. (Ordinary sodium phosphate.) 
Ocours in urine of carnivorous animals. Pre- 
pared by adding a slight excess of Na 2 CO a to 
H 3 P0 4 Aq, and crystallising. (For preparation 
from bone-ash &Q. v. Diotionaby of Applied 
Chemistry.) 

Colourless, rhombic, prisms; for measure- 
ments v. Senarmont, A. Ch. [3] 83, 391. S.G. 
1*5235 at 16° (v. Gm.-K. 2, 165) ; melts at 35° 
(Kopp, A. 93, 129 ; v. also Gm.-K. 2, 165) ; 
effloresces in air, losing 5^0. 

Solubility in water (Mulder, Gm.-K. 2, 165). 

100 pts. water dissolve Na 2 HP0 4 , 


at 0° 

2*5 pts. 

at 65° 

87*7 pts. 

5 

2*8 

60 

91*6 

10 

8*9 

65 

93*8 

15 

5*8 

70 

95*0 

20 

9*3 

1 75 

95*8 

25 

16*4 

80 

96*6 

30 

24*1 

85 

97*2 

35 

39*3 

90 

97*8 

40 

63*9 

95 

98 4 

45 

74*8 

99 

98 8 

50 

82*5 

100 

994 


Saturated NaaHPC^Aq boils at 105°, and freezes 
at -*45° (Riidorff). S.G. of Na.HPO.Aq at 19* 
(Schiff, A. 110, 70) ; 2 p.c. =* 1*0083, 4 p.c. « 1*0166, 
6 p.c. -1*025, 8 p.c.» 1*0332, 10 p.c. *1*0418, 
12 p.c. «• 1*0503 (p.c. of Na 2 HP0 4 .12H 2 0). S.G. 
solution saturated at 15° * 1*0469, at 16° « 1*0511 
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(Michel a. Kraft, Stolba, Gm.-E. 2, 16G). Loses 
12H 2 0 in vacuo over H 2 S0 4 , or by heating to 
100°; a salt with 7H 2 0 crystallises from 
NajHP0 4 Aq at 33° (Bliicher, Mulder, Clark, 
Qm.-K. 2, 166). For vapour-pressure of water- 
gas when the salt is warmed v. Debray ( C . R. 
66, 196), Horstmann (A. Suppl. 8, 125), 

Pfaundler (B. 4, 773). For change of volume on 
melting v. Wiedemann (W. 17, 561). 

Absorbs HC1, probably forming NaH 2 P0 4 and 
NaCl (Thomas, C. J. 33, 27). Na 2 HP0 4 Aq 
absorbs C0 2 (Pagenstecher, J.B. 21, 124 ; Liebig, 
A. 64, 349 ; 79, 112 ; Heidenhain a. L. Meyer, 
A . Suppl. 2, 157; Marchand, J. pr. 37, 321). 
The solution decomposes NH 4 C1 (Rose, Qm.-K. 
2, 166); boiled with S forms Na 3 P0 4 Aq with 
NaaSPaAq and Na poly sulphides (Filhol a. Sen- 
derens, 0. 12. 94, 649 ; 95, 343 ; 96, 1057). For 
remarks on character of reactions of NaJEIPC^Aq 
with solutions of metallic salts v. Joly, C. R. 
103, 1129. 

Trisodium diphosphate Na 3 H^ 2 0 8 .£Hp ; by 
exactly neutralising H s P0 4 Aq by NaOHAq, and 
evaporating in vacuo (Filhol a. Senderens, Lc.). 

Sodium dihydrogen phosphate NaH 2 P0 4 .H 2 0 ; 
by adding H s P0 4 to solution of Na 3 H 3 P 2 0 8 till 
BaCLjAq is no longer ppd. (Mitscherlich, Ber- 
zelius, Qm.-K. 2, 167). A salt with 4HP was 
obtained by Joly a. Duffet (O. R. 102, 1391) by 
cooling a very cone, solution. 

Double salts. 1. Sodium ammonium 
hydrogen orthophosphate Na(NH 4 )HP0 4 .4H 2 0 
(Microcosmic salt). Occurs in guano. Obtained 
by dissolving 5 pts. Na 2 HP0 4 .12H 2 0 and 2 pts. 
(NH 4 ) 2 HP0 4 in water, adding a little NH s Aq, and 
allowing to crystallise in the cold (Berzelius). 
Large, clear, monoclinio crystals ; S.G. 1*554 

« ; very soluble water, solution loses NH 3 . 

id effloresces in air, losing all NH 3 and 
4H 2 0, and leaving NaH 2 P0 4 ; when strongly 
heated leaves Na fl (PO„) 6 . For double salts 
formed by fusing with metallic oxides v. 
Wallroth, B. 16, 3059. — 2. NaKHP0 4 .7H 2 0 
(Mitscherlich, Liebig, Schiff, Gm.-K. 2, 167). — 
8. Na(NH 4 ) 2 P0 4 .4H 2 0 (v. Gm.-K . 2, 220).— 
4. Na 2 (NH 4 )P0 4 .12H 2 0 (Herzfeld a. Feuerlein, 
Fr. 1881. 191). — 5. Na,K s H H (P0,) 4 .22H 2 0, 
and Na 3 (NH 4 ).,H 6 (P0 4 ) 4 .3H 2 0 (Filhol a. Sen- 
derens, G. R . 94, 649 ; 95, 343 ; 96, 1057). — 
6. 2Na 3 P0 4 .NaF.*H 2 0 ; * = 19 and 22 (Baum- 
garten, J. 1865. 219 ; Thorpe, G. J. [2] 10, 660). 

Strontium orthophosphates. Normal salt 
Sr 3 P 2 0„, is ppd. by adding Na 3 P0 4 Aq or 
Na^IH^Aq-f NH 3 Aq to excess of SrCl^Aq ; also 
by adding cold ammoniacal solution of 90 pts. 
Na 2 HP0 4 .12H 3 0 to 100 pts. SrCl 2 in Aq (Barthe, 
O. R. 114, 1267). By pouring SrCl 2 Aq into 
Na 3 P0 4 Aq at c. 10° gelatinous Sr^Og is formed, 
but rapidly changes to crystalline SrNaP0 4 .9H 2 0 
(Joly, C. R. 104, 1702 .)- Acid salt SrHP0 4 ; by 
adding Na 2 HP0 4 Aq to SrCLAq (Skey, C. N. 22, 
61 ; Berzelius, Brett, Wittstein, Qm.-K. 2, 324 ; 
Malaguti, A . Ch. [3] 51, 346; Barthe, l.c.). 
Barthe £Z.c.) describes another acid salt, 
SrH 4 P a 0 8 .2H a 0. 

Double salts. 1. 3Sr 3 P 2 0 8 .SrCl 2 (Deville 
a. Caron, A. Ch. [3] 67,452).-2. SrKP0 4 (Rose, 
Weber, Gm.-K. 2, 824).-3. SrNaP0 4 .9H 2 0 (R. 
W., l.c. ; Joly, C . R. 104, 906, 1702). 

Thallium orthophosphates. Normal thallous 
orthophosphate Tl g P0 4 ; by adding HjP0 4 Aq and 


NH 3 Aq to TlN0 3 Aq, or mixing Tl 2 S0 4 Aq and 
Na 2 HP0 4 Aq with a little NH a Aq (Crookes, C. N. 
3, 193, 303 ; 7, 290 ; 8, 159 ; Lamy, Bl. [2] 4, 
193). While silky mass, or needles ; insoluble 
alcohol, easily soluble NH 4 salts (Carstanjen, 
J. pr. 102, 65, 129). Acid salts.— T1H 2 P0 4 and 
Tl^PO^ccHp (Lamy, l.c.) ; according to 
Rammelsberg (B. 15, 283) the second of these 
does not exist. Normal thallic orthophosphate 
T1P0 4 .2H 2 0, by adding H 3 P0 4 Aq to Tl(NO s ) 3 Aq 
(Willm, Bl. [2] 2, 89 ; 6, 354 ; Strecker, J. pr. 
102, 65, 129). 

Thorium orthophosphates. Various double 
salts otTh. and K, and Th and Na, are described 
by Troost and Ouvrard ( G . R. 102, 1422 ; 105, 
30). 

Tin orthophosphates. The compositions 
of the stannous salt , obtained by adding 
Na,jHP0 4 Aq to SnCl 2 in dilute acetic acid, 
and the stannic salt , by digesting Sn0 2 with 
H 3 P0 4 Aq, are somewhat doubtful (v. Lenssen, A. 
114, 113; Reynoso, J.pr. 54, 261; Reissig, A. 
98, 339 ; Girard, C. R. 54, 468). Ouvrard ( C.R . 
Ill, 177) describes various Rouble Sn-K and 
Sn-Na phosphates. 

Titanium orthophosphates. Various double 
salts of Ti and K, and Ti andNa, are described 
by Ouvrard ( G . R. Ill, 177). 

Uranium orthophosphates. For double U-K 
and U-Na salts , v. Ouvrard (C. R. 110, 1333). 
Johnson (B. 22, 976) describes a salt U0 3 .2P 2 0 5 . 

Zinc orthophosphates. Normal salt 
Zn 3 P 2 0 8 .4H 2 0 ; by ppg. solution of a Zn salt by 
Na 2 HP0 4 Aq ; pp. is gelatinous, but becomes 
crystalline. Insoluble water, easily soluble 
in acids, NH 3 Aq, and NH 4 salts (v. Mitscher- 
lich, Qm.-K. 3, 16 ; Schindler, Mag. Pharm. 
26, 62; Debray, Bl. [2] 2, 14; Heintz, A. 
143, 356; Graham, A. 29, 23). The acid salt 
ZnH 4 P 2 0 8 .2H 2 0 is obtained in large, triclinic 
crystals by dissolving ZnO in H 3 P0 4 Aq (Demel, B. 
11, 1171). 

Double salts. 1. With NH 4 , v. Debray 
(G. R. 59, 40), Bette (A. 15, 129), Heintz (A. 143, 
156), Schweikert (A. 145, 57), Rother (A. 143, 
356).— 2. With Na, v. Scheffer (A. 145, 53), 
Ouvrard ( C . R. 106, 1729). — 3. With K, v. 
Ouvrard (l.c.). 

Zirconium orthophosphates. For double 
salts with K and Na, v. Ouvrard, C. R. 102, 
1422 ; 105, 30. 

PYROPHOSPHATES. Salts derived from 
H 4 P 2 0 7 . (For Thiopyrophosphates v. Phosphoric 
sulphide, Reactions , No. 7, p. 147 ; and for 
SeU'nopyrophosphates , v. Phosphoric selenide, 
p. 145.) 

Aluminium pyrophosphate A1 4 (P 2 0 7 ) 3 . White 
amorphous pp. by adding AlCl 3 Aq to Na 4 P 2 0 7 Aq ; 
soluble NH s Aq, Na 4 P 2 0 7 Aq, and mineral acids 
(Schwarzenberg, A. 65, 147; Rose, A . 76, 16; 
Wittstein, Repert. 63, 224). Forms a double 
salt with Na (Persoz, A. 65, 170 ; Pahl, Bl. [2] 
22 , 122 ). 

Ammonium pyrophosphates. Normal salt 
(NH 4 ) 4 P 2 0 7 ; by adding excess NHaAq to 
H 4 P 2 0 7 Aq and recrystallising from alcohol. Solu- 
tion boiled gives the acid salt (NHJjIL^O, 
(Schwarzenberg, A. 65, 141). 

Barium pyrophosphate Ba;>P 2 0 7 .*H 2 0. White 
amorphous solid; by adding Na 4 P 2 0 7 Aq to 
BaGL^Aq, or H 4 P 2 0 7 Aq to BaOAq. Heated im 
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«team gives off PH S ; gives orthophosphate by 
heating with alkali carbonates (Hesse, P. 80, 71; 
Sohwarzenberg, l.c. ; Birnbaum, Z. [2] 7, 139 ; 
Struve, J. pr. 79, 348; Rose, P. 76, 20). Forms 
a double salt with Na (Baer, P. 75, 166). 

Bismuth pyrophosphate Bi 4 (P 2 0 7 ) a (Chancel, 
C. B. 50, 416). * 

Cadmium pyrophosphate Cd^PaO^HaO (at 
100°) (Sohwarzenberg, A. 65, 153). 

Calcium pyrophosphates Normal salt 
CaaP,0 7 .4H 2 0, by adding Na 4 P 2 0 7 Aq to CaCl.Aq, 
or CaOAq to H 4 P 2 0 7 Aq ; sol. in much Na 4 P 2 0 7 Aq. 
Amorphous, but crystallises from solution in 
acetic acid or S0 2 Aq (Sohwarzenberg, A. 65, 
145 ; Rose, P. 76, 16, 20, 230). For action of 
heat, v . Baer (P. 75, 155). Decomposed by 
water at 280° to H a P0 4 Aq and Ca 3 P 2 0 8 (Reynoso, 
C. B. 34, 795). Partially decomposed by boil- 
ing with NaOHAq or fusing with alkali carbonate 
(Rose). The acid salt CaH 2 P 2 0,.2H 4 0 is said 
to be obtained by decomposing the normal salt 
by a little H 2 C 2 0 4 Aq (Pahl, Bl. [2] 22, 122). 
Von Knorre a. Oppelt (B. 21, 769) failed to ob- 
tain this salt, but prepared the salt 
2CaK 2 P 2 0 7 .Ca 2 P 2 0 r 6H 2 0 by adding CaCLjAq to 
Na 2 H 2 P 2 0 7 Aq. 

Double 8 alt CaNa 2 P 2 0 7 .4H 2 0 (Baer, P. 75, 
159). 

Chromium pyrophosphate Or 4 (PA)r A 
reddish green pp. by adding Na 4 P 2 0 7 Aq to Cr 
alum solution ; soluble Na 4 P 2 0 7 Aq, KOHAq, 
SOjjAq, and mineral acids (Sohwarzenberg, A. 
65, 149). 

Cobalt pyrophosphates. Salts having the 
composition Co 8 P 4 0 13 and Co 6 P, 0 O 81 are said to 
be formed by strongly heating luteo-cobalt phos- 
phate (Braun, Fr. 3, 468 ; Om.-K. 3, 463). 

Copper pyrophosphates. The normal salt 
Cu 2 P 2 0 7 .2H 2 0, by adding Na 4 P 8 0 7 Aq (not excess) 
to Cu salt solutions and drying at 100° ; greenish- 
white amorphous pp., becoming crystalline by 
boiling in S0 2 Aq; soluble Na 4 P 2 0 7 Aq, NHaAq, 
and mineral acids (Sohwarzenberg, A. 65, 156 ; 
Stromeyer a. Gladstone, Om.-K. 3, 615). Forms 
double salts with NH 4 , K, and Na (v. Schwarzen- 
berg, lx. ; Schiff, A. 123, 1; Persoz, A. Oh. [3] 
20, 815 ; Fletimann a. Henneberg, A. 65, 387). 

Iron pyrophosphates. The ferrous salt is 
obtained by ppg. FeS0 4 Aq by Na 4 P 2 0 7 Aq ; com- 
position not decided (v. Sohwarzenberg, A. 65, 
153 ; Struve, J . j pr. 79, 348). The ferric salt 
Fe.(P 2 0 7 ) s .9H 2 0 is a yellowish pp., formed by 
adding neutral FeCl a Aq to Na 4 P 2 0 7 Aq (acidified 
FeGl a Aq gives FeP0 4 ; Sohwarzenberg). Glad- 
stone (O. J. [2] 5, 435) obtained an allotropic 
form by heating the ordinary salt in dilute 
HjS0 4 Aq. 

Double 8 alts, with Na (Gladstone, lx.; 
Persoz, A. Ch . [3] 20, 315 ; Fleitmann a. Henne- 
berg, A. 65, 390 ; Rieckher, N. J. P. 23, 1 ; Milck, 
J. 1865. 263). 

Lead pyrophosphate Pb 2 P 2 O y . A white amor- 
phous powder ; by ppg. PbfNOJjAq by 
Na 4 P 2 0 7 Aq. Obtained in colourless, transparent, 
rhombic prisms by dissolving PbO in molten 
KPO a (Ouvrard, O. B. 110, 1338). Soluble ex- 
oess of Na 4 P 2 0 7 Aq, insoluble aoetio acid or 

Sohwarzenberg fom.-K. 3, 121*; Gerhardt, A^Ch. 
[3] 22, 506). Forms a double salt with Na 
(Gerhardt, lx. ; Ouvrard, Zx.). 
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Lithium pyrophosphate Li 4 P 2 0 7 .2H,0 ; by 
adding Na 4 P 2 0 7 Aq to LiClAq, dissolving in 
acetic acid, and ppg. by alcohol (Rammelsberg, 
B. B. 1883. 18; Merling, J. 1879. 1043). A 
double salt, Li 3 NaP 2 0 7 , is formed in prismatic 
crystals by dissolving Li/X), in molten NaPO a 
(Ouvrard, O . B . 110, 1333). 

Magnesium pyrophosphates. The normal 
salt MgjjP 2 0 7 .3H 2 0 is formed by adding 
MgS0 4 Aq to Na 4 P 2 0 7 Aq (Rose, P. 76, 16, 20), or 
by dissolving MgO in Na 2 H 2 P 2 0 7 Aq and heating 
(Sohwarzenberg, Om.-K . 2, 448). Pp. becomes 
crystalline by remaining under liquid from 
which it has been ppd. (Popp, Z. [2] 6, 305), 
also by boiling with SO,Aq (Sohwarzenberg, lx.). 
The salt is obtained, without H 2 0, by strongly 
heating MgNH 4 P0 4 . Loses 3H 2 0 at 100° ; fused 
with soda or heated with oonc. HjSOi gives 
Mg 3 P 2 0 R (RoBe ; Weber, P. 73, 137). Easily 
soluble HClAq and HNO a Aq ; ppd. incompletely 
by NH a Aq (Fresenius; Weber). An acid salt, 
Mg 2 H 2 P 2 0 7 , combined with N0 2 , is said to be 
formed by evaporating to dryness with HNO a Aq 
(Luck, Fr. 13, 255; Campbell, P. M. [4] 24, 
880). Forms a double salt with Na (Persoz, 
A. 65, 169; Sohwarzenberg, A. 65, 146; Beer, 
P. 75, 168). 

Manganese pyrophosphates. The normal 
manganous salt Mm^PgOj.SHjO is a white 
amorphous powder; by ppg. a salt of Mn by 
Na 4 P 2 0 7 Aq (Sohwarzenberg, A. 65, 133). Soluble 
Na 4 P 2 0 7 Aq (Pahl, Bl. [2] 22, 122). Loses one 
H 2 0 at 120° (S., l.c.). The salt without HjO is 
formed by strongly heating the hydrated salt, 
or MnHP0 4 .3H 2 0, or MnNH.PO^O (S., l.c. ; 
Heintz, &o., Om.-K. 2, 475) ; white powder, S.G. 
3-5847 at 20° (Lewis, Am. 8. [3] 14, 281); 
heated to whiteness in H gives Mn a P 2 O g ; re- 
duced by charcoal to Mn phosphide (Struve, J. 
1860. 78). The acid salt is 

said to be formed by action of oxalio acid on 
the normal salt (Pahl, IxJ). Various double 
salts are described — with K (Pahl, l.c.; Sohjern- 
ing, J. pr. [2] 45, 515) ; with Na (Pahl, Rose; 
Christensen, J. pr. [2] 34, 41) ; with Na and 
NH 4 (v. Otto, J.pr. 2, 418). The acid manganic 
salt MnHP 2 0 T is said to be formed by heating 
MnP0 4 with H 3 P0 4 Aq to 170°-190° (Christensen, 
J. pr. [2] 28, 1). 

Mercury pyrophosphates. The normal mer- 
curous salt Hg.P 2 0 7 .BL 2 0 is a heavy white powder 
obtained by adding Na 4 P s O T Aq toHgNO a Aq (Rose, 
Om.-K. 8, 754; Sohwarzenberg, A. 65, 133). The 
normal mercuric salt , Hg 2 P 2 0 7 , is obtained by 
adding Na 4 P 2 0 7 Aq to Hg^OJ^Aq (S., l.c. ; 
Reynoso, O. B. 84, 795). 

Nickel pyrophosphate Ni 2 P 2 0 7 . A green pp. 
by adding Na 4 P 2 0 7 Aq to NiS0 4 Aq; soluble excess 
Na 4 P 2 0 7 Aq, NH^Aq, and acids; obtained crystal- 
line by boiling with SO^Aq ; decomposed by water 
at 280°-300° (S., lx. ; Reynoso, lx.). 

Potassium pyrophosphates. The normal salt, 
K 4 P 2 0 7 .a:H 2 0, is obtained by strongly heating 
K 2 HP 0 4 ; also formed by reaction of POCl a with 
KOHAq (Gladstone, C. J. [2] 5, 485). -Loses one 
HgO at 100°, and is dehydrated at 300°. Solu- 
tion in water does not change to K 2 HP0 4 on boil- 
ing (Sohwarzenberg), nor on evaporation (Glad- 
stone), but change is effected by heating to 280° 
(Reynoso, O. B. 34, 795) ; boiling with KOHAq 
produces the ortho- salt. The acid salt, KyBLP 2 0 7 , 
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is obtained by treating the normal with acetic 
acid and alcohol, and evaporating over H 2 S0 4 
(Sohwarzenberg, A. 65, 187). Forms a double 
salt with 2KjNH 4 )HP 2 0 7 .H 2 0 (S. f Z.c.) ; also 
with Cr 2 H 4 (P 2 0 7 ) 2 (Schjeraing, J. pr. [2] 45, 515). 

Silver pyrophosphates. Normal salt, Ag 4 P 2 0 7 ; 
a white pp. from AgNO a Aq and Na 4 P 2 0 7 Aq (Clark, 
Stromeyer, Gm.-K. 3, 919). S.G. 5-306 at 7*5° ; 
soluble NHjAq, reppd. by HNO^Aq ; boiled with 
NagHPOgAq gives Ag s P0 4 . Heated with H 3 P0 4 Aq 
at 180° gives the acid salt (Hurtzig a. 

Geuther, A . Ill, 160). 

Sodium pyrophosphates. The normal salt, 
Na 4 P 2 0 7 , is formed by strongly heating Na 2 HP0 4 ; 
a glass-like solid, becoming opaque on cooling 
(Clark, N. Ed. P. J. 7, 298) ; gives Na 8 P0 4 and 
PH, when heated in H (Struve, J. pr. 79, 350) ; 
heated with NH 4 C1 gives NaCI, NaP0 8 , and PCI, 
(Bose). The hydrated salt, Na 4 P 2 O 7 .10H 2 O, 
crystallises from Na 4 P 2 0 7 Aq (Clark, l.c. ; von 
Bliicher, P. 50, 542) in monoclinic crystals (Bam- 
melsberg; Haidinger, P. 16, 610; Handl, W.A.B. 
32, 250; Schacohi, P. 109, 865; Duffet, C. R . 
102, 1827). Crystallises unchanged from Aq with 
NH, or NH 4 C1 added. Solution boiled with 
acids gives NagP0 4 Aq. Poggiale (J. Ph. [3] 44, 
273) gives solubility; 100 parts water dissolve — 
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The acid salt Na^H^O, ; by heating 
KaH 2 PO. to 190°-204° (Graham, Gm.-K. 2, 169), 
or by addition o r alcohol to an aoetic acid solu- 
tion of Na 4 P 2 0; (Sohwarzenberg, A. 65, 139). 
Crystallises from aqueous solution with 6H 2 0 
(Bayer, J.pr, 106, 601 ; Bammelsberg, B. 16, 21 ; 
Duffet, O. R. 102, 1327). When strongly heated 
gives Na 4 H f P 4 0 I8 (Fleitmann a. Henneberg, A. 
66, 828). 

Double salt s, — 1. Na 2 (NH 4 ) 2 P 2 0 7 .o;H 2 0, 
& « 5 or 6 (Sohwarzenberg, A. 65, 140, 142 ; 
Bammelsberg). — 2. Na 2 K 2 P 2 0 7 .12H 2 0, and 
Na 4 P,0 7 .Na 2 H 2 P 2 0 7 .2H 2 0 (S., Z.c.; B., l.c.). Wall- 
roth (Bl. [2] 89, 316) has described double Balts 
with pyrophosphates of Al, Be, Bi, Cd, Ca, Ce, 
Or, Co, On, Di, Er, La, Mn, Mg, Ni, Th, Yb, Y, 
Zn, and Zr. For double salts with pyro- 
phosphates of Sn and Ti v. Wunder, J. 1870. 
859; 1871.323. Na 4 P 2 0 7 seems to com bine with 
B a O f by fusing Na 4 P 2 0. with boric acid (Prin- 
vault, C. R. 74, 1249). 

Strontium pyrophosphate, Sr 2 P 2 0 7 . A 
crystalline powder ; from SrfNOgJgAq and 
Na 4 P 2 0 7 4q ; also by heating SrHP0 4 (S., Z.c.). 
Forms ae£d salts (von Knorre a. Oppelt, B . 21, 
769); also a double salt with Na (Baer,P. 
75, 166). 

Thallium pyrophosphates. Normal thallous 
saU t T1 4 P 2 0 7 ; by heating T1JEIP0 4 (Descloizeaux, 
A. Ch . [4] 17, 829). S.G. 6-786. Crystallises 


from aqueous solution with 2H 2 0 (D., Z.c.). The 
acid salt is formed by heating 

TlHjjPOg to 250°-275° (Lamy, Bammelsberg, 
Gm.-K. 3, 177). 

Thorium pyrophosphates. Double salts 
with K and Na are described by Ouvrard (C. R . 
105, 80). 

Uranium pyrophosphates. Double salts 
with K and Na are described by Ouvrard ( G . R» 
110, 1333). 

Yttrium pyrophosphate. Johnson describes 
Y 4 (P 2 0 7 ) 2 , formed by heating Y 2 3S0 4 with HPO, 
to 316° ( B . 22, 976). 

Zinc pyrophosphate, Zn^Oj. By ppg. Zn 
salts by Na 4 P 2 0 7 (Stromeyer, Gm.-K. 2, 832 ; Glad- 
stone, ibid. 3, 16; Sohwarzenberg). Forms a 
double salt with NH 4 (Bette, A. 15, 129). 

Zirconium pyrophosphates. Double salts 
with K and Na are described by Ouvrard (C. R . 
105, 30). 

METAPHOSPHATES. Salts derived from 
HPO,. The general methods of preparation, 
properties, and reactions of the metaphosphates 
are described at the beginning of this article 
(p. 106) ; the divisions into mono -, di- t tri -, 
tetra-, and hexa- metaphosphates , with the pro- 
cesses by which typical salts of each division are 
prepared, have also been described already (p. 
107). It will suffice here to enumerate the 
salts, with an indication in each case to which 
division the salt is assigned by Maddrell, Fleit- 
mann a. Henneberg (cf. Tammann’s results 
regarding Na, di-, ana tri- metaphosphates 
p. 107). T.*s paper in J.pr. [2] 45, 417 should 
also be consulted. 

Aluminium dimetaphosphate, Al^O,,. By 
dissolving AljO^zE^O in H s P0 4 Aq, evaporating, 
and heating to 316° (Maddrell, C. S. Mem. 8 f 
873 ; Johnson, B. 22, 976). For hexa - salt v. T. t 
J. pr. [2] 45, 417. 

Ammonium metaphosphates. (NH 4 ) 2 P 2 0„ 
from Cu salt by (NH 4 ) 2 SAq; at 200°-250° 
becomes mono - salt (NH 4 )PO s (Fleitmann, A. 72, 
236). For deca - and penta- salts v. T., Lc. 

Barium metaphosphates. (1) ? Mono - salt 
BaP 2 O a ; by heating BaOO, with H 3 P0 4 to 316° 
(M., lx . ; F., lx . ; Bose, P. 76, 6 ; Birnbaum, Z. 
[2] 7, 139). (2) Di- salt , Ba 2 P 4 0 12 .a:H 2 0; from 
Na or NH 4 salt and BaCl^q (F., l.c.). (3) Tri- 
salt, Ba s P a O, 8 .a;H/) ; from Na salt and BaCLjAq 
(F. a. Henneberg, A. 65, 313). (4) Hexa- salt ; 
from Na salt and BaCLfAq (Bose ; Graham, P. 
32, 68). 

Bismuth metaphosphate. ? Tetra- salt ; by 
fusing HgPO, with B^O^HaC) (F., Z.c.) ; HPOgAq, 
Bi3NO a solution and NH a Aq give a pp. (Persoz, 
Gm.-K. 2, 832). 

Cadmium metaphosphate. ? Tetra - salt (F., 
l.c. ; Persoz, Gm.-K. 8, 54). Double salts 
with Na and K (Ouvrard, O. R. 106, 1729). 

Calcium metaphosphates. A salt is obtained 
by heating CaHP0 4 ; for action of HPO, on 
CaCO, v. Bose (P. 76, 6), Liebig (A. 11, 262). 
Di- salt, Ca 2 P 4 0, 2 .a;H a 0 ; from Na salt and 
CaCl^Aq (M., Z.c.; F., l.c.). Double salts. — 
CaAm^Oj^HaO (F., lx.) ; CaNaP,0 # (F. a. H., 
lx.). 

Chromium dimetaphosphate, Cr-jPgO,,. By 
heating OrO,H, with H,P0 4 to 316° (M., l.o . ; 
Hautefeuille a. Margottet, O. R. 96, 849, 1042: 
Johnson, B. 22, 976). 
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Cobalt metaphosphate*. ? Mono- salt 
OoP *0 8 ; by evaporating OoS0 4 with H„P0 4 Aq, 
and heating to 316° (M., l.c. ; H. a. M., lx.). 
Di- salt Co 2 P 4 O ia ; by heating roseo-cobaltio 
phosphate (Braun, Ammon. Kobaltverbindungen 
[Gottingen, 1862]). ? Hexa- salt < Co 8 P, 2 0 3fl ; by 
CoCLjAq and the Na salt (Rose). 'Okto- salt (T. t 
lx.). Double salt with Na (M., l.c.). 

Copper metaphosphates. Vi- salt Cu 2 P 4 0 12 ; 
by heating CuO or Cu(NO a ) 2 with H 3 P0 4 to 316° 
(M., l.c . ; F., l.c.) ; obtained with 8H 2 0 by eva- 
porating CuS0 4 Aq mixed with Na 2 P 2 0 8 (F. l.c ). 
f Hexa- salt ; by ppg. CuCl 2 Aq (not CuS0 4 Aq) 
by the Na salt (Rose). Double salts with 
NH 4 and Na (F., lx. ; T., l.c.). 

Iron metaphosphate. Di-ferric sa^Fe,P 6 0 18 ; 
by heating FeCl, with H s P0 4 to 316° (M., l.c. ; 
H. a. M., lx. ; Johnson, B. 22, 976). 

Lithium hexametaphosphate. A double 
salt LigNa^Ojg, is described by Tammann (l.c.). 

Lead metaphosphates. Vi- salt Pb 2 P 4 O l2 ; 
from Pb(NO s ) 2 Aq and the Na salt ; also by heating 
H s P 0 4 and PbO (F., lx.). Tri - salt Pb 3 P a O, 8 ; 
from the Na salt and Pb(N0 8 )*Aq (F. a. H., l.c.). 
Deha- salty T. (lx.). Double salt PbAm^O,* 
(F., l.c.). 

Magnesium metapbosphates. ? Mono- salt 
MgP 2 O a , by heating MgO with H 3 P0 4 (M., 

1. c.). Di- salt Mg^Ojx-xELjO ; and tri- salt 
Mg 3 P g 0 18 .a;H 2 0 ; from the corresponding Na 
ealt and MgClaAq (F., lx.). Hexa- salt Mg 8 P J2 0 M 
(Graham, Qm.-K. 2, 214). Double saltSy 
with NB* and Na, v . F. (lx.) ; F. a. H. (l.c.) ; 
M. (l.c.) ; Graham (Z.c.) ; Ouvrard (C* B. 106, 
1729) ; Tammann (lx ). 

Manganese metapbosphates. Di- salt 
Mn*P 4 0, a ; by heating a Mn salt with H 3 P0 4 to 
316° (M., l.c. ; F., l.c.) ; with 811*0 by ppg. 
(NH 4 ) 2 P 2 0 8 Aq by excess of MnCLjAq (F., l.c.). 
Tri - salt Mn 3 P a 0 l8 .llH 1 0 ; from MnCl^q (not 
MnS0 4 ) and Na,P 8 0 B . Hexa - salt ; 

by using Na 8 P 8 0 18 (Otto, Rose, Qm.-K. 2, 490 ; 
Braun, lx.). Veka- salt Mn^P^O^, (Tammann, 
J.pr. [2] 46, 417). Double salts t with NH 4 
and Na (v. F., l.c. ; Rose, lx. ; T., l.c.). 

Mercury metaphosphates. White pps. are 
formed by adding Na tri- and hexa- metaphos- 
phate to Hg(N 03 )*Aq (F. a. H., l.c. ; Rose, Qm.-K. 

2, 764). 

Nickel metaphosphates. Di - salt Ni 2 P 4 0 12 ; by 
heating Ni*O t with H*P0 4 to 316° (M., l.c. ; H. a. 
M., l.c.). Hexa- salt Ni 8 P ia O M ; by adding NiCl*Aq 
to Na 6 P 8 0 18 (Rose). Double salt with Na 
(M., lx.). 

Potassium metaphosphates. ' Mono- salt 
KPO„ ; by heating KH*P0 4 to full redness (M., 
l.c. ; Graham, Darracq, Qm.-K. 2, 32). S.G. 
2-2639 at 14-6° (Clarke, Am. S. [3] 14, 281). Di- 
salt KjPjOg ; by treating the Ou salt with K 2 SAq 
(W. t l.c.). Hexa- salt K 8 P fl 0 18 (T., l.c.). Double 
salt with NH 4 (F., lx.). Compound with B 2 0 3 
(Prinvault, C. R. 74, 1249). 

8ilver metapbosphates. Di- salt Ag 2 P 2 0 8 ; 
and tri- salt Ag 3 P 3 0 8 ; from AgNOgAq and the 
corresponding Na salts (F., l.c. ; F. a. H., lx.). 
Hexa - salt Ag 8 P 8 0, 8 ; from AgNO, heated with 
H 3 P0 4 to 316°, or by adding Na^OjgAq to 
AgNOjAq (Graham ; F., l.c. ; T., lx. ; Rose, Ber- 
zelius). Double salts with Al, Or, and Fe 
<H. a. lx.). 


Sodium metaphosphates. For conditions of 
formation and general reactions v. p. 106. The 
following salts have been described : Mono- salt 
NaP0 3 (F., l.c. ; M., lx. ; F. a. H., l.c. ; Graham, 
Qm.-K. 2, 170; Jamieson, A. 69, 850; Muller, 
P. 127, 428) ; di- salt Na 2 P 2 0 e .2H 2 0 (F., lx.) ; 
tri- salt Na 3 P s 0 r 6H 2 0 (F. a. H., I c.) ; tetra- salt 
Na ( P 4 O l2 (F., l.c.) ; hexa- salt Na 8 P 8 0, 8 (F., lx.; 
T., l.c.; G., l.c.). For double salts with Na 
and NH 4 , v. F. (l.c.). 

Strontium metaphosphates. ? Mono- salt 
SrP 2 0 8 ; by heating SrC0 8 with H 3 P0 4 (M., l.c . ; 
cf. Rose, P. 76, 8 ; Scheerer, J . pr. 75, 113). For 
a deka- salty v. T. (l.c.). 

Thallium metaphosphate. TlPO s said to 
exist in two forms, one insoluble in water (? di- 
salt), and the other soluble (Lamy, Qm.-K. 2, 
177). 

Thorium metaphosphate ThP 4 O l2 (? di- salt, 
Th^O^) ; by heating Th(S0 4 ) 2 with H a P0 4 to 
redness (Johnson, B. 22, 976). For double 
salts with K and Na, v. Troost a. Ouvrard ( C . R. 
105, 30). 

Uranium metaphosphate, Di - salt tLP.O.a 
(H. a. M., lx.). 

Zinc metaphosphates. Di- salt Zn 2 P 4 0 12 ; by 
heating ZnO with H 3 P0 4 to 850° (F., l.c.) ; with 
4H 2 0 by adding ZnCl 2 Aq to (NH 4 ) 2 r*0 8 Aq. 
For double salts with NH 4 and Na,«. F. a. H. 
(lx.) ; Bette (A. 15, 129). 

TETRAPHOSPHATES and DEKAPHOS- 
PHATES. Salts of the hypothetical acids 
H 8 P 4 0 13 and H 12 P 10 O 3l (v. pp. 106, 107). 

Barium tetraphosphate Ba^O,,. A heavy 
crystalline powder; by fusing Na 8 P 4 0 lt with 
BaCl, (F. a. H., A. 65, 313). 

Magnesium tetraphosphate Mg 3 P 4 0 )3 . Pre- 
pared similarly to the Ba salt (F. a. H., lx.). 

Silver tetraphosphate Ag 8 P 4 0, 8 . From the 
Na salt and AgNO*Aq (Berzelius, P. 19, 331). 

Sodium tetraphosphate Na fl P 4 O n . By 
fusing Na 8 P 8 0 18 with Na 4 P 2 0 7 or Na 3 P0 4 (F. a.H., 
l.c. ; Uelsmann, A. 118, 101). 

Silver dekaphosphate Ag, 2 P, 0 O 81 . From 
the Na salt and AgNO^Aq (F. a. H., l.c.; U., lx.). 

Sodium dekaphosphate Na 12 P, 0 O 8l . A glassy 
mass ; by fusing Na 8 P e 0 lt and Na 4 P a O, (F. a. 
H., l.c.). M. M. P. M. 

PH08PHENTL CHLORIDE v. Phen YL-di- 

CftforO-PHOSPHINE. 

FHOSPHENYLIC ACID v. Phenyl phos- 
phites. 

PHOSPHENYLOUS ACID C 8 H ft PHO.OH. 
Benzene phosphvnic acid. [70°]. S. 7 23 in the 
cold ; 211 at 100°. Formed by adding water to 
C 8 H v PC 1 2 , and boiling (Michaelis, A. 181, 308; 
B. 10, 816). Leaflets, v. sol. alcohol. Decom- 
posed by heat into phenyl-phosphine, benzene, 

! and HPO*. PC1 5 forms C 8 H a PCl 2 . — KA' 2aq.— 
NH 4 A'.— BaA' 2 4aq.— PbA a : amorphous pp. 

Ethyl ether EtA'. Oil. 

Di-ethyl ether C 8 H ft P(OEt) 2 . (235°). 
Formed from CAPC1, and NaOEt. Liquid witn 
very powerful odour. 

PHOSPHIDES. Compounds of P with one 
other more positive element. The chief phos 
phides are those of Al, Sb, As, Ba, Be, Bi, Cd, 
Ca, Cu, Cr, Au, H, Fe, Pb, Mg, Mn, Hg, Mo, Ni, 
K, Pt, Ag, Na, Th, Bn, Tl, W, Zn, Zr. (Phos- 

I 2 
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phideB of H are described as Phosphorus hydrides 
under Phosphorus.) Many phosphides are formed 
by heating together P and the more positive 
element in an atmosphere of C0 2 or N ; phos- 
phides are also produced by heating P with 
several metallic oxides or with salts in solution ; 
also by heating metals or their oxides in PH 3 . 
Phosphides are generally brittle solids ; many 
react with water or dilute acids, evolving P 
hydrides ; some yield basic phosphates when 
heated in air. For descriptions of the different 
phosphides v . the individual elements. 

M. M. P. M. 

PHOSPHINE. PH S is sometimes known by 
this name, v. Phosphorus, hydrides op, p. 135. 

PHOSPHIN ES are the phosphorus analogues 
of amines, and result from the replacement of 
hydrogen in phosphuretted hydrogen by alkyl 
radicles. They may be classified, like the amines, 
into primary, secondary, and tertiary bases, and, 
in addition, quaternary compounds are known 
analogous to the salts of compound ammoniums. 

Methods of preparation. 1. Action of the 
haloid derivatives of hydrocarbon radicles on 
metallic phosphides. It was by this reaction 
that Paul TMnard ( C . E. 21, 144 ; 25, 892) dis- 
covered the first members of the phosphine 
group in 1843-47. He experimented with methyl 
chloride and calcium phosphide, and apparently 
isolated trimethyl-phosphine, (CH,) 2 P 4 as an 
inert solid, and a substance (CH 3 ) 4 P 2 analogous 
to cacodyl as a spontaneously inflammable liquid, 
boiling at 250°, very explosive, poisonous, and 
unstable. Th6nard recognised the relationship 
of trimethyl-phosphino to ammonia, and pre- 
dicted the existence of the then undiscovered 
organic compounds of nitrogen and antimony. 

In 1856 Hofmann a. Cahours (T. 1857 ; 
A. Ch. [3] 61, 5) investigated the action of 
methyl iodide on sodium phosphide, and ob- 
tained tetramethyl-phosphonium iodide in addi- 
tion to trimethyl-phosphine and the phos- 
phorised cacodyl of Th6nard. They found that 
the method was dangerous, and furnished mix- 
tures the separation of which presented enormous 
difficulties. 

Berl& (J. pr. 66, 73) about the same time 
obtained very small quantities of triethyl- 
phosphine by the action at a very high tem- 
perature of ethyl iodide on sodium phosphide 
obtained by heating sodium and phosphorus 
together in rock oil. 

Cahours in 1859 (C. B. 49, 87 ; J. 1859, 430) 
prepared tetrethyl-pnosphonium iodide by the 
action of ethyl iodide on crystallised zinc 
phosphide (obtained by heating the metal in 
phosphorus vapour at 180°). 

In 1882 Letts a. N. Collie ( Tr . E. 30 pt. i. 
181) investigated the action of benzyl chloride on 
sodium phosphide, and found that tetra-benzyl- 
phosphonium chloride was produced in abun- 
dance. 

2. Action of organo-metallic bodies on tri- 
chloride of phosphorus . The action of zinc 
alkyls an phosphorus trichloride was first in- 
vestigated by Hofmann a. Cahours (A. Ch. [3] 
61), and was further studied by Hofmann (A. Ch. 
[3] 62 ; 63 * 64). By this method tertiary phos- 
phines are exclusively formed : 8R 2 Zn + 2PC1, 
«= 2R 3 P + 3ZnCl g . It is necessary to treat the 
product of the reaction with caustic potash, in 


order to decompose the compound of the phos- 
phine with zinc chloride. By this reaction 
Hofmann a. Cahours obtained PMe s and PEt g , 
and showed that they resemble the correspond- 
ing amines in many respects, especially in the 
readiness with which they combine with alkyl 
iodides to give quaternary compounds. On the 
other hand, they proved that, unlike the amines, 
tertiary phosphines readily combine with oxygen 
to give very stable compounds of the general 
formula R„PO. 

3. Action of alcohols on phosphonium 
iodide ; and 4. Action of alkyl iodides on 
phosphonium iodide and oxide of zinc (Hof- 
mann’s methods). In the year 1871 Hofmann 
again took up the study of the phosphines (B. 4, 
205), and by the action of alkyl iodides on phos- 
phuretted hydrogen obtained not only tertiary 
and quaternary compounds, but also primary and 
secondary bases. Hofmann took advantage of 
the fact that phosphonium iodide when heated 
with alcohol yields phosphuretted hydrogen, 
ethyl iodide, and water. When phosphonium 
iodide (1 mol.) is heated with alcohol (3 mols.) 
for 8 hours at 180° the cry*stalline product is 
a mixture of PEt 3 HI and PEt 4 I, and, on addition 
of caustic soda, triethyl-phospliine separates as 
a clear liquid, while the solution gives, on 
evaporating, beautiful crystals of tetrethyl- 
phosphonium iodide. If the tubes are heated 
for four hours only, two layers of liquid are 
visible on cooling, and the tubes show great 
pressure when opened. It may be taken for 
granted, then, that the reaction occurs in two 
phases, in the first of which EtI is liberated, 
which then acts upon PH 3 in the same way as 
it acts on ammonia. Hofmann employed this 
method successfully in the methyl ( B . 4, 209), 
ethyl (B. 4, 205), propyl (B. 6, 292), butyl (B. 6, 
296), and amyl (B. 6, 297) series. Hofmann 
(B. 4, 372) endeavoured to prepare the primary 
and secondary bases according to the equations: 

PH 4 I + C 2 H«0 = C 2 H,PH 2 HI + H 2 0 
PH 4 I + 2C 2 H„0 = (C*HJJPHHI + 2H 2 0, 
by altering the proportions of phosphonium 
iodide and alcohol, but without success, the 
tertiary base being produced alone or mixed 
with the quaternary compound, while with the 
proportions required for the second equation the 
tubes invariably exploded. 

In the meantime Drechsel a. Finkenstein (B. 
4, 352) believed that they had succeeded in obtain- 
ing the primary bases by saturating EtI or Mel 
with PH 3 , and allowing the solutions to remain for 
some time at thaordinary temperature, or by heat- 
ing them at 100°, and also by heating an ethereal 
solution of Znl 2 saturated with PH, together with 
Mel. Hofmann (£. 4, 372) repeated these ex- 
periments, and showed that only tertiary and 
quaternary derivatives were formed. The idea 
then occurred to him of heating the alkyl iodi|e 
with phosphonium iodide in presence of a 
metallic oxide, with the happiest results; for 
on heating a mixture of phosphonium iodide 
(2 mols.) with ethyl iodide (2 mols.) and zinc 
oxide (1 mol.) in sealed tubes at 150° for from 
six to eight hours, a complete reaction occurred, 
the tubes when cold containing a crystalline 
mass consisting exclusively of the hyariodatea 
of the primary and secondary bases, the former 
being the chief produot, while the latter was only 
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formed in small quantities. The addition of 
water to the product of the reaction liberated 
the primary phosphine alone, which was dis- 
tilled off in a hydrogen atmosphere, while the 
secondary phosphine was subsequently set at 
liberty by the action of an alkali. , By means of 
this general method Hofmann prepared methyl 
(B. 4, 480), ethyl (B. 4, 005), propyl (B. 6, 292), 
butyl ( B . 6, 296), amyl (B. 6, 297), and benzyl 
(B. 5, 100) phosphines. 

4. Michaelis' s methods. Hofmann’s 
methods, although of excellent service for ob- 
taining the phosphines of those radicles which 
form alcohols, could not be employed in the 
preparation of phosphines containing purely 
aromatic radicles (B. 5, 100). Michaelis, on the 
other hand, not only succeeded in obtaining all 
the phenyl-phosphines, but also in discovering 
a fairly general method for the production of 
primary phosphines. The substance forming 
the starting-point for the preparation of phos- 
phines by these methods is trichloride of 
phosphorus. One atom of chlorine is first 
replaced in that body by one or other of the 
following processes : — 

(a) The mixed vapours of a hydrocarbon and 
the trichloride are repeatedly passed through 
a red-hot tube. Thus when benzene is em- 
ployed * phosphenyl * chloride is obtained : 
PC1 3 + C fl H a = (C b H d )PCl, 4 HC1. 

(b) A mercury alkyl is heated with the tri- 
chloride under pressure : PCI, 4 (C 2 H 5 ).,Bg 
= (C,H 6 )PCl,-fHg(C 2 H a )Cl. 

(c) By digesting a hydrocarbon with the 
trichloride and aluminum chloride, the reaction 
being the same as (1). Other substances besides 
hydrocarbons yield substituted phosphorus 
chlorides when submitted to this reaction. 
Thus a mixture of acetone, PC1 3 , and aluminium 
chloride react spontaneously, according to the 
equation : 

2(CH 3 ),CO 4 PC1 3 = 2HC1 4- (CH 8 .C0.CH 2 ) 2 PC1. 

By means of these different reactions 
Michaelis and his pupils have obtained a con- 
siderable number of substituted phosphorus 
chlorides, among which are : Phenyl phosphorus- 
chloride by methods 1, 2, and 3 (B. 6 [1873], 
601; 8 [1875], 922; 12 [1879], 1009). Tolyl phos- 
phorus-chloride by method 3 (B. 13, 653). Xylyl 
phosphorus-chloride by method 3 (A 212, 203, 
209). Ethyl phosphorus-chloride by method 2 
(B. 13, 2174). Propyl phosphorus-chloride by 
method 2 (B. 13, 2174). Naphthyl phosphorus- 
chloride by method 2 (B. 9, 1051). Acetonyl 
phosphorus-chloride by method 3 (B. 17, 1273). 
The substituted chlorides resemble PC1 3 in pro- 
perties. As a rule they are fuming liquids, 
combining readily with chlorine to give solid 
compounds analogous to pentachloride of phos- 
phorus; treated with water, they yield phos- 
phinous (phosphinio) acids. Thus phenyl 
phosphorus-chloride gives phenyl phosphinous 
(benzene phosphinio) acid : (C„H 6 )PC1, 4 2H,0 
« (C 6 H 6 )PH,0,4 2HC1. The products of addition 
which they form with ohlorine react with 
water to give phosphinio (phosphonic) acids ; 
<0 # H 4 )PG1 4 + 3H,0 = (C^HJPHA 4 4HC1. Mi- 
choelig was unable to obtain more than mere 
traces of the primary phosphine by the action 
of nascent hydrogen on the substituted chlorides. 
When gaseouB HI is passed into the chloride, 


chlorine is gradually displaced by iodine : 
C b H & PCl, 4 3HI « C,H 4 P1 2 HI + 2HC1. From this 
iodide Michaelis obtained phenyl-phosphine by 
the action of alcohol; 8C tt H 6 Py31 4 9C,H b O 
= C a H a PH, + 20 6 H 4 P0 3 H, + SBLjO + 9C 2 H 4 I. In 
later experiments he employed a simpler method, 
namely the destructive distillation of the phos- 
phinous (phosphinio) acid which, as already 
stated, is produced by the action of water or 
alcohol on the substituted chloride : 3C a H 5 PO,H 2 
= C a H 3 PH, + 2C a H s POj,Hj. From phenyl phos- 
phorus chloride Michaelis obtained diphenyl- 
phosphine by the following reactions : (1) The 
chloride is digested with mercury diphenyl at 
200 °: 

(C a H 6 )PCl,4 Hg(C e H a ) 2 = (C 6 H 6 ) 2 PC1 + HgCl(C a H 6 ) 
(B. 8, 1304) ; or it is heated for some time 
at 280°, when the following reaction occurs : 

2(C 6 H 6 )PC1 2 = (C„H 6 ) 2 PC1 4 PC1 3 . 

(2) Diphenyl phosphorus chloride when heated 
with water or dilute soda solution decomposes 
in the following manner: 2(C„H fl ) 2 PCl + 2H 2 0 
= (C«H 5 ) 2 PH + (C«H 5 ) 2 HP0 2 + 2HC1 (Michaelis a. 
Gleichman, B. 15, 801). Ho also obtained the 
tertiary base ; at first by acting upon a mixture 
of phenyl-phosphorus chloride and bromo-benz- 
cne with sodium : (0 1 H 5 )PCL,4-2C (J H 3 Br-f8Na 
= 2NaCl 4- NaBr 4 (C B Ii f ) 3 P, but later this 
method was modified in a remarkable way, by 
substituting for phenyl phosphorus chloride, 
phosphorus chloride alone, the reaction occur- 
ring quite easily and very energetically at ordi- 
nary temperatures according to the equation : 

PCI, 4 3(O.H.)Br 4 GNa = SNaCl 4 8NaBr 4 (O.H,).P. 

5. Action of alcohols on a mixture of phos- 
phorus and phosphorus iodide . Letts a. Blake 
(Tr. E. pt. 2) have shown that very remarkable 
reactions occur when benzyl alcohol acts upon 
a mixture of phosphorus and phosphorus 
iodide (in the proportions employed for obtain- 
ing phosphonium iodide by the action of water), 
whereby a number of the phosphorus deriva- 
tives of benzyl are obtained. The action occurs 
spontaneously at ordinary temperatures, and, 
although its mechanism was found difficult 
to investigate, the following equations ac- 
count for the formation of the different pro- 
ducts ; — 

(l)PI 2 4C 7 H 7 OH4H 2 0 «(0 7 H 7 )H 2 P0 2 4Hl4l 
2 PI, 4 C 7 H 7 OH 4 2H.fi 4 1 ”=■ (C 7 H 7 )H,PO* 4 3HI 
(3 Pig 4 2C 7 H 7 OH = (C^^PO, 4 HI 4 1 

(4) PI, 4 3C 7 H 7 OH 4 HI «= (C^LPO 4 2H,0 4 31 

(5) PI, 4 4C 7 H 7 OH 4 4HI - (C 7 H 7 ) 4 PI 4 4H,0 4 51 

(6) PI, 4 2H,0 - H 3 PO, 4 HI 4 1 

(7) PI, 4 4H,0 4 31 « H 3 P0 4 4 5HI 

(8 2HI 4 C 7 H 7 OH « C 7 H, 4 H,0 4 1, 

(9)P + I, -PI, 

All the products indicated by the above equa- 
tions were obtained in quantity, especially 
benzyl phosphinic acid, di-benzyl phosphinio 
acid, and tri-benzyl phosphine oxide, and the 
method is undoubtedly the easiest and best for 
the preparation of those substances. ^ Whether 
other alcohols behave in a similar manner to 
benzyl alcohol with a mixture of phosphorus 
and its iodide has not yet been ascertained. 

General properties of the primary phos- 
phines. The following primary bases have beep 
obtained : 
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Name 

Condition 

Boiling-point 

Methyl-phosphine 1 

Gas 

-14° 

Ethyl 

Liquid 

25° 

Iso-propyl „ s 

,, 

41° 

Iso-butyl „ 4 


62° 

Iso-amyl „ 6 

** 

106° 

n-Octyl „ 4 

»» 

184°-187° 

Phenyl „ 7 

»• 

160°-1C1° 

Benzyl „ 8 

„ 

180°-183° 

p-Tolyl „ 8 

Solid at + 4° 

178° 


1 Hofmann, Ji. 4, 209. ■ Hofmann, II 4, 432. 

• Hofmann, B. 6, 292. 4 Hofmann, Ii. 6, 296. 

• Hofmann, B. 6, 297. • Moslmger, B. 9, 1005. 

• Michaelis, B . 7, 6, 1688. 

• Hofmann, B. 5, 100 ; Letts a. Blake, Tr. E. 35 pt. t. 

• Miohaelis a. Panek, A. 212, 233. 

Most of the primary bases are liquids, insoluble 
in water, but soluble in ether. They fume in 
the air, and grow very hot, their vapour igniting 
spontaneously at times. The products of thiB 
oxidation appear to have been investigated only 
in a few cases, and chiefly in the aromatic 
series. Phenyl phosphine (Michaelis, B. 10, 807) 
and tolyl phosphine (Michaelis a. Panek, A. 212, 
234) both absorb a molecule of oxygen, and are 
converted into phosphinous (phosphinic) acids, 
which are monobasic, and therefore probably have 
the constitution RPH(OH):0. These acids are 
readily decomposed by heat, giving the primary 
phosphine, and the corresponding phosphinic 
(phosphonic) acid 8RPH 2 0 2 = RPH 2 + 2RPH 2 0 3 , 
a reaction analogous to that which gives rise to 
phosphoretted hydrogen and phosphoric acid 
when hypophosphorous and phosphorous acids 
are heated. Letts and Blake (Tr. E. 35, pt. 2) 
find that benzyl phosphine yields a mixture of 
benzyl, phosphinous (phosphinic) and benzyl 
phosphinic (phosphonic) acids with some phos- 
phoric acid. Submitted to the action of strong 
nitric acid, many of the primary phosphines (and 
probably all) absorb three atoms of oxygen, and 
are converted into phosphinic (phosphonic) acids. 
This has been shown by Hofmann ( B . 5, 110) 
to be the case in the methyl, ethyl, isopropyl, 
isobutyl, and isoamyl series. 

The phosphinic acids are solid substances, 
which, with the lower members of the fatty series, 
can be distilled unchanged (Hofmann, B. 6, 803). 
But in some other instances a different reaction 
occurs : thus phenyl phosphinic (benzene phos- 
phonic) acid when heated slowly to 200° gives a 
pyro-acid, while when rapidly heated to 250° it de- 
composes into benzene and metaphosphoric acid : 

Cyig + HPO r The phosphinic (phos- 
phonic) acids are all dibasic, and no doubt have 
the structure RPO(OH) 2 . All the primary phos- 
phines have distinct alkaline properties. They 
combine readily with hydracids forming crystal- 
line compounds, which can, as a rule, be volati- 
lised (with dissociation more or less complete), 
and which resemble the compounds of phos- 
phoretted hydrogen in being instantly decom- 
posed by water with liberation of the phosphine. 
The hydrochlorides combine with chloride of 
platinum to give chloroplatinates. The salts of 
the primary bases with oxyaoids have been 
scarcely at all investigated. The action of 
halogens on primary phosphines has not been 
sufficiently investigated. Methyl and ethyl 


phosphine take fire when they come in contact 
with chlorine or bromine (Hofmann, B. 4, 433* 
609). Benzyl-phosphine yields with bromine &. 
mixture of its own hydrobromide and substitu- 
tion-products (Letts a. Blake, Tr. E. 35, pt. 2). 

Sulphur acts on the primary bases. With' 
the methyl and ethjl derivatives, compounds 
have been obtained but not investigated (Hof- 
mann, B. 4, 433, 610). With phenyl phosphine 
sulphur acts slowly in the cold, rapidly at a high 
temperature (Michaelis, B. 10, 810). Two sub- 
stances are produced, one, a thick liquid, soluble 
in ether, having the composition (C 6 H 6 )PH 2 S, 
the other a crystalline product to which 
Michaelis assigns the formula (C 8 H 4 P)„S. The 
first of these bodies decomposes when heated in 
the following manner : 

2C„H 4 PH 2 S - C„H 5 PS + C b H 4 PH 2 + H 2 S. 
When benzyl phosphine is warmed with Bulphur 
the following reaction occurs (Letts a. Blake, lx .) : 

2C 7 HjPH 2 + 6S - (C 7 H 7 ) 2 P 2 S 4 H 2 + H 2 S 
and the resulting pyro-benzyl-tliiophosphinia 
acid when boiled with water is decomposed, 
yielding mono-thio-benzyl phosphinic acid : 
(C 7 H 7 ) 2 P 2 S j H 2 + 4H 2 0 - 2C 7 H,PS(OH) 2 + 3IIJ3. 

In view of the analogies existing between 
nitrogen and phosphorus, considerable interest 
is attached to the action of carbonyl chloride 
and bisulphide of carbon on the primary phos- 
phines. Bisulphide of carbon acts upon both 
methyl and ethyl phosphine (Hofmann, B. 4,. 
433, 610), but the products have not been in- 
vestigated. Michaelis a. Dittler (B. 12, 338) 
have studied the action of both reagents on 
phenyl phosphino. When carbonyl chloride is 
passed slowly into that substance, an energetic 
reaction occurs in the following manner : 

2COCL, + C B H 4 PH 2 = CAPC4+ 2CO + 2HC1. 
Phenyl phosphine and bisulphide of carbon act 
upon each other when heated in a sealed tube at 
150°, and sulphuretted hydrogen is liberated. 
The product of the reaction is a resinous body 
(C B H 4 PHCS) 2 S, and the reaction itself proceeds 
according to the equation 

2C B H 4 PR 2 + 2CS 2 = (C a H 4 PHCS) 2 S + H 2 S. 
Michaelis a. Dittler were not successful in their 
attempts to prepare a phosphorised mustard oil 
from this compound. 

They were equally unsuccessful in obtaining 
a phosphorised carbylamine by the action of 
chloroform and caustic potash on phenyl phos- 
phine. It is true that a reaction occurs, but its 
course is completely different from that which 
takes place with an amine, viz. : 

C fi H ft PH 2 + 4KHO + CHOI, - 
C B H 8 PHK0 2 + 3KC1 + CH 3 OH + H 2 0. 

It thus appears that, in their behaviour with 
carbonyl chloride and a mixture of caustic 
potash and chloroform, primary phosphines 
behave in an entirely different manner from the 
corresponding amines, though there is a certain 
degree of analogy as regards the action of both 
on bisulphide of carbon. This difference is no 
doubt due to the strong affinity of phosphorus 
for electronegative elements, such as the halo- 
gens, oxygen, and sulphur. Chloracetio and 
bromacetic acid react with benzyl phosphine, 
and chloroformio ether appears to form a 
product of addition (Letts a. Blake, Lc.). 
Probably other phosphines act in a similar 
manner with these reagents. 
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Primary phosphines readily oombine with 
alkyl iodides to give hydriodides of secondary 
phosphines. 

General properties of the secondary phos- 
phines. The following secondary phosphines 
have been obtained : , 


Name 

Condition 

Boiling-point 

Dimethyl phosphine 

i 

Liquid 

25° 

Di- ethyl „ 

2 


85° 

Di-isopropyl „ 

8 

»» 

118° 

Di-isobutyl „ 

4 

»» 

153° 

Di-isoamyl „ 

5 

»» 

210°-215° 

Di-phenyl „ 

Methyl-isopropyl „ 

6 


280° (about) 

7 

r« 

78°-80° 

Iso-propyl, 



i 

isobutyl „ 

8 

*» 

139°-140° 

Decomposes 

Di-benzyl „ 

• 

? 

when boiled 

' Hofmann, B. 4, 610. 


8 Hofmann, B. 4, 433. 

“ Ibid. B. 6, 294. 


4 Ibid. B. 6, 296. 

• Ibid. B. 6, 298. 


• Michaelis, B. 15, SOU. 

’ Ibid . B. G, 295. • 


• Hofmann, B. G, 300. 

* Letts a. Blake, l.c. 





All the secondary phosphines obtained as 
yet are liquids, having a powerful odour. They 
are insoluble in water, but soluble in ether <ftc. 

They have as a rule a strong attraction for 
oxygen, fuming and growing hot on exposure to 
th<? air, and often inflaming spontaneously. 
In some cases they appear to have even a greater 
affinity for oxygen than the primary bases. This 
is so according to Hofmann with all the second- 
ary phosphines of the fatty series which he ob- 
tained. But apparently it is not the case with 
diphenyl phosphine. The products of this 
spontaneous oxidation do not appear to have 
been examined except in the case of dibenzyl 
phosphine, which yields dibenzyl phosphinic 
(phosphonic) acid and possibly the oxide also 
(C 7 H 7 ) 2 PO (Letts a. Blake, Lc,). But the pro- 
ducts of their oxidation by nitric acid have been 
investigated, chiefly by Hofmann (B. 5, 104 ; 6, 
303). These are in all cases phosphinio acids, 
R 2 PH0 2 , which are monobasic, and no doubt 
have the constitution R,PfOH):0. 

These acids are probably also produced when 
the chlorides R>PC1 are oxidised by nitric acid. 
Such is at least the case with (O^HJJPCl. Some 
of them can be distilled unchanged, e.g. dimethyl 
phosphinio acid ; others, e.g. diphenyl and di- 
benzyl phosphinic acid, lose water, and give pyro- 
acids. 

Secondary phosphines combine with acids, 
the resulting salts being far more stable than 
those of the primary baseB. Thus in most cases 
they are not decomposed by water, though some 
are (e.g. salts of diphenyl phosphine). Com- 
paratively little is known regarding secondary 
phosphines, and very few of their compounds 
have been investigated. 

Sulphur acts upon them, and in the case of 
diethyl phosphine, according to A. W. v. Hof- 
mann a. Mahla (B. 25, 2436), triethyl phosphine 
sulphide and diethyl dithiophosphinic acid. 
PEt 2 SSH are formed, together with a third sub- 
stance which probably has the composition 
PSEt'.S.S.S.PSEtp Bisulphide of oarbon also 
sets upon them, but the products do not appear 


to have been investigated. They readily com- 
bine with alkyl iodides, giving hydriodides of 
tertiary phosphines. 

General properties of tertiary phosphines. 
The following tertiary bases have been obtained : 

Name Condition 

Trimethyl phosphine 1 Liquid 
Tri-ethyl „ 2 „ 

Tri-isopropyl „ 3 „ 

Tri-isobutyl „ 4 „ 

Tri-isoamyl „ * „ 

Tri-phenyl „ 6 Solid 

Tri-benzyl „ * „ 

Ethyl-isopropyl- 

isobutyl „ 7 Liquid about 190° 

Methyl-diphenyl „ B „ 284° 

Ethyl-diphenyl „ 9 „ 293° 

Di-ethyl-phenyl „ 10 „ 220° 

Di-methyl-ethyl „ 11 „ 83°~85° 

Di-ethyl-methyl „ 12 „ 110°-112° 

Di-ethyl-propyl „• 13 „ 146°-149° 

Di-ethyl-iBoamyl „ 14 „ 185°-187° 

Di-ethyl-benzyl „ 15 „ 252°-255° 

Ethyl-dibenzyl „ ,fl „ S20°-380° 

Dimethyl jp-tolyl „ 17 „ 210° 

Di-ethyl p-tolyl „ 18 „ 240° 

Dimethyl xylyl „ 10 „ 280° 

Diethyl xylyl „ 20 „ 260° 

» • Hofmann a. Calioura, A . Ch. [8] 51, 85. 

• 4 • Hofmann, B. 6, 292, 304. 

• Miohaelia, B. 15, 801. *» Letts a. Blake, U. 

' Hofmann, B. 6, 304. • Michaelis, A . 181, 845. 

• 10 Michael! a a. Link, A. 107,210. 

ii .. » .4 >. i. Collie> Cm j' 1888> 714# 

” »• 18 84 Ozimatis, B. 15, 2014. 


Boiling-point 

40°-42° 

127° 

? 

215° 

about 300° 
above 860° 


The tertiary phosphines hitherto obtained 
are, with the exception of triphenyl and tribenzyl 
phosphine, liquids at ordinary temperatures, 
having a powerful odour. They are insoluble in 
water, but soluble in ether &c. As a rule, they 
oxidise rapidly in contact with the air, fuming 
and growing hot, and in some oases igniting 
spontaneously. The product of this oxidation 
is a tertiary phosphine oxide of the formula 
BgPO, and, no doubt, of the constitution B,P:0. 

The Anal products of the oxidation of phos- 
phuretted hydrogen, and of primary, secondary, 
and tertiary phosphines, are therefore respec- 
tively: H3PO4, BHjPO,, RjHPOj, BgPO, the 
amount of oxygen absorbed by the phosphine de- 
creasing in a regular manner as the series is 
ascended. 

The oxides of tertiary phosjphines are solid 
substances of remarkable stability. They can 
in the majority of cases be distilled, and even 
boiled with nitric acid, without change. By no 
means as yet discovered can they be reduced. 
Hydracids combine with them, and they give 
crystalline compounds with a number of metallic 
salts, such as the chlorides of platinum, zinc, 
mercury, iron, cobalt, <&o., also in some oases 
with chloride of acetyl, bromine, and sulphur. 

Tertiary phosphines also combins with tbs 
elements of the sulphur group, forming com* 
pounds analogous to the oxides. 

The salts of tertiary phosphines are readily 
obtained by dissolving the bases in acids. They 
are stable, and are not, as a rule, decomposed 
by water. Their compounds with hydraoidt 
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have been chiefly studied; those containing oxy- 
aoids have not been investigated (with very few 
exceptions). The haloid salts dissooiate to a 
greater or less extent on heating. Their hydro- 
chlorides combine with chloride of platinum to 
give chloroplatinatcs of normal composition. 

Some of the tertiary phosphines combine with 
ohloracetio acid to give hydrochlorides of phos- 
phorised betaines. At present only two or three 
of these substances have been obtained— tri- 
methyl phosphorus betaine by Meyer ( B . 4, 734), 
the corresponding ethyl derivative by Hofmann 
(Pr. 11, 630), and in addition to these two the 
closely allied compound, tri-methyl phosphorus 
benzo-betaine hydrochloride, by Michaelis a. 
Gzimatis (J3. 16, 2018), (CH 3 ) s PCl.C*H 4 .COOH. 

The compounds of these phosphorised betaines 
are stable and well-defined substances. Letts 
( Tr . E. 80, pt. 1, 286) has investigated the re- 
actions and decompositions of the ethylated body, 
which are of some interest. 

The hydrate and the salts of this betaine lose 
carbonic anhydride when heated, and give rise 
to the hydrate or salt of methyl-tri-ethyl-phos- 
phonium 

(C 2 HJjPX.CH 2 .COOH = C0 2 + (CyS^PX.CHj, 

* reaction which is entirely analogous to that 
occurring when the corresponding sulphur 00 m- 
pounds(f/^mes)are heated :(CH s ) 2 SX.CH 2 .COOH 
= C0 2 + (CH 3 ) 2 SX.CH 8 . While it is perfectly 
different from that which the true (nitrogen) 
betaines experience, as they either dissociate 
into the original trialkyl-amine and the group 
X.CH 2 .GOOH (or the products of its decomposi- 
tion), or distil unchanged (Briihl, A. 177, 214). 

Treated with caustic potash, all the salts of 
tri-ethyl phosphorus betaine yield tri-ethyl phos- 
phine oxide : (C 2 H 6 ) a PX.CH 2 .COOH + 2KHO 

* (GjHJgPO + KX + CH 3 .COOK + H 2 0. 

Several of the tertiary phosphines combine 
directly and energetically with a molecule of 
bisulphide of carbon to give highly characteristic 
compounds, usually of a red colour, and possibly 

having the constitution, R 3 P<^.g. So charac- 
teristic and so readily formed is this compound in 
the case of tri-ethyl phosphine, that its produc- 
tion may be employed as a test either for bi- 
sulphide of carbon or for the phosphine itself. 
As yet these (bisulphide) compounds have been 
obtained only with methyl, ethyl, and iso-propyl 
phosphine, and with those of the aromatic phos- 
phines containing ethyl or methyl groups. 

According to Czimatis (B. 16, 2016) these 
mixed phosphines combine very easily with bi- 
sulphide of carbon if they contain methyl, the 
readiness with which combination occurs dimin- 
ishing, however, in proportion to the molecular 
weight of the aromatio radicle, while, if they 
contain ethyl, combination occurs only slowly 
and with difficulty. Hofmann (2V. 1860, 431) 
has somewhat exhaustively studied the compound 
of tri-ethyl phosphine and the bisulphide, which 
forms with explosive violence. Among its pro- 
perties arer the following : It is insoluble in 
water, difficultly soluble in ether, but easily dis- 
solves in hot alcohol, from which it separates on 
cooling in red needleB like chromic anhydride. 
Prom an ethereal solution it is deposited by 
spontaneous evaporation in large deep-red mono- 
oUnio crystals exhibiting dichroism, which melt 


at 95° and volatilise at 100°. It is soluble in 
strong hydroohlorio acid, and if the solution is 
mixed with platinic chloride, a yellow amorphous 
compound is produced, 2(0 2 HJ 3 PCS 2 ,Pt01 4 . 
When heated with silver oxide or nitrate, it 
is decomposed as follows : (CjHJjPCSa + 2Ag a O 
= Ag 2 S + Ag 2 + C0 2 + (CyBLJjPS, and moist air 
produces a similar change. But if is heated with 
water to 100°C., the following reaotion occurs 
4(O a H.) a PCS a +2H a O 

«=2(0 a H a ),PS + (O a H a ) a PO + (O a H a ).(OH.)POH + 80S,. 

Heated with sulphuretted hydrogen, it suffers 
the following change : 8(C 2 H s ),PCS 2 + H 2 S 
- 2(C 2 H 5 ) 3 PS + (CH 2 S)(CX) s PCS 2 + cs 2 . 

The action of halogens upon tertiary phos- 
phines has not been very fully studied. Probably 
direct addition would occur in all cases. This 
has been proved to take place with tri-ethyl 
phosphine if the halogen is allowed to act very 
gradually upon it. The chloride (C 2 H ft ) 3 PCl 2 
thus obtained is crystalline, melting at 100° and 
volatilising readily, though its boiling-point is 
high. Similar compounds of bromine and iodine 
have been obtained. 

Compounds of tri-methyl and tri-ethyl phos- 
phine with mustard oils are formed easily, and 
give crystalline hydrochlorides. They, no doubt, 
have the constitution, S:C:NR:PB a . 

[Note . — Some of the aromatic tertiary phos- 
phines, especially tri-phenyl phosphine, have 
properties which differ materially from those of 
other tertiary phosphines. Thus tri-phenyl 
phosphine is a crystalline solid having scarcely 
any odour, and it does not oxidise spontaneously. 
It is remarkably stable, and is not attacked by 
chlorine even when heated. The hydriodide and 
hydrochloride are formed when it is dissolved in 
the warm concentrated hydracids, and are crys- 
talline, but on adding water they dissociate. By 
treating the phosphine with bromine and an 
alkali, or by oxidising it with hydrochloric acid 
and chlorate of potash, the hydrate (C e H 5 ) s P(OH) 2 
is obtained as a crystalline solid. This when 
heated to 100° readily loses water, and is con- 
verted into the oxide, a substance which is not 
acted upon by bromine, oxygen, sulphur, &c. By 
dissolving the phosphine in fuming nitric acid a 
nitrate of the formula (C tf H 5 ) a P(NO g ) 2 is ob- 
tained.] 

Tertiary phosphines, apparently without ex- 
ception, unite with alkyl iodides to form phos- 
phonium salts. 

General Properties of Quaternary Compounds 

(Phosphonium Salts). So many of these bodies 
have been obtained that a list appears inad- 
visable. It would include derivatives of the 
series CnH^+i to the 6th term, one or two of the 
series C n H 2 n- 7 , and a large number of mixed 
phosphoniums containing various radicles, 
among which are vinyl, allyl, and ethylene. 

The phosphonium salts are the most stable 
of all organic phosphorus oompounds. None are 
decomposed by water, and most of them can be 
obtained readily in the crystalline state by 
evaporating their solutions. 

As a rule, they are soluble in water and in 
alcohol. They are readily prepared from their 
iodides, either by double decomposition with a 
silver salt, or by first obtaining their hydrates 
(by the action of moist oxide of silver), and 
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subsequently neutralising the solution with the 
acid. 

The hydrates R 4 POH are solid substances, 
having a powerful alkaline reaction and many 
properties similar to those of an alkali. Indeed, 
in the case of tetrethyl phosphonium hydrate, 
the only remarkable point of difference between 
it and caustic potash (so far as its reactions 
with metallic salts &o. are concerned) is that, 
when added to a zinc or aluminium salt, the zino 
or aluminium hydrate, which is at first precipi- 
tated, is insoluble in an excess. Phosphonium 
hydrates are decomposed when heated, and in 
some cases, when their solutions are boiled or 
at the moment of production, into a tertiary 
phosphine oxide and a hydro-carbon, 

R 4 POH = R 3 PO + R-H. 

The action of heat upon the salts of the 
phosphoniums has been investigated in a 
number of cases, partly by Letts and N. Collie 
< Tr . E. 30, part 1, 213 ; P. M. August 1886), 
and partly by the latter chemist alone. 

As regards the haloid salts, the chlorides de- 
compose almost ’quantitatively into a hydro- 
carbon and a tertiary phosphine hydrochloride 
(Collie), furnishing an excellent method for 
4 retrograding ’ from quaternary to tertiary 
bodies. 

4 When the phosphonium chloride contains 
several ethyl groups, then if more than one of the 
latter is present, ethylene is always formed, e.g. 
(0A),(C 7 H 7 )P01 - (C*H 5 ) 2 (C 7 H 7 )P.HC1 + oh 4 . 
But when only one ethyl group is present, then, 
although ethylene is still formed, two decompo- 
sitions occur, e.g. (1) 

2(C 2 H ft )(CH 8 ) 3 PCl - 2(C 2 H,)(CH 3 ) 2 P.HC1 + C 2 H 4 
(2) (0 2 H 5 )(CH i ) 3 PCl = (CH 3 ) 8 P.HCl + C 2 H 4 . 

If we compare the decomposition by heat of 
phosphonium chlorides with the decomposition 
of any of the compound ammonium salts, it 
must be with the hydroxides and not with the 
corresponding chlorides’ (Collie, C . J. 1888, 
636, 714), e.g. 

(O.H0JPC1 - (C 2 H 6 ) 3 P.HC1 + C 2 H 4 

(c 2 h J 4 noh - (cyaj , n + c 2 h 4 + h 2 o 
(C 2 H s ) 3 (C 7 H 7 )P(OH) - (C 2 H 5 ) 3 PO + c 7 h # 

(C 2 H s ) g (CH 3 )NCl - (C 2 H 4 ) 3 N + CH 3 CL 

The effect of heat on phosphonium salts de- 
rived from oxyacids is completely different. In 
the case of the ethyl series at all events, they 
suffer, as a rule, at least two, and occasionally 
three, different and distinct decompositions. In 
one of these the molecule splits up into three 
new groups, consisting respectively of carbonic 
anhydride, a (paraffin) hydrocarbon, and the ter- 
tiary phosphine. In the other, two hydrocarbons 
are formed — namely, an olefine and a paraffin— in 
addition to carbonic anhydride and the tertiary 
phosphine. Whilst in the third, a totally differ- 
ent change occurs, in which only two products 
are formed — namely, the oxide of the tertiary 
phosphine and a ketone, 

0 ) Et^<^. R -Et,P + C0 2 + C,H 5 B. 

<2) Et,P<ggl® - Et,P + CO, + O a H 4 + BH 
W Ey?<g^ K -Et,PO + 0^.003. 


It is possible, if not indeed probable, chat the 
third reaction occurs subsequently to the first, 
and that it really depends upon the reducing 
action of the triethylphosphine upon the carbonio 
anhydride, at the high temperature at which the 
decomposition usually occurs, whereby carbonio 
oxide is liberated, which combines with the 
hydrocarbon radicle in statu nascendi t forming 
& ketone * 

Et,P + C0 2 + (Et) + (R) * Et s PO h EtCOR 
(or Et 3 P + (OCO - R) + (Et) * Et a PO + EtCOR). 

If we merely consider the third kind of de- 
composition alone, it appears to be, to a certain 
extent, analogous to the decomposition which a 
sulphine compound suffers when heated, the 
difference depending on the greater attraction 
which phosphorus has for oxygen, compared with 
that of sulphur for the same element. In both 
cases a hydrocarbon group is detached from the 
molecule, and also the residue of the acid, but 
while with the sulphur compounds these two 
simply combine (forming a compound ether), and 
leave a hydrocarbon sulphide, in the case of the 
phosphonium salt the acid residue is reduced by 
the tertiary phosphine, and the group thus left 
combines with the hydrocarbon radicle, forming 
a ketone. 

Thus- 

Et 2 S< ; .QQGB = Et * S + EtOOCB. 

Et 1 P<i E *L - Et,PO + EtOCB. 
x OjOCR " 

A result of this kind is in perfect harmony 
with the views expressed by Crum Brown and 
Letts (Tr. E. 28, 371 ; Letts, Tr. E. 80, 285) re- 
garding the analogies and differences existing 
between phosphorus and sulphur and their com- 
pounds. 

When the phosphonium salts contain ethyl- 
ene they suffer a different decomposition under 
the influence of heat; at least this has been 
ascertained to be the case with the bromide of 
bromo-ethylene-triethylphosphonium, and the 
bromide of hydroxy -ethylene -triethyl phos- 
phonium, which decompose as follows (Hof- 
mann) : — 

O a H 4 Br.P(G a H 4 ) ,Br = HBr + (C,H 3 )(C 2 H s ) 3 PBr 
C 2 H 4 (OH).P(C 2 H 5 ) 3 Br = H.0 + (0^I a )(C,HJ 1 PBr 

and also in that of the hydrato of ethylene-hex- 
ethyl diphosphonium, which decomposes ac- 
cording to the equation: C 2 H,(P(C 2 H 4 ) 3 0H) f 

- Cj}H 4 + (cyaj jp -f (c 2 H 5 ) 3 po + h 2 o. 

Masson and Kirkland ( C . J, 1889, 120) have 
studied the action of bromine and chlorine on 
the salts of tetrethyl phosphonium, the results 
showing a very close similarity between the poly- 
haloid derivatives of tetrethyl phosphonium and 
those of trimethyl sulphine and of tetramethyl 
ammonium previously described by Dobbin and 
Masson (C. /. 1885, 56 ; 1886, 846). The ten- 
dency to form solid poly-haloid compounds is, 
however, more marked. For the table,»contain- 
ing a list of the new substances, the methods 
of forming them, and their chief properties, the 
original memoir should be consulted. 

Organic Phosphorus Compounds which can* 
not be placed in any of the above Groups. 
A phorphorised cacodyl (CHJ.Pj (the methyl 
analogue of liquid phosphoretted hydrogen) was 
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obtained by Th6nard (0. R. 21, 144, 25, 829) by 
the action of chloride of methyl on phosphide 
of calcium, and is interesting not alone as being 
the sole representative (as yet prepared) of its 
class, but also as having been probably the first 
phosphine obtained. Th6nard describes it as a 
colourless, highly refractive liquid, of an odour 
recalling that of cacodyl itself, insoluble in 
water, and boiling at about 250°. It inflames 
spontaneously in contact with air, but if oxidised 
slowly gives a crystalline acid (GH.,) 4 P 2 H 2 0 4 *= 
(CH 8 ) 2 PH0 2 (dimethyl phosphinic acid ?), analo- 
gous to cacodylic acid. Treated with an excess 
of hydrochloric acid, it is converted into tri- 
methyl phosphine, and a solid yellow substance 
(OH 8 ) 2 P 4 (which is also formed in the original 
reaction), and which Th6nard regarded as the 
methyl analogue of solid phosphide of hydrogen. 

Michaelis (B. 10, 807) obtained a substance, 
which he named diphosphenyl or phospho-benzene 
0 6 H s .P:P.C 6 H 5 (corresponding to azobenzene), by 
the action of phenyl phosphorous chloride on 
monophenyl phosphine C tf H 5 PCl 2 + C a H 4 PH 2 = 
(C fl H a )J? 2 + 2HCl. It is a pale-yellow powder, 
insoluble in water, alcohol, and ether, but readily 
soluble in hot benzene, and is slowly oxidised by 
the air to (C tl H a ) 2 P 2 0. Treated with chlorine, 
phenyl phosphorous chloride is regenerated. 
With nitric acid it is oxidised to phenyl phos* 
phinous (benzene phosphinic) acid C a H a PH 2 0 2 
if the acid is dilute, but to phenyl phosphinic 
(benzene phosphonic) acid 0 a H a PH 2 0 s if the 
acid is strong. Treated with hydrochloric acid, 
it reacts so as to regenerate the substances from 
which it is formed. 

Michaelis (B, 7, 499) also obtained a sub- 
stance, which he called di-phospho-benzene hy- 
drate G a H a .P:P.OH, by the action of spontane- 
ously inflammable phosphoretted hydrogen on 
phenyl phosphorous chloride. It is a yellow 
powder, soluble with ease in bisulphide of carbon, 
taking fire on exposure to air, and oxidised by 
nitric acid to phenyl phosphinic (benzene phos- 
phonic) and phosphoric acids. In addition to the 
above, Michaelis (B. 11, 885) obtained a phenyl- 
ated solid phosphide of hydrogen (G 6 H a )HP 4 by 
treating phenyl phosphorous chloride with a 
quantity of water insufficient for complete decom- 
position (for instance, by keeping it in a badly- 
stoppered bottle). It is a dark-yellow amorphous 
body, having a faint odour of phenyl phosphine, 
soluble in hot bisulphide of carbon, but insoluble 
in water, alcohol, and ether. Treated with 
chlorine it reacts as follows : (C 6 H,)HP 4 + 601^ = 
3PC1,+ (C a H ft )PCl 2 + HCl. Nitric acid oxidises 
it to a mixture of phenyl phosphinic (benzene 
phosphonic) and phosphoric acids. 

The action of phosphonium iodide on alde- 
hydes has been studied by Girard (A. Ch. [7] 2, 
50), while that of phosphoretted hydrogen and 
hydrochloric acid on the same bodies and on 
ketonic acids has been investigated by Messinger 
and Engels (jB. 21, 328, 2919). Girard obtained 
products^}! addition containing four molecules 
of the aldehyde (valeric, propionio, salicylic, and 
benzoic) to one of phosphonium iodide. 

Messinger and Engels obtained similar bodies 
by acting on the aldehydes with hydrochlorio acid 
and phosphoretted hydrogen. The compounds 
thus formed are for the greater part solid, crys- 
talline, and fairly stable. By treatment with 


water they are decomposed, and the aqueous 
solution gives the reactions of hydrochloric acid 
and phosphoretted hydrogen. Their constitu- 
tion is probably represented by the formula 
(R.CHOH) 4 PCl. Chloride of tetra-hydroxy- 
ethylidene phosphine (O^ELfl) 4 BCl is decomposed 
by caustic potash into the free phosphine 
(C 2 H a O) 8 PC 2 H 4 0 and the hydrate (G 2 H a O) 4 P(OH). 
Benzaldehyde and its mono-nitro- derivative 
give compounds which differ from those obtained 
in the fatty series in that they contain no 
hydracid. 

Messinger and Engels have summarised the 
results of their researches as follows : (1) Phos- 
phoretted hydrogen does not act on an aldehyde 
alone, but is absorbed if at the same time a 
hydracid is present. The absorption occurs 
more completely if the aldehyde is largely di- 
luted with ether. (2) The aldehydes of the fatty 
series combine with a molecule of phosphoretted 
hydrogen and a molecule of hydracid, while 
those of the aromatic series combine with phos- 
phoretted hydrogen only, though in order that 
the compound shall be forihed the presence 
of the hydracid is necessary. (With benzoic 
aldehyde the compound has the formula 
(C B n s COH) 4 PH 3 .) (3) The phosphorised deriva- 
tives of the fatty series have an unpleasant 
smell, and are decomposed by water, while those 
of the aromatic series have no odour, and are 
nearly insoluble in water. All are soluble with 
difficulty in ether, and in some cases are in- 
soluble. 


By the substitution of a ketonic acid for an 
aldehyde in the above reaction, compounds are 
produced in certain cases. Thus ltevulic acid 
gives an oil, and pyruvic acid a solid compound, 

0 


either (CH 3 .CO.CO),P or 



which is a well-defined crystalline body, having 
neither basic nor acid properties, soluble in 
alkalis with decomposition, and also decom- 
posed when heated with acids. It dissolves, 
however, without change in glacial acetic acid, 
and crystallises out on cooling. Boiled with 
water, it is decomposed into the substances from 
which it waB originally produced. It forms 
crystalline compounds with aniline, phenyl hy- 
drazine, and toluene diamine. E. A. L. 

PHOSPHINIC ACIDS. The name oxy-ethyl- 
phosphinic acid has been given to the acid 
CHMe(OH).PO(OH) 2 , which is got from aldehyde 
by successive treatment with PCI, and water. 
A more appropriate name for this acid is, how- 
ever, oxy-ethane-phosphonic acid, the term phos- 
phinio aoid being reserved for aoids BT(OH) f 
containing trivalent phosphorus. 

PHOSPHINO-BENZENE O a H a PO r Phos - 
phenylic anhydride. [100°]. Formed from 
phosphenylio aoid and POC1, (Michaelis a. Rothe, 
B. 25, 1747). White crystalline powder, v. sol. 
water, being reconverted into phosphenylio aoid. 

PH0SPHIN04-CUMENE O.H 2 Me a PO r 
[216°]. Formed from C a H 2 Me,.PO(OH) 2 and 
C ? H 2 Me,PO01 2 (Michaelis a. Rothe, B. 25, 1749). 
Plates (from benzene), v. e. sol. ohloroform. 
Converted by hot water into ^-cumene phosphonio 
aoid. 
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PHOSPHINO-TOL UENE C a H 4 Me.P0 2 . Tolu- 
me phosphonic anhydride . [101°]. Formed 

from C 7 H 7 .PO(OH) 2 and C 7 H 7 .P0C1 2 (Michaelis 
a. Rothe, B . 25, 1748). Converted by water into 
toluene phosphonic aoid. 

PHOSPHITES. Salts of the acid H 3 PO, ; v. 
Phosphorus, oxyacids op, p. 151. 

PH0SPH0-. Use of this prefix applied to in- 
organic compounds ; for phospho- acids, phospho- 
salts , (fee., v. the aoids, salts, &o., to -which 
phospho - is prefixed. Thus, phosphomolybdio 
acid and phosphomolybdates are described under 
Molybdenum, acids of, and their salts. 

PHOSPHO-AMIDO-BENZENE SULPHONIC 
ACID P0,H 2 .NH.C a H 4 .S0 3 H. The chloride 
C a H ft NSP0 3 Cl 8 [158°] is formed from ^-amido- 
benzene sulphonic acid and PC1 5 (Laar, J. pr . 
[2] 20, 250). It is converted by MeOH and 
alcohol into Me 3 A"' [114°J and Et 3 A"' [10‘2 J ] re- 
spectively. 

PHOSPHOBENZENE C tf H,P:PC tf H 5 . [150°]. 
Formed by slowly adding C a H 4 PH 2 to C 6 H 4 PC1 2 
in a current of H (Kohler a. Michaelis, B. 10, 
812). Yellowish pbwder, insol. water, alcohol, 
and ether, sol. benzene. On exposure to air it 
is oxidised to (C 6 H 4 P) 2 0. Dilute HN0 3 oxidises 
it to phosphenylic aoid. Chlorine, diluted with 
C0 2 , forms C^PCl,. Cone. HClAq forms 
phenyl-phosphine and C a H s P0 2 H 2 . 

PHOSPHONITJM COMPOUNDS. PH 3 com- 
bines with the halogen acids HX to form eom- 


20 atmos. pressure at 14°, or by cooling to -25 0, 
under ordinary pressure (Ogier, C. R. 89, 705), 
Skinner (Pr. 1887. 283) found the critical temp, 
to be 48° under 95 atmos. ; and the maximum 
vapour-pressure line to be below those of HC1 
and PH 3 at all temperatures ; from — 30° to 10® 
the line was normal, above 10° combination 
began; at temperatures near the critical the 
volume of liquid PH 4 G1 formed was nearly half 
that of the liquid constituents. 

Phosphonium hydroxide. (?)PH 4 OH. When 
PH, is strongly compressed in presence of water 
the PH 3 liquefies and floats on the water. If the 
pressure is now suddenly decreased, white crys- 
tals are formed; these crystals are probably 
PH 4 OH (no analyses have been made). The 
production and dissociation of the crystals occur 
at definite pressures and temperatures. No 
formation occurs above 28° at any pressure. 
The crystals can be distilled from one part of 
the tube to another by gently warming (Caiiletet 
a. Bordet, C. R . 95, 58). When equal volumes 
PH 3 and C0 2 are compressed in presence of 
water, below 22°, the gases disappear and white 
crystals are formed, which O. a. B. ( l.c .) take to 
be a mixture of PH 4 OH and the hydrate C0 2 .8H 2 0 
discovered by Wroblewski ( C . R. 94, 954). 

Phosphonium iodide PH 4 I. H.F. [P,H\I] 
= 29,500 (solid PH 4 I from H, solid P, and solid 
I) ; [PH 8 , HI] = 24,100 (solid PH 4 I from gaseous 
PH 3 and HI) (Ogier, G. R. 89, 705). This com- 



pounds PHgHX. The reactions of these com- 
pounds are most simply expressed by regarding 
them as salts of the radicle PH 4 ; following the 
analogy of the ammonium compounds, the bodies 
PH 4 X are called phosphonium compounds. The 
mol. weights of these compounds have not been 
determined. 

Phosphonium bromide PH 4 Br. H.F. 
[PH 8 , HBr] - 23,000 ; [P,H\Br] = 44,100 (solid 
PH 4 Br from H, solid P, and liquid Br) (Ogier, 
C. R. 89, 705). Colourless cubes ; melts at 30°. 
V.D. 27*7 corresponding with that required by 
PH a + HBr (Bineau, A. Ch. [2] 68, 431). Deli- 
quesces in air ; decomposed violently t>y water 
to PH 8 and HBrAq. Prepared by bringing to- 
gether PH, and HBr (Serullas, 8 . 64, 238) ; by 
leading PH, into cold cone. HBrAq (Ogier, C. R. 
89, 705); by heating cone. HBrAq with P to 
100°-120° (Damoiseau, G. H.^l, 883). 

Phosphonium chloride PH 4 CL Formed in 
colourless crystals, melting at c. 25° , by subject- 
ing & mixture of equal volumes HC1 and PH, to 


pound was discovered by Labillardi5re and Gay- 
Lussac (A. Ch. [2] 6, 304), and more fully ex- 
amined by Serullas (£. 64, 238) and H. Rose (P. 
24, 151 ; 46, 636). 

Formation. — 1. By bringing together PH, 
and HI as gases or in oonc. aqueous solutions. — 
2. By the action of gaseous PH, on I (Hofmann, 
A. 103, 355).— 3. By the action of red P on cone. 
HIAq at 160° (Oppenheim, Bl. [2] 1, 163).— 4. 
Along with P 2 I 4 , by the action of HI gas on P at 
ordinary temperatures (Damoiseau, C . R. 91, 
883).— 5. By the action of a little water on PI, 
(v. Preparation). — 6. By the reaction of HI on 
H,P0 2 and warming the product in CO, (Lis- 
senko, B. 9, 1313). * 

Preparation. — P and I are combined in CS t 
solution, and the product is decomposed by a 
little water (Baeyer, A. 155, 269; Hofmann, B. 
6, 286). Hofmann (lx.) gives the following 
directions: 400 g. P are dissolved in the 
same weight of dry CS, in a retort of 1 litre 
capacity, and to this solution, kept cool , 680 g. 
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I are added by email portions. The whole of the 
CS ? ie then distilled off on a water-bath, an ope- 
ration which takes 9 or 10 hours. The retort is 
then connected with a long wide condensing 
tube, and a two-necked globular receiver, from 
which a connecting tube passes to two conden- 
sing bottles, the first containing dilute HIAq, the 
second water (see fig.). Heat is then applied 
to the retort, gently at first, and 240 g. water are 
slowly added through the drop-funnel. PH 4 I 
and HI are formed ; the HI collects in the con- 
densing bottles, and the PH 4 I forms a crust, 
chiefly in the tube, and in smaller quantity in 
the globular receiver, which, to prevent stoppage, 
should be connected with the long tube by a 
wide tube. To prevent the liquid in the con- 
densing-bottles from being forced back in conse- 
quence of the rapid absorption, a slow stream of 
CO a is passed through the apparatus during the 
whole operation. A well-conducted sublimation 
may be completed in 8 or 9 hours. When it is 
finished one end of the long condensing tube is 
closed with a cork, and the PH 4 I is detached by 
means of a stout wire bent and sharpened at the 
end. Hofmann expresses the reaction thus : 
18P+ 91 + 21H 2 0 - 7PH 4 I -I- 3H 4 P 2 0 7 + 2HI. The 
PH 4 I may be sublimed in dry HI. 

Properties.— Large, clear, lustrous, pyra- 
midal crystals ; boils at c. 80° ; may be sublimed 
in HI. 

Reactions. — 1. With carbon compounds reacts 
as a very energetic reducing agent, and is much 
used in preparing phosphines &o. ( v . Phos- 
phines). — 2. Decomposed rapidly by water or al- 
kali solution , evolving non-inflammable PH S (v. 
Phosphorus tiiiiiydride, Preparation 2, p. 130). 
3. With alcohol forms EtI and PH„ ; if the reac- 
tion is conducted in a sealed tube PEt 3 and PEt 4 I 
are produced. — 4. With phosphorus trichloride 
forms P 2 I 4 , HC1, PH,, and solid P 2 H (de Wilde, 
B. 16, 217). — 5. PH 4 I is inflamed by contact 
with many cone, acids , e.g. HNO a , HC1, HBr, HI. 

Phosphonium sulphate. When PH 3 is passed 
into H 2 S0 4 at ordinary temperatures much heat 
is produced, S separates, and S0 2 is formed. The 
reaction is much slower if the acid is cooled by 
ice and salt ; if the H 2 S0 4 is cooled to — 20° or 
— 25° (by rapid evaporation of CH 3 01) a syrupy 
liquid is formed, from which a white, crystalline, 
very deliquescent solid separates; this solid 
seems to be phosphonium sulphate [?(PH 4 ) 2 S0 4 ] 
(Besson, p. R. 109, 644). Exposed to air, H 3 P0 4 , 
H„PO g , and H 3 P0 2 are formed with S0 2 , S, and 
a little H 2 S ; dissolves in water with hissing 
noise and evolution of PH 3 , but no reduction of 
the H 2 S0 4 . M. M. P. M. 

PHOSPHORIC ACIDS. In this article are 
described the three acids, H 3 P0 4 , HP0 3 , and 
H 4 P 2 0 7 ; the salts of these acids are described 
under Phosphates (p. 106) ; for the other 
oxyacids of P and their salts v. Phosphorus, 
OXYACIDS OF, AND THEIR SALTS (p. 149). The 
oxide P 2 0 ft is the anhydride of three acids ; cold 
water added to P 2 0 4 forms HPO s , the long-con- 
tinued action of moist air on HPO g produces 
H 4 P 2 O t , and H„P0 4 is formed by boiling for some 
time an aqueous solution of HPO, or H 4 P 2 0 7 . 
The three acids may be formulated as PjO^.HjO, 
P 2 0 4 .2H 2 0, and P 2 0 4 .3H a 0 (c/. Phosphates, p. 


Orthophosphorig acid H 3 P0 4 . (Phosphoric 
acid . Tribasic phosphoric acid.) S.G. 1*88 
(Schiff, A. 113, 183). Melts at 41*76°; liquid 
solidifies at 38°, temperature rising to 40*6° 
(Berthelot, Bl. [2] 29, 3). H.F. [P,0 4 ,H 8 ]« 
302,600 (formation of solid acid) ; 300,080 (forma- 
tion of molten acid) ; [P,0 4 ,H*,Aq] * 306,290 ( Th . 
2, 226). Heat of fusion = -2620 (2%., Z.C.). One 
mol. w. of the molten acid in grams occupies 
52*02 c.c. ( Th ., l.c. ). 1*3684, 1-863, MhI- 3746, 
for H„P0 4 Aq, S.G. 1*11 (-29 p.c.) (Gladstone, 
G. J . [2] 8, 101, 147). Affinity in aqueous solu- 
tion -c. 25 (HNO g = 100) (Ostwald). 

Formation. — 1. By oxidising P, by long expo- 
sure to moist air (Leeds, A. 200, 286 ; Wenzell, 
Ph. [3] 14, 24), or by HNO a , HC10 S , HC10 4 , SO s , 
N0 2 , &c.; phosphates are formed by treating P 
with many metallic oxides, and with alkali car- 
bonates. — 2. By oxidising H 3 PO„Aq or H 3 P0 2 Aq 
by ClAq, BrAq, or IAq, HClOAq, HNO s , or by 
Ag 2 0 or HgO; H 3 PO s Aq is oxidised to H 3 P0 4 Aq 
by standing in air. — 3. By reaction of boiling 
water with P 2 0 5 , HP0 3 , or H 4 P 2 0 7 . — 4. By burn- 
ing PH a in moist air or 0.-*~5. By reaction of 
water with POCl 3 , or much water with PC1 5 . — 
6. By oxidising, by HNO a Aq, the mixture of 
H t P0 3 Aq and H 3 P0 4 Aq obtained in making HI 
by the action of P, I, and H 2 0 (Pettenkofer, A . 
138,67). — 7. By decomposing many phosphates, 
e.g. Ca 3 P 2 0 8 , by H 2 S0 4 ; Pb 3 P 2 0 8 decomposed by 
H 2 S in presence of water gives H 3 P0 4 Aq. For 
production from bones v. Dictionary of Applied 
Chemistry.— 8. By decomposing (NH 4 )H 2 P0 4 by 
warm cone. HClAq, separating NH 4 C1 after cool- 
ing, and evaporating with HNO a till all NH 4 salts 
and HC1 are expelled (Joly, C. R. 102, 316). 

Preparation . — One part P is mixed with 10- 
12 parts HNO s Aq (free from H 2 S0 4 ) S.G. 1*2 
(the acid must not be more cone, than this) 
(Kranthausen, Ar . Ph. [3] 10, 410) in a large 
retort, the beak of which passes loosely into a 
receiver placed in cold water ; about *3 to *6 
g. I is added for 100 g. P ; the retort is 
gently warmed until the *P has completely dis- 
solved. Should any liquid distil over, it is re- 
turned to the retort. Oxidation proceeds more 
regularly, and at a lower temperature, when a 
little I is present than when HN0 3 Aq alone is 
used (Horn, Ph. [3] 10, 468 ; Ziegler, D. P, J. 
258, 239). If I is not added, and the acid is 
more cone, than S.G. 1*2, violent explosions may 
occur. Von Schrdtter recommends the employ- 
ment of amorphous P and acid more cone, than 
S.G. 1*2. When the P is all dissolved, the con- 
tents of the retort are boiled, and 6-7 parts of 
the liquid are distilled off (the distillate is 
HN0 3 Aq, S.G. 1*1 to 1*14). During this part of 
the process copious evolution of N0 2 often oocurs, 
due to the oxidising action of HNO a on H 3 PO s . 
According to Reinsoh (J. pr. 28, 885) little NO, 
but much N, is formed during the oxidation of 
P by HNO g at boiling temperature in absence of 
air, but much NO is produced in an open vessel 
at low temperatures. The liquid in the reto;t 
is evaporated in a basin until the fumes cease to 
turn blue litmus red. During this operation NO t 
is often freely given off (especially if little or 
none of this gas h&s been produoed in the retort), 
as the oxidation of H g PO g is not always com- 
pleted until the liquid has been evaporated; 
should no gas be evolved it is advisable to add a 
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little eonc. HNO,Aq to the liquid in the basin 
after concentration, and again evaporate till 
aoid fumes cease to come off. The liquid in 
the basin is diluted with water, saturated with 
HaS, kept in a warm place for 24 hours, and 
filtered from As 2 S 3 (and Sb 2 S 8 ),, which may 
separate (ordinary P generally contains As). 
The filtrate is then evaporated, at a temperature 
not above 150°, until it becomes a thick syrup on 
cooling, and the cold liquid is placed over H 2 S0 4 , 
when it slowly solidifies. By evaporating the 
syrup in vacuo over H 2 S0 4 , crystalline tablets of 
H„P0 4 are obtained ; a fragment of these placed 
in acid S.G. 1*8 (or more cone.) Immediately 
causes crystallisation (Huskisson, B. 17, 161). 

Properties . — A thick semi-solid mass, S.G. 
1*88 (Schiff, A . 113, 183) ; also obtained in 
crystalline tablets by evaporation of the syrup 
S.G. 1*88 in vacuo over H 2 S0 4 . According to 
Berthelot (Bl. [2] 29, 3) crystals of H 3 P0 4 melt at 
41*75° ; the liquid solidifies at 38°, with a rise of 
temperature to 40-5°. H 3 P0 4 is tribasio, forming 
salts M i H 2 P0 4 , M i 2 HP0 4 , and M^PO^ (v. Phos- 
phates, p. 107). Tl^e affinity of H 3 P0 4 in aqueous 
solution is about 25 (HNO S =100) (Ostwald). 
Both crystalline and syrup-like H 3 P0 4 deliquesce 
in air. The acid dissolves readily in water ; 
Hager (in his commentary to the Pharmacopoeia 
Oermanica) gives the adjoining table. 

According to Sieber (Ph. [3] 9, 598), H 3 P0 4 Aq 
containing *5 p.o. acid (or even less) stops putre- 
faction. 

Reactions. — 1. Heated to c. 213°, H 4 P 2 0 7 is 
formed ; at a higher temperature HPO a begins 
to be formed, and at full red heat only HPO s is 
produced.— 2. Is not decomposed by electric 
current, according to Luckow ( Fr . 1880. 1) ; by 
electrolysis of H a PO.,Aq, using C poles, Bartoli a. 
Papasogli (O. 11, 239, 468 ; 12, 113, 117, 125) 
obtained a substance containing 0 and P, which 
they called phosphomellogen. Molten H 3 P0 4 , on 
electrolysis, gives off H and 0, and forms H 4 P 2 0 7 , 
then HPO g , and thctfi H 3 PO s , and inflammable P 
hydride (Janecek, C. C. 1888. 273). — 3. It is not 
certain whether water forms hydrates with 
HgPO^ when the acid is dissolved in water (v. 
Crompton, C. J. 63, 116).— 4. By adding alkali 
solutions to H 3 P0 4 Aq till neutral, salts M 2 HP0 4 
are formed ; addition of considerable excess of 
alkali produces M 3 P0 4 . For connection between 
quantity of alkali added and electrical conduc- 
tivity of the solution, v. D. Berthelot (C. R. 113, 
851). — 5. Reacts with phosphorus pentachloride 
at ordinary temperatures to form P0C1 3 and HC1 ; 
with phospliorus oxychloride when hot to form 
HPO a and HC1, or H 4 P 2 0 7 and HC1, according to 
the relative quantities of H 3 P0 4 and POCl 3 ; with 
pJiosphorm trichloride to form HPO s , HgPOj, and 
HC1; and with metaphosphoric acid to form 
H 4 P 2 0 7 (Geuther, /. pr. [2] 8, 359). For reac- 
tions of salts of H 3 P0 4 v . Phosphates, p. 107. 
For nitriles of H 3 P0 4 v. Phospham (p. 104), and 
Phosphobus oxynitbide (p. 144) ; for amide and 
imido amide v. Phosphamides (p. 105) and 
Phosphamido-imide (p. 105). For thio-amide v. 
Phosphobus sulphochloride, Reaction 7 
(p. 148). 

Pyropbosphobic acid, H 4 P 2 0,. 

Preparation . — 1 . An impure aoid, containing 
some IIgP0 4 and HPO s , is obtained by heating 
H 3 P0 4 to 218° until a little dissolved in cold 


Sp. gr. 

Pot cent. 

P.O. 

Per cent. 

h.po 4 

8p.gr. 

Per cent. 

P.O. 

Per cent. 
H.PO. 

1*809 

68 

93*67 

1*325 

35 

48*21 

1-800 

67-5 

92*99 

1*319 

34*5 

47*52 

1*792 

67 

92-30 

1*314 

34 

46*84 

1*783 

66*5 

91*61 

1*308 

83*5 

46*15 

1*775 

66 

90*92 

1*303 

33 

45*46 

1*766 

65 5 

90*23 

1*298 

32-5 

44*77 

1*758 

65 

89*54 

1*292 

32 

44*08 

1*750 

64 5 

88*85 

1*287 

31*5 

43*39 

1*741 

64 

88-10 

1*281 

31 

42*70 

1*733 

Gii-5 

87*48 

1*276 

30-5 

42*01 

1*725 

63 

86*79 

1*271 

30 1 

41*33 

1*717 

62*5 

86-10 

1*265 

29-5 

40*64 

1*709 

62 

85*41 

1*260 

29 

39-95 

1*701 

61*5 

84*72 

1*255 

28*5 

39*26 

1*693 

61 

84*03 

1*249 

28 

38*57 

1*685 

60*5 

83-34 

1*244 

27-5 

37*88 

1*677 

60 

82*65 

1*239 

27 

37T9 

1-009 

59*5 

81*97 

1*233 

26*5 

36*50 

1*661 

59 

81*28 

1*228 

26 

35*82 

1*653 

58*5 

80*59 

1*223 

25*5 

35*13 

1*645 

58 

79*90 

1*218 

25 

34-44 

1-Gift 

67-5 

79*21 

1*213 

24*5 

1 83-75 

1*629 

57 

78*52 

1*208 

24 

33-06 

1*621 

66*5 

77*83 

1*203 

23-5 

32*37 

1*613 

56 

77*14 

1*198 

23 

81*68 

1*605 

55*5 

76*45 

1-193 

22*5 

30*99. 

1*597 

55 

75*77 

1*188 

22 

30*31 

1*589 

54*5 

75*08 

1*183 

21-5 

29*62' 

1*581 

54 

74*39 

1*178 

21 

28*93 

1*574 

53*5 

73*70 

1*174 

20-5 

28*24 

1*566 

53 

73*01 

1*169 

20 

27*55 

1*559 

52*5 

72*32 

1*164 

19*5 

26*86 

1*551 

52 

71*63 

1*159 

19 

26*17 

1*543 

51 *5 

70*94 

1*155 

18*5 

25*48 

1*536 

51 

70*26 

1*150 

18 

2480 

1*528 

50*5 

69*57 

1*145 

17*5 

1 24*11 

1*521 

50 

68*88 

1*140 

17 

1 23*42 

1*513 

49*5 

68*19 

1*135 

16*5 

22 78 

1*505 

49 

67*50 

1*130 

1 16 

- 22*04 

1*498 

48*5 

66*81 

1*126 

15*5 

21*35 

1*491 

48 

66*12 

1*122 

15 

20*66 

1*484 

47*5 

65*43 

1*118 

14*5 

19*97 

1*476 

47 

64*75 

1*113 

I 14 

19*28 

1*469 

46*5 

64*06 

1*109 

13*5 

18*60* 

1*462 

46 

63*37 

1*104 

13 

17*91 

1*455 

45*5 

62*68 

1*100 

125 

17*22 

1*448 

45 

61*99 

1*096 

12 

16*53 

1*441 

44*5 

61*30 

1*091 

11*5 

15*84 

1*435 

44 

60*61 

1*087 

11 

15*15- 

1*428 

43*5 

59*92 

1*083 

10*5 

14*40 

1*422 

43 

59*23 

1*079 

10 

13*77 

1*415 

42*5 

58*55 

1*074 

9*5 

13*09 

1*409 

42 

57*86 

1*070 

9 

12*40* 

1*402 

41*5 

57*17 

1*066 

8*5 

11*71 

1*396 

41 

56*48 

1*062 

8 

11*02 

1*389 

40*5 

55*79 

1*058 

7*5 

10*33 

1*383 

40 

55*10 

1*053 

7 

9*64 

1*377 

39*5 

64*41 

1*049 

6*5 

8*95 

1*371 

39 

53*72 

1*045 

6 

8*26 

1*365 

38*5 

63*04 

1*041 

5*5 

7*57 

1*359 

38 

52*35 

1*037 

5 

6*89 

1*354 

37*5 

61*66 

1*033 

4*5 

6*20* 

1*348 

37 

50*97 

1*029 

4 

6*51 

1*342 

36*5 

60*28 

1*025 

3*5 

4*82* 

1*336 

36 

49*59 

1*021 

3 

4*13 

1*830 

85*6 

48*90 

1*017 

2*5 

8*44 
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water giveis a white pp., without a trace of 
yellow Ag 3 P0 4 , with AgNO s Aq, after neutralisa- 
tion by NH 3 Aq. — 2. PMigot (A. Gh. [2] 73, 2861 
obtained crystals of H 4 P 2 0 7 by allowing glacial 
HPO a to stand in moist air in a bottle for some 
years. Crystals of H 3 P0 4 formed at the top of 
the bottle, a liquid S .Oh 1*7 in the middle, and 
crystals of H 4 P 2 0 7 at the bottom. — 3. An aqueous 
solution of H 4 P 2 0 7 is obtained by decomposing 
PbjjP 2 0 7 suspended in water by H 2 S, filtering 
from PbS, and allowing the H 2 S to evaporate at 
the ordinary temperature (Geuther, J. pr. [2] 8, 
359). — 4. By heating together H,P0 4 and HP0 3 
in the ratio HP0„:H 3 P0 4 . — 5. By the reaction 
of H,P0 4 and POCl 3 in the ratio 5H 3 P0 4 :P0C1, 
(G., lx.). 

Properties and Reactions. — A glass-like 
solid ; P61igot ( A . Oh . [2] 73, 286) obtained the 
acid in non-transparent crystals resembling 
loaf-sugar. Dissolves readily in water; dilute 
solutions remain unchanged at ordinary tem- 
peratures (Graham), when heated H 3 P0 4 Aq is 
formed. The solution, neutralised by NH 3 Aq, 
gives a white pp. of Ag 4 P 2 0 7 with AgN0 3 Aq. 
H 4 P 2 0 7 is tetrabasio; for description of salts 
v. Phosphates, p. 107. When heated with 
PCL reacts according to relative masses 
used ; (1) H 4 P 2 0 7 + 5PC1* - 7POC1, + 4HC1 ; (2) 
H 4 P 2 0, + PC1 6 = 2HPO g + POCl 8 + 2HC1 (Geuther, 
J. pr . [2] 8, 359). PC1 8 heated with H 4 P 2 0 7 
forms HPO a , HgPOg, and HC1 ; POCl 8 produces 
HPO„ and HC1 (G., l.c.). For the amic acids of 
H 4 P 2 0 7 , and other amic acids derived from hy- 
pothetical condensed pyrophosphorio acids, r. 
Phosphamio acids (p. 106). 

Mktaphosphorio acid HPO, (Graham, T. 
1833. 263). 

Preparation . — 1. H,P0 4 Aq or H 4 P 2 0 7 Aq is 
evaporated to dryness and the residue heated to 
fall redness until H 2 0 ceases to be evolved.— 2. 
PbP 2 Og is suspended in water and decomposed 
by HgS, the filtrate from PbS is evaporated to 
dryness and heated to full red heat. — 3. By 
heating together HgPO. and POC1, in the ratio 
2H 3 P0 4 :P0C1 8 , or H.P 2 0 7 and POClg in the ratio 
2H 4 P 2 0 7 :P0C1 8 , or H 4 P 2 0 7 and PCI, in the ratio 
3H 4 P 2 0 7 :PC1 n (Geuther, J. pr. [2] 8, 359).— 4. By 
reacting on HgPOAq with Cl or Br. — 6. A solu- 
tion of P 2 O g in a little cold water contains HPO a . 

Properties and Reactions . — According to 
Tammann (J. pr. [2] 45, 417), two varieties of 
HPO, exist ; one is a soft, silky mass, formed by 
heating H 3 P0 4 until one molecule of H 2 0 is re- 
moved ; the other is obtained by heating HgP0 4 
until it sets to a glassy mass on cooling. A 
transparent, colourless, glass-like solid. Ordinary 
glacial phosphoric acid is impure HPO s , generally 
containing considerable quantities of Na salts, 
and some H 3 P0 4 or H 4 P t 0 7 . Very hygroscopic, 
soon deliquesces in air. Volatilised completely at 
bright-red heat (H. Rose, A. 76, 2, 13 ; 77, 319). 
Not dehydrated by heat nor by the action of de- 
hydrating agents. Heated with PCl ft forms 
POC1, and HC1, HPO*Aq is ohanged to H 3 P0 4 Aq, 
slowly at ordinary temperatures, more rapidly 
hy boiling or by adding HClAq or HNO,Aq. 
or rate of change t>. Sabatier, C. R. 106, 63 ; 
8, 738, 804.) HPO, is monobasic; several 
series of metaphosphates, some polymeric and 
some isomeric, ekist («?• Phosphates, p. 106). 

M. M. P. M. 


PHOSPHORIC ETHER v. Tbi-ethyl-pho* 

PHATE. 

PHOSPHOROUS ACID H 8 P0 8 v. PHOSPHoaub, 
oxyacids or, p. 149. 

PHOSPHOROUS ETHER v. Ethyl phos- 
phites. 

PH0SPH0RSELLIC ACID v. vol. iii. p. 782. 

' PHOSPHORUS. P. At. w. 30*96. Mol. w. 
123*84 and 61*92 (v. infra). The following data 
apply to ordinary crystalline P. Melts at 44*3° 
(Schrotter, P. 81, 299) ; at 44*2 3 (Desains, G.R . 
23, 149). Boils at 290° (Pelletier, A. Ch. 4, 3) ; 
at 250° (Heinrich, Gm.-K. [6th ed.] 2, 102) ; at 
287*3° at 762 mm., 165° at 120 mm. (Schrotter 
J. 1847-48). S.G. 1*8367 at 0°, 1*8232 at 20° 
1*8068 at 40° (Pisati a. de Franchis, B. 8, 70). 
S.G. at b.p. 1*485 (Ramsay a. Masson, G . J. 39, 
50). V.D. 62*7 to 65*1 at 600°- 1000° (Dumas, 
A. Gh. [2J 49, 210 ; Mitscherlich, A. 12, 137 ; 
Deville a. Troost, C. R. 49, 241). V.D. at 1700° 
c. 45 (Biltz a. V. Meyer, B. 22, 725). S.H. solid, 

— 78° to 10° - *1699, 7° to 13° -*1884 (Regnault, 
A. Ch. [3] 26, 280) ; 13° to 86° = *202 (Kopp, T. 
155, 71) ; liquid**' 2045 (Person, A. Gh. [3] 21, 
295). S.V.S. o. 17 ; at b.p. c. 2l (Ramsay a. Young, 
C . J. 39, 50). S.V. of P in PCI, and PBr 8 « 25*3. 
C.E. *0003674 + *000000211$ from 50° to 280°; 
C.E. liquid P from 60° onwards « *0005167 + 
*00000037 (t - 50) (i Graham-Otto , 1881. IX. 2, 
283; v . also Kopp, A. 93, 129; Pisati a. de 
Franchis, B. 8, 70; Leduc, C. R . 113, 259). 

Refraction-equivalent At. w.) 14*93 ; 

spec, refractive power for H line a =*4816 
(Haagen, P. 131, 117). H.O. [P 2 , 0*] - 369,900, 
[P 2 , O 5 , Aq] - 405,500, [F, O*, Aq] - 250,060 (Th. 
2, 408). Crystallises in dodecahedra and octa- 
hedra (Trantwein a. Buchner ; Whewell, C. N. 
39, 144 ; Story- Maskelyne ; Mitscherlich, B. B. 
1855. 409 ; Hermann, B. 6, 1415). For spectrum, 
v. B. A. 1884. 434. 

The following data apply to red amorphous P. 
S.G. 2*106 at 17 (Schr6tter, J. 8, 262), 2*19° 
(Hittorf) ; in powder S.G. = 1*964 at 10° (S.), 2*6 
(H.). S.H. 15° to 98° **1698 (Regnault, P. 89, 
496). S.V.S. c. 15. E.C. (Ag at 0° - 100)*00000123 
at 20° (Matthiessen, P. 103, 428). H.C. [P 2 , 0 5 ] = 
362,820 (Troost a. Hautefeuille, C. R. 78, 748). 

The following data apply to crystalline 
metallic P. S.G. 2*34 at 155°. S.V.S. c. 13*2 
(Hittorf, P. 126, 193). 

Historical . — In the early part of the seven- 
teenth century a substance was prepared by heat- 
ing heavy spar with combustible organio matter, 
e.g. egg-white and charcoal, and this substance 
glowed in the dark (Kopp, Geschichte der Chemie , 
iv. 42). From this time the name phosphorus 
was given to any substance which emitted light 
in the dark without being ignited (<(xo<r<pdpos 

- light-bearer). The substance now known as 
phosphorus was prepared for the first time 
about 1670 *, Brand Beems to have been the dis- 
coverer, but the discovery is sometimes attri- 
buted to Kunkel or to Boyle (for details v. Kopp’s 
Geschichte der Chemie , iii. 327). 

For a long time P was prepared in very small 
quantities ; it was obtained by evaporating urine, 
mixing the residue with sand, and heating in a 
very hot fire. In 1737 charcoal waB mixed with 
the sand and urine-residue. The discovery of 
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phosphates in bones by Seheele in 1771, and in 
minerals by Gahn in 1780, led to the prepara- 
tion of P on a comparatively large scale. The 
discovery of P played an important part in the 
development of the phlogistic theory. Phos- 
phorus was supposed to be a compound of 
phlogiston with the acid which was formed 
when P was burnt ; this acid was composed of 
phlogiston and muriatic acid according to Stahl, 
and of vitriol and muriatic acid according to 
Hofmann. Marggraf in 1743 determined that P 
increased in weight when burnt, and that P was 
obtained by heating phosphoric acid with com- 
bustible matter. In 1777 and 1780 Lavoisier 
showed that P was a constituent of phosphoric 
acid (cf. Kopp, lx.). 

Occurrence. — P is not found uncombinod. 
Phosphates of A1 and Ca occur in large quan- 
tities in many rocks; phosphates of Fe, Pb, 
Mg, and NH 4 <fcc. are also widely distributed 
minerals. Coprolites (the fossilised excre- 
ments of former land-animals) and guano 
(the excrement of certain birds) consist very 
largely of Ca phosphate. Phosphates also occur 
in some kinds of coal (Carnot, C. R. 99, 154). 
Phosphates of Ca and Mg are found in the ashes 
of plants and the bones of animals ; P occurs in 
combination with C, H, and N in the yolk of 
eggs, in blood, in semen, and in nerve and brain 
matter. 

Format ion.— Ordinary phosphorus is 
formed : 1.— By heating CaPO g with powdered 
charcoal, 3Ca(PO a ) 2 + 10C 
= 4P+10CO + Ca a (PO 4 ) 2 ; or with SiO a and 
charcoal, 2Ca(PO„) 2 + 100 + 2Si0 2 
= 4P + 10CO + 2GaSiO a . — 2. By reducing 
Pb,(P0 4 ), with charcoal (Donovan, P. M. [4] 2, 
202 ; Fourcroy a. Vauquelin, (hnelin's Handb . 
[6th edit.] i. 2, 95). — 3. By decomposing a 
strongly-heated mixture of Ca 3 (P0 4 ) 2 and O by 
HC1 (Cari-Montrand, C. R. 38, 864). 

Red phosphorus is formed: 1. By the 
action of light, heat, or electricity on ordinary 
P, whether the P be solid or in solution, dry or 
moist, at ordinary temperature or at -14° 
(SchrStter, W. A. B. 1, 130 ; 8, 241 ; 9, 414 ; 
Oorenwinder, A . Oh. [3] 30, 242; Lallemand, 

O. R . 70, 182 ; Hittorf, P. 126, 193 ; V. Meyer, 
B. 15, 297 ; Grove, O. J. 16, 269). — 2. By heat- 
ing common P with a little I. One part of I suf- 
fices to transform c. 100 parts of P into the red 
variety, by melting the P, mixing in the I, and 
heating again ; the mass becomes red at 100°, at 
120°-130° a red powder separates, at 200° a 
more or less explosive action occurs and the 
change is complete (Brodie, J. jpr. 58, 171). — 
3. By adding a little 1 to a solution of common 
P in CS 2 , evaporating to dryness, adding water, 
and washing with OS, (Oorenwinder, A. Oh. [3] 
30, 242 ; Lallemand, O. R. 70, 182 ; Brodie, 
J. pr. 58, 171). Riidorff (P. 128, 463) supposed 
the red substance thus formed to be a hydride 
of P. 

1. Crystalline ordinary phosphorus 
is formed : 1. By heating red P in a vacuous sealed 
lobe to 447° (Hittorf, P. 126, 193}.— 2. By dis- 
solving ordinary P in molten lead and crystal- 
lising therefrom (H., l.c.). 

Preparation 1. The details of the prepa- 
ration of ordinary phosphorus from bone- 
ash are described in Dictionary op Applied 
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Chemistry, vol. iii. Ordinary P frequently con- 
tains notable quantities of As, derived from the 
H 2 S0 4 used ; this can be removed only by re- 
peated treatment with dilute HNO a Aq, S.G. 11, 
a process which involves the loss of about § of 
the P (Herz a. Barwald, B. B. 32, 2, 133 ; cf. 
Dulk, ibid. 34, 1, 247 ; also Wackenroder, J. pr. 
2, 340; and Liebig, A. 11, 260). Traces of red 
P may be removed by shaking in a closed vessel 
with cone. K^CrgOjAq and H 2 S0 4 (Wohler, A. 45, 
249). Lockyer ( C . N. 40, 101) found that a 
specimen of dry P gave off considerable quanti- 
ties of H when heated in vacuo . 

2. Red or amorphous phosphorus. — 
A small flask of hard glass is fitted with a good 
cork carrying a short tube and an exit-tube 
which dips just beneath the surface of a little 
Hg ; the entrance tube is fitted with a stopcock. 
Dry C0 2 is passed through the apparatus for 
some time ; a dry stick of common P is then 
placed in the flask, and the stream of C0 2 is 
continued for a little, after which the stopcock 
is closed, and the flask is heated on a sand-tray 
or in an oil-bath, to 240°-280°, for 50-60 hours. 
After cooling, a layer of red P is found at the 
bottom of the flask, generally covered by a mix- 
ture of the two kinds of P. The ordinary P is 
melted by running in a little water at 50°-60° ; 
the water and melted P are poured off ; the resi- 
dual red P is washed repeatedly with CS 2 (ad- 
dition of GaCLjAq, 38°-39° Beaumi , causes the 
CS 2 solution to rise to the surface ; Nickl6s, 
C. R. 42, 646), or with boiling KOHAq S.G. 
1*3, and then with water containing a little 
HNO a ; the red P is finally washed with water, 
and dried at o. 100° (Schrdtter, W. A. B. 1, 130; 
8, 241 ; 9, 414). 

The change of common into red P occurs in 
ten minutes by heating the former to 300° in 
sealed tubes of thick glass, from which the air 
has been pumped out (Hittorf, P. 126, 193 ; V. 
Meyer, B. 15, 297). 

3. Crystalline metallic phosphorus. 
Hittorf (P. 126, 193) claimed to have formed a 
distinct variety of P by heating red P in sealed 
tubes of hard glass to c. 447° (in vapour of S) ; 
and also by dissolving common P in molten lead 
and crystallising. A wide tube of hard glass is 
closed at one end, filled to \ with common P, 
and then filled with pieces of lead ; the open end 
is narrowed, and the air is pumped out of the 
tube, whioh is then sealed. The tube is em- 
bedded in calcined MgO, placed in an iron tube, 
and heated above the melting-point of Pb for 
8-10 hours. After cooling, the Pb is dissolved 
in HNOgAq, S.G. 1*1, and violet-black crystals of 
P remain ; these crystals have not, however, 
been obtained quite free from lead. 

Properties.— P exists in three, and perhaps 
in more than three, modifications. 

1. Ordinary , octahedral , or stick 
phosphorus is a semi-transparent, colourless, 
crystalline solid, with a very distinct smell. The 
smell is very probably due to a mixture of ozone 
and P 2 0 8 , formed by the oxidation of the P 
(Schdnbein, P. 65, 377 ; Thorpe a. Tutton, C . /. 
57, 573). When melted and cooled quickly P is 
opaque ; when cooled slowly it is nearly as clear 
as water. P most be kept nnder water ; if the 
water is free from air the P remains transparent 
(Baudrimont, C. R. 61, 857). In ordinary water 
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P becomes covered with a whitish film, but this 
again becomes transparent at c. 50° (H. Rose, P. 
27, 568 ; Baudrimont, l.c.). According to Mar- 
chand (J. pr. 20, 606) the white film contains 
from *4 to *7 p.c. water ; Pelouze (A. Ch. [2] 50, 
88) regarded this substance as a hydrate of P, 
and Mulder ( J . Ph . 23, 20) as a compound of 
oxide with hydride of P. When melted in large 
quantity and allowed to cool slowly, fairly large 
dodecahedral and octahedral crystals separate 
(Hautwein a. Buchner, Kastn. Arch. 10, 127, 504 ; 
Whewell, C. N. 39, 144 ; Hermann, B. 6, 1415). 
At ordinary temperatures P is as soft as wax ; 
when cooled it becomes brittle. Exposed to 
light, P soon becomes yellow and then red on 
the surface. In a vacuum tube, or in a tube 
filled with an indifferent gas, P easily sublimes in 
colourless, transparent, very lustrous crystals 
(Hermann, B. 6, 1415 ; Mitscherlich, B. B. 1855. 
409 ; Blondlot, C. R. 63, 397 ; Desains, C. R . 23, 
149). Melted P often remains liquid many 
degrees below its m.p. ; this is shown espe- 
cially when P is melted by warming with alco- 
holic KOH solution, or when a solution of P in 
CS 2 is gradually evaporated under water (H. 
Rose, P. 32, 4G9 ; Kallhofert, J. pr. 50, 1). In 
some cases P remains liquid at c. - 15°. P may 
be obtained in finely-divided particles by melt- 
ing it under water, and shaking carefully in a 
flask until the P solidifies; if pure Pis melted 
under a solution of sugar, gum, dextrin, NH 4 C1, 
(NH 4 ) 2 C0 3 , Ac., and shaken until it solidifies, the 
P is obtained in a state of extremely fine divi- 
sion (Casaseca, J. Ph. 16, 202 ; Blondlot, J. 
1865.126; Schiff, A. 118, 88; also A. Suppl. 
4, 37). P is slightly sol. water, alcohol, ether, 
ethereal and fatty oils, and hot cone, acetic acid 
(Yulpius, Ar. Ph. [3] 13, 38). Water shaken 
with P loses the smell and taste of P, and ceases 
to glow in the dark when it has been exposed 
to air for a time (Muller, B. 3, 84). P is very 
soluble in CS 2 , S 2 C1 2 , and liquid P 2 S. 

P volatilises in water-vapour, even at the 
ordinary temperature; when P i8 distilled in 
steam and the distillate is cooled rapidly, the P 
is obtained as a white snow-like mass (Remsen 
a. Kaiser, Am. 4, 459) ; it is also often obtained 
in this form by distilling crude HIAq containing 
P (Hell, J. 1883. 812). 

P oxidises very easily; slowly when ex- 
posed to low temperatures, and more rapidly as 
the ignition-temperature, 60°, is approached. 
When P is burnt in air or O it emits very bright 
yellow-white light, and much heat is produced. 
But if H is passed over slightly warmed P, or if 
a stream of the warm gas is charged with a very 
little P, the issuing gas glows with a very feeble 
greyish-white light, scarcely visible in daylight ; 
the temperature of this flame is very low : if 
the H is ignited an emerald-green cone ap- 
pears in the interior of the H flame (for spec- 
trum of this green cone v. Christofle a. Beil- 
stein, C. R. 56, 399 ; Salet, A. Ch. [4] 28, 56). 
The glowing of P in the dark was formerly sup- 
posed to be due to the evaporation of the P 
(Come, J. Ph. [6] 6, 17 ; Marchand, J.pr. 50, 1). 
It was shown that P glows in an indifferent gas 
only when small quantities of O are present; 
also that P neither oxidises nor glows in pure O 
at the ordinary pressure, but only when the O is 
diluted with an indifferent gas or the pressure is 


diminished ; and also that the glowing is stopped 
by the presence of 11*8, PH*, S0 2 , CS 2 , Br, 01, 
N 2 0, NO*, Ac. (Fischer, J. pr. 35, 842 ; 39, 48 ; 
SchrOtter, J. pr. 68, 158; Muller, B. 8, 84; 
Joubert, C. R. 78, 1853; Deschamps, C. R. 52, 
855 ; Mflller-Erzbach, B. 12, 2130 ; Chappuis, 
Bl. [2] 35, 419; cf. Thorpe, * On the Glow of 
Phosphorus,* N. 41, 523). Much work has been 
done to determine whether ozone or H 2 0 2 , or 
both, is formed when P oxidises in moist air ; 
the question is not yet finally settled (McLeod, 
C. J. 37, 118 ; Kingzett, C. J. 37, 792) ; Leeds 
(N. Y. Acad, of Sciences , 1, 363, and 3, 150) has 
given a full index to the memoirs on the sub- 
ject. Schmid (J. pr. 98, 414) determined that 
ozone is not formed when P oxidises in dry O. 
P is extremely poisonous; the lethal dose for 
adults is from *2 to *5 g. Burns with P are very 
dangerous ; the parts should be rapidly and 
thoroughly washed with dilute bleaching powder 
solution. 

The atomic weight of P has been determined, 
(1) by ppg. Ag and Au solutions by P and deter- 
mining the ratio of Ag ; P and Au : P (Berzelius, 
O. A. 53, 433 ; P. 8, 17) ; (2) by finding the Ag 
needed to ppt. Cl from PC1 S (Pelouze, C. R. 20, 
1047 ; Dumas, A. Ch. [3] 55, 174) ; (3) by 
oxidising red P in O to P 2 0 5 (Schrdtter, J. pr. 63, 
435) ; (4) by analysing and determining V.D. of 
PC1 S , PF 5 , Ac. ; (5) by measuring S.H. of P. 

Determinations of the S.G. of P vapour made 
by Dumas, Mitscherlich, and Deville a. Troost 
at temperatures from 500° to 1000° gave num- 
bers agreeing with the molecular wt. P 4 =*124. 
Biltz a. V. Meyer (B. 22, 725) obtained the 
values 62*5 at 1480°, 46*7 at 1680°, and 45*5 at 
1700° for Y.D. of P, showing that at a white 
heat the mol. formula is probably P 2 (Y.D. 
= 31). 

The mol. wt. of ordinary P in solution in 
c*h 6 was determined by Paterno a. Nasini (B. 
21, 2153) by the cryoscopio method ; values 
were obtained between P 2 and P 4 . Hertz, using 
the same method and the same solvent, obtained 
the value 124 = P 4 (Z. P. C . 6, 358). Beckmann 
also found 124 « P 4 for P in solution in CS 3 by 
the method of raising of boiling-point of the sol- 
vent (Z. P. C. 5, 76). 

The action of light, heat, or electricity on P 
changes it into allotropic red P. Light affects 
the change whether the P be in air or another 
gas, or in vacua, whether water be present or 
not (Schrdtter, W. A. B. 1, 130 ; 8, 241 ; 9, 414), 
at temperatures as low as — 14°, and whether 
the P be solid or dissolved in CS 2 (Corenwinder, 
A. Ch. [3] 30, 242 ; Lallemand, C. R. 70, 182). 
For an account of the action of tropical sunlight 
on P in CS 2 v. Pedler, C. J. 57, 599. The action 
of heat begins ate. 215° at the ordinary pressure ; 
diminution of pressure causes a slackening of 
the rate of ohange, and the action stops at 
393 mm. pressure, temp, being 215°. The change 
is complete by heating to 260° for c. 8 days ; at 
800°, in a sealed tube, it is finished in a few 
minutes (Schrotter, l.c. ; Hittorf, P. 126, 193 ; 
V. Meyer, B. 15, 297 ; cf. Dissociation, vol. ii. p. 
391). The change is accomplished by electricity 
by passing the current through a little P in a 
closed tube with Pt wires fused into the ends 
(Grove, C. J. 16, 269 ; Geissler, P. 152, 171). 
Hittorf (P. 126, 198) regards the action as due 
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to the heating of the P vapour by the current. 
Certain reagents also effect the change : e.g. 
heating with a very little I (Brodie, J.pr . 58, 
171) ; or heating a solution of P in CS 2 with I 
(Oorenwinder, A. Ch . [8] 80, 242 ; Lallemand, 
C. R. 70, 182), but Riidorff (P. 128, 463) says the 
product is a hydride of P. I h the change of 
62 g. ordinary P into red P c. 7,100 g.-units of 
heat are produced ; and there is a contraction of 
volume (v. Petersen, Z . P. G. 8, 601). 

2. Amorphous or red phosphorus is 
a dull, dark carmine, odourless, tasteless powder, 
which becomes darker on heating, and black 
when boiled with KOHAq. It is brittle, and 
shows no trace of crystalline form. Amorphous 
P is heavier, and conducts electricity much 
better, than crystalline P, although its conductive 
power is very small compared with the metals 
(u. data at beginning of this article). Amorphous 
P does not melt when heated to redness in a 
sealed tube (Hittorf, l.c.) ; vapour is formed in 
the tube, and on cooling this solidifies as crys- 
talline P, but the unvapourised portion remains 
amorphous. When distilled, amorphous P be- 
comes crystalline* the action begins at c. 260° 
(Schrotter, l.c.). The process, like the reverse 
change of crystalline into amorphous P, is 
essentially one of dissociation (v. Dissociation, 
vol. ii. pp. 391-3). Amorphous P takes fire at 
c. 250°-260° (Hittorf, Schrotter, Z.c.), but active 
combustion begins at o. 300° ; it does not oxidise 
in dry air, but in presence of moisture oxidation 
proceeds slowly, with the smell of ozone and the 
formation of an acid liquid (Personne, G. R. 45, 
113; Wilson, Ph. 17, 410; Pedler, C. J. 57, 
599). Red P does not glow in the air ; it is not 
poisonous (De Vri], J. 1851. 313). This variety 
of P is insoluble in the menstrua which dissolve 
ordinary P ; boiling turpentine, and a few liquids 
of high boiling-points, dissolve a little and 
change it into ordinary P. 

3. Crystalline metallic phosphorus 
is described by Hittorf (P. 126, 193) as forming 
long, black, thin, rhombohedral crystals which 
appear red in transmitted light; S.G. 2*34 at 
15*5° ; less volatile than amorphous P ; heated 
in a sealed tube drops of ordinary P appear at c. 
358°. It is doubtful whether this is a distinot 
variety of P ; it does not seem to have been ob- 
tained free from Pb (for preparation, v. ante). 
According to Troost and Hautefeuille (C. R. 78, 
748), the S.G. and heat of combustion of red P 
change continuously with temperature ; at 580° 
ruby-red crystals appear, whioh have the S.G. of 
Hittorf’s metallic P. 

Th6nard observed that P became black when 
heated and suddenly cooled (Gm.-E. [6th ed.] i. 
2, 102); some experimenters claim this to be a 
special variety of P (v. Reichardt, Ar. Ph. [3] 9, 
442 ; P. Th6nard, G . JR. 96, 409); according to 
others it contains foreign substances. Blondlot 
obtained it only when a trace of Hg was present 
(O. JR. 70, 856 ; 78, 1130) ; Ritter found the pre- 
sence of As necessary ( 6 . B. 78, 192). 

Napoli (C. p. 25, 369) thought that a special 
yellow modification of P was produced by keep- 
ing freshly-melted ordinary P under water. 

The atom of P is trivalent in most gaseous 
molecules, e.p. PCI,, PH S , PF S , &c.; it is penta valent 
in the gaseous molecule PF r P acts as a non- 
metallic element ; its oxides are acidic, although 
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some of them combine with less acidic oxides 
to form salt-like compounds. P is closely re- 
lated to As, Sb, and Bi, and also to N, V, Nb, 
Di, Er, and Ta ; these elements form Group V. 
For a detailed consideration of the ohemical 
relations of P v . Nitrogen group op elements, 
vol. iii. p. 571. The specific volume of P at 
its b.p. is 20-21 (Pisati a. de Franchis, B. 8, 70 ; 
Ramsay a. Young, C. J. 39, 50) ; the specific 
volume of P in combination is c. 25 f 3 (Thorpe, 
C. J. 37, 333). 

Reactions and Combinations . — 1. P combines 
with oxygen to form P 4 0, P 2 0 3 , and P 2 O a ; the 
reaction begins at ordinary temperature with 
crystalline P, and at c. 250°-260° with amor- 
phous P. (For more details v. Phosphorus, 
oxides op, p. 138.) P does not combine with 
pure O at the ordinary pressure, but only when 
an indifferent gas is prosent, or the pressure is di- 
minished (for references v . Properties of P, p. 
128). The combination of P in O is arrested 
in proportion to the dryness of the O (Baker, 
C. J. 47, 349 ; Pr. 46, 1). Amorphous P does not 
oxidise in dry air, but the oxidation proceeds 
slowly in moist air. Ordinary P oxidises readily 
in moist air ; it is not yet finally settled whether 
or not ozone is produced (v. McLeod, C. J . 37, 
118). In moist air H 8 P0 8 is formed ; this may 
be a direct product of oxidation, or it may result 
from the reduction of H„P0 4 formed by the 
direct oxidation of the P (u. Bchbnbein a. 
Bohlig, J. 1863. 167 ; Blondlot, C. B. 66, 351 ; 
Stiassay, D. P. J. 199, 414). — 2. P is easily 
changed to P 2 O a by oxidising agents , e.g. HNO„, 
Cr0 3 , KNO a , &c. A mixture of P and KC10 8 
explodes violently when struck or rubbed ; the 
explosion is less violent with amorphous P. 
Amorphous P is inflamed when rubbed with 
Cr0 3 , PbO.„ Pb 8 0 4 , HgO, K 2 Cr 2 0 7 , or Ag 2 0, and 
when heated with MnO a , CuO, or KN0 8 . — 
3. P combines with sulphur , the halogens , and 
many non-metals when heated with these. The 
reactions occur at lower temperatures, and more 
rapidly, with ordinary than with amorphous P, 
yet amorphous P combines with Br and 01 at 
the ordinary temperature. — 4. P decomposes so- 
lutions of salts of copper , silver , and some other 
metals , with separation of the metal, which 
often combines with the P. — 5. Boiling water is 
slightly decomposed by P in presence of air, 
with formation of PH 3 , H^POsAq, and H 8 r0 4 Aq 
(Cross a. Higgin, C . J. 35, 254) ; at 250° the 
reaction is more rapid (Schrotter) ; with amor- 
phous P the action is slow (C. a. H.). — 6. Con- 
centrated hydrochloric acid is decomposed by P 
at 140°, with formation of PH 3 and H^PO s Aq 
(Oppenheim, Bl. [2] 1, 168). — 7. Hydrioaic acid 
reacts with P to form PH 4 I and PL, ; hydrobromic 
acid reacts at 100°~120° to produce PH 4 Br 
(Damoiseau, G . R. 91, 883). — 8. Chlorosulphonic 
acid [S0 2 .0H.C1] reacts explosively with ordinary 
P at 25°-30°, and more slowly and at a higher 
temperature with amorphous P, to form SO;,, 
HC1, and H 3 P0 4 (Heumann a. Kdcklin, B. 15, 
416). — 9. Sulphuryl chloride [S0 2 C1J produces 
PCI, and S0 2 ; the reaction is violent, even with 
amorphous P (H. a. K., B. 15, 1736).— 10. Adie 
(O. J. 69, 230) describes the action of sulphur 
trioxide on P as producing SP a 0 4 .2S0 a . — 11. With 
boiling solutions of alkalis P forms PH S and 
alkali salts of HgPOj. P left for a long time in 
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jontact with ammonia solution probably forms 
P hydride and NH 4 phosphite (v. Blondlot, C, R. 
57# 1250; Commaille, C . R . 68, 263 ; Fliickiger, 
7, 1868. 171). Red P is not acted on by NH 3 Aq 
(F,, l, c.). — 12. Heated with the alkaline earths 
P forms phosphides and phosphates.— 13. When 
P is strongly heated with anhydrous alkali car- 
bonates 0 is separated. For an account of the 
technical applications of P v. Dictionary of 
Applied Chemistry ; for description of the 
methods of testing for P and estimating it a 
manual of analysis must be consulted. 

Phosphorus, acids of. The phosphoric acids 
are .described under that heading (p. 124), the 
Dther acids under the heading Phosphorus, oxy- 
iCIDS OF, AND THEIR SALTS (p. 149). For pllOS- 
vhamic acids v, p. 105, and for thiophosphamic 
%cids v. Thiophosphoryl chloride, Reaction 
No. 7, p. 148. 

Phosphorus, bromides of. P and Br com- 
bine violently; two products of the reaction 
have been isolated, PBr, and PBr,. These for- 
mula are probably molecular. 

Phosphorus tribromide, PBr, ( Phosphorous 
bromide). B.P. « 172*9° at 760*2 mm. (Thorpe, 
0. J. 87, 335). S.G. % 2-92311 (T., l.c.). Does 
cot solidify at — 13*6°. A colourless liquid, with 
very penetrating odour ; fumes in the air. PBr 3 
is formed by the direot union of P and Br. If 
P is added to Br, the Br must be kept in a 
freezing mixture, and the P must be added in 
sxtremely small pieces until a colourless liquid 
is obtained ; the process is dangerous. Lieben 
[A. 146, 314) recommends to pass C0 2 through 
slightly warmed Br, to lead the gas over small 
pieces of dry P, and to distil the liquid thus 
produced after it has stood for some days. 
Schorlemmer uses amorphous P. The P is 
placed in a flask connected with an inverted 
condenser, and having a dropping funnel passing 
through the oork. Br is added drop by drop 
from the funnel : the first few drops combine, 
with a production of flame, but after a little the 
Br may be added more freely ; the PBr, is dis- 
tilled from the excess of P (u. also Pierre, A. 
Oh. [3] 20, 5; Kekul6, A. 130, 16; L&wig, 
9m.- K. I, 2, 834). 

PBr, is not acted on by O ; reacts with S to 
form PSBr s (Gladstone, P. M. [3] 85, 345) ; 01 
forms POlg and Br ; HgCl 2 forms PCI, and HgBr 2 ; 
H 2 S produces P 2 S, and HBr. PBr, is decom- 
posed slowly by cold water, rapidly at 25°, to 
HBrAq and H 3 POgAq (Lowig, l.c.). P and I dis- 
solve in PBr,. 

Phosphorus pentabromide, PBr, {Phosphoric 
bromide . Per bromide of phosphorus). Produced 
by adding excess of Br to PBr,, stirring well 
with a glass rod, and after a time removing the 
jxcess of Br by warming very gently in a stream 
>f dry C0 2 . Also formed by action of Br on 
PCI, in presence of a little I (Gladstone, P, M . 
3] 53, 845). PBr, forms a citron-yellow solid ; 
umes in the air ; melts to a red liquid when 
jently warmed, which solidifies again to rhom- 
joidal crystals, which are yellow if cooling has 
)een rapid, and red if cooling has been slow. The 
*ed crystals become yellow when rubbed (Baudri- 
nont, Bl. 1861. 118) ; at a higher temperature 
below 100°) gives red vapours that condense to 
mellow needles. PBr, is separated at o. 100° 


into PBr 3 and Br, which re-combine on cooling. 
(Ogier, C. R. 92, 83) gives the following heats of 
formation: [P,Br a ] «* 63,000 from liquid Br; 
= 83,000 from gaseous Br ; « 62,300 from solid 
Br ; in each case solid PBr, is formed. 

Reactions . — 1. Heated to 200° in oxygen , 
PBr ft inflames with formation of P 2 0 5 (Baum- 
stark, A. 140, 75). — 2. Neither hydrogen nor 
sulphur reacts in the cold with PBr,. — 3. Chlorine 
forms PCI, and Br; iodine produces PBr, and 
IBr,. — 4. In moist air t POBr, is formed (q. v.). — 

5. A little water produces HBr and POBr a ; with 
much water HBr and H 3 P0 4 are formed. — 6. 
PBr, reacts with hydroxides to substitute OH by 
Br ; the reaction is similar to, but not so ener- 
getic as, that of PCI,. — 7. Hydrogen sulphide 
forms PSBr a and HBr.- 8. Phosphorus hydride 
forms at first PBr 8 , and then also P and HBr. — 

9. Hydriodic acid has no action : dry boric acid 
forms some BBr g (Gustavson, B . 8, 426) ; dry 
oxalic acid produces POBr 8 , HBr, CO, and CO r 

10. Antimony sulphide produces SbBr , and PSBr, 
(Baudrimont, Bl. 1861. 118). — 11. With many 
metals at high temperatures, PBr, produces 
phosphides and bromides. 

Combination.— With ammonia to form 
PBr,.9NH,. Prepared by passing dry NR, into 
a solution of PBr, in CC1 4 (Besson, C. R. Ill, 
972). 

Phosphorus, bromochlorides of. Several 
compounds of P, Br, and Cl are formed by the 
reaction of PCI, with Br. PBr 2 Cl„ PBr 4 Cl„ or 
PBr,Cl, is produced according to the relative 
quantities of PCI, and Br used ; and from one or 
other of these the compounds PBr,Cl 2 and 
PBrCl 4 are obtained. According to Stern (C. J. 
49, 815) PBr 2 Cl, is formed, and on addition of 
more Br the compound PBr 3 Cl 2 is produced, and 
uniteB with Br to form PBr,Cl a ; the whole of 
the Cl in PCI, cannot be thus replaced by Br 
(Michaelis, B. 5, 9, 411 ; Wichelhaus, A. Suppl. 

6, 277 ; Stern, C . *7. 49, 815 ; Geuther, J. Z. 10, 
128 ; Michaelis a. Geuther, J. Z. 6, 242 ; Prin- 
vault, C. R. 74, 868). Michaelis regarded PBr 4 Cl, 
and PBr 8 Cl s as compounds of PBr 2 Cl, with Br, 
and 3Br 2 respectively ; Prinvault looked on 
PBr 4 Cl, as PBr 8 Cl 2 .BrCl, and PBr H Cl 3 and PBr 7 Cl, 
as PBr,.8BrCl and PBr,.2BrCl, respectively. 
Against Prinvault’s view it was urged by Michaelis 
that if the compounds contain PBr, they must 
give POBr, and BrCl by reacting with SO* 
whereas the products are POCl„ SBr 4 , and Br ; 
but Geuther showod that POBr, reacts with BrCl 
to give POC1, and Br. Geuther regarded the 
compounds as containing trivalent Br atoms. 

Phosphorus dibromotrichloride, PBr 2 01,. 
Yellow-red crystals, melting at 35° ; obtained by 
gradually adding 160 pts. Br to 187*5 pts. PCI,, 
and keeping in a dosed tube in a freezing mix- 
ture for some time (M.). Addition of 18 pts. 
water reacts thus (G. a. M.) : 8PBr 2 Cl 3 + 3H./) 
= 2POC1, + POBr, + 8HC1 + 8HBr. If S0 2 is 
passed into the contents of the tube, SBr 4 and 
POC1, are formed (M.) 

Phosphorus tetrabromotrichloride 
PB r 4 Cl,. Large dark-red crystals with a blue 
sheen ; formed by adding Br slowly to PCI, till 
two layers are produced, the lower of which is 
dark and oily, and then adding PBr 2 Cl, until the 
lower layer solidifies (G.), Also produced by 
warming PBr, with POL to 40° : 
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4FB* a + 6PC1 5 « 5PC1, + 5PBr 4 Cl 3 (G.), when 
heated PBr 4 Cl, melts and separates into two 
layers, which unite again on cooling. A little 
H 2 0 produces POCl„ POBr 8 , HC1, HBr, and Br : 
much H 2 0 forms H a P0 4 , HC1, HBr, and Br ; 
S0 2 produces POCl 3 , SBr 4 , and Br. 

Phosphorus octobromotrichloRide PBr 9 Cl 3 . 
Brown needles, melting at 25°. Formed by 
adding 4| pts. Br to 1 pt. PC1 8 ( i.e . in the ratio 
8Br : PC1 3 ), heating to 05°, and allowing the oily 
liquid to cool to c. 4°; much heat ‘is produced 
in the reaction (P.). Geuther (lx*) says the com- 
pound is also produced by adding BrCl to PBr a 
in the ratio PBr 6 : 3BrCl. 

Phosphorus hkptabromodichloride PBr 7 Cl 2 . 
Prismatic crystals. Obtained by rapidly dis- 
tilling the preceding compound at a little above 
90° (P.) ; also by dropping PC1 8 into Br until 
two layers are formed, and allowing to stand. 
Soluble in PC1 S . 

Phosphorus monobromotetrachloride 
FBrCi 4 . According to Prinvault (l.c*) this com- 
pound is obtained, as yellow crystals, by heating 
to boiling a solution of the preceding compound 
in PC1 3 , also by the reaction of PC1 S with 
BrCl. P. says that PBr s Cl a and PCl a react in 
accordance with the equation PBr,Cl, + PCI, 
= PBr 7 Cl 2 + PBrCl 4 . 

Phosphorus, bromofluoride of, PBr 2 F a . A 
liquid, which fumes in the air, and is violently 
decomposed by water; also decomposed easily 
by heat to PBr, and PF ft ; formed by passing 
PF 3 into Br (Moissan, C. B. 100, 1348). 

Phosphorus, bromonitride of, PBr 2 N. This 
compound is said to be formed by heating the 
product of the action of NH 3 on PBr 5 , in a 
sealed tube, to 250°-275°, with twice its weight 
of PBr a for twelve hours, and then heating the 
resulting substances under reduced pressure, 
when PBr 5 sublimes, and then at 200° a white 
crystalline sublimate of PBr 2 N is formed ; the 
compound is purified by resubliming m vacuo. 
The crystals melt at 188°-190° ; sublime at 150° 
in vacuo; sol. ether, less sol. CS 2 or CHC1 S , 
insol. water (Besson, C. B . 114, 1479). 

Phosphorus ohlorides of. P and Cl com- 
bine directly and easily, with the production 
of light and much heat. Two compounds are 
thus produced, PC1 3 and PCl ft ; these formulae 
are molecular. According to Donny a. Mareska 
(C. B. 20, 717), and Dumas (A. Ch . [3] 55, 172), 
liquid Cl surrounded by solid CO, combines 
with P. 

Phosphorus trichloride PC1 3 (Phosphorous 
chloride). Mol. w. 137*07. Boils at 75*95° at 
760 mm. (Thorpe, C. J. 37, 333 ; v. also Pierre, 
A* Ch . [3] 20, 6 ; Haagen, P. 181, 122). S.G. 
£ 1-61276 (Thorpe, l.c.)-, V.D. 70-6 (Dumas, A. Ch. 
[3] 55, 172). S.H. of vapour *1347, equal weight 
of air=*l; *64, equal vol. of air = l (Regnault, 

J. 1863. 85). M- for H lino a - -8222 ; ‘ u zi. Mol.w. 

= 44-3 (Haagen, P. 131, 122). H.F. [P,C1>] 
-75,300 ( Th . 2, 408 ; formation of liquid PC1 3 ). 
Regnault (<7. 1863. 65) gave the vapour pressures of 
PCI, in mm. of Hg as follows : — 37*98 at 0°, 62*68 
at 10°, 100*55 at 20°, 155*65 at 30°, 233*78 at 40°, 
341*39 at 50°, 485*63 at 60°, 674*23 at 70°. 

Formation . — 1. By direct union of P and Cl. — 
2. By reaction of P with HgCl„ FeOl,, CuCl* 


IC1 S , S,C1 2 , or SeCl 2 (Gm.-K. I. 2, 390).— 3, By 
reaction of Cl or HgCl 2 with PBr 3 or PI 8 (Z.c.).-- 
4. By decomposing PCI, by heat aided by H, P, 
PH 3 , 1, HI, S, or one of several metals.— 5. By 
heating HPO a with NaCI (Om.-K. f lx.).— 6. By 
heating Na 2 HP0 4 with NH 4 C1 (H. Rose).— 7. By 
heating P with cone. HClAq (Oppenheim, JJl. 

[2] 1, 163). — 8. By passing POCl. { through a tube 
filled with glowing charcoal (Riban, C . B. 95, 
1160). 

Preparation. — About 500-600 g. P, in pieces 
about 1 inch long, are dried quickly, twice, 
between filter-paper, and placed in a dry retort 
of c. 1 litre capacity, through the neck of which 
a stream of dry C0 2 is kept passing. The beak 
of the retort is now passed into a well-cooled 
receiver, and the tubulus is connected with an 
apparatus which is evolving dry Cl. The tube 
through which the Cl passes into the retort is 
fixed somewhat loosely in the cork, so that it may 
be moved up or down easily. The retort is 
placed in warm water until the P is melted; 
aftor the action has fairly begun, the heat pro- 
duced suffices to keep the P molten. A large 
basin with cold water is kept beneath the retort 
in case the latter should break. The reaction is 
regulated by moving the tube from the Cl appa- 
ratus near to, or away from, the surface of the 
P ; if this tube is too near the P, the heat of the 
reaction vaporises much of the P, which then 
condenses in a reddish layer in the upper part 
of the retort ; if the delivery-tube is too far from 
the P, solid PCI, forms and deposits on the 
upper part of the retort in yellow crystals. As 
the reaction proceeds, pieces of red P appear 
here and there in the retort. Towards the end 
much red P is formed; this must be heated 
carefully with a lamp, a process in which the 
retort is apt to be cracked. The distillate is 
digested with a little P for a few days, to decom- 
pose any PCl a , and then redistilled from a re- 
tort heated on a water-bath (Donny a. Mareska, 
C. B. 20, 717 ; Dumas, A. Ch. [3] 55, 172). 
Thorpe (C. J. 37, 333) recommends to heat red 
P in dry Cl ; he says that the reaction is very 
regular, and that largo quantities of PCI, may be 
prepared thus with great ease and rapidity ; the 
red P should be washed with water, then with 
alcohol, then with ether, and dried at a gentle 
heat. 

Properties. — A clear, colourless, highly re- 
fractive, liquid, which can be vaporised without 
decomposition in absence of moisture ; fumes in 
air with decomposition ; does not redden dry 
blue litmus paper ; vapour has an acrid smell 
and excites tears. Does not solidify at —115° 
(Natterer, P. 62, 133). Does not conduct elec- 
tricity. Dissolves P ; also I (Gladstone, P. M. 

[3] 35, 345). Mixes with C ft H 6 , Et.,0, CHCl„ 
and CS 2 . In a gas-flame or alcohol-flame, PCI, 
burns brightly. Sinks in water and then begins 
to decompose to H 3 PO,Aqand HClAq *, if a little 
warm water is used, amorphous P separates. 
Slowly decomposes in the dark to PCl a and P 
(Casselmann.A. 83, 247). Combines with Cl to 
form PC1 6 . Not acted on by O at ordinary tem- 
peratures; POC1, is slowly formed at b.p. of 
PCI,. POC1, is formed by action of ozone and 
various O compounds which readily part with 
O (v.Beactions). 

Testing PCI, for POC1,. — PCI, has little oo- 

K 2 



182 


PHOSPHOBUS CHLOBIDES. 


tion on zinc-dust at ordinary temperatures ; P001 8 
produces P 2 0 8 and Zn phosphide, which is de- 
composed by H 2 0, giving inflammable P hydride. 
To apply this reaction, a few drops of the liquid 
are added to a little zinc-dust in a test tube, and 
then a few drops of water ; if P001 3 is present, 
small bubbles of gas are given off, and take fire 
in the air (Denig^s, Bl. [3] 2, 787). 

Reactions. — 1. Water produces H 8 PO s and 
HOI ; the reaction proceeds somewhat slowly. 
If a little warm water is added to PCI,, 
amorphous P separates as the product 
of a secondary reaction — 3 H,PO s Aq + 2PC1 3 
— 3HPO a Aq + 6HClAq + 2P (Michaelis, B. 8, 
504 ; but cf. Geuther, J. Z. [2] 3, 2nd Suppl. 
116). — 2. Oxygen does not react at ordinary 
temperatures, but POCl 3 is slowly formed at 
b.p. of PC1 8 (Michaelis, J. Z. 6, 03 ; Bemsen, 
Am. S . [3] 11, 365).— 3. Ozone rapidly forms 
POCl s (Bemsen, l.c.). — 4. Potassium chlorate 
produces POCl r — 5. Sulphur trioxide reacts 
violently, forming POCl 3 and SO., (Michaelis, 
J. Z. 6, 239 ; 7, 110 ; Armstrong, J. pr. [2] 1, 
255; cf. Bose, P. 44, 304).— 6. Selenion dioxide 
produces POCl 3 and Se at 110° ; if the Se0 2 is 
in excess, SeCl 2 and P 2 0 5 are also formed ; S0 2 
has no action at 140° (M., Z.c.). — 7. Heated in a 
closed tube at 130° with arsenious oxide , forms 
As, AsC 1 3 , and P 2 0 5 (Michaelis, Z.c.).— 8. Thionyl 
chloride forms PC1 S , POCl s , and PSC1 3 . Ghromyl 
dichloride produces POCl 3 , P 2 0 5 , PC1 5 , and CrCl 8 . 

9. Nitrogen trioxide or pentoxide reacts with 
strongly cooled PC1 3 to form NOC1, P 2 O s , POCl a , 
and P 2 0„C1 4 (Geuther a. Michaelis, B. 4, 766). — 

10. Many metallic oxides withdraw 01 from PC1 3 
forming metallic chlorides ; PbO forms Pb and 
Pb(PO s ) 2 besides PbCl 2 . — 11. Many metallic 
sulphides when heated with PC1 3 react to form 
P 2 S 3 and metallic chlorides ; e.g. K 2 S, BaS, CaS, 
Sb 2 S 3 , PbS, &o. (v. Gm.-K. i. 2, 320).— 12. Sul- 
phur reacts at c. 130° with production of PSC1 3 
(Henry, B. 2, 638). — 13. Antimony forms SbCl 3 
and P (Gm.-K., l.c.). — 14. Bed-hot iron filings 
produce Fe phosphide and FeCl 2 (Gm.-K.). — 
16 . Zinc , at 100°, forms ZnCl 2 and P (Most, B. 
13, 2029). — 16. Platinum and silver are not 
aoted on by PClg (Gm.-K.).— 17. Sulphuric acid 
reacts slowly in the cold, rapidly when hot, to 
form S0 2 , HC1, P 2 O ft , and S0 2 .0H.C1 (Michaelis, 
J. Z. 6, 239). — 18. Phosphorous acid produces 
P 2 0 8 (NacqueVs Chem. German ed. 1868. p. 218). 
19. Sydriodic acid reacts at the ordinary tem- 
perature, forming PI, and HC1 (Hautefeuille, 
Bl. [2] 7, 198, 200, 203).- 20. PSC1 8 and PC1 5 
are formed by heating for some hours at 160° 
with sulphur chloride.— 21. Iodine pentabrom- 
ide is said to form IC1 8 and PBr s .— 22. Phos- 
phorus hydride produces HC1 and solid P 2 H 
(Besson, C. R. Ill, 972). SbH, is said to be 
without action (Mahn, Z. [2] 5, 729). — 23. Heated 
with hydrogen sulphide , HC1 and P 2 S 3 are formed 
(Baudrimont, A. Ch . [4] 2, 5). — 24. Ammonia 
seems to form various compounds which have not 
been fully examined ( v . Phospham, p. 104). — 
25. Passed over heated ammonium chloride , 
phospham (q. t>.) is formed. — 26. With many 
carbon compounds containing hydroxyl , PCl f 
reacts to substitute Cl for OH. 

Combinations.— 1. With chlorine , to form 
PCl a (q. v.). — 2. With bromine to form 
aeveral bromochloddes (g. v.).— 3. With iodine 


to form Pixels (v. Phosphorus iodochlorid®, p. 
138). — 4. With titanium chloride to form 
PCl 8 .TiCi 4 (Bertrand, M. S. [3] 10, 1331) ; also 
with a few other metallic chlorides, e.g. AuCl. — 
5. With dry ammonia to form PC1 3 .5NH^ (Bose ; 
Besson, O. R. Ill, 972). 

Phosphorus pentachloride PC1 5 (Phos- 
phoric chloride. Phosphorus per chloride). Mol. 
w. 207*81. Melts at 148° under pressure ; boils 
at 160°-165°, with partial decomposition to PCI* 
and Cl. V.D. varies with temperature; c. 103 in 
an atmosphere of PC1 3 (v. Properties). ELF. 
[P,C1 4 ]~ 104,990 (Th. 2, 408). 

Formation. — 1. By combining PC1„ with Cl, 
or by the action of excess of Cl onP.— 2. By re- 
acting with PC1 3 on PH„ S 2 C1 2 , or SOCl 2 .— 3. By 
the action of SbCl 5 onPH s (Mahn.Z. [2] 5,729). 

Preparation. — PC1 5 may be prepared by the 
action of Cl on P, but the PCI, is apt to retain 
pieces of unchanged P, the presence of which 
may lead to violent explosions ; it is, therefore, 
better to prepare PCI, from PC1 3 . PC1 3 is placed 
in a strong flask with a wide neck ; the flask is 
surrounded by a freezing mixture, and dry Cl is 
passed in by a wide tube which reaches almost 
to, but does not touch, the surface of the liquid. 
As the contents of the flask get semi-solid they 
must be thoroughly broken up by a glass rod. 
The whole of the PC1 3 is not changed to PCI, 
until Cl has passed for a considerable time ; the 
change is not complete until, after closing the 
flask, shaking thoroughly, and allowing to stand 
for some time, the presence of greenish-yellow 
gas in the flask is quite apparent. Excess cf Cl 
is finally removed by the long-continued passage 
of a slow stream of dry C0 2 (Muller, Z. 1882. 
295 ; Grabe, Ar. Sc. [3] 6, 477). 

Properties. — A white, or slightly yellow, 
crystalline solid with a strong odour ; crystallises 
in rhombic plates ; fumes in moist air, with de- 
composition; sublimes without melting under 
100°, but melts at c. 148° under considerable 
pressure; boils at c. 160°-165°, with partial dis- 
sociation to PC1„ and Cl, which re-combine on 
cooling. PCI, does not conduct electrioity 
(Gm.-K. i. 2, 390). Decomposed by O at c. 300°. 
Burns in a candle-flame. 

Vapour density.— The S.G. of the vapour 
obtained by heating PC1 5 is less than that cal- 
culated for PC1 6 , and it decreases as temperature 
increases until it is equal to half the calculated 
value. Wanklyn a. Bobinson (O. R. 56, 547) 
showed that the vapour contained free Cl, by 
diffusing into C0 2 , and that PC1 3 was present in 
the residue. Deville noticed that the vapour 
showed the colour of Cl, and that the intensity of 
colour increased as temperature rose (A. 141, 
147). The V.D. was determined by Cahours at 
different temperatures, with the following results 
(A. 141, 42 ; v. also Gibbs, Am. S . [3] 18, 277, 
371) : — 

Temp. S.G. Oir=l) P.o. Dissociation 
182° 5*08 41*7 

190 4*99 44*3 

200 4*85 48-5 

230 4*80 67*4 

250 4-00 80*0 

274 3*84 87*5 

288 3*67 96*2 

289 8*69 95*7 

300 8*65 97*3 
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The temperature whereat 50 p.c. is dis- 
sociated is c. 202°. Wurtz (JB. 3, 572) showed 
that, making certain assumptions, the S.G. of 
PC1 6 vapour formed in an atmosphere of PC1 8 is 
c. 7 , 4-6*8, which agrees with that calculated for 
PC1 5 , viz. 7*2. 

Reactions. — 1. Heat dissociates PCI* into 
PC1 S and Cl, which recombine on cooling (v. 
ante). — 2. PCl 5 is decomposed by water to HClAq 
and POCl 3 , and finally to H 3 PO,Aq with some 
IiP0 3 Aq (Qm.-K. i. 2, 390). Thomsen gives 
[PCI 5 , Aq] = 123,440 (Th. 2, 322). — 3. Boric acid 
and antimonic hydrate react similarly to water 
(Gerhardt, A. 87, 66, 290 ; Schiff, A. 102, 111 ; 
106, 116). Boric oxide when heated with PC1 5 
forms B 2 0 3 .P 2 0 5 and BC1 3 (Gustavson, B. 3, 426). — 

4. Hydroxides generally, including carbon com - 
pounds iphich contain the group OH, exchange 
OH for Cl, with production of POCl 3 and chloride 
of the radicle before in combination with OH. — 

5. Compounds containing the group SH generally 
react similarly to OH compounds; e.g. SH.H 
gives C1H and PSCl a . — 6. Oxides generally ex- 
change O for Cl., carbon compounds contain - 
ing the group CO generally also react in this 
way.— 7. Oxygen reacts with vapour of PCl a at 
c. 300°, producing POCl 3 , P 2 0 6 , and Cl (Qm.-K. 
i. 2, 390; Wanklyn a. Kobinson, C. R. 66, 547). — 
8. PC1 S vapour mixed with hydrogen and passed 
through a red-hot tube produces HCl,PCl s ,and P 
(Baudrimont, Gm.-K . i. 2, 394). — 9. Heated with 
phosphorus PC1 3 is produced. — 10. The com- 
pound PS 2 CL is formed by distilling PC1 5 with 8 
parts of sulphur (Gladstone, G. J. 3, 5).— 

11. Selenion produces Se 2 Cl 2 and PCL,. — 

12. Iodine forms PC1 3 , and IC1 which com- 
bines with part of the PC1 5 to produce PC1 5 .IC1 
(Qm.-K, l.c .). — 13. PC1 5 reacts with many metals 
to form metallic chlorides and PC1 3 ; sometimes 
P and metallic phosphides are formed (Baudri- 
mont, J.pr. 87, 300 ; 88, 78 ; Casselmann, A. 98, 
213). Among the metals which react with PC1 5 
are Al, As, Cd, Au, Fe, Pt, K, Na, Sn, and Zn. 
The metallic chloride formed often combines 
with the undecomposed PC1 5 ; this occurs, e.g., 
with A1C1 3 , FeCl 3 , HgCl 2 , PtCl 4 , and SnCl 4 
(Wohler, B. 13, 875 ; cf, Goldschmidt, C. G . 
1881. 489). — 14. Phosphorus hydride produces 
PC1 3 and HC1 ; with excess of PH 3 , HOI, and P 
are formed.— 15. Antimony hydride forms PCI,, 
SbCl 3 , and HC1 ; silicon hydride acts similarly 
but more slowly (Mahn, Z . [2] 5, 729 ; ammonia 
forms phospham (q.v., p. 104) and nitrogen phos- 
phochloride (vol. iii. p. 570) ; also phosphamido- 
imide (g. v., p. 105 ; cf. also Besson, C. R. 114, 
1264). — 16. Sulphur dioxide produces SOCl 2 
and POCl 3 (Schiff, A . 102, 111 ; 106, 116 ; 
Persoz a. Bloch, C. R . 28, 86; Kremers, A. 70, 
297). — 17. Sulphur trioxide forms S 2 CL,O s and 
POCI3 (Schiff, l.c . ; Michaelis, J. Z. 6, 235, 240, 
292 ; Williamson, Pr. 7, 11).— 18. Selenion 
dioxide when distilled with PC1 8 forms P0C1 3 , 
SeCl 2 , and P 2 0 5 , SeOCl 2 being formed as an in- 
termediate product (Michaelis, Z. [2] 6, 465). — 
19. Phosphoric oxide produces POCl 3 . — 20. Boric 
oxide reacts slowly when heated to c. 140° with 
PC1 8 ; B001 s is probably formed, and on heating 
more strongly BC1„ and B 2 0 3 .P 2 0 a remain (Gus- 
tavson, B . 3, 426). — 21. Nitrogen dioxide pro- 
duces NOC1 and POC1. (Qm.-K. i. 2, 390).— 
22. Silicon dioxide forms POCh, and SiCl 4 which 


combines with the excess of PC1 5 (Weber, P. 107, 
375).— 23. Vapour of PC1 4 reacts with many me- 
tallic oxides, when these are strongly heated, to 
form POCl 3 , and metallic ohlorides which fre- 
quently combine with undecomposed PC1 4 . The 
following react in this way — ALjOg, As 2 0„ and 
As 2 0 5 (Hurtzig a.Geuther,4. Ill, 159; Michaelis, 
J. Z. 6, 239), [no reaction with Sb 2 0 5 ; Schiff, A. 
102, 111], CdO, Cr 2 0 3 , Fe 2 O s , Mn0 2 , MoO, (Schiff, 
l.c.), SnO, Ti0 2 (Weber, P. 107, 375 ; Tiittscheff, 
A. 141, 111), W0 3 (Gerhardt a. Chiozza, C. R. 
36, 1050 ; Schiff, l.c.). — 24. Phosphorus sulphide 
forms PSC1 3 (Weber, P. 107, 375 ; Qm.-K. i. 2, 
390).— 25. Carbon disulphide does not react at 
100° (Hofmann, A. 115, 264) ; at 200° PSCJL, is 
produced (Carius a. Fries, A. 112, 193), and CC1 4 
(Rathke, Z. [2] 6, 67). — 26. Many metallic 
sulphides when heated are decomposed by vapour 
of PC1 5 with formation of PSC1 3 , S 2 CL 2 , and 
metallic chloride ; the following react in this 
way— sulphide of As, Ba, Bi, Cd, Ca, Pb, Na, 
Sn, Zn (Weber, lx. ; Baudrimont, l.c.). — 
27. Antimony selenide and lead selenide form 
SeCl 4 , which forms a double compound with 
the excess of PC1 & . — 28. Hydriodic acid pro- 
duces PC1 3 , HC1, and I (Wurtz, Qm.-K, l.c.); 
hydrobromic acid is without action (Gladstone, 
C. J. 3, 5) ; syrupy phosphoric acid solution 
reacts slowly, the vapours of this acid do not act 
(Gerhardt, A. 87, 60, 290; Schiff, A. 102, 111; 
106, 116 ; Persoz a. Bloch, C. R. 28, 86). — 
29. Cone, nitric acid reacts energetically, form- 
ing POCI3 and HC1. — 30. Sulphuric acid forms 
SO...OH.C1, HC1, and HPO ? , and S 2 C1 2 0 ? as the 
result of a secondary reaction (Michaelis, J. Z. 
6, 235, 240, 292 ; Williamson, Pr. 7, 11 ; Baum- 
stark, A. 140, 75). — 31. Many metallic salts react 
with PC1 8 ; KNO s gives NOC1 and POCl 3 (Nacquet, 
Bl. 18G0) ; sulphites form SOCl 2 (Buchanan, B. 
3, 485) ; AgF produces AgCl and probably a 
fluoride of P (Pfaundler, W. A. B. 46, 258) ; 
KC10„ gives POC1, ; KSCy forms PSC1 3 , S 2 C1 2 , 
and PC1 3 ; Na 2 HPO, gives H 3 P0 4 and HC1 ; 
haloid salts of the alkalis, and also KCy and 
K 4 FeCy fl , are not acted on by PCI*. 

Combinations. — 1. With iodine chloride to 
form PC1 5 .IC1 (Qm.-K. i. 2, 390). — 2. With 
selenion tetrachloride to form SeCl 4 .2PCl ? . — 
3. With many metallic chlorides (cf. Reactions , 
Nos. 13 and 23). These compounds are solids, 
which sublime with partial decomposition when 
heated, and are decomposed by water (Baudri- 
mont, * T. pr. 87, 300 ; 88, 78 ; Weber, ibid. 77, 
65 ; Casselmann, A. 83, 258). — 4. With ammonia 
to form PC1 5 .8NH 3 ; produced by slowly passing 
dry NH S into a solution of PC1 5 in CC1 4 (Besson, 
C.R. 111,972; 114,1264). 

Phosphorus, chlorobromides of, v. Phosphorus 
BBOMOCHLO RIDES, p. 130. 

Phosphorus, chlorofluoride of, PC1 3 F 2 . Mol. 
w. 175-07. V.D. 78. Poulenc (C. R. 113, 75). 

Preparation. — Two stoppered flasks of c. 500 
c.o. capacity are connected by a bent tube, which 
passes through the stoppers ; one flask is filled 
with dry Cl, and the other with dry PF, ; that 
containing PF, is connected with a bulb full of 
Hg, which can be caused to flow into the flask 
and so force the PF t into the flask full of CL 
The PF g is slowly driven into the other flask, 
and the PClgF* thus formed is kept in contact 
with Hg for some days (without being shaken 
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with the Ug, else some PF 8 may be decomposed) 
to remove traces of 01. 

Properties —A colourless gas, with very irri- 
tating odour; incombustible; liquefied at -8° 
at ordinary pressure ; absorbed and decomposed 
by water ; heated to o. 250° gives PF a and PCl a , 
also decomposed in the same way by electric 
eparks. 

Reactions . — 1. Heat produces PF a and PCl a ; 
the action proceeds at c. 250°. — 2. Electric 
sparks also produce PF 6 and PCl a . — 5. Heated 
with sulphur to c. 115°, PSF s and S 2 C1 2 are 
formed. — 4. Heated with pJiosphorus to c. 120° 
PF 8 and PC1„ are formed.— 6. Several metals 
when heated to c. 180° produce metallic chloride 
and PF 8 , e.g. Al, Fe, Pb, Mg, Ni, and Sn ; Hg 
exerts a slight action at ordinary temperatures, 
and acts rapidly at 180° ; Na seems to absorb 
PClgF.^ entirely. — 6. Water reacts rapidly ; if a 
little water-vapour is mixed with PC1 S F 2 the 
products are POF 3 and HC1 ; if the gas is passed 
into water, H 3 P0 4 Aq, HClAq, and HFAq are 
formed. — 7. Absorbed by alcohol , with formation 
of a compound not yet examined.— 8. Ammonia 
is absorbed at ordinary temperature, forming a 
white solid, which is probably PF^NHg).*. 

Phosphorus, chloro-iodide of, v. Phosphorus 
IODOCHLORIDE, p. 138. 

Phosphorus, chloronitride of, v. Nitrogen 
phosphochlorede, vol. iii. p. 570. Besson (C. R. 
114, 1479) recommends to prepare PC1 2 N by form- 
ing a layer of PC1 5 on the sides of a large flask, by 
acting on PC1 3 with Cl, then to heat the PC1 5 
with NH 3 till it is superficially saturated, and 
then to heat under reduced pressure. 

Phosphor us, compounds of, with hydrogen and 
oxygen. Those compounds of P, H, and O, which 
are acidB, are described in the articles Phosphoric 
acids (p. 124), and Phosphorus, oxyacids of, and 
their salts (p. 149) ; but two compounds which 
have been described by Gautier will find a place 
here. Gautier (C. R. 76, 49) says that the com- 
pound P 4 HO is formed by heating crystallised 
HjPOs with 5 or 6 times its weight of PCI., to 
79°, washing with water, and drying at — 10° ; 
at between 80° and 100° the products of the 
reaction are H 3 P0 4 , HC1, and amorphous P. 
This compound is described as an amorphous 
yellow powder ; unchanged in air when dry, but 
oxidised slowly when moist ; insoluble in most 
menstrua ; burns when heated in air to o. 260° ; 
burns explosively when heated with CuO ; un- 
changed at 240°-250° in C0 2 , but evolves PH 3 
at 265°, and at 850°-360° ordinary P distils off ; 
not acted on by dilute aoids; oxidised by ordi- 
nary HN0 8 Aq; cone. H 2 S0 4 evolves S0 3 at c. 
200° ; decomposed by H 2 0 at c. 170° to HgPOgAq, 
H s PO s Aq, and PH S ; reacts with dilute alkali 
solutions ; NH 3 combines to form a very unstable 
brown substance. Gautier (O. R . 76, 173) de- 
scribed another compound P a H 3 0 ; obtained by 
adding PI 2 , little by little, to H 2 0 at 80°-.90°, 
allowing the yellow solution to deposit a floccu- 
lent pp., washing this with warm water, and 
drying in vacuo. If water is added slowly to 
PI 2 the products are HIAq, H 3 PO s Aq, and 
H 3 P0 2 Aq. P a H 3 0 is described as a pure yellow 
solid ; amorphous, or perhaps showing traces of 
crystalline form; tasteless and odourless; in- 
soluble in all menstrua ; oxidises in air when 
moist, when dry oxidises slowly at 100° ; oxidised 


violently by HN0 8 Aq ; evolves S0 2 from H 2 S0 4 ; 
gives off PH S when heated to 135° in C0 2 , and 
ordinary P at 350°; decomposed by dilute 
alkali solutions to PH3, H, H 2 KP0 2 , and HK 2 P0 4 ; 
combines with NB* to form a brown very un- 
stable substance. 

Phosphorus, cyanide of, v . Cyanogen phos- 
phide, vol. ii. p. 358. 

Phosphorus, fluorides of. Two fluorides of P 
are known, PF 8 and PF a ; these formulas are 
molecular. The compounds are gases at ordi- 
nary temperatures. 

Phosphorus trifluoride PF 8 . (Phosphorous 
fluoride.) Mol. w. 87*96. V.D. 43*7 (Moissan, 
A. Ch . [6] 6, 433). 

Formation.— 1. By the reaction of PbF 2 with 
Cu phosphide (M., l.c.).— 2. By adding AsF 3 to 
PF 3 (M., Lc.). — 3. By the reaction of PbF„ with 
PC1 8 or POCI3 (Giintz, C. R. 103, 58).— 4. By 
adding PBr 8 to gently heated ZnF 2 (M., A. Ch. 
[6] 19, 286). 

Preparation. — 1. AsF 8 is dropped into per- 
fectly dry PC1 8 ; the gas is shaken with a little 
water, and dried over H 2 S0 4 (M., G.R. 100, 272). 
2. A mixture of well-dried Cu a P 2 and PbF 2 free 
from Si0 2 is heated in a brass tube to dull red- 
ness, the gas is passed by a leaden tube through 
two very small bottles (2 or 3 c.c. capacity) con- 
taining H 2 S0 4 , then through pumice soaked in 
H 2 S0 4 , and is then collected over Hg. — 3. PBr 8 
is gradually added to warm ZnF 2 , the gas is 
washed by passing through water, then dried by 
passing over pumice soaked in H 2 S0 4 , and col- 
lected over Hg (M., A. Ch. [6] 19, 286). 

Properties. — A colourless gas, condensed to 
a colourless liquid at — 10° and 40 atmos. pres- 
sure. The gas is not liquefied at 24° under a 
pressure of 180 atmos., but liquefaction occurs 
when the pressure is suddenly reduced to 50 
atmos. (Moissan, l.c.). PF S does not fume in the 
air ; it is very slowly decomposed by water, with 
formation of H 3 PO s Aq and HFAq ; burns when 
mixed with O ; decomposed by heat ; also by 
electric sparks. 

Reactions and Combinations. — 1. Decom- 
posed by heat ; in a glass apparatus P and SiF 4 
are formed ; in contact with Pt black a gas is 
formed, probably containing F (Moissan, C. R. 
102, 763). — 2. Electric sparks slowly decompose 
PF S , forming PF a and P (Moissan, C . R. 102, 
763). — 3. Burns when mixed with pure oxygen 
and ignited ; a mixture of 1 vol. PF 8 and £ vol. O 
explodes violently when sparked, with formation 
of POF s (M., C . R. 102, 1245).— 4. Very slowly de- 
composed by water , with formation of H 3 P0 8 Aq 
and HFAq ; more rapidly decomposed by steam 
at 100°. —5. According to Berthelot (A. Ch. [6] 
6, 358) potash solution produces a fluophosphor- 
ous acid probably analogous to fluoboric or fluo- 
silicic acid; Moissan (G. R. 99, 655) says that a 
fluoride and a phosphite are formed. — 6. Ab- 
sorbed rapidly by bromine with formation of 
PBljFj (v. Phosfhorus bromofluoride, p. 131), 
also by chlorine , with formation of PCl-jF, (v. 
Phosphorus chlorofluoride, p. 183).— 7. De- 
composed rapidly by solutions of chromic acid or 
potassium permanganate . — 8. Decomposed by 
hot sodium , copper , boron, and silicon (M., C. R. 
99, 655). — 9. Combines with ammonia to form 
white, flocoulent compound, which is decomposed 
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by water (M., Lc.J.—lO. Combines with fluorine 
to form PF ? (Moissan, Bl. [3] 5, 454). 

Determination of composition. — The com- 
onnd was analysed by Moissan (C. R. 100, 272) 
y heating a known volume in a glass vessel, 
measuring the volume of SiF 4 foamed, dissolving 
the P deposited in HNO„Aq, and estimating as 
Mg-NH 4 phosphate. 

Phosphorus pentafluoride PF fl (Phosphoric 
fluoride). Mol. w. 125*96. Y.D. 63*2 to 65*1 
(Thorpe, A. 182, 201 ; Moissan, G . B. 102, 763 ; 
103, 1257). 

Formation.— 1. By passing PF g into Br at 
— 15°, PBr 2 F s is formed, and when heated this 
gives PF S and PBr fl (Moissan, G . B. 101, 1490). 
2. By the reaction of AsF 3 with PC1 5 . — 3. By direct 
combination of PF 8 with F (M., Bl. [3] 5, 454). 

Preparation. — AsF 3 is added gradually to 
PC1 5 surrounded by a freezing mixture ; the gas 
which comes off is passed through PC1 5 contained 
in a tube which is kept cold, and is collected over 
Hg (Thorpe, A. 182, 201). 

Properties and Beactions . — A colourless, 
strongly-smelling gas, which fumes in air and 
rapidly attacks the membranes of the mouth and 
the bronchial tubes. Condensed at 15° and 
46 atmos. to colourless liquid which does not act 
on glass (Moissan, C. B. 101, 1490) ; on par- 
tially releasing pressure the liquid solidifies, but 
soon again becomes liquid (M., l.c.). Decomposed 
by powerful electric sparks (150-200 mm. long) 
to PF S and F (M., G . B. 103, 1257), but not by 
ordinary sparking (Thorpe, l.c.). Incombustible 
and does not support combustion. Not acted on 
by heating with phosphorus to dull redness, nor 
with sulphur vapour at 440°, nor iodine at 500° 
(M., l.c.). In presence of trace of water acts on 
glass, forming SiF 4 and POF 8 . Passed over 
gently-heated spongy platinum is partially de- 
composed to PF a and F ; when the Pt is heated 
to dull redness a compound of Pt with P and F, 
probably PF s .PtF 2 , is formed (M., Bl. [3] 5, 454). 

Phosphorus, fluobromide of; v. Phosphorus 
BROMOFLUORIDE, p. 131. 

Phosphorus, fluochloride of ; v. Phosphorus 
CHLOROFLUOREDE, p. 133. 

Phosphorus, haloid compounds of. P combines 
readily with the halogens, with production of 
much heat, to form compounds PX 8 and PX 5 ; 
besides these, the compound PI 2 is also known. 
Several compounds of the type PX 3 , and at least 
one of the type PX 5 (viz. PF 6 ), have been gasified, 
so that the formulas are molecular. The haloid 
compounds of P are decomposed by water, the 
fluorides only very slowly, with formation of 
oxyaoids of P and halogen acids; these com- 
pounds also combine with many other haloid 
compounds, both of metals and non-metals, to 
form double salts. 

Phosphorus, hydrides of. P and H do not 
combine directly ; but hydrides of P are pro- 
duced by evolving H in contact with phosphites 
or hypophosphites. Three hydrides of P have 
been isolated; PH 3 , PHj (or P 2 H 4 ), and P*H (or 
P 4 H 2 ). Janssen (Bepert. Chim. app . 3, 398) ob- 
tained a crystalline, explosive substance by the 
reaction of milk of lime with P, to which he 
gave the formula PJEL S . At the ordinary tempe- 
rature and pressure the first hydride is gaseous, the 
second liquid, and the third solid. The formula 
PH, is molecular ; Croullebois (C. B. 78, 496) 


said that the Y.D. of the liquid compound shows 
the mol. w. to be PgB^, but no details are given ; 
the mol. w. of the solid compound is unknown. 
The liquid hydride takes fire in contact with air ; 
the gas inflames in air at c. 150°, and the solid 
at c. 200° ; the processes for preparing gaseous 
PH { generally also produce more or less liquid 
PoH 4 , the resultant gas is therefore spontaneously 
inflammable. PH, resembles NR 8 in its re- 
actions, but it is much less decidedly alkaline ; 
phosphonium compounds, e.g. PH 4 I, similar to 
ammonium compounds, are known. 

Phosphorus trihydride PH # (Phos* 
phoretted hydrogen. Phosphine). Mol. w. 33*96. 
Liquefies -90°; solidifies —133*5°; melts at 
— 132*5° ; boils c. -85° (Olszewski, M. 7, 371). 

5. G. (air - 1) 1*185. V.D. 17*2. H.F. [P,H a ] - 
36, 600 (Ogier, G . B. 87, 210). S. *112 (Dy- 
browski, J. 1866. 735). 

Formation. — The gas obtained by the 
following methods is never pure PH a ; it contains 
more or less P^, and generally also H ; it is 
usually spontaneously inflammable. 1. By 
evolving H in contact with phosphites or hypo- 
phosphites in solution ; phosphates are not re- 
duced (Gm.-K. i. 2, 138 ; Fresenius, Fr. 6, 203 ; 
Herapath, Ph. 7, 57). P and H do not combine 
directly (Fourcroy a. Yauquelin, A. Ch . 21, 202 ; 
Dusart, G. B. 43,1126). — 2. By heating solutions 
of phosphites or hypophosphites (Gm.-K., l.c.). — 
3. By the action of boiling alkali solutions on P 
(H. Itose, P. 6, 199 ; 8, 191 ; 14, 183 ; 24, 109, 
295 ; 32, 467 ; 46, 633).— 4. By heating P with 
syrupy H 3 P0 4 Aq, or with HClAq, HBrAq, or 
HIAq (Oppenheim, Bl. [2] 1, 163). — 5. By heat- 
ing P with water to 200° (Oppenheim, l.c.). — 

6. By long-continued heating P with blood to 
35°-41° (Dybrowski, J. 1866. 735).-7. By the 
action of the electric current on moist molten P 
(Groves, G. J. 16, 268).— 8. By heating P with 
HD to c. 200°. — 9. By decomposing Zn phos- 
phide by dilute acids, or boiling alkali solution 
(Schwarz, D. P. J. 191, 896). According to Liipke 
(O. 0. 1890. ii. 642), the gas obtained by acting on 
phosphide of Mg, Sn, or Zn with dilute acid is not 
spontaneously inflammable. — 10. By treating 
Cu phosphide with KON and a little 80 p.c. 
alcohol (Gm.-K. i. 2, 138). — 11. By decomposing 
phosphides of the alkali or alkaline earth metals 
by water or dilute acids. 

Preparation . — 1. A small flask carrying an 
exit tube is nearly filled with a cone, solution of 
KOH in 80 p.c. alcohol ; small pieces of P are 
dropped in, and the flask is heated ; the gas is 
passed through a CaCl 2 tube to absorb alcohol 
vapour, and collected over water. The gas thus 
prepared does not oontain more than o. 45 p.c.PH s 
(Hofmann, B. 4, 200) ; it is generally free from the 
spontaneously inflammable hydride. The gas pre- 
pared by the action of KOHAqon P contains some 
P 2 H 4 and much H ; it is spontaneously inflam- 
mable in air. The simplest way of preparing 
this gas is to place a few small pieces of P in a 
little flask which carries a cork with two tubes, 
one fitted with a stopcock and passing just 
through the cork, and the other bent like an or- 
dinary gas-delivery tube and dipping under water 
in a basin ; the flask is nearly filled with cone. 
KOHAq ; the tube with the stopcock is attached 
to the gas-supply, the cork is fitted loosely into 
the flask, and a stream of coal gas is passed 
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through the apparatus for a few minutes, after 
which the cork is fitted tightly into the flask, the 
stopoook is closed, and the flask is heated. Dur- 
ing this process the end of the delivery-tube is 
kept under the surface of the water in the basin. 
After a few minutes gas is evolved, and each 
bubble takes fire as it comes into contact with 
the air after passing upwards through the water 
m the basin. If the whole of the air is not driven 
out of the apparatus before the flask is heated, 
serious explosions may occur. — 2. The best way 
of preparing pure PH 3 is to decompose PH 4 I by 
KOHAq. A small flask is fitted with a caou- 
tchouc cork, which carries a tube furnished with 
a bulb and stopcock and an exit-tube ; pieces of 
PH 4 I about the size of peas are placed in the 
flask along with several small pieces of glass- 
rod, KOHAq (c. 1 pt. KOH in 2 pts. H 2 0) is al- 
lowed to drop from the bulb-tube very slowly on 
to the PH 4 I in the flask. Pure PH S is evolved 
without heating; if the KOHAq is added too 
rapidly the gas may contain a little P^jH,, and be 
spontaneously inflammable (Hofmann, BA , 200 ; 
Eammelsberg, B. 6, 88). About 1 litre PH S is 
obtained from 7-7 Jg. PH 4 I (for preparation of 
PH 4 I v. Phosphonium compounds, p. 123). 

Properties . — PH S is a colourless gas, with a 
very disagreeable smell like that of onions mixed 
with decaying fish ; very poisonous ; slightly 
soluble in water (v. beginning of this article). 
The solution glows in the dark, and deposits 
amorphous P when exposed to light and air ; on 
boiling, PH 3 is given oil. PH a is slightly soluble 
in alcohol, ether, ethereal oils, and blood ; it is 
completely absorbed by solution of bleaching 
powder, also by Cu 2 C1 2 in HClAq (v. Combina- 
tions , No. 4). PH 3 combines with the halogen 
acids to form salts similar to those of NH 4 (v. 
Phosphonium compounds, p. 123) ; the H of PH S 
is replaceable by organic radicles (v. Phosphines, 

р. 116). PH 3 reduces solutions of salts of heavy 
metals. PH, free from P 2 H 4 takes fire in air at 

с. 150°. The gas prepared as mentioned under 
Formation takes fire immediately on contact 
with air ; it loses this spontaneous inflammability 
by exposure to sunlight, by passage through a 
U -tube cooled to —10°, by mixing with small 
quantities of A1 2 Oj„ wood charcoal, various gases, 
<ftc. ( v . Graham, P. M . 6, 401). These processes 
remove P 2 H 4 , to the presence of which the ready 
inflammability of the gas is due. Addition to 

PHj of U of its weight of P 2 H 4 causes the gas to 
beoome inflammable in air ; the presence of ^ 
to of N0 2 produces the same effect 

(Graham, l.c. ; c/. Landolt, A. 116, 193). The 

r prepared by the action of KOHAq on PH 4 I 
Preparation , No. 2) is described by Hofmann 
as taking fire when gently warmed, and being 
sometimes inflamed by the friction of the stopper 
of the bottle in which the gas may be kept. 
According to Rammelsberg (B. 6, 88), the gas 
prepared in this way is sometimes spontaneously 
inflammable. The gas prepared in this way 
takes fire when passed into cone. AgNO s Aq 
(Poleok a. Thiimmel, P.16, 2442). 

BeacPions. — 1. PH, is decomposed by heat ; 
when passed through a red-hot tube, lustrous, 
amorphous P is deposited (Merz a. Weith, B. 
18, 718).— 2. Decomposed by electric sparks to 


P and H ; the process takes place with regularity, 
20 c.o. are decomposed in 6-6 mins, with produc- 
tion of P and 80 c.o. H (for description of an 
apparatus for lecture purposes v . Hofmann, P. 
4, 204). — 3. PH S burns in air at c. 160° with 
production of P 2 0 5 and H 2 0 ; if a cold substance 
is brought into the flame, yellow-red specks of 
amorphous P are deposited. — 4. No reaction 
occurs when pure PH„ free from P 2 H 4 , is mixed 
with oxygen , but the mixture explodes if the 
pressure is suddenly lowered ; explosion is said 
to occur after some hours at the ordinary pres- 
sure (Labillardi&re ; v. Om.-IC i. 2, 144). — 
6. Bubbles of PH, burn explosively to PCI, and 
HC1 if passed into a vessel filled with chlorine ; 
if the Cl is diluted with C0 2 , the action is slower, 
and some P separates. — 6. Bromine and iodine 
react similarly to Cl ; if PH, is heated gently 
with iodine , some PH 4 I is formed. — 7. Heated 
with sulphur , H 2 S and P sulphide are formed 
(Jones, O. J. [2] 14, 648). — 8. Salts of the alkali 
metals and of the alkaline earth metals decom- 
pose PH S , producing phosphites and hypophos- 
phites (Winkler, P. Ill, 443). — 9. Solutions of 
salts of heavy metals generally decompose PH„ 
with production of metallic phosphides, which 
sometimes oombine with the excess of the 
metallic salts (u.Kulisch, A . 231, 327). AgNO,Aq 
forms a yellow compound (? Ag,P.3AgN0 3 ), and 
then black Ag s P which is quickly reduced to Ag 
(Poleck a. Thiimmel, B. 16, 2442); HgCLAq, 
according to Ashan (Chem. Zeitung, 10, 82, 102), 
forms a yellow compound 3Hg,P 2 .7HgCl 2 , a red 
compound 4Hg 3 P 2 .6HgCl 2 , and a brown com- 
pound Hg 3 P 2 .HgCLj ; PtCl 4 is said to form Pt.PH, 
(Gavazzi, B. 16, 2279) ; chlorides of Cr, Co, Cu, 
Au, Fe, and Ni are reduced, with formation of 
phosphides of the metals, or of metal and P. — 

10. Potassium permanganate solution is reduced 
by PH a to Mn 2 0 3 , K 2 HP0 4 being also formed 
(Gavazzi, B. 16, 2279). — 11. PH, is decomposed 
by many oxides , acids , and salts , e.g. by H 2 S, S0 2 , 
NO, N 2 0, PC1 3 , HNO, (no reaction at —26°; 
Besson, C. B. 109, 644), H 2 S0 4 ( v . Besson, Z.c.), 
SbCl 8 , <fec., also by certain metals , e.g. Sb, Cu, 
Fe, K, and Zn ( v . Qm.-K. i. 2, 138).— 12. With 
haloid compounds of arsenic PH, reacts to form 
haloid acid and phosphide of As (Besson, C. B. 
110, 1268).— 13. With an ethereal solution of 
bismuth bromide forms a black lustrous body, 
probably PBrH(BiBr 2 ) 2 (Cavazzi a. Tivoli, Q. 21, 

11. 306). 

Combinations . — 1. With the halogen acids 
to form compounds of the type PH 4 X (X«=C1, 
Br, or I) ; combination with HI and HBr occurs 
at the ordinary temperature and pressure, with 
HC1 combination occurs at — 30° to — 35° under 
the ordinary pressure, or at 14° under a pressure 
of 20 atmos. (Ogier, Bl. [2] 32, 483 ; v. also 
Skinner, Pr. 42, 283). At very low temperatures 
PHg seems to combine with H 2 S0 4 (v. Phos- 
phonium sulphate, p. 124). The compounds 
PH 4 X are described under Phosphonium com- 
pounds, p. 123.— 2. When PH, is strongly com- 
pressed in presence of water , the gas liquefies 
and floats on the water. If the pressure is now 
suddenly released, a white crystalline solid is 
formed, but this decomposes again when the 
pressure is reduced below a certain amount 
(Cailletet a. Bordet, O . B. 95 , 58 ; v. Phosphonium 
compounds, p. 123).— 8. White compounds, easily 
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decomposed on removing pressure, are said to 
be formed by compressing PH 3 with carbon di- 
oxide , and with carbon disulphide , ifa presence 
of water (0. a. B., l.c.). — 4. A solution of cuprous 
chloride in HClAq absorbs PH S rapidly ; a white 
crystalline mass of Cu 2 C1 2 .2PH 3 is formed, but 
this liquefies as more PH S is passed in (? with 
formation of Cu 2 Cl 2 .4PH 3 ) ; the crystals 
Cu 2 Cl 2 . 2 PH 3 are decomposed by warming, or by 
addition of water, to PH 3 , HCl, and Cu 3 P ; the 
liquid compound loses PH, in a stream of an 
indifferent gas, with production of the crystalline 
compound (u. Riban, Bl. [2] 31, 385). This be- 
haviour of PH 3 towards Cu 2 Cl 2 gives a method 
for preparing pure PH 3 , and also for estimating 
PH S in a mixture of gases. 

Phosphorus dihydride PH 2 or PgHj (Liquid 
phosphoretted hydrogen ). Mol. w. said to be 
65*92, corresponding with V.D. c. 33, but no 
details given (Croullebois, C. B. 78, 496). Gat- 
termann a. Hausknecht (B. 23, 1174) failed to 
determine V.D. as the compound always decom- 
posed. A spontaneously inflammable gas con- 
taining P and H was obtained by Gengembre in 
1783 (CrelVs Ann. 1789. 450). The fact that 
this gas lost its inflammability by standing over 
air containing water was explained by Dumas 
(A. Ch. [2] 31, 113) by supposing that the gas j 
was a mixture of two hydrideB of P, one only of 
which was spontaneously inflammable ; to one 
of these Dumas gave the formula PH 2 and to the 
other the formula PH 3 . In 1832 H. Rose (P. 6, 
199 ; 8, 191) thought that the two gases had the 
same composition, but were isomeric one with 
the other. After Graham (P. M. 5, 401) had 
examined the conditions under which spon- 
taneous inflammability was removed from or 
bestowed on the gas, Le Verrier (A. Ch. [2] 60, 
174) came to the conclusion that the gas con- 
sisted chiefly of PH 3 , but that it contained also 
a very inflammable compound PH 2 , which was 
decomposed by light into PH a and a solid hydride 
PH. In 1845 P. Th6nard made a fuller study 
of the subject (A. Ch. [3] 14, 5) ; he showed that 
spontaneously inflammable phosphoretted hydro- 
gen, when passed through a tube cooled to under 
10°, deposited a liquid having the composition 
PH 2 , which liquid was extremely inflammable, 
and that this liquid decomposed in light into 
gaseous PH, and a solid to which he gave the 
formula P 2 H. In 1874 Croullebois said that the 
V.D. of the liquid hydride corresponds with the 
formula P 2 H 4 , but no details were given (O. B. 
78, 496); in 1890 Gattermann a. Hausknecht 
attempted to determine V.D., but found that the 
compound decomposed (B. 23, 1174). 

Preparation. — Impure Ca phosphide is pre- 
pared by heating dry CaO to bright redness in a 
crucible, and adding dried P little by little, the 
lid being replaced after each addition of P. The 
crucible should be arranged so that the P is 
brought under the strongly-heated CaO ; this 
may be done by placing a few pieces of P in a 
crucible, filling up with dry CaO, covering tightly 
(but leaving one small hole), placing the crucible 
in a furnace arranged so that the lower part of 
the crucible projects downwards through the 
bottom of the furnace, heating the upper part of 
the crucible to bright redness, and then warming 
the lower part so as to vapourise the P. Small 
quantities are prepared by placing a dry piece of 


P in the closed end of a tube of hard glass, partly 
filling the tube with dry CaO, arranged so that 
there is a little space between the CaO and the 
P, placing the tube in a combustion furnace, 
heating the CaO strongly, and then warming the 
P. The CaO is transformed into a mixture of 
Ca phosphide and phosphate ; the phosphide is 
nearly black ; the unchanged CaO is picked out 
when the action is over, and the phosphide is at 
once placed in a stoppered bottle. (For modifi- 
cation of process v. Gattermann a. Hausknecht, 
B. 23, 1174.) A three-necked bottle of about 
2 litres capacity is filled three-quarters with water ; 
one of the necks carries the tube from a H 
apparatus, which tube dips considerably under 
the water, the middle neck carries a piece of 
tubing about 15 mm. internal diameter, dipping 
2 or 3 cm. under the water, and the third neck 
carries an exit tube in communication with 
a condenser ; between the condenser and the 
three-necked bottle is placed a test tube, to collect 
part of the water vapour coming over. The con- 
denser consists of a tube about 100 mm. long 
and 30 mm. diameter, narrowed so that the lower 
end forms a tube about 40 mm. long by 12 mm. 
wide ; this condenser is closed by a cork through 
which pass the entrance tube from the three- 
neoked bottle and an exit tube, which is bent 
downwards and dips under the surface of water ; 
these two tubes are cut off obliquely just below 
the cork. The condenser is placed in a deep 
vessel full of cold water which contains sufficient 
ice to keep the temperature at 0°. H is passed 
through the apparatus until all the air is driven 
out, the three-neoked bottle is placed in a water- 
bath until the contents are warmed to 60°, and 
Ca phosphide, in pieces the size of peas, is 
dropped down the wide tube in portions about 
2 g. at a time and at a rate such that 50 g. are 
added in 15 to 20 minutes. Gaseous P hydride 
passes off and bubbles up through the water, and 
the liquid hydride collects in the condenser, 
about 1-2 c.c. being obtained for 50 g. Ca phos- 
phide used (Hofmann, B. 7, 531 ; Gattermann a. 
Hausknecht, B. 23, 1174 ; the many precautions 
to be taken in working with this compound are 
described by G. a. H.). 

Properties and Beactions. — A colourless, 
highly refractive liquid ; insol. in water ; burns 
in air, with bright flame to P 2 O ft and H 2 0 ; does 
not solidify at —10°; boils 57°-58° at 735 mm. 
(G. a. H., l.c.). S. G. 1*007 to 1*016 (G. a. H.). 
Decomposed by light into PH 3 and solid P 2 H ; 
the liquid may he kept for a short time in sealed 
tubes, but decomposition soon begins, and the 
tubes explode violently (G. a. H.). The same 
decomposition is effected by cone. HClAq, air 
mixed with C0 2 , &c. Passage of the gas pre- 
pared as described above through a little cone. 
HClAq removes every trace of PH 2 , and hence 
causes the gas which issues to be non-inflam- 
mable. If C0 2 is passed through the U-tube 
containing liquid PH 2 a nearly invisible greenish 
light appears at the end of the tube ; this flame 
is not hot enough to ignite a candle (r. Hofmann, 
B. 7, 631; Th6nard, A. Ch. [3] 14, 5 ; Bonet a. 
Bonfil, J.pr. 55, 247 ; Gattermann a. Hausknecht, 
B. 23, 1174). The composition of PH^ was de- 
termined by Thdnard by decomposing a known 
quantity by direct sunlight in a graduated 
tube filled with Hg; 100 parts liquid phoi- 
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phide gave 61*8 parts gaseous PH S and 38*2 
parts solid P 2 H ; i.e . 1 molecule P 2 H was 
produced for 3 mols. PH S , hence the equation 
5PH 2 - P 2 H + 3PH S . This equation was con- 
firmed by G. a. H., who made also direot 
estimation of H by burning with PbCr0 4 in a 
current of C0 2 (B. 23, 1174). 

Diphosphorub hydride P 2 H or P 4 H 2 . Mol. 
w. unknown. H. F. [P 2 ,H] = 17,700 (Ogier, C. R . 
89, 707). 

Formation — 1. By decomposing phosphide 
of- Ca or K (Magnus, P. 17, 627) by HClAq. — 
2. By the action of light, HClAq, Cl (Le Verrier, 
A. Ch. [2] 60, 174), and various other reagents, on 
PH 2 . — 3. By the decomposition of PI 2 by water 
(Riidorff, P. 128, 473). Hittorf (P. 126, 193) 
obtained only amorphous P by this process. 

Preparation. — A two-necked bottle is 
arranged with an exit tube dipping under water, 
and a wide entrance tube, down which is passed 
the delivery tube of a H-apparatus ; cone. HClAq 
is placed in the bottle, H is passed through until 
all air is driven out, the H apparatus is removed, 
and small pieces of freshly-prepared Oa phos- 
phide (for preparation v. Preparation of phos- 
phorus dihydride , p. 137) are dropped slowly into 
the bottle. The P 2 H which forms in the bottle 
is rapidly washed with cold water, and dried in 
vacuo (P. Th6nard, A, Ch. [3] 14, 6). 

Properties. — A yellow flocculent powder , which 
becomes orange-yellow in light ; tasteless and 
odourless. When dry may be heated to c. 200° 
before taking fire ; ignited by a blow of a hammer. 

Reactions. — 1. Ignited by heating in air to 
c. 200°; also by a blow of a hammer.— 2. Slowly 
decomposed in moist air , especially if in sun- 
light, to P 2 O a and H. — 3. Distillation in hydro- 
gen produces PH^JTh&iard, l.c.), — 4. Chlorine 
forms PCI, and HG1. — 6. Dissolves in dilute 
nitric acid ; oxidised with ignition by cone. 
HNOgAq. — 6. Alcoholic solution of potash pro- 
duces PH 8 and H; addition of water to the 
reddish solution ppts. yellowflocks of ? amorphous 
P or a lower oxide of P. — 7. Explodes when mixed 
with potassium chlorate , silver oxide , mercuric 
oxide , or cupric oxide , and struck or warmed. — 
8. Ppts. metallic phosphides from solutions of 
salts of many heavy metals (Le Verrier, l.c.). 

Determination of composition. — The quantity 
of P in the Bolid hydride was determined by 
Th6nard by heating with a weighed quantity of 
PbO, and weighing the mixture of PbO and Pb 
phosphate thus produced; the H was determined 
by decomposing by red-hot Cu, and collecting the 
H set free. Riidorff decomposed the hydride by 
heat, and collected and analysed the mixture of 
PH„ and H thus formed ; he also oxidised the 
compound byHNO s Aq, and estimated P as Pb 
phosphate. 

Phosphorus, iodides of. P and I combine 
directly, even at -24°; two iodides, PI 2 and 
PI,,, have been isolated, and the existence of a 
third, PI 5 , is probable. 

Phosphorus di-iodide PI 2 or P*I 4 . Mol. w. 
not known. H.F. [P,F] *» 9,880 from solid P and 
I ; 20,680 from solid P and gaseous I (Ogier, 
C. B. 92, 83). 

Formation . — X. By adding I to P Combina- 
tion occurs even at -24°, with production of 
much heat, and ignition of the excess of P if 
air is admitted ; amorphous P is produced be- 


sides PIj (v. Wurtz, A . Ch. [3] 42, 129).— 2. By 
the reaction of I with PH 3 ; also of I in acetic 
acid on PC1 8 (Hofmann, A. 103, 305 ; Ritter, A. 
95, 210). 

Preparation.— One part by weight of P is 
dissolved in CS 2 , and 8| parts of I are added 
little by little. When the colour of the dark 
brownish-red liquid thus produced has changed 
to orange it is cooled to 0° for some hours, when 
the vessel becomes filled with crystals ; the 
crystals are freed from CS 2 by heating in a 
water-bath, while a stream of dry air is passed 
over them (Corenwinder, A. Ch. [3] 30, 242). 
The crystals may also be obtained by evapora- 
ting the solution in CS 2 in a stream of C0 2 
(Berthelot a. Luca, O. B. 39, 748). Corenwinder 
says that from 2 to 3 g. P, and 60 to 75 c.c# CS 2 , 
are convenient quantities to use. 

Properties and Reactions. — Large orange- 
coloured prisms, melting at 110° (Corenwinder, 
l.c.). Heated in O gives P 2 0 5 and I (Berthelot, 
C. R. 86, 628, 787, 859, 920 ; 87, 575, 667). 
Decomposed by H 2 0 to H 8 PO s Aq, PH 3 , HIAq, 
and a yellow flocculent solid supposed to be 
amorphous P (Hittorf, P. 126, 193), regarded 
by "Riidorff as solid P 4 H 2 (P. 128, 473), and said 
by Gautier ( C . B. 76, 49, 173) to be P.,H a O. 

Phosphorus tri-iodide PI 3 ( Phosphorous 
iodide). Mol. w. 410-55. H.F. [P,I 8 ] = 10,900 
(Ogier, C. B. 92, 83). This compound is ob- 
tained in large red prisms by dissolving one 
part of P in CS 2 , adding a solution of 12^ parts 
of I in CS 2 , concentrating much out of contact 
with air, and then placing in a freezing mixture. 
As the crystals are very sol. CS 2 , they should be 
at once freed from mother-liquor, and dried in 
a stream of dry air at c. 50°. The crystals melt 
at 65°, and boil at a higher temperature, with 
evolution of I. PI S is very deliquescent ; moist 
air decomposes it at once to H„PO s Aq and HIAq 
(Corenwinder, A. Ch. [3] 80, 242). 

Phosphorus penta-iodidb PI 5 (Phosphoric 
iodide). Isolation doubtful. Hampton (C. N. 
42, 180) obtained a dark-crimson, very deli- 
quescent solid, giving numbers on analysis 
agreeing with 80 p.o. PI 6 + 20 p.o. PI 2 , by dis- 
solving P in a little CS 2 in a stream of pure dry 
N, adding rather more than enough I to form PI ft , 
distilling off CS 2 (in a N stream) at 45° under 
reduced pressure, and then warming to 60° ; at 
55°, under the reduced pressure, I began to 
sublime. 

Phosphorus, iodo-ohloride of, PI 2 C1„. Pro- 
duced by adding much I to a little PC1 S , allowing 
to stand in moist air for some days, drying the 
crystals in a stream of air, dissolving in CS 2 , 
and crystallising : large, red, six-sided crystals, 
very hygroscopic; decomposed by water to 
H a PO s Aq, HClAq, and HIAq (Moot, B. 13, 2029). 

Phosphorus, nitride of. No compound of 
P and N has been isolated with certainty. A 
substance supposed to be a nitride by Rose (P. 
24, 308 ; 28, 529) and Wdhler a. Liebig (A. 11, 
139) was found to contain H. Briegleb a. 
Geuther (A. 123, 236) think that a compound 
P„N 5 is perhaps produced by the reaction of 
PC1 5 on hot Mg 8 N 2 in an atmosphere of N. 

Phosphorus, oxides of. P and O combine 
very readily, with production of much heat; 
four compounds are produced according to the 
conditions ; P 4 0, P 2 O f , P 2 0 4 , and P 2 O s ; the V.D. 
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of the second of these shows that its mol. 
formula as a gas is P 4 O a . The oxides P 2 0, and 
P 2 0 5 are anhydrides; the former reacts with 
water to produce the acid HgPOg, and the latter 
to produce three acids, HPO„, HjPO^, and 
H 4 P 2 0 7 ; the oxide P 2 0 4 is not th6 anhydride of 
a corresponding acid — with water it produoes 
the two acids H a PO s and H 3 P0 4 . 

The only oxide formed when P glows in air 
at ordinary temperature is P 2 0 5 , but P 2 0 3 is 
formed by drawing air over P without the latter 
glowing (Thorpe a. Tutton, C . J. 57, 573) ; at 
50°-60° small quantities of P 2 0 8 are produced, 
and this oxide is produced in larger quantities 
when the P is actually ignited ; at moderately 
high temperatures and with a limited supply of 
air the oxide P 4 0 is formed in addition to P 2 0 3 
and P 2 0 3 . If the products of the slow burning of 
P in dry air are heated together in C0 2 , the oxide 
P 2 0 4 is formed, along with some P 4 0. The pro- 
ducts of burning P in a limited supply of dry 
air generally contain small quantities of P ; 
this may be removed by sucking the products 
through a tube heated by steam (Thorpe a. 
Tutton, G. J . 49, 833). 

Phosphorus suboxide P 4 0. Mol. w. uncer- 
tain. Some doubt still remains concerning the 
composition of the lowest oxide of P ; but the 
evidence is in favour of the existence of a defi- 
nite oxide P 4 0. Le Verrier (A. 27, 167) obtained 
a yellowish solid by exposing P in PC1 3 or in 
ether to air, warming the solid thus formed with 
water, and drying over H 2 S0 4 . A similar pro- 
duct was obtained by the incomplete combustion 
of P in air, or by the action on P of such oxi- 
disers as iodic or periodic acid in presence of 
water (v. Gm.-K. i. 2, 107). This substance was 
generally looked on as an oxide of P; Le Verrier 
gave it the formula P 4 0 ; Schrotter ( W. A. B. 8, 
246) thought it was only a mixture of ordinary 
and amorphous P. Reinitzer a. Goldschmidt 
(B. 13, 845) obtained the oxide P 4 0 by heating 
POCl 3 with P to 200°-250°, also by heating POCl 3 
with Zn, Mg, or A1 at 100°. Thorpe a. Tutton 
(0. «T. 49, 833) found that P 4 0 is one of the pro- 
ducts of burning P in a limited supply of air at 
moderately high temperatures, and that it is 
formed when the products of the slow burning of 
P in dry air are heated to c. 300° in C0 2 . The 
experiments of R. a. G. indicate the existence of 
two varieties of P 4 0 ; one of these reacts with 
hot alkali solutions, evolving PH 3 , and reduces 
salts of Au and Ag and mercurous salts, and the 
other is not acted on by alkalis, and does not 
reduce salts of Au, Ag, or Hg. 

Preparation and Properties of P 4 0 which re- 
duces salts of Ag, Au, and Hg.— 1. Thin plates 
of pure Zn are heated with P0C1 3 in a sealed 
tube in a water-bath at 100° for some hours, 
the liquid, with suspended solid matter, is poured 
off, the solid '8 allowed to settle and the liquid 
is decanted off ; the solid is heated as before for 
some time with POCl 8 (to remove any Zn pre- 
sent), the liquid is poured off, the solid is washed 
with CHClj to remove POGl g , then with HClAq, 
and finally with water ; the solid is then dried 
for some days in vacuo (Reinitzer a. Goldschmidt, 
B. 13, 849) ; the other products of the reaction 
are ZnCl 2 and Zn2PO,. As thus prepared P 4 0 
is an orange- red powder. It very obstinately re- 
tains water, the sample made by R. a. G. oon- j 


tained 0 . 8 p.o. water, but the P and O were in 
the ratio P 4 0. This oxide in moist air evolves 
PH 3 ; it reacts with boiling alkali solutions 
forming PH S and alkali phosphite and phos- 
phate; solutions of salts of Au and Ag, and 
mercurous salts, are reduced with ppn. of the 
metals ; heated in H, P is given off, and P 2 O g 
remains. — 2. P01 s is placed in an open flask, of 

O . 1 litre capacity, containing a layer about 
2 cm. thick of P in small pieces ; the PCl g 
just covers the P ; after c. 2 days the P01 3 is 
poured off, the pieces of P and the adhering yellow 
film are loosened from the flask, and allowed to 
fall slowly into cold water (if water is added in 
quantity, heat is produced, and the products of 
the slow oxidation of P are decomposed). After 
a little, the water is filtered from suspended P, 
and the clear yellow filtrate is heated to 80°, 
when a very finely divided yellow solid settles 
down ; this solid is washed with warm water in 
a filter, removed from the filter while moist, and 
placed in a basin, over H 2 S0 4 in vacuo . Le 
Verrier 's P 4 0 was tasteless and odourless, did 
not change in dry air or O, but in moist air it 
gave off PH ? ; it was decomposed somewhat 
above 360°, giving off P and leaving P 2 O s ; oxi- 
dised by Cl to PC1 3 and P 2 0 5 ; heated with cone. 
H 2 S0 4 , gave S0 2 ; unacted on by HClAq; oxi- 
dised and dissolved by HNOaAq ; exploded with 
KCIO, ; readily combined with H 2 0 to form 
P 4 0.H 2 0. The oxide obtained by Thorpe a. 
Tutton {O. J. 49, 833) was formed by slowly 
burning P in dry air, transferring the products 
to a tube filled with C0 2 , exhausting by a 
Sprengel pump, and heating to 290° ; as the 
oxide is described as orange-red, it was probably 
the form of P 4 0 which reduces salts of Au, Ag, 
and Hg. 

Preparation and Properties of P 4 0 which 
does not reduce salts of Ag, Au, and Hg.— POC1, 
is heated with an excess of P in a sealed tube to 
200°-250° ; the sides of the tube become covered 
with a scarlet-coloured solid, which is washed 
with CS 2 (to remove P) and dried in vacuo 
(R. a. G., lx. ; the other products are PCI*, 
P 2 0 8 C1 4 and a little P 2 0 5 ). As thus prepared, 
P 4 0 is a scarlet-red solid ; S.G. 1*38 ; it is not 
acted on by water or alkali solutions, and it 
does not reduce salts of Ag, Au, or Hg. This 
form of P 4 0 seems to have been obtained by 
Pelouze (A. 3, 52) by burning P in O ; and by Le 
Verrier (A. 27, 175) by burning P in a thin layer 
on a porcelain plate, washing with water to 
remove oxyaoids, and boiling with PCl g to re- 
move P. 

Phosphorous oxide P 4 O g . ( Phosphorus Wi- 
oxide. Phosphorous anhydride .) Mol. w. 219*6 ; 
same in solution in C*H g (Thorpe a. Tutton, 
C. /. 67, 545). Melts at 22*6°; boils at 173*1° 
(T. a. T.). S.G. 2*,° liquid P.O, 1-9481; solid 

P, 0, at ^ o. 2-135. S.G. at b.p. = 1-6897 (T. a. 
T.). V.D. 111-9. S.V. 130-2 (T. a. T.). 

Kt- 1-5311; Mo1, w - - 60-6 (T. a. T.). 
o.G. 

Mol. w. =4-17. M.M. 9-962. 

S.G. 

Preparation . — A piece of combustion-tubing 
about 40 mm. bore is drawn into the shape shown 
in the figure on following page, and is fitted by a 
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good cork into a brass tube, which is surrounded 
by a wider tube of brass ; water is introduced at 
a between the brass tubes, and a thermometer is 
placed at b. A loose-plug of glass-wool is placed 
in the inner brass tube at c. The (J-shaped con- 
denser is of rather narrow bore, the limbs are about 
300 mm. long, a small bottle is attached to the ver- 
tical piece at the bottom of the condenser, which 
is itself connected with the inner brass tube by a 
good cork ; the condenser and small bottle are 
surrounded by ice«and salt. The bottle between 
the condenser and the pump contains oil of 
vitriol. Two sticks of P are dried between 
filter-paper, cut into pieces c. 25 mm. long, and 
placed in the combustion tube, which is then 
narrowed at the open end and fitted into the 
brass tube ; the pump is set in action, and the 
P is ignited by holding a small flame beneath 
the open end of the combustion-tube. Air is 
sucked over the P as rapidly as possible ; if the 
combustion is too local, much P 2 0 6 is formed ; 
considerable quantities of red P 4 0 are formed 
near the burning P. When the P has burnt for o. 
15 mins, the water in the brass tube is heated to 
o. 50°, at which temperature it is kept till near , 


132°. Mol. w. as gas, and also in solution in 
O^Hjj (determined by cryoscopio method), corre- 
sponds with P 4 O e . Soluble without change in 
C 6 H 6 , CS 2 , CHCl a , and ether. Heated to c. 200° 
in sealed tube begins to decompose to P 2 0 4 and 
P. Decomposed by light, with separation of red 
P. T. a. T. (O. J . 59, 1019) several times ob- 
tained clear, transparent, perfectly-formed crys- 
tals of P 4 Og by slow spontaneous sublimation in 
vacuo , which remained unchanged for many 
days, although exposed to light. Spec, volume 
at b.p. « 130’ 2. (Por details of thermal expan- 
sion and S.G. at b.p. v. T. a. T., C. J. 57, 545.) 
Beacts slowly with cold water, forming H 3 PO s Aq; 
with boiling water reaction is violent, PHj is 
evolved, and red P, or perhaps P 4 0, and H 3 P0 4 Aq 
are formed. Oxidises to P 2 0 5 by exposure to air 
or O ; if temperature is raised the P 4 0 8 ignites 
and may explode. P 4 O a has a well-marked phy- 
siological action ; the action of P may be due 
to P 4 O e , formed by the air oxidising the P (T. a. T., 
he. p. 573). 

Reactions.— 1. Heat decomposes P 4 0 6 , form- 
ing P 2 0 4 and P (? P 4 0) ; the action begins at c. 
i 210° in a sealed tube, and the whole of the P 4 O fl 



the end of the experiment, when it is raised to 
60°. P 4 O a begins to collect in the condenser 
about 30 mins, after starting the combustion ; if 
the glass-wool is packed properly (it should not 
be too tight) no P 2 O a passes into the condenser, 
and if the temperature of the water does not ex- 
ceed 00° only very small quantities of P pass 
over. The process is stopped when c. J-ths of the 
P is burnt, else the P 4 0 6 may be oxidised. The 
condenser is removed, the P 4 O 0 is melted by the 
heat of the hand, and run down into the little 
bottle, from which it may be transferred to 
another bottle which has been filled with dry 
C0 2 ; this bottle should have a very tightly- 
fitting stopper, and should be kept in the dark in 
an atmosphere of C0 2 (T. a. T., Z.c.). 

Properties . — A white snow-like solid, with an 
alliaceous odour resembling that of P ; when 
melted and cooled slowly crystallises in long 
thin prisms, probably monoclinic ; melts at 22*5° 
to a clear, colourless, very mobile liquid, which 
solidifies again at 21° ; the liquid may be cooled 
in a narrow tube several degrees below m.p. 
without solidifying ; boils at 173-1° in C0 2 or N. 
Can be gaBified in Hofmann’s Y.D. apparatus at 


is decomposed at 440° (T. a. T„ p. 552). — 
2. Eapidly acted on by light , becoming yellow 
and then dark -red (T. a. T., p. 553). The action 
of light separates red P ; the amount obtained 
after several months’ exposure does not exceed 
1 p.c. (T. a. T., C. J. 59, 1019). By exposing 
P 4 0„ to light for some months in a sealed tube 
filled with dry C0 2 , then melting, filtering through 
glass-wool, and repeating this process several 
times, T. a. T. eventually obtained P 4 0„ which 
remained perfectly clear and colourless after 
twelve months’ exposure (Z.c., p. 1023). — 3. Oxi- 
dises to P 2 0 5 in air or oxygen ; when quite free 
from P, the oxide is not spontaneously inflam- 
mable. Under reduced pressure in O the P 4 O a 
glows ; on raising temperature to c. 70° at ordi- 
nary pressure the glow gives place to flame. 
Combination occurs between vapour of P 4 0 8 and 
O ; ozone is not formed. When P 4 0 6 is thrown 
into O heated to 50°-60° ignition occurs with 
an intensely brilliant flame (T. a. T., C. J. 57, 
569). — 4. Glows continuously, and oxidises to 
P 2 0 6 , when a stream of ozonised oxygen is passed 
over it. — 5. Ignites in chlorine t burning with a 
greenish flame ; when surrounded by ice and 
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exposed to slow stream ol 01 a liquid is formed, 
which on distillation gives POOL,, while P0 2 C1 (?) 
remains (T. a. T., C. J. 57, 572).— 6. Reacts vio- 
lently with liquid bromine ; using Br vapour at 
ordinary temperature, T. a. T. ( C . J '. 59, 1020) ob- 
tained PBr a and P 2 0 4 , and on then heating POBr 3 
and POjjBr (?) were formed. — 7. Iodine reacts 
slowly ; by heating with I and CS 2 under pressure, 
P 2 0 5 and P 2 I 4 are produced (T. a. T., l.c., p. 1021). 
8. Heated with sulphur, in C0 2 or N, two layers 
of liquid are formed; at 160° there is violent 
reaction, and solid P 4 0 6 S 4 is produced ( v . Phos- 
phorus, sulphoxide of, p. 149 ; T. a. T., lx., p. 
1022). — 9. Seems to form a Se compound analo- 
gous to P 4 O a S 4 by heating with sclenion (T. a. T., 
lx., p. 1026). — 10. Dissolves very slowly in water, 
forming H,PO s Aq (T. a. T., C. J. 57, 567) ; 
P 4 O a + 6H 2 0 + Aq = 4H 3 P0 8 Aq. The action of 
hot water is very energetic ; red P, or red P 4 0, 
is ppd., inflammable hydride of P is evolved, and 
H 3 P0 4 Aq is formed ; if the quantity of P 4 0 8 ex- 
ceeds 2 g. the action of hot water is vio- 
lently explosive. — 11. Dry hydrogen chloride is 
rapidly absorbed ; PC1 3 is formed along with 
Hj,P 0 8 , H 3 P0 4 , and yellow P (T. a. T., G. J. 59, 
1022). — 12. Gone, sulphuric acid reacts vio- 
lently, forming H 3 P0 4 and S0 2 ; if 1 g. or 
more P 4 O a is used, the mass ignites (T. a. T., lx. 
p. 1026).— IB. P 4 O a is rapidly oxidised to PA 
by sulphur trioxide, which is reduced to S0 2 ; 
no compound could be obtained (T. a. T., lx. p. 
1026). According to Adie (G. J. 59, 230), if a 
little water is present, P 4 O a and S0 8 form an 
unstable compound H 3 P0 4 .3S0 8 . — 14. Nitrogen 
tetroxide seems to react like S0 3 , forming P 2 0 6 
and N 2 O a or NO (T. a. T., l.c. p. 1028).— 15. Phos- 
phorus pentachloride produces PC1 3 and POCl 3 ; 
phosphorus trichloride reacts ate. 180° in a sealed 
tube, forming a mixture of P 2 O fi , PC1 S , and red 
P (T. a. T„ l.c. p. 1028). — 16. Sulphur chloride 
reacts violently, producing POCl 3 , PSC1 3 , S0 2 , 
and S (T. a. T., lx. p. 1026). — 17. Ammonia re- 
acts with some violence, probably producing 
OH.P.(NH 2 ) 2 (v.Phosphamides, p. 105). — 18. Cold 
dilute caustic soda, or caustic potash solution, 
slowly dissolves P 4 O a , forming a solution of Na 
or K phosphite ; cold cone, or hot dilute solu- 
tion of soda or potash produces red P (or P 4 0 ?) 
and alkali phosphate, and evolves inflammable 
hydride of P. — 19. Ignites in contact with abso- 
lute alcohol ; by allowing the alcohol to drop 
slowly on to cooled P 4 O e the acid P(OEt) 2 OH is 
formed (T. a. T., G. J. 67, 569). P 4 O fl seems not 
to react with H, PH 3 , CO, C0 2 , SO* N, NO, CN, 
or C 2 H 4 (T. a. T., C. J. 59, 1029). 

Phosphorus tetroxide P 2 0 4 ( Phosphoroso - 
phosphoric oxide . Hypophosphoric oxide). Mol. 
w. not determined ; corresponding sulphide has 
mol. w. P 3 S a . Hautefeuille a. Perrey ( C . B. 99, 
33) noticed that a crystalline sublimate is ob- 
tained by heating the products of the combus- 
tion of P; Thorpe a. Tutton ( G . J. 49, 833) 
proved that this sublimate is a definite oxide 
P 2 0 4 . Concerning the combustion of P in air v . 
pp. 128 and 139. 

Preparation. — P is burnt slowly in a stream 
of air dried by H 2 S0 4 and P 2 0 4 ; the products 
are collected in a glass tube, surrounded by an 
outer tube filled with steam, and are then quickly 
transferred to a tube filled with dry C0 2 , the 
tube is drawn out, exhausted by a Sprengel pump 


(care being taken to prevent entrance of mois- 
ture), and sealed ; at c. 290° the white mass 
becomes orange-coloured, and then red, and a 
white crystalline sublimate of P 2 0 4 is formed, 
leaving P 2 0 5 and P 4 0 in the lower part of the 
tube. T. a. T. (p. 838) think that the P 2 0 4 is 
derived from the P 2 0 8 , thus 7P 2 0 3 = 5P 2 0 4 + P 4 0 ; 
that PA is formed by heating P 2 0 3 out of con- 
tact with O is shown by T. a. T. (O. J. 67, 
552). 

Properties and Reactions. — Colourless crys- 
tals, probably orthorhombic ; do not melt at 100°. 
Volatilises at c. 180°, Very deliquescent, forming 
H 8 PO s Aq and H 3 P0 4 Aq ; from this reaction T. a. 
T. conclude that P 2 0 4 is not the anhydride of 
H 4 P 8 O a , as an aqueous solution of this acid does not 
behave like a mixture of H 3 P0 3 and H 3 P0 4 , and 
can be boiled without change. Solution of P 2 0 4 
in water reduces AgNO a Aq to Ag, and HgCl^Aq 
to HgCl ; KMn0 4 Aq is very slowly decolourised ; 
‘magnesia mixture’ gives an immediate pp., and 
after standing some time the filtrate gives a large 
pp., with NH 4 molybdate after heating with 
HN0 3 Aq. 

Phosphoric oxide P 2 O ft (Phosphoric an- 
hydride. Phosphorus pentoxide). Formula 
probably molecular, from analogy of P 2 S 5 . 
S.G. 2*387 (Brisson, Pesanteur sptcifique des 
Corps [Paris, 1787]). H.F. [P*,(P] - 369,900 ; 
[P 2 0\Aq] ~ 35,600 (Th.2, 409). 

Formation. — 1. This oxide is formed by burn- 
ing P in a large excess of air ; concerning the 
combustion of P in air v . pp. 128 and 139. — 
2. It is also formed by burning P in such gaseous 
O compounds as NO, N0 2 , C10 2 .— 8. By distilling 
P 2 0 8 C1 4 . 

Preparation. — A large glass balloon with a 
wide opening and two side necks is thoroughly 
dried ; through a cork in the wide opening passes 
a piece of wide tubing, which reaches to about 
the centre of the balloon, and from the lower 
end of this tube a small porcelain basin is sus- 
pended by Pt wires ; one of the side necks is 
connected with U -tubes containing pumice 
soaked in B^SO^ and the other side neck is con- 
nected with a wide-mouthed perfectly dry bottle, 
which is again in connection with a water-pump, 
a bottle with H 2 S0 4 being placed between the 
pump and the wide-mouthed bottle. A small 
piece of well-dried P is placed in the little basin, 
and is ignited by passing a hot wire down the 
glass tube, the mouth of which is then closed by 
a good cork ; a rapid stream of air is sucked 
through the apparatus ; the P is burnt to P 2 0 5 , 
part of which collects on the bottom of the 
balloon and part passes into the bottle attached 
to the side neck. When the P is burnt another 
small piece is dropped down the glass tube into 
the little basin, and the process is continued. 
When sufficient P 2 0 5 has collected in the bottlo 
this is closed by a well-fitting stopper (Delalande, 
A. Ch. [2] 76, 117). For other forms of apparatus 
v . Marchand, J. pr. 16, 873 ; Mohr, Gm.-K. i. 
2, 120, Grabowski (A 136, 119) has described 
a vessel of tinplate for preparing large quantities 
of P 2 O v 

Shenstone says that P,0 & , prepared by the 
ordinary process, has generally reducing powers, 
and is not, therefore, trustworthy as a drying 
agent. S. recommends to heat for some days at 
o. 300° in a very slow stream of dry O ; then to 
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heat at 800° in a more liberal, but still Jimited, 
supply of dry 0 until the reddish colour pro- 
duced by the first heating has disappeared ; then 
to heat at 300° in a more rapid stream of dry 0 
so long as sublimation occurs; and finally to 
sublime, fractionally, in a current of dry 0, from 
retorts of hard glass into receivers of the same 
material. The first portions of the sublimate 
should be rejected. The whole of these pro- 
cesses may be done in glass vessels. The retorts 
used in the final sublimation may be heated in a 
combustion furnace {private communication ). 

Hautefeuille a. Perrey (G. R. 99, 33) say that 
P 2 0 5 can be obtained in three forms ; crystalline, 
amorphous and powdory, and glass-like. They 
say that when P is burnt in a glass tube in dry 
air, the crystalline form of P 2 0 5 is deposited on 
the colder part of the tube, the amorphous 
powdery form on the hotter part, and the vitre- 
ous form on that part of the tube which is heated 
to redness. These authors assert that crystalline 
P 2 O s is obtained free from the other forms by 
distilling the products of the burning of P ; that 
heating the crystals in vapour of S produces the 
powdery amorphous form ; that the vitreous 
variety is formed by heating either of the others 
to low redness; and that this vitreous form yields 
crystalline P 2 0 4 when sublimed at a red heat. 
Considering the facts brought to light by the 
work of Thorpe a. Tutton on the combustion of 
P (C. J. 49, 833 ; 57, 545 ; v. beginning of this 
article, p. 139), the existence of various modifica- 
tions of P 2 0 5 must be looked on as very doubt- 
ful. T. a. T. (C. J 49, 838) think it very likely 
that the crystalline form of P 2 0 4 obtained by H. 
a. P. was P 2 0 4 ; and it is probable that the 
differences in the properties of the powdery and 
vitreouB P 2 0 4 were due to admixture with P 2 O s . 
No analytical data are given by H. a. P. Shen- 
stone ( priv . comm.) says that P 2 0 4 purified by 
his method is crystalline, but becomes amor- 
phous when suddenly heated. 

Properties.— A snow-white, amorphous, in- 
odorous, very deliquescent, solid. Melts and 
sublimes below red heat (Lautermann, A . 113, 
240) i according to Davy {A. Ch. [2] 10, 218) 
volatile only at white heat. Absorbs water very 
vapidly; hence is used as a very efficacious drying 
agent. P 2 0 4 is the anhydride of three phosphoric 
acids : HPO„ H 8 P0 4 , and H 4 P 2 0 7 . Dry P 2 0 4 does 
not change the colour of dry litmus paper. 
Commercial P 2 0 4 often contains traces of P, 
which cause it to redden in light, and also traces 
of As 2 O f derived from the impure P used; it 
generally has more or less marked reducing 
powers. 

Reactions . — 1. Water produces HPO a ; 
? 4 P 2 0, is formed from HPO ? by the long- 
oontinued action of moiBt air; and H 8 P0 4 
is produced by continued heating of HPO^q. — 
2. P 2 0 5 removes H 2 0 from many compounds 
which contain water or the elements of water ; 
x.g. it produces anhydrides when heated with 
several acids, H 2 S0 4 gives S0 8 , HNO s gives N 2 Q 5 , 
and hydrocarbons are often formed by heating 
P 2 O ft with compounds of O, H, and O.-— 3. Heated 
with several metals , e.g. Fe, K, Na, Zn, metallic 
oxide, phosphide, and phosphate are formed. — 
4. Salts of acids the anhydrides of which are 
volatile are decomposed by heating with P 2 0 5 , 
with formation of phosphates and volatilisation 


of the anhydrides (Odling, P. M. [4] 18, 168).— 
5. P0C1 8 is formed by heating P 2 0 4 with sodium 
chloride, or with phosphorus pentachloride. — 6. 
Heated with phosphoryl chloride , P 2 0 S C1 4 and 
P 7 0 14 C1 4 (which may be a mixture) are formed 
(Huntly, C. * T. 59, 202). — 7. Ammonia produces 
PONH 2 (OH) 2 and P 2 0 8 (NH,) 2 (0H) 2 {v. Phos- 
phamic acids, p. 105). — 8. Heated with boron 
chloride to 200° for 2-3 days, P 2 0 ft .B 2 0 8 and 
POClg.BOla are formed (Gustavson, B. 4, 976). 
P 2 0 5 .B 2 0 8 is also formed by heating P 2 0 4 with 
boric acid . 

Combinations. — 1. With water (v. supra, Re- 
actions, No. 1). — 2. With sulphur trioxide to 
form P 2 0 4 .3S0„ decomposed at 30° (Weber, B. 
20, 86).— 3. With silica and water to form 
PD5.SiO2.4HP ; formed by heating cone. 
H 3 P0 4 Aq with Bilioa (Hautefeuille a. Margottet, 
C. R. 104, 156). Similar compounds with oxides 
of titanium, zirconium , and tin are described by 
H. a. M. (C. R. 102, 1017). 

Phosphorus, oxyacids of. The three phos- 
phoric acids are described in the article Phos- 
phoric acids, p. 124, and the salts of those acids 
in the article Phosphates, p. 106; the other 
oxyacids of P and their salts are described under 

PnoSPHORUS, OXYACIDS OF, AND THEIR SALTS, p. 

149. 

Phosphorus, oxybromide of, POBr s ( Phos- 
phoryl tribromide). Mol. w. 286*2. Melts at 55° 
(Baudrimont, A. Ch. [4] 2, 58) ; at 45°-46° 
(Ritter, A. 95, 210). Boils at 195° (Ritter, l.c.) ; 
at 193° (Gladstone, P. M. [3] 35, 345). V.D. 
145*5. S.G. 2*822 (Ritter, J. 8, 301). H.F. 
[P,0,Br 3 ] — 108,000 from liquid Br ; 120,000 from 
gaseous Br (Ogier, C. R. 92, 83). 

Formation.— 1. By the action of moist air or 
a very little ILjO on PBr 4 (Gladstone, P. M. [3] 
35, 345). — 2. By the action of oxalic or acetic 
acid on PBr 4 (Baudrimont, A. Ch. [4] 2, 58 ; 
Ritter, A. 95, 210).— 3. By passing O into boiling 
PBr 3 ; explosions generally occur (Demole, Bl. 
[2] 34, 201). 

Preparation . — To 137*5 parts PC1 8 are added 
18 parts H 2 0, and then 160 parts Br are added 
drop by drop, HBr and HC1 are evolved, and 
POCI3 and POBr 8 remain (part of the PC1 8 
is decomposed to H ? PO, and HOI, and the 
H,PO s , Br, and remaining PCI, react, (?) thus 
2PO]g + H 8 P0 8 + 3Br 2 - 2POCl s + POBr, + 8HBr) ; 
the liquid is distilled, the portion boiling above 
150° being kept separate and surrounded by a 
freezing mixture till it solidifies (Geuther a. 
Michaelis, J. Z. 6, 242). 

Properties and Reactions. — Large colourless 
plates, which melt and boil in dry air without 
decomposition; soluble in cone. H 2 S0 4 , reppd. 
by H 2 0 ; soluble in OHCl s , CS 2 , ether, and tur- 
pentine. Decomposed rapidly by water to HBr Aq 
and HgPOaAq ; bromine chloride forms POBrCl 2 
or POCI3, and Br, according to the quantity used 
(Geuther, J. Z. 10, 130) ; hydrogen sulphide 
probably forms PSBr s ; chlorine forms POC1* 
and Br; bromine seems to form an additive 
compound which separates into POBr 8 and Br 
on heating (Gladstone, l.c.) ; tin and antimony 
remove Br (Baudrimont, l.c.). 

Phosphorus, oxybromochlorides of. Two of 
these compounds are known, but it is doubtful 
whether the second is a definite compound or a 
mixture of P001 8 and POBr,. 
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Phosphorus oxybromodichloride POBrCL. 
(Phosphoryl bromodichloride). Mol. w. 197 4. 
Melts at 11° ; boils at 137*6 (Thorpe, C. J. 37, 
843). S.G. 2*12066 (Thorpe, l.c.). A colour- 
less liquid, which solidifies, when cooled below 
0°, to large colourless tablets which melt at 1 1° ; 
when repeatedly distilled, or more quickly when 
heated in a closed tube to c. 186°, decomposed to 
POCl 8 and POBr s (Ohambon, J . Z . 10, 92) ; de- 
composed by H 2 0 to H 3 P0 4 Aq, HClAq, and 
HBrAq ; with a little alcohol forms POCLj(OEt) 
and HBr. Prepared by the reaction of POBr s with 
BrOl in the ratio POBr 3 : BrCl (Geuther, J. Z. 
10, 130); by the action of PBr 5 on P 2 0 3 C1 4 
(G. a. Michaelis, J. Z. 7, 103). By reacting on 
P.OEt.CLj with Br (Mensehutkin, A. 139, 343) ; 
80 g. Br are allowed to drop slowly into 74 g. 
P.OEt.CL, kept well cooled and constantly shaken ; 
the reaction is very violent; the POBrCl 2 is 
separated from the C 2 H fl Br formed by fractiona- 
tion (Thorpe, C. J. 37, 343). The P.OEt.Cl 2 is 
prepared by slowly dropping absolute alcohol 
into well-cooled PC1 3 in the ratio C JI u O : PC1 3 , 
allowing to stand for some time, and fractiona- 
ting; the boiling-point is 117°-118°. 

Pnospnonus oxydibromochloride POBr 2 Cl 
(Phosphoryl dihromochloride). By the reaction 
of POBr s and BrCl, in the ratio POBr„ : 2BrCl, 
Geuther (J. Z. 10, 130) obtained a liquid boiling 
between 160° and 160°, and decomposing very 
easily by heat into POClj, and POBr, ; analyses 
agreed with the formula P0Br 2 01, but the liquid 
was possibly a mixture of P001 8 and POBr 3 
(3POBr 2 Cl = POCl a + 2POBr s ). 

Phosphorus, oxychlorides of. Two oxy- 
chlorides of P have been isolated, POCl 3 and 
P 2 0 3 C1 4 . A third substance obtained by Gus- 
tavson (B. 4, 853) by heating together P 2 O s and 
POCl 8 , and said by him to be P0 2 C1, is declared 
by Michaelis ( Q . O. [1881] 2, 396) not to be a 
definite compound, and this is confirmed by 
Huntly (O. J. 69, 202). 

Phosphoryii chloride POOl*. Mol. w. 153*3. 
Boils at 107*2° (Thorpe, C . J. 87, 337). Melts 
at -1*5° (Geuther a. MichaeliB, B. 4, 769). 
S.G. J 1-7X163 (Thorpe, l.c.). V.D. at 150° = 77-2 
(Cahours, A . Ch. [3] 20, 369). For expansion by 
heat v. Thorpe (l.c.). S.Y. 101*4 (T., l.c,). 
H.F. [P, 0,01 s ] = 146,960 ; [PCl a ,0] - 70,660 (Th. 
2, 325). 

Formation.— 1. By heating PC1 8 in air or O, 
or with ozone, S0 8 , S0 2 01 2 , and various other 
oxidisers. — 2. By strongly heating PC1 6 in 0, or 
with S0 8 , S0 2 , B 2 0 3 , &c., or by decomposing by 
a little HjO. — 3. By distilling NaCl mixed with 
P f 0 5 (Kolbe a. Lautemann, A. 113, 240).— 4. By 
passing 00 and 01 over Ca 3 2P0 4 mixed with 0 
and heated to redness (Riban, C. B . 95, 110; 
Oglialoro, G. 13, 328). — 5. By heating PC1 5 with 
P 2 0 5 .— 6. By the reaction of Cl withP 2 O s (Thorpe 
a. Tutton, C. J. 57, 572). 

Preparation . — An intimate mixture of 1 part 
P 2 0 8 with 2*9 parts PGl fl is distilled, and the 
product is again distilled, that boiling at 
106°~108° being collected separately ; the equa- 
tion P 2 0 8 + 3P01 a * 5P0C1 S is realised. 

Properties .— A colourless, highly refractive, 
strongly smelling liquid, which fumes in the air; 
the fumes strongly affect the eyes and respira- 
tory organs; solidifies at -10°, when touched 


with a glass rod, to long, colourless tablets, which 
melt again at — 1*5° (Geuther a. Michaelis, B. 
4, 769). P0C1 3 does not conduct electricity even 
when heated (Buff, A. 110, 257). 

Beactions. — 1. Water reacts rapidly, forming 
HClAq and H 3 P0 8 Aq [PO Cl 3 , Aq] ~ 72,190 (27t.2, 
325).— 2. Alcohol produces HG1 and PO.OEt.C4. 
3. Sulphur trioxide at 160° forms P 2 0 8 C1 4 and 
P 2 0 5 (Michaelis, G. 0. 2, 393). — 4. Sulphuric acid 
produces S0 2 .0H.C1, HC1, and HPO a (Michaelis, 
lx.). — 5. Most organic acids react similarly to 
ILS0 4 , producing acid chlorides; e.g. C 2 H 3 O.OH 
forms GjHjjO.CI; salts of organic acids react 
similarly, forming acid chloride and metaphos- 
phate. — 6. Sulphates form S0 2 C1 2 and ortho- 
phosphates. — 7. Sulphites are partially changed 
to S0 2 , mixed with metallic chloride and phos- 
phate (Divers a. Shimidzu, C. J. 47, 208). — 
8. Nitrates produce chlorides and P 2 0 5 <fec. ; 
nitrites give ohlorides and phosphates and N0 2 
(D. a. S., lx.). — 9. POCl a separates I from potas- 
sium iodide (Schiff, A. 102, 181).: — 10. Chromyl 
chloride forms Cl, P 2 0 6 , CrCl 3 , and Cr 2 0 3 (Cassel- 
mann, A. 91, 241; 98, 213).— 11. Phosphorus 
pentasulphide at 150° produces PSC1 3 and P 2 O a . 

12. Phosphorus pentoxide reacts at c. 200°, form- 
ing P 2 0 3 C1 4 and a substance P 7 0, % C1 5 , which may 
prove to be a mixture (Huntly, C . J. 59, 202). — 

13. Phosphorus reacts at 200° to form P 4 0, PCI,, 
P 2 0 8 C1 4 , and a little P 2 O a (Reinitzer a. Gold 
schmidt, B. 13, 845). — 14. POCl 3 is reduced by 
heating in closed tubes with many finely divided 
metals , e.g. Ag, Hg, Fe, Cu, As (Pb is without 
action) ; the products are generally PCl a and 
P 2 O a , and oxide, chloride, or phosphate of the 
metal ; sometimes P 2 0 3 C1 4 is said to be formed 
(v. R. a. G., l.c.) ; Mg, Al, and Zn are said to 
form red P 4 0 (R. a. G., l.c.). Zinc-dust with a 
little POClj forms Zn phosphide, which evolves 
inflammable P hydride on addition of a little 
water (Denigds, Bl. [3] 2, 787). — 15. With 
ammonia forms various phosphamic acids ( q . v. t 
p. 105), and also phosphamides (q. v. % p. 105). — 
16. Boric oxide heated with POCl 3 in a sealed 
tube to 150°-170° for 8 to 10 hours forms 
P 2 0 a .B 2 0 8 and P001 3 .BC1 3 (Gustavson, B.4,975). 

Combinations. — 1. With ammonia to form a 
compound not yet examined. — 2. With several 
metallic chlorides to form double compounds, e.g. 
with A1C1 3 , MgOlji and SnCl 2 (Casselmann, A. 91, 
241 ; 98, 213). Some of these compounds may 
be vapourised in absence of moisture ; they are 
decomposed by water. — 3. With boric chloride 
to form P0C1 3 .BC1 8 , by passing BC1 S into POCl f ; 
also by heating PO01 3 with B 2 0 8 . This sub- 
stance is decomposed by heat ; with water it 
gives HgP0 4 Aq, H,BO a Aq, and HClAq (Gustavson , 
B. 4, 976). 

Constitution of POOL,. — Two isomeric forms 
of POCl 3 are possible : CL 2 POCl and Cl 3 PO ; but 
the compounds obtained by different methods 
are identical. Wichelhaus (A. Suppl . 6, 257) 
thought that POCl 8 must have the constitution 
ClgPOOl, because of its formation from C^POEt, 
in which the O atom is in direct union with the 
P atom (Cl 2 P0Et + 01 2 »Cl 2 P001 + EtCl); but 
Geuther a. Michaelis (J. Z. 6, 242) pointed out 
that this formation of POCl a may be interpreted 
also in favour of the constitution Cl 3 PO by sup- 
posing that Cl first replaoes OEt, forming PCI* 
and that the P04 and EtOGl then react l 
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(1) ClJPOEt + Cl a =« C1 3 P + EtOCl, 

(2) C1 3 P + EtOCl - Cl 8 PO + EtOl. The experi- 
ments of Reinitzer a. Goldschmidt ( B . 13, 845) 
on the action of metals on POC1* show that in 
most cases 0 is withdrawn, leaving PC1 8 ; and 
that in a few cases the 3 Cl atoms are withdrawn 
with formation of P a O a . These results do not 
indicate any differences between the functions 
of the Cl atoms, and hence they tend to favour 
the formula Cl 8 PO. Thorpe (C. J. 37, 387) 
arrived at the formula Cl 2 POCl from considera- 
tion of the specific volumes of POCl 3 and PC1 3 . 
Masson a. Ramsay ( G . J . 39, 50), also from con- 
sidering the specific volumes of P and P com- 
pounds, deduced the formula OPCl s . Although 
but one POCl 3 has been obtained, the isomeric 
compounds (C fl H s ) 2 POC a H 5 and (C 6 H s ) 8 PO have 
been isolated (La Coste, B. 18, 2118). 

Pyrophosphoryl chloride P 2 0 3 C1 4 (Phos- 
phorus trioxy tetrachloride). Mol. w. not known. 
Roils 210°-215° l with partial decomposition. 
S.G. 1-58 at 7°. 

Preparation . — 1. 100 g. PCI* are placed in a 
cylinder surrouhded by ice and salt, and the 
vapour from 20 g. liquid N0 2 is passed into the 
cylinder by a tube which reaches just to the 
surface of tho PC1 3 . The action proceeds at 
once ; the products are P 2 0 8 , POCl s , P 2 0 3 C1 4 , and 
NOC1. When all the N0 2 has been distilled 
into the PC1 3 , the cylinder is placed in warm 
water to remove NOC1, and its contents are then 
fractionated ; PC1 8 distils over first, then a con- 
siderable quantity of POC1, between 105° and 
110°, and then P 2 0 8 C1 4 from 200° upwards. It 
is best to prepare a considerable quantity of the 
impure product before fractionating ; 350 g. PC1 3 
yielded 40 g. P a 0 8 Cl 4 (Geuther a. Michaelis, B. 
4, 766). — 2. The vapour obtained by heating 
30 g. starch with 180 g. HNOsAq is led into 100 g. 
PC1 8 ; the product is fractionated, and that boil- 
ing under 100° is again treated as before ; 
finally, the whole is fractionated. About 20 g. 
P 2 0 8 C1 4 are obtained from 200 g. PC1 8 (G. a. M., 
Z.c.). 

Properties . — A colourless liquid, which fumes 
in the air ; the vapour attacks cork. Has not 
been solidified by cooling. Boils, with partial 
decomposition into P 2 O a and POCl„, at 210°- 
214°. 

Reactions.— 1. Heat produces partial decom- 
position into POCl 3 and P 2 0 6 . — 2. Decomposed 
by water to H 8 P0 4 Aq and HClAq. — 3. Alcohol 
produces PO.OEt.Cl*, PO.OEt.(OH) 2 , and HC1. 

4. Phosphorus pentachloride produces POCl 8 . 

5. Phosphorus pentabromide forms POBr, and 
POCyBr (G. a. M., l.c.). 

Metaphosphoryl chloride P0 2 C1. Gustav- 
son (B. 4, 853) said that a compound of this 
composition is formed by heating P 2 0 6 with 
POCI3 ; but Michaelis (O. O. 2, 396) says that 
the substance is not a true compound, and this 
is confirmed by Huntly (C. J. 59, 242). 

Phosphorus, oxychlorobromides of, v. Phos- 
phorus, OXYBROMOCHLORIDES OF, p. 142. 

Phosphorus, oxyfluoride of, POF 3 ( Phos - 
phoryl fluoride). Mol. w. 103*92. Y.D. 52 
(Thorpe, C. J . 55, 759 ; Moissan, Bl. [3] 4, 260). 
A gas which fumes in air and is rapidly absorbed 
by water. Formed by the reaction of P 2 O a with 
fluorides (Schulze, J. pr. [2] 21, 438) ; also by 
exploding a mixture of 2 vols. PF S and 1 vol. O 


by passing electric sparks (Moissan, C. B. 102, 
1245) ; by gently heating an intimate mixture of 
2 pts. finely-powdered oryolite with 3 pts. P a O a 
in a brass tube, and collecting over Hg as soon 
as the gas which comes off is wholly absorbed 
by NaOHAq (Thorpe, l.c.). Moissan (l.c.) pre- 
pares POF, by heating ZnF 2 with POCl„ in a 
brass tube, fitted with a leaden delivery tube ; he 
allows the gas to pass through a brass tube cooled 
to - 20°, and then over ZnF 2 to remove traces of 
POCl a . 

POF 3 liquefies at 16° under a pressure of 15 
atmos., or at the ordinary pressure by cooling to 
— 50° (M., C. B. 102, 1245). When compressed 
under 50 atmos. and the pressure then suddenly 
released, it solidifies to a snow-like mass. When 
quite dry it is without action on glass or Hg ; 
heated in a glass tube SiF 4 and an alkaline phos- 
phate are formed. 

Phosphorus, oxyiodide of, P 3 I 6 0 8 . Burton 
(Am. 3, 280) obtained a red crystalline com- 
pound, to which he gave this composition, as a 
by-product in preparing C 2 H A I. M.P. c. 140° ; 
sublimable, with partial decomposition ; e. sol. 
water, alcohol, and ether. 

Phosphorus, oxynitride of, PON (Phos- 
phoryl nitride. Phosphoryl nitrile. Formerly 
called Phosphomonamide) . Mol. w. uncertain. 
A white powder, which melts at red heat to black 
glass-like mass. Obtained by heating PO(NH 2 ) 3 
or PONHNH 2 , the former of which is formed by 
the reaction of POCl 3 with NH 3 , and the latter 
by the reaction of PC1 5 and NH 3 (Schiff, A. 101, 
800 ; cf. Phosphamides, p. 105). Gives K 8 P0 4 and 
NH 8 by action of molten KOH ( v . also Gladstone. 
C. J. [2] 7, 18). 

Phosphorus, selenides of. P and Se com- 
bine directly to form four compounds: P 4 Se, 
P 2 Se, P 2 Se 3 , and P 2 Se a . P 2 Se, P 2 Se 3 , and 
P 2 Se 3 combine with the selenides of the more 
positive metals to form compounds R 3 Se.P 2 Se, 
(R 2 Se) 2 .P 2 Se 3 , and (R 2 Se) 2 .P 2 Se 6 . The formulae 
are not necessarily molecular. 

Phosphorus subselenide P 4 Se (Phosphorus 
hemiselenide). Prepared by melting together Se 
and ordinary P in the ratio Se : 4P(1:1*57) in an 
atmosphere free from O, and separating from 
amorphous P by distillation in absence of O. A 
dark yellow, oily, fetid- smelling liquid, which 
solidifies at — 12° ; e. sol. in CS 2 , insol. alcohol 
and ether; takes fire in air; decomposed by water 
containing air, with formation of H 8 P0 4 Aq and Se 
compounds ; not acted on by cold alkali solu- 
tions, but with boiling alkali solutions gives 
alkali phosphate and selenite, metallic selenide 
and P hydride ; in solutions of metallic salts be- 
comes covered with a crust of metallic phosphide 
and selenide (Hahn, J. pr. 93, 430). 

Diphosphorus selenide P 2 Se. (Phosphorus 
protoselenide or monoselenide). Prepared by 
melting together, in absence of O, P, and Se in 
ratio 2P : Se(l:l*28). A red solid ; unchanged in 
dry air, in moist air gives off H 2 Se ; insoluble 
alcohol and ether ; P is withdrawn by CS 2 ; boil- 
ing alkali solutions produce E^Se and a red sub- 
stance containing Se and P. By heating, in 
absence of O, with equivalent weights of metallic 
selenides, compounds R 1 2 Se.P 2 Se and R n Se.P 2 Se 
are formed; R*»Ba, Cu, Fe, Mn, K, Ag, Na^ 
The alkali compounds are decomposed by water ; 
the compounds containing heavy metals decom- 
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pose only at high temperatures, but they gene- 
rally take fire when rubbed in a mortar ; they are 
slowly decomposed by hot alkali solutions (Hahn, 
lx,). From their empirical composition, lUPSe, 
these compounds might be called seleno-meta - 
hypophosphites. 

Phosphorous selenide P 2 Se 8 . (Phosphorus 
tesquiselenide or trisclenide). Prepared by heat- 
ing together P and Se in ratio 2P:3Se(l:3*82) in 
absence of 0. A dark ruby-red solid ; sublimes 
to yellow vapours when heated out of 0 ; burns 
when ignited in air. Oxidised slowly in moist 
air ; evolves H 2 Se when boiled with water. In- 
soluble alcohol, ether, and CS 2 ; easily soluble in 
potash, less soluble in alkali carbonate solutions. 
Forms compounds with metallic selenides 
(R* 2 Se) 2 .P 2 Se a , and 2R“Se.P 2 Se 8 (Hahn, l.c.) ; R 
= Ba, Cu, Pb, Mn, K, Ag, Na. From their em- 
pirical composition, R 1 4 P s Se B , these compounds 
might be called selenopyrophosphites. 

Phosphoric selenide P 2 Se 5 (Phosphorus 
pentaselenide). Prepared by heating together 
amorphous P and Se in ratio 2P:6Se (1:6*37) in 
a stream of C0 2 . A dark-red, nearly black, glass- 
like solid; insoluble in CS 2 ; crystallises from 
CC1 4 in black needles. In moist air, or water, 
decomposes slowly to H 2 Se and H s P0 4 Aq ; in 
cone. KOHAq quickly forms K 2 Se and K 3 P0 4 Aq ; 
alcohol forms H 2 Se and Et 3 P0 2 Se 2 and also 
Et 2 HP0 2 Se 2 . Very unstable compounds probably 
of the forms (R^Se^-PaSe,, and 2R n Se.P 2 Se 6 are 
obtained by heating P 2 Se 5 with metallic selenides ; 
R = Ba, Cu, Pb, Mn, K, Ag, Na. The empirical 
composition of these compounds would lead to 
the name selenopyrophosphates (Bogen, A . 124, 
57 ; Rathke, A. 152, 200). Rathke (lx.) sup- 
posed that the K salt of a selenophosphoric acid 
is formed by the reaction of P 2 Se & with KOHAq. 

Phosphorus, selenion acids of, salts of ; v. 
Diphosphorus selenide, Phosphorous selenide, 
and Phosphoric selenide (supra). 

Phosphorus, sulphides of. P and S combine, 
when heated together, with production of much 
heat and light ; the action is often violently ex- 
plosive. Four definite compounds seem to exist ; 
the simplest formulae are P 4 S a , P 2 S 8 , PS 2 , and 

P 2 S a - 

Two compounds containing less S than P 4 S 8 , 
viz. P 2 S and P 4 S, are often described, and sub- 
stances said to be compounds of P and S in the 
ratio P : 38 and P : 68 have been mentioned by 
Dupr6 and Berzelius. 

The substance to which the formula P 4 S was 
given was obtained by heating P and 8 in the 
proper proportions (Berzelius, A. 46, 129, 255), 
or by digesting P with an alcoholic solution of 
KjSg (Bottger, J. pr. 12, 857), or according to 
Wicke (A. 86, 115) by contact of P and 8 at or- 
dinary temperatures; it was described as a 
colourless, oily liquid. A solid red form of 
P 4 S was said to be formed by heating liquid 
P 2 S with NajjCO* (Berzelius, l.c.). The formula 
P 2 S was given to a substance of which two 
forms were described : a yellow liquid obtained 
by carefully heating together P and 8 in the 
roper ratio, and a dark-red powder obtained by 
eating the liquid form with dry MnS in H 
(Berzelius, lx.). Various double compounds of 
P 2 S with metallio sulphides, R^S.PjS and 
B K S.P a S (R « Cu, Fe, Mn, Hg, Ag) were described 
by Berzelius. The composition of these bodies 
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I would lead to their being called thiometalwpo - 
I phosphites. Isambert (C. B. 96, 1771) has shown 
that when a solution of P in a large excess of 8 
is distilled in vacuo the whole of the P passes 
off and leaves S. Schulze (J. pr. [2] 22, 113) 
found that P separated at 8° from a solution of 
8 in P in the ratio P 4 S, and that B separated 
when the elements were present in the ratio 
P 2 S. Schulze also found that a stream of CO„ 
removed P from both solutions at 150° ; that 
heating to this tomperature generally produced 
explosion; that the so-called liquid P 2 S was 
soluble in CS 2 , and that most of the 8 was re- 
moved by shaking this solution with alcohol, 
ether, or CHC1 8 . [Further, Schulze (B. 16, 2066) 
observed that solutions of S in P, in the ratio 
P 4 S and P 2 S, did not solidify homogeneously, 
but that P separated from the first, and 8 from 
the second, solution. From these facts Isam- 
bert and Schulze concluded that the so-called 
P 4 S and P 2 S are merely solutions of 8 in P. 
Lemoine (C. B. 96, 1630) maintained that these 
substances were true compounds. According to 
Mai (A. 2 65, 192), when 67 parts P and 96 parts 
S are melted together, and the product is dis- 
tilled at 10-11 mm. pressure, a distillate is ob- 
tained which slowly solidifies, and digestion 
of this solid with CS 2 under pressure gives a 
solution from which crystals of P 4 S 7 separate, and 
the mother-liquor deposits what seems to be a 
mixture of P 2 S 3 and P 4 S ft . The melting-points of 
mixtures of P and 8 are much below those of 
either constituent (Pelletier, A. Ch. [2] 4, 1 ; 
Faraday, A. Gh. [2] 7, 71 ; Dupr6, A. Ch. [2] 73, 
435). The experiments of Faraday (l.c.) and 
Ramme (B. 12, 940, 1350) show that the crysials 
obtained by dissolving S in liquid P sulphides - 
to which Berzelius gave the composition PS*, 
and Dupr6 the composition PS 6 — are merely 8 
with more or less adhering P. 

Tetrafhosphorus tribulphidk P 4 S 8 ( Sesyui • 
sulphide of phosphorus . Hypophosphorous sul- 
phide). Mol. w. 219*8. Melts at 166° (Ramme 
B. 12, 1350). Boils at 380° (Isambert, C. B. 96, 
1499). S.G. 2*0 at 11°. V.D. 114*3 (Isambert, 
lx. ; Ramme, l.c.). H.F. [P\S*] = 86,800 (I., l.c.). 

Formation. — 1. By heating together P and 8 
in the ratio 4P:3S. — 2. By heating P 4 S g with or- 
dinary P to 320° (Ramme, l.c.). 

Preparation.— A mixture of 1 part S with 
1*3 parts amorphous P is placed in a flask with 
a long wide neck connected with a wide tube 
dipping beneath the surface of Hg ; the mixture 
is heated towards 260°, when the reaction begins, 
and proceeds with production of much heat; 
the product is dissolved in CS 2 and crystallised 
(Lemoine, Bl. [2] 1, 407). Ramme (B. 12, 1350) 
heats the red P and S together in a sealed tube 
at 260° for eight hours. If ordinary P is used, 
combination occurs at 130°, with violent explo- 
sion. The explosion may be prevented by melv 
ing the 8 and P in the water-bath, and adding 
twice as much sand from which air has been re- 
moved by CO a (Isambert, C. B. 96, 1499). 
Ramme (B. 12, 1851) obtained P 4 S 8 by heating 
P 4 S g with ordinary P in a sealed tube, filled with 
CO v to 320°. 

Properties. — A yellow crystalline solid, which 
melts at 167° to a slightly coloured liquid. Boils 
230°-240° at 11 mm. pressure, with partial de- 
composition to red P (Mai, A. 266, 192). Cry*. 
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fcallises from CS„ PCI,, or PSC1, in rhombic 
prisms (Lemoine, BL [2] 1, 407) ; sublimes under 
800°, probably in regular crystals (Isambert, 

O. R. 96, 1499). Very soluble CS„ PSC1 3 , and 
PCI, ; dissolved and decomposed by alcohol (Le- 
moine, lx). Burns at c. 100° to P 2 0 4 and S0 2 ; 
scarcely changed in ordinary air. 

Reactions . — 1. Burns when heated in air to 
c. 100°, forming P 2 0 6 and S0 2 . — 2. Not aoted on 
by cold water ; hot water slowly produces H,S 
and By?0,Aq.— 3. Dissolves in •potash solution , 
forming K phosphite and sulphide, and evolving 
H and P hydride (Lemoine, lx.). — 4. Hydrated 
lead oxide reacts at 200° with separation of PbS 
(L-» lx.) . — 5. Soluble in potassium sulphide so- 
lution, probably with formation of a double 
compound (L., l.a). — 6. Chlorine , when moist, 
slowly produces H,S0 4 and B^P0 4 (L., lx. ; I., 
lx). — 7. Not acted on by cold sulphuric or hydro- 
chloric acid ; nitric acid and aqua regia oxidise 
P 4 S, slowly and regularly on warming. 

Phosphorous sulphide P 4 S a (Trisulphide 
of phosphorus. Tetraphosphorus hexasulphide. 
Thiophosphorous anhydride). Mol. w. 315*72. 
Melts at c. 200°, and boils at c. 490°. Y.D. 
147*5, to 173*6 at lower temperatures (Isambert, 
C. R. 102, 1386). 

Formation . — 1. By heating red P and S in 
the ratio 2P : 8S in C0 2 . Combination occurs 
without explosion, but so much heat is produced 
that a part of the product sublimes rapidly 
(Kekul£, A. 90, 310; Michaelis, A. 164, 22).— 
2. By the reaction of PCI, with H 2 S (Serullas, 

P. 17, 101). Ramme (B. 12, 940) failed to ob- 
tain P 4 S, by heating a solution of P and S in 
OS, in a sealed tube. 

Preparation. — A mixture is made of 1 part 
red P with 1*55 parts S ; a small portion of 
this mixture is heated in a long-necked flask 
in a stream of CO, until combination occurs; 
the flame is removed, and the rest of the mix- 
ture is introduced into the flask in small por- 
tions at a time; the heat produced by the com- 
bination of one quantity suffices to cause com- 
bination of the next quantity. The P 4 S a is 
sublimed into the neck of the flask ; or it may 
be dissolved in OS, and crystallised (Michaelis, 
A. 164, 22). 

Properties — A greyish-yellow, crystalline, 
solid (Kekul4, A. 90, 810 ; Isambert, O. R. 102, 
1386). Tasteless, inodorous; does not fume 
in air; melts readily (c. 200°), and sublimes 
more easily than S. Soluble in CS,. The V.D. 
shows that the molecular formula is P 4 S fl , cor- 
responding with the oxide P 4 0 8 . P 4 S 6 acts as a 
thio-anhydride, forming compounds with the 
sulphides of several metals ( v . Reactions , No. 
7). As P 4 S 8 is acted on by moist air, it must 
be kept in sealed tubes. 

Reactions. — 1. Decomposes rapidly in moist 
air (? to H 2 S and H„PO,). — 2. Decomposed by 
water to H,S and H,PO,Aq. — 8. Burns when 
heated m air.— 4. Dissolves in potash , soda t or 
ammonia solution, and is reppd. in yellow 
flocks by addition of acid.— 5. Decomposes 
carbon compounds containing OH, forming cor- 
responding SH compounds and H^PO,.— 6. With 
iodine in CS, forms PI, (Isambert, C. R. 96, 
1771).— 7. According to Berzelius, P,S, combines 
with many metallic sulphides forming com- 
pounds 2R I 8 S.P X S, and 2R n S.P,S, the compo- 


sition of which would lead to their being called 
thiopyrophosphites ; R«Cu, Fe, Hg, Ag. — 8. By 
dissolving in caustic soda solution cooled to 0°. 
Lemoine (C. R. 98, 489 ; 98, 45) obtained the 
compound P 2 0S 2 .2Na 8 0.5H,0 and the compound 
P 2 0S 2 .3Na 2 0.4H 2 0 ; and by using ammonium 
sulphide he obtained P,0S,.2(NH 4 ) 2 0.3H,0 and 
P 2 0 2 S.2(NH 4 ),0.6H,0. These substances evolved 
BLjS by the action of HClAq ; heated to 200°- 
240° they gave off H 2 S, but retained S ; they 
may perhaps be called thio-oxypyrophosphites. 

Triphosphorus hexasulphide P a S 8 (Phos- 
phorus disulphide [PSJ. Phosphorus tetra- 
sulphide\?fi A }). ? Mol. w. 284*8. Melts at 296°- 
298° (Ramme, B. 12, 940); at248°-249° (Seiler, 
Dissertation , GSttingen, 1876). Boils at 335°- 
340° at pressure of 10-11 mm. (Mai, A. 265, 
192). Y.D. Ramme (B. 12, 1350) says that 
V. D. agrees with formula P,S„ but no numbers 
are given. 

Formation. — 1. By heating a solution of P 
and S in CS 2 in sealed tubes to 210° ; according 
to Ramme ( B . 12, 940), P,S, is produced with 
P and S in the following ratios:— P:S, P ; 2S, 
2P : S, 8P : S, 4P : S, 6P : S (v. also Dervin, Bl. [2] 
41, 433). — 2. By heating together P and Sin the 
ratio P : 2S (Seiler, l.c). 

Preparation . — P and S are dissolved in CS, 
in the ratio P : 2S, the solution is heated in a 
Bealed tube to 210° for 8-10 hours, after cooling 
the liquid is poured off, and the crystals are re- 
crystallised repeatedly from CS, in a sealed tube 
(Ramme, lx). 

Properties and Reactions. — Long, clear 
yellow, needle-shaped crystals. Ramme (l.c.) 
says that Y.D. corresponds with formula P,S 8 
but he gives no data ; the corresponding oxide 
is generally written P,0 4 , but its molecular 
weight has not yet been determined. Heated 
with water in a sealed tube to 150° for some 
hours, P,S, gave H,S, H,PO,Aq, and H s P0 4 Aq, 
and an orange-yellow solid insoluble in CS, and 
not melting at 810° (Ramme, B. 12, 1850). 

Phosphoric sulphide P 2 S 5 (Phosphorus 
pentasulphide or persulphide. Thiophosphoric 
anhydride). Mol. w. 221*8. Melts at 274°- 
276° (Y. a. C. Meyer, B. 12, 610). Boils at 
518°, pressure «* 730 mm. (Goldschmidt, B. 15, 
803) ; at 520° (Isambert, 0. R. 102, 1386) ; at 
530° (Hittorf , P. 126, 196) ; at 332°-340°, pres- 
sure being 11 mm. (Mai, A. 265, 192). V.D. 
110-7, at 530° in N (Y. a. C. Meyer, B. 12, 
610). 

Formation. — 1. By heating a solution of or- 
dinary P and S, in the proper ratio, in CS, to 210° 
for 8-10 hours, and crystallising from CS, 
(Ramme, B. 12, 940). — 2. By melting together 
red P and S, in ratio 2P : 5S, in CO, (Kekul6, A. 
90, 310) ; with ordinary P violent explosion 
occurs. 

Preparation.— A mixture of 40 parts 8 and 
18*5 parts red P is melted together, the mass ia 
powdered, placed in a retort filled with CO„ and 
distilled to o. $ to £ (to remove P, S, and more 
volatile P sulphides) ; the residue is again pow- 
dered and distilled in CO,; the distillate is pure 
P,S, (V. a. C. M., l.c). 

Properties.— Large, dear, pale-yellow crys- 
tals. Vapourises in N or CO,, without ohange, 
to a yellowish gas. Bums when heated in air. 
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Soluble in OS 2 ; P 2 S a deems to react as a thio- 
anhydride (v. Beactions , No. 7). 

Beactwns. — 1. Decomposes in moist air or 
by water, to H 2 8 and H 3 P0 4 ; burns when heated 
in air to P 2 O ft and S0 2 . — 2. With phosphorus 
pcntachloride forms PSCL, (Weber, J. 1859. 80). 
3. With carbon tetrachloride at 200° produces 
CS 2 and PSC1, (Rathke, Z . 1870. 57). — 4. With 
ferric chloride gives FeS 2 and PSC1 3 (Glatzel, B. 
23, 37). — 5. With sulphonyl chloride, PSC1 8 , S0 2 , 
and S are formed (Prinz, J. Z. 13, Supplbd. 1, 
00). — 6. With many carbon compounds contain- 
ing O and also with many inorganic oxides , 
P 2 S ft form S compounds, exchanging S for O 
(Kekul6, A. 90, 310 ; Garius, A . 106, 331 ; 112, 
180 ; v. also Prinz, l.c.).— 7. According to Ber- 
zelius (A. 46, 129, 255), P 2 S 5 combines directly 
with several metallic sulphides, forming com- 
pounds 2R I 2 S.P 2 S ft and 2R II S.P 2 S 5 (R»Cu, Fe, 
Mn, Hg, Zn) : these compounds may be called 
thiopyrophosphates . 

Thio-oxyorthophosphateb. Salts of the hypo- 
thetical acids ByPSOj { monothio-oxyorthophos - 
phoric acid) and H 3 PS 2 0 2 (dithio-oxyorthopJios- 
phoric acid) have been obtained by the action of 
alkali solution on P 2 S 5 or on PSC1 8 . Salts of 
trithio-oxyphosphoric acid (H 3 PS 3 0) have not 
been isolated. 

Mono thio-oxy phosphates. The Na salt, 
Na 3 PS0 8 .12H 2 0 was obtained by Wurtz by 
warming PSC1, with fairly cone. NaOHAq (A. Ch. 

[3] 20, 472), and by Thorpe a. Rodger by the ac- 
tion of NaOHAq on PSF 8 ( C . J. 55, 318). Ku- 
bierschi (*/. pr. [2] 31, 93) obtained the salt by 
adding powdered P 2 S 6 to NaOHAq, in ratio 
P 2 S ft :6NaOH, cooling, adding absolute alcohol — 
which ppd. a mixture of Na 8 PS0 8 and Na s PS 2 0 2 
(leaving Na polysulphides in solution) — dis- 
solving the pp. in water, warming to 90° till R 2 S 
ceased to come off, evaporating, and crystallising. 
Thin six-sided prisms, melting at 60°. The Mg 
salt (with 20H 2 O), and the Mg-NH 4 salt (with 
9H 2 0) were also obtained. 

Dithio-oxy phosphates. The Na salt, 
Na s PS 2 0 2 .llH 2 0 was obtained (K., l.c.) by dis- 
solving in water the pp. obtained as above by 
alcohol, warming to 50°-55°, ppg. by alcohol, 
and crystallising from water at 40°. Colourless, 
lustrous, needles, melting at 45°-46°. The NH 4 
salt (with 21^0), Ba salt (with 82^0), and 
Mg-NH 4 salt (with 6H a O) were also obtained in 
crystalline form. 

For reactions of these thio-oxyorthophos- 
phates v. Kubierschi, lx. ( cf . Michaelis, B. 5, 5). 

Phosphorus, sulphobromides of. Two com- 
pounds, corresponding with the two oxychlorides, 
have been prepared. # 

Thiophosphoryl bromide PSBr„ ( Sulpho - 
phosphoryl bromide. Phosphorus sulphobromide). 
Formula probably molecular, from analogy of 
POCl 2 . 

Formation . — 1. By reaction of H 2 S with PBr 4 
(Gladstone, P. M. 35, 345 ; Baudrimont, A. Ch. 

[4] 2, 58), — 2. By distilling PBr 3 with S, or Br 
with P 2 S 8 . — 3. By the action of Br on a solution 
of P and S in GS^ 

Preparation . — Equal parts of P and S are 
dissolved in CS 2 , the solution is well cooled, and 
8 parts Br are allowed to drop in slowly from a 
funnel with a stopcock ; the CS 2 is removed by 
warming in a water-bath, and the liquid is then 
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distilled quickly over a large flame. Part of the 
PSBr, solidifies in the neck of the retort, and 
part passes over and remains liquid in the re- 
ceiver ; the contents of the receiver are shaken 
with fresh quantities of water until the oily 
liquid solidifies to a yellow crystalline mass 
which is PSBr s .H a O ; this hydrate is dissolved in 
CS 2 , water is removed by contact with CaCl 2 , 
CS 2 is distilled oil in a stream of C0 2 , and 
PSBr, remains as a yellow oil, which solidifies on 
touching it with a glass rod. The solid may be 
recrystallised from PBr 3 (Michaelis, A. 164, 36). 

Properties.— Yellow octahedral crystals, with 
an aromatic but unpleasant odour; vapour 
attacks the eyes. Melts at 38°, when molten re- 
mains for a long time without solidifying unless 
touched by a solid (Michaelis, B. 4, 777). 
Easily soluble in ether, CS 2 , PBr a , or PCI,. 
Cannot be distilled without decomposition. 

Beactions. — 1. Decomposed by heat to S and 
a yellow liquid, PSBr a .PBr s , which is resolved by 
repeated distillation into S and PBr a , and by re- 
peated washing with water yields PSBr a .H 2 0 
(Michaelis, A. 164, 36). — 2. Decomposed by 
water , slowly when cold, rather more rapidly 
when boiling, forming HgS, S, H a PO a Aq and 
H 3 P0 4 Aq ( v . Michaelis, B. 5, 4).— 3. With 
alcohol forms PS(OEt),. — 4. Decomposed by 
ammonia solution , slowly when cold, more 
rapidly when hot, giving NH 4 phosphite and 
phosphate, H^S, S, and NH 4 sulphide (M., lx.). 
5. Reacts with phosphorus pcntachloride to 
form PSC1, and PBr 4 (M., lx.). 

Combinations . — 1. With water to form 
PSBr 8 .H 2 0 (v. Preparation ). A yellow crystal- 
line solid ; melts at 35°, being resolved into ELO 
and PSBr, ; S.G. 2*7937 at 18° ; gradually de- 
composes in air, giving off HBr (Michaelis, A . 
164, 86).— 2. With phosphorus bromide to form 
PSBrjJPBr,; obtained by heating PSBr, (v. 
Beactions , No. 1). 

Pyrophosphoryl bromide P 2 S a Br 4 (Phos- 
phorus trisulphotetrabromide ). A light-yellow 
oil, with aromatic and pungent odour; S.G. 
2*2621 at 17° ; fumes in air, with separation of S. 
Decomposed by distillation into S, P ? S 4 , and 
PSBr r PBr a ; decomposed by water, giving S, 
PSBr„, H 2 S, P, and a substance probably 
P 2 S 3 (OH) 4 ; alkalis act similarly to, but more 
violently than, water, but neither S nor 
PSBr a is formed ; with absolute alcohol yields 
P 2 S 8 (OEt) a Br, P 2 S 3 (OEt) 4 , P 2 S 8 (OEt) 2 (SEt) 2 ; 
bromine reacts, when heated, forming PBr a and 
PSBr, (Michaelis, A. 164, 22). Prepared by 
moistening 100 g. finely powdered P 2 S g with CS,, 
and adding 200 g. Br diluted with an equal volume 
of CS 2 , shaking thoroughly, distilling off CS 2 in 
water-bath not above 80°, removing last traces of 
CS 2 in stream of C0 2 , dissolving residue in six 
times its volume of dry ether, and removing ether 
by a stream of C0 2 (M.. he.). 

Phosphorus, sulphobromochloride of, PSBrCl a 
(Thiophosphoryl bromochloride ). Formula 
probably molecular, from analogy of POBrCL, 
(Michaelis, B. 6, 6). A slightly yellow liquid, 
with aromatio odour ; boils c. 150°, but boiling- 
point soon rises and B separates. Decom- 
posed slowly by water,, more completely 
when heated in a sealed tube to 150° for some 
hours, giving S, HjS, HClAq, HBrAq, H a PO,Aq i 
and HjPO^q. Prepared by adding 80 parts 32 

* l 2 
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drop by drop to 163 parts P01 2 .SEt [obtained by 
action of EtSH on PCI, ; for details v. Michaelis, 
Z.c.] ; much heat is produced ; the liquid is dis- 
tilled, the distillate from 150°-180° is shaken 
with water so long as any action takes place ; 
water is removed by a separating funnel ; the 
liquid is dried by CaCL 2 , and HC1 and HBr are 
removed by warming gently (M., l.c,). 

Phosphorus, sulphochlorides of. But one 
compound, PSC1 8 , is known with certainty. It 
is doubtful whether the substance obtained by 
Gladstone ( C . J. 3, 5) by the reaction of S with 
PCl a is a definite compound PS 2 Cl a , or a double 
compound PSC1 8 .SC1 2 . 

Thiophosphoryl chloride PSC1 3 ( Phos- 
phorus sulphochloride). Mol. w. 169*05. Boils 
at 125-12° (Thorpe, C. J. 37,811). S.G. ^1-6082 
(T., l.c.). V.D. 85 at 160°-300° (Cahours.4. Ch. 
(3] 20, 869 ; Chevrier, C. JR. 68, 1174). For 
thermal expansion v. Thorpe (lx.). S.V. 116*1. 

Formation. — 1. By the reaction of H 2 S with 
PCl a (Serullas, A. Ch. [2] 42, 25).— 2. By heat- 
ing S with PC1 8 to 130° (Henry, B. 2, 638). — 3. 
By heating P with S 2 C1 2 (Wohler a. Hiller, A. 
93, 274).— 4. By heating together P 2 S a and PCl a 
(Weber a. Thorpe, Z. 1871. 467).— 5. By the re- 
action of PC1 S with S0 2 , S0 2 C1 2 , or S 2 C1 2 ; and 
by the reaction of PC1 S with CS 2 , or with Sb 2 S a 
(Michaelis ; Cairns, A. 112, 190 ; 119, 291 ; 
Bathke, Z. 1870. 57 ; Baudrimont, J . pr. 87, 
301). 

Preparation . — An intimate mixture of P 2 S a 
and PC1 5 , in the ratio P 2 S 6 : 3P01 a (« 1:2*82), is 
heated in a sealed tube to c. 120° ; after a short 
time the liquid which has formed is distilled. 
Should the product have a yellowish colour, it is 
shaken with a little water, dried by CaCl 2 , and 
distilled. The equation P 2 S a + 3PCl a * 5PSCl g 
is realised (Thorpe, C. J. 37, 341). 

Properties . — A colourless, highly refractive 
liquid; with an aromatic, somewhat pungent, 
and very peculiar odour, which becomes very 
marked on warming. Slowly decomposed by 
water. 

Reactions,— 1. Very slowly acted on by water , 
with formation of H 8 P0 4 Aq, HClAq, and H. 2 S. 
When distilled in steam the greater part of the 
PSC1 8 passes over unchanged. — 2. Heated with 
alcohol under pressure, PS(OEt) 8 is formed. — 8. 
Passed through a shot tube, with oxcess of hy- 
drogen sulphide , P 2 S 5 and HC1 are formed 
(Baudrimont, /. pr. 87, 301). — 4. Decomposed 
by chlorine with formation of S 2 C1 2 and PCl a . — 
5. Silver nitrate reacts rapidly, producing 
Ag 8 P0 4 , AgCl, S0 2 , NOC1, and N0 2 (the S0 2 and 
N0 2 then reacting to form S 2 0 s (N0 2 ) 2 ; Thorpe 
a. Dyson, C. J. 41, 297). — 6. Alkali solutions 
form salts of H„PSO s and H 8 PS 2 O s (v. Thio- 
oxy orthophosphates, p. 147).— 7. The prolonged 
action of ammonia — continued until 60 p.c. of 
the PSC1 8 has reacted with the NH a — produces 
thiophosphamide PSfNH^?); this com- 
pound remains as an amorphous, yellow-white 
Bolid on washing the product of the action of 
NH a on PSC1 8 ; S.G. 1*7 at 13°; decomposed at 
200°, gives (?)PS(ONH 4 ) a with hot water (Che- 
vrier, C. R . 66, 748 ; Schiff, A. 101, 292). Accord- 
ing to Gladstone a. Holmes (C. J. 18, 6), thio* 
phosphamic acid PS(NH 2 )(OH) 2 and thio - 
phosphodiamic acid PS (NH 2 ) 2 0H, are pro- 


duced by the action of ammonia on PSC1,; the 
former by using fairly dilute NH 8 Aq, and the 
latter by using NH 8 gas— which probably forms 
P(NH 2 ) 2 C1S — and then washing with water. The 
work of Chevrier (l.c.) and Schiff (Lc.) makes the 
isolation of these acids doubtful. 

Phosphorus, sulphochlorobromide of; v. 
Phosphorus sulphobromochloride, p. 147. 

Phosphorus, sulphocyanide of, P(SCN) s 
(Phosphorus thiocyanate. Phosphorus rhodan- 
ide). Mol. w. not determined ; formula probably 
molecular. Prepared by mixing 5 parts Pb(SCN) a 
with an equal weight of dry sand, gradually 
adding 1 part PCI,, digesting for some time on a 
water-bath, and then distilling very carefully 
from a hard glass tube. A liquid which does not 
solidify at —20°, begins to boil 260°-270°, and 
decomposes at a higher temperature, giving off 
CS 2 ; vapour is spontaneously inflammable ; S.G. 
1*625 at 18\ Soluble in alcohol, ether, CHC1 S , 
CS 2 , and C 6 H 6 . Slowly decomposed by cold 
water to H 3 PO a Aq and HSCNAq (Miguel, A. Ch. 
[5] 11, 349). 

Phosphorus, sulphofluoride of, PSF a ( Thio - 
phosphoryl fluoride). This compound was pre- 
pared and fully described by Thorpe a. Bodgers 
in 1888 (preliminary notice in C. J. 53, 760 ; 
fuller account in C. J. 55, 806). Mol. w. 119*9. 
Y.D. 59*6 at ordinary temperature. 

Formation . — 1. By heating a mixture of 
AsF, and PSC1 8 , in ratio AsF, :4PSCl a , in a sealed 
tube at 150°.— 2. By heating PbF 2 mixed with 
P 2 S a to c. 120°- 150° ; or by using BiF 8 in place 
of PbF 2 and heating to a higher temperature. 
A mixture of red P, S, and a large excess of PbF 3 
may also be used (P 2 S a + 3PbF 2 ==3PbS + 2PSF g ). 

I 3. By heating S with PF 3 C1 2 to 115° (Poulenc, 
C. R. 113, 75). 

Preparation. — A quantity of P 2 S ft (freshly 
prepared from well-washed and perfectly dry 
amorphous P and roll S) is quickly mixed with 
c. 3£ parts of pure freshly fused PbF 2 , and the 
mixture is placed in a thin equal layer in a dry 
tube of lead or * composition,* one end of which 
is fitted with a caoutchouc cork carrying a glass 
delivery tube dipping under dry Hg, and the 
other end is connected with an apparatus for 
supplying pure dry N. A rapid stream of N is 
passed through till the air is driven out, the tube 
being gently heated to get rid of traces of H 2 S 
(produced by moisture onP 2 S«) ; the N is stopped, 
and the tube is heated from behind forwards by 
a small flame; reaction begins c. 170°; the 
temperature should be kept as low as possible, it 
must not exceed 250°. The gas is collected in a 
dry glasB gas-holder containing a few small 
pieces of quicklime, the gas being allowed to 
pass into the holder as soon as a sample is 
wholly absorbed by dilute potash or ammonia. 
Before collecting the gas, small quantities of dry 
N should be passed into the gasholder and re- 
peatedly exhausted by the Sprengel pump (this 
removes air from the pores of the lime), and 
when 2 or 3 c.c. of the PSCl a have passed into 
the holder the gas should be sucked out by the 
Sprengel, and this repeated twice or thrice (the 
traces of N are thus removed). After standing 
a few days over the lime, wnich removes PF # 
and any traces of SiF 4 , the gas is pure PSF s . 

Properties.— A transparent, colourless gas; 
liquefied at 7*6 atmos. at 8*8°, 9*4 atmos. at 10°. 
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10*8 atmos. at 18*8°, and 18 atmos. at 20*3°. 
PSF, is spontaneously inflammable in air or O ; 
it is decomposed easily by heat or electric sparks 
to S, P, and fluorides of P. Somewhat soluble 
in ether. Not easily dissolved by H 2 0, or by 
solutions of alkalis. No action pn Hg, H^S0 4l 
CS 2 , or CvHg. Neither gaseous nor liquid PSF a 
acts appreciably on glass at ordinary tempera* 
tures. 

Reactions . — 1. A small stream of PSF 8 issuing 
from a Pt jet into air at once takes fire ; when 
mixed with a large volume of air, explosion 
occurs.— 2. Oxidised rapidly and explosively by 
oxygen ; probably with formation of PF S and 
S0 2 , the PFj and 0 then producing P 2 0 5 
and also POF a . The ignition-temperature of 
PSF a is very low, and the flame is a very cold 
one. (Full details are given by T. a. R., l.c pp. 
312-317.) — 3. Slowly decomposed by water , thus : 
PSF s + 4H 2 0 + Aq = H 2 S + lyPO.Aq + 3HFAq. — 
4. Solution of potash or soda slowly reacts, 
forming Na 3 PSO„ and NaF. — 4. With ammonia 
gas produces a white, deliquescent solid, pro- 
bably a mixture of NH 4 F and P(NH 2 ) 2 SF. 
For action of water on this substance — perhaps 
resulting in formation of PS(NH 2 ) 2 OH — v. T. a. R., 
l.c. t p. 319. — 5. Heated in a glass tube, PSF s 
gives SiF 4 , P, and S. — 6. PSF 3 is decomposed by 
electric sparks passed from Pt terminals, with 
separation of S and P, and a gas which is pro- 
bably PF 5 . 

Phosphorus, sulphoselenide of. All attempts 
to prepare this compound have lod to negative 
results. Michaelis heated PC1 3 with Se ; Baudri- 
mont ( A . Gh. [4] 2, 6) tried the reaction of PCI* 
with SeCl 2 , PC1 5 with P 2 Se, Sb 2 Se 3 , and PbSe, and 
the action of P on SeCl 2 and SeCl 4 . 

Phosphorus, sulphoxide of, P 4 O ti S 4 . Mol. w. 
347*52. Melts at 102°, and boils at 295°. V.D. 
171*3 at 350°~400°. Formed by heating small 
quantities P 4 O 0 with S in an atmosphere of C0 2 
or N at o. 160° (Thorpe a. Tutton, C. J. 69, 
1022 ). 

Preparation . — A strong glass tube is dosed 
at one end, and filled with dry C0 2 or N ; from 3 
to 5 g. freshly-distilled P 4 0„ is placed in the 
bottom of the tube, and 1*74 g. S, best in 
small crystals, are added for every 3 g. P 4 0 8 used 
(ratio P 4 0 8 :4S). The tube is sealed, and the 
lower half is immersed in a glycerin-bath, which 
is gradually heated. At c. 154°-1 65° the melted 
S is suddenly projected to the top of the tube, 
and in a few seconds the action is complete. 
The product is transferred to a similar tube, 
which is exhausted by a Sprengel pump, sealed, 
and warmed at its lower portion; sublimation 
begins at c. 90°, and proceeds best at 140°-150°, 
with formation of long feathery needles *, part of 
the P 4 0 8 S 4 remains as a vitreous or crystalline 
mass. 

Properties and Reactions.— k white solid, 
occurring in feathery aggregations or a vitreous 
mass, or as colourless, isolated, tetragonal prisms ; 
melts 102°, and boils 296° (cor.). Very deli- 
quescent, smelling in air of H 2 S ; quickly dis- 
solved by water, forming H 2 S” and HPO a Aq, 
which soon changes to H 3 P0 4 Aq. Easily sol. in 
2 vols.CS 2 ,from which it crystallises unchanged. 
Also sol. benzene, but with decomposition. 

Phosphorus, sulphur acids of, salts of; v. 
beginning of article Phosphorus sulphides 


OX Y ACIDS OF. 

(p. 145) ; Phosphorous sulphide, Reactions 7 and 
8 (p. 146) ; Phosphoric sulphide, Reaction 7 (p. 
147) ; and Thio-oxyorthophosphates (p. 147). 

Phosphorus, telluride of. Oppenheim (/, 
1857. 214) obtained a black amorphous solid, 
giving off fumes of P 2 0, in air by heating P with 
powdered Te. 

Phosphorus, thio- acids of, salts of ; v. 

beginning of article Phosphorus sulphides (p. 
145) ; Phosphorous sulphide, Reactions 7 and 8 
(p. 14G); Phosphoric sulphide, Reaction 7 (p. 
147) ; and Thio-oxyorthophosphates (p. 147L 

Phosphorus, thio-amic acids of, and tnio- 
amide of; v. Thiophosphoryl chloride, Re- 
action 7 (p. 148). 

Phosphorus, thiobromides of; v. Phosphorus 
sulphobromedes, p * 147. 

Phosphorus, thiobromoohloride of; v . Phos- 
phorus SULPHOBROMOCHLORIDE, p. 147. 

Phosphorus, thiochlorides of; v . Phosphorus 
SULPHOCHLORIDES, p. 148. 

Phosphorus, thiooyanide of; v. Phosphorus 
SULPHOCYANIDE, p. 148. 

Phosphorus, thioselenido of ; v. Phosphorus 
suLruosELENiDE, ante. 

M. M. P. M. 

PHOSPHORUS, 0XYACIDS OF, AND THEIR 
SAITS. The three phosphoric acids, H 3 P0 4 , 
H,P 2 0 7 , and HPO h , are described under Phos- 
phoric acids (p. 124); the salts of these acids 
are described under Phosphates (p. 108) ; the 
other oxyacids of P, and their salts, are described 
in this article. 

Besides the phosphoric acids, three oxyacids 
of P, and some salts of a fourth acid, have been 
isolated ; the acids in question are HgPO^ 
H s P 0 3 , H-JPOa or H 4 P 2 O tf ; and salts of H 4 P 2 0 & . 
No anhydride of H 3 P0 2 is known ; the hypo- 
thetical anhydride would be P 2 0 (P 2 0 + 3H 2 0 
- 2H 3 P0 2 ) ; P 2 0 3 is the anhydride of the acid 
H 3 P0 3 (P 2 0 8 + 3H 2 0 = 2H 8 P0 3 ), and also the hy- 
pothetical anhydride of H 4 P 2 0 & (P 2 0 8 + 2E^O 
« H 4 P 2 0 5 ) ; P 2 0 4 is the hypothetical anhydride 
of H 4 P 2 0 6 (P 2 0 4 + 2H 2 0 = H 4 P 2 0 8 ), but this oxide 
gives H a PO a Aq and H 3 P0 4 Aq with water (v. 
Phosphorus tetroxide, p. 141). The oxyacids 
of P do not correspond in composition with 
those of N (y. Table in Nitrogen group of ele- 
ments, vol. lii. p. 575). 

HYPOPHOSPHOROUS ACID AND 
SALTS BypOjj ; MiH 2 P0 2 and M^ByPO*)*. 
Hypophospliites are formed by decomposing 
phosphide of Ba, Ca, or Sr by water (Dulong, 
A. Ch. [2] 2, 141); by heating P with potash, 
milk of lime, or BaOAq (H. Rose, P. 9, 225, 361 ; 
12, 77, 288) ; by passing PEL, into solution of 
alkalis or alkaline hydrates (Winckler, P. Ill, 
443) ; and by heating P with syrupy H,P0 4 Aq 
to 200° (Oppenheim, Bl. [2] 1, 163). The acid 
is monobasic; it may be regarded as derived 
from the hypothetical anhydride P 2 0. There is 
no acid, nor are there salts, corresponding with 
hyponitrous acid HNO, but some salts are known 
of the form MPS ; v. Thiometahypophosphitest at 
beginning of Phosphorus, sulphides of (p. 
145). Selenometahypophosphites M*PSe have 
also been isolated (v. Diphosphorus belknidb, 
p. 144). 

Hypophosphorus acid HgPO^ Melts at 17*4° 
(Thomsen, B. 7, 994; ? specimen pure)* HJ*. 
[HSP.O 2 ]- 139,970 (production of crystallised 
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acid) ; 187,660 (production ol acid in liquid 
state) ; [H*,P,0*,Aq] - 189,800 (Th. 2, 226). 

Preparation . — Ba(H 2 P0 2 ) 2 .H 2 0 is prepared 
by warming water with BaO and P (in small 
pieces) in a basin till inflammable P hydride 
ceases to come off, filtering, removing excess ol 
BaO by passing in C0 2 , filtering again, and crys- 
tallising. 285 g. pure Ba(H 2 P0 2 ).H 2 0 are dis- 
solved in c. 5 litres water, 98 g. H 2 S0 4 (c. 101*6 g. 
ordinary cone, acid), diluted with 3 to 4 times 
its weight of water, are added ; after shaking for 
some time the pp, of BaS0 4 is allowed to settle, 
and the clear liquid is syphoned off, and eva- 
porated in a porcelain dish, by boiling, till it is 
c. of the original volume, when it is placed 
in a Pt dish ; a thermometer is immersed in the 
liquid, evaporation is continued, the tempera- 
ture being allowed to rise gradually to 110° ; any 
solid which separates is filtered off while the 
liquid is hot, and the filtrate is evaporated, 
without being allowed to boil, at c. 110°. Thom- 
sen ( B . 7, 994) finally heats for 10 mins, to 130° 
or 138°, filters into a stoppered bottle, and cools 
below 0°; Geuther a. Ponndorff (/. Z. 10, 
Suppibd. 2, 45, 49) say that heating above 110° 
decomposes HaPO*, and that Thomsen’s prepara- 
tion therefore contained HsP0 3 . 

Properties. — Large, white, crystalline tablets ; 
melting at 17*4° ; remains liquid considerably 
above m.p. (Thomsen, l.c.). Decomposed by heat 
to PH a and H,P0 4 . Hj,P0 2 Aq is a very energetic 
reducing agent. The acid is monobasic, forming 
salts bPBjPO* and M^H.POJ,. 

Beactions. — 1. Decomposed by heat , giving 
P hydride and H3PO4 (H. Bose, l.c.). — 2. HgPO-jAq 
is readily changed to H 3 POgAq or HjP0 4 Aq by 
oxidisers; Cl, Br, HNO !} Aq, KMn0 4 Aq, and 
several metallic oxides produce H 8 P0 4 Aq (Dulong, 
l.c. ; Rose, l.c. ; P. de St. Gilles, A. Ch. [3] 56, 374) ; 
Pb0 2 forms PbHPO, (Wurtz, G. B. 18, 702) ; S0 2 
forms EyPO^Aq and S (Geuther a. Ponndorff, l.c.). 
According to Engel ( G . B. 110, 786) Pd charged 
with H oxidises HjPO.^Aq to H^PO^Aq with evolu- 
tion of H,— 3. HjPO^Aq reduces solutions of salts 
of gold , silver , and mercury , ppg. the metals ; 
from copper sulphate solution , Cu^Hj iB ppd. at 
56°-60° (Wurtz, l.c. ; Rammelsberg, l.c.). — 4, Re- 
duced by nascent hydrogen to PH* (Dusart, 
C . B. 43, 1126 ; Blondlot, O. B. 62, 1197).— 

6. With hydriodic acid forms PH 4 I (G. a. P., 
lx.). — 6. Heated with cone, sulphuric acid , 
H^P0 4 , S0 2 , and S are produced (Wurtz, lx.). 

7. Heated with phosphorus pentachloride , POCl 3 , 
PClg, and HC1 are formed ; phosphorus trichloride 
produces P, H 3 PO s , and HC1 ; with phosphoryl 
chloride , P, PCI,, HPO„ and HC1 are the products 
(Geuther, J. pr. [2] 8, 359). 

Hypophosphiteb M i H 2 P0 2 and M II (H 2 P0 2 ) 2 . 
These salts are formed in several reactions \v. 
beginning of this article); the greater number 
are prepared by reacting on the salt of Ba with 
the sulphates of other metals ; the salts of Ba, 
Oa, and Sr are generally prepared by heating 
BaOAq, CaOAq, and SrOAq with P. The hypo- 
phosphites of Cd, Ca, Pb, and T1 crystallise 
without water ; those of Ba, Li, Mn, Na, Sr, and 
(J with one HgO ; those of Co, Mg, Ni, and Zn 
with 6R/> (Rammelsberg, C . J. [2] 11, 12). They 
are decomposed by heat, evolving P hydride and 
H, and generally leaving pyro- and meta- phos- 
phate, theCo and $i gaits leave metaphosphate j 
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and phosphide, and the U salt leaves pyro- and 
meta- phosphate and phosphide -{R., l.c.). The 
hypophosphites are easily oxidised to phosphites 
and phosphates, hence they react as reducing 
agents. Heated in solution with alkalis they 
give phosphites, and then phosphates, and evolve 
H (Wurtz ; H. Rose, Z.c.). The chief memoirs 
on hypophosphites are by H. Rose (P. 9, 225, 
361 ; 12, 77, 288) ; Wurtz (A. Ch. [3] 7, 193 ; 
16, 196) ; and Rammelsberg ( C . J. [2] 11, 1, 13). 

Ammonium hypophosphite N^H^POjs. Hexa- 
gonal tablets ; by decomposing the Ba salt by 
(NH 4 ) 2 S0 4 Aq ; easily sol. absolute alcohol (Wurtz, 
Rose). 

Barium hypophosphite Ba(H 2 P0 2 ) 2 .ELj0. 
Lustrous monoclinic needles (Rammelsberg ; 
Topsoe, W. A. B. 69 [2] 19). By heating BaOAq 
with P till gas ceases to come off, filtering, re- 
moving BaO from the filtrate by C0 2 , filtering, 
and crystallising. Loses H,0 at 100°. Soluble 
in 3 1 parts cold, and 3 parts boiling, water ; in- 
sol. alcohol. Heated out of air leaves pyro- and 
meta- phosphate (Wurtz, Rose, Rammelsberg). 

Calcium hypophosphite Ca(H 2 P0 2 ) 2 . Pre- 
pared like the Ba salt. Berlandt (Ar. Ph. [2] 
122, 237) recommends 29 parts P, 47 parts 
CaOyij, and 24 parts water. Bachmann and 
Martenson (J. 1864. 191) decompose Ca phos- 
phide by boiling water. Thin, monoclinic tablets 
(Rammelsberg; Schabus, J. 1854. 325). Very 
bitter taste ; unchanged in air ; does not give off 
H 2 0 at 300° ; heated to rednesB gives off H, PH 3 , 
and H s O, and leaves pyro- and meta- phosphate 
(Rammelsberg; Michaelis, J. 1872. 210). Sol. 
6 parts cold water, not much more sol. hot water ; 
insol. strong alcohol (Rose). 

Cobalt hypophosphite Co(H 2 P0 2 ) 2 .6H 2 0. Red 
octahedral crystals, isomorphous with Mg salt 
(Rose) ; by decomposing Ba salt by CoS0 4 Aq, 
filtering, and evaporating in vacuo (Wurtz). 
Forms a double salt with CafHJPOJ* (Rose). 

Copper hypophosphite Cu(Hy > 0 2 ) 2 . Obtained 
with difficulty from Ba salt and CuS0 4 Aq ; solu- 
tion easily decomposes, giving Cu 2 H 2 (Wurtz). 

Lead hypophosphite Pb(H 2 P0 2 ) 2 . By adding 
PbO or PbCO a to HgPOjjAq (Rose, Wurtz). 

Manganese hypophosphite Mn(H 2 P0 2 ) 2 .H 2 0. 
Small, rose-red crystals; from Ba salt and 
MnS0 4 Aq (Wurtz, Rammelsberg) ; or by boiling 
Ca salt with Mn oxalate (Rose). 

Potassium hypophosphite KHjPOj. Prepared 
by decomposing the Ba or Ca salt by K ? CO,Aq, 
filtering, evaporating to dryness, treating the 
residue with alcohol, and crystallising the alco- 
holio solution m vacuo ; or by dissolving P in 
boiling KOHAq, evaporating, and dissolving out 
from the residue by alcohol ; also by decomposing 
the Ba salt by KjSC^Aq (Rose, Wurtz). A white, 
semi-crystalline mass. Easily sol. water and 
alcohol ; very hygroscopic (Dulong, A. Ch. [2] 2, 
141). Burns when heated in air; oxidised vio- 
lently by evaporation with HNO s Aq. Heated out 
of air evolves inflammable P hydride, and leaves 
pyro- and meta- phosphate (Rammelsberg). 

Sodium hypophosphite NaH s PO r H t O. Pre- 
pared like the E salt. Small, rectangular tablets, 
easily sol. water and absolute alcohol. Evapora- 
tion of the solution is attended with explosions 
(Marquart, Ar. Ph. [2] 95, 284; Trommsdorff, 
ibid. 99, 888). , 

The salts LiHJPOjJIjO, Ni(H*P0 2 ) 2 .6H 2 0 f 
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SrflECjPOJa, and Zn(HJ?0 2 ) 2 are also described ; 
ana salts of Al, Be, Od, Cr, and Fe have been 
obtained, bat their compositions are somewhat 
doubtful. 

PHOSPHOROUS ACID AND SALTS 
H s PO s ; M i H 2 P0 3 , MydPO,, M”HPO„ 
M m 2 (HP0 8 ) 8 . P 2 0 8 is the anhydride of H,P0 8 ; 
the acid is produced by dissolving the oxide in 
cold water, but the oxide is not obtained by re- 
moving H 2 0 from the acid. HgPO s is dibasic ; 
the salt Na 3 P0 8 , said to be formed by adding a 
large excess of NaOH to H,P0 3 (Zimmermann), 
has been shown by Amat (C. B. 108, 403) not to 
exist. The acid is formed by oxidising P slowly 
in moist air ; the salts are obtained by reactions 
between the acid and metallic hydroxides, or by 
double decomposition from the alkali salts. 
Neither the acid nor salts of the acid corre- 
sponding with nitrous acid, HN0 2 , are known, 
nor have thio- salts of this form been isolated. 

Phosphorous acid H 3 PO s . Melts at 74° 
(Geuther a. Hurtzig, A. Ill, 159) ; at 70*1° 
(Thomsen, J. pr. [2] 8, 359). H.F. [H 3 ,P,0 3 ] 
= 227,700 (crystallised acid) ; 224,630 (acid in 
liquid state) ; 227,570 (acid in aqueous solution) 
(Th. 2, 225). Heat of fusion = —8070 ; one 
gram-molecule of the liquid acid occupies 
49*66 c.c. (T/t.2, 224). 

Formation.— 1. Along with H 3 P0 2 and H 3 P0 4 , 
by the long-continued oxidation of P in moist 
air (v. J. Oorne, J . Ph. [5] 6, 123).— 2. By dis- 
solving P in dilute HNO a Aq and allowing to 
oxidise in air. — 3. By the oxidation of H 3 P0 2 Aq 
by weak oxidisers. — 4. By dissolving P 2 O a in cold 
water (Thorpe a. Tutton, C. J '. 57, 567).— 5. By 
decomposing PC1„ by H 2 0, or by warming with 
H 2 C 2 0 4 (Hurtzig a. Geuther, A. Ill, 159) ; or by 
leading Cl into warm water in presence of an 
excess of molten P (Droquet, P. 12, 628). 

Preparation. — 1. A small quantity of PC1 S 
is shaken with cold water, the reaction is 
moderated by plunging the beaker into cold 
water ; when the PCI, is all decomposed, a little 
more is added, and so on (PCI, + 3^0 4* Aq 
= 3HClAq + HgPOgAq). The solution is eva- 
porated, the temperature being raised to 180° 
near the end of the process ; the syrupy liquid 
thus obtained is placed over B^SO^ in vacuo , 
till it crystallises ; addition of a crystal of H 3 P0 8 
causes rapid crystallisation (Thomsen, B. 7,996). 
2. A stream of dry air is passed through PC1 3 at 
60°, and then into two flasks, each containing c. 
100 g. water at0° ; after c. 4 hours the first flask is 
filled with crystals, which are drained under a 
pump, washed with small quantities of ice-cold 
water, and dried in vacuo (Grosheintz, Bl. [2] 
27, 433).— 3. A mixture of 1 part PCI, and 2 parts 
dry H 2 C 2 0 4 is heated in a flask with a reversed 
condenser until a clear liquid is obtained ; the 
liquid is evaporated in a stream of C0 2 , and the 
orystals are washed and dried as in 2 (Hurtzig a. 
Geuther, A. Ill, 159 : PCIj + SHjCjjC^ 

- HgPOg + 3CO + 8CO a + 3HC1). 

Properties . — A colourless, crystalline mass ; 
obtained in transparent crystals by evaporating 
HjPOgAq in vacuo over HjSO*. Melts at 74° 
(H. a. G., l.c.) ; at 70-1° (Thomsen, l.c.). Heated 
above its m.p. decomposes to H s P0 4 and PH 8 . 
H 3 P0 8 is very deliquescent, and oxidises very 
slowly in air ; it acts as an energetic reducing 
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agent. H 8 PO a is dibasic, forming salts M I H 8 P0 8 
and M I2 HPO s . 

Reactions. — 1. Heated above its m.p., HJPO, 
decomposes to H s P0 4 and inflammable P 
hydride (Vigier, Bl. [2] 11, 125 ; Rose, Davy, 
Om.-K. 2, 115) ; according to Hurtzig a. Geuther 
(A. Ill, 159) Palso separates. — 2. Slowly oxidised 
in air to Hj,P 0 4 ; dilute solutions of H 3 PO., are 
more rapidly oxidised ; according to Salzer (A. 
232, 114), HgPOgAq does not oxidise in air at 
ordinary temperatures. — 8. Converted into 
H,P0 4 by many oxidisers t e.g. HNO s Aq, ClAq, 
BrAq, KMn0 4 Aq, hypochlorites ; with S0 2 Aq, 
H 3 P0 4 Aq and H^S are formed along with S 
(Om.-K. 2, 116). — 4. Reduces many metallic salts 
m solution ; e.g . AgNOgAq to Ag, HgCL^Aq to 
HgCl and then to Hg, GuCLjAqto Cu^C^ and then 
to Cu (Rammelsberg, C. J . [2] 11, 13). — 6. Nas - 
cent hydrogen forms PH a (Dusart, C.B. 43, 1126). 
6. When crystalline H a PO a is heated with 
bromine to 100° in a sealed tube, H 8 P0 4 is formed 
along with HBr and PBr 8 , or the products are 
HP0 3 and HBr, according to the relative quantity 
of Br used (Gustavson, J. 1867. 139). According 
to Ordinaire ( C . B. 64, 363), a crystalline com- 
pound is obtained —perhaps bromo-phosphoroua 
acid — by heating H 3 PO s and Br in the ratio 
H 3 P0 3 : 4Br. — 7. By heating EL,P0 9 with iodine 
Gustavson (l.c.) obtained H,P0 4 , EG, PI 2 , and 
PH 4 I.— 8. Heated with phosphorus trichloride 
to 170°, P, HC1, and H 3 P0 4 or H 4 P 2 0 7 are formed 
(Geuther, J. pr. [2] 8, 359 ; Kraut, A. 158, 332 ; 
Gautier, O. R. 76, 49). At 79° HC1, H 4 P 2 0 T , and 
a compound PH 4 0 are formed, according to 
Gautier (l.c.) (v. Phosphorus, compounds op, with 
HYDROGEN AND OXYGEN, p. 134).— 9. With phOS- 
phorus pentachloride , POCl 8 , HC1, and PC1 3 are 
produced ; and the products of the reaction with 
phosphoryl chloride are PCI,, HPO„ and HC1 
(Geuther, J. pr. [2] 8, 359). — 10. By neutralisa- 
tion with alkalis or alkaline carbonates salts of 
the form M 2 HP0 8 are produced. 

Qualitative distinction between phosphorous 
and hypophosphorous acids. H s PO s Aq reduces 
CuS0 4 Aq to Cu, while the reduction product 
with HaPOaAq is Cu 2 R 2 . 

Phosphites MHIjPO,, M I 2 HP0 3 , M n HPO„ 
M m 2 (HPO a ) a . These salts are generally obtained 
by neutralising H 3 P0 8 Aq by metallic hydroxides 
or carbonates, or by double decomposition from 
the alkali salts. They are also formed by the 
slow oxidation of hypophosphites. Zimmer- 
mann’s assertion that Na,PO, exists (A. 175, 1) 
has been disproved by Amat (O. R. 106, 1851;, 
who has shown that the normal Na salt is 
NajHPO,. The alkali phosphites are soluble 
water ; most of the others are insoluble. Phos- 
phites are decomposed by heat, generally giving 
off H or PH„ and leaving pyrophosphate and 
phosphide. Solutions of phosphites are scarcely 
changed in air, but they are readily oxidised to 
phosphates by energetic oxidisers. The chief 
memoirs on phosphites are those of H. Rose (P 
9, 26, 224 ; 12, 77, 288), Rammelsberg (P. 131, 
263, 359 ; 132, 481 ; B. 9, 1577), Kraut (A. 177 
274), Wurtz (A. 58, 65). 

Ammonium phosphites (NHJH-PO, and 
(NHJ^POj^HjO. The former is obtained by 
adding NH,Aq to H^O^q till neutral to methyl 
orange, concentrating, and drying the orystals 
over B^SO, ; melts 123°; above 150° gives off 
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NH S and PH„ and leaves H^P0 4 ; absorbs NH, at 
80°-100°, forming (NHJaHPO, (Amat, C. JR. 
106, 809). The salt (NH 4 ) 2 HP0 S .2K 2 0 was ob- 
tained by Rose by adding slight excess NH s Aq 
to the aoid and orystallising ; in vacuo at ordi- 
nary temperature, or at 100° in air, loses NH S 
and gives NB^HjPO,, (Amat, lx.), 

Barmin phosphites. The normal salt 
BaHPO* is obtained by adding BaCljAq to 
(NH 4 ) 2 HPO s Aq (Berzelius, Gm.-K. 2, 270), also 
by boiling BaHPOsAq with KOHAq. A crystal- 
line powder ; strongly heated gives BaJP-jO,, H, 
and Ba phosphide (v, Rammelsberg, B. 9, 
1677) ; very slightly sol. water ; on boiling 
with water gives a basic and an acid salt 
(Dulong, Gm.-K. 2. 270). The acid salts 
BaH 2 (HPO,) 2 , 2BaHP0 3 .H s P0 3 .8H 2 0, and 
2BaHP0 8 .3H 8 P0 8 .2H 2 0 are said to be formed by 
the action of H 3 PO,Aq on the normal salt 
(Rammelsberg, Rose, Wurtz). 

Calcium phosphites. CaHPO s .a;H s O ; from 
CaCLjAq and (NH^^HPOsAq (Wurtz, Rose, Ram- 
melsberg). The acid salt CaH 2 (HP0,) 2 .H 2 0 
is obtained by dissolving marble in H s PO s Aq, 
and evaporating in vacuo (Wurtz). 

Cobalt phosphite CoHP0 3 .2H 2 0. A reddish 
powder, obtained by CoCLjAq + (NH 4 ) 2 HP0 3 Aq, 
or by dissolving freshly ppd. CoCO, in H 3 PO a Aq ; 
goes blue at 250° (Rose, Rammelsberg). 

Copper phosphite CuHP0 3 .2H 2 0. By double 
decomposition from (NH 4 ) 2 HPO„ (Rose) ; also by 
noting on Cu acetate by H 3 P0 3 Aq (Wurtz). Un- 
changed by boiling water (Rammelsberg), but 
reduced to Cu by boiling with HjPOaAq (Rose). 

Lead phosphites. The normal salt 
PbHP0 3 is obtained by ppg. Pb acetate by 
(NH 4 ) 2 HP0 8 Aq (Rose). A white powder ; heated 
gives off H and PH 3 , leaving Pb 2 P 2 0 7 and Pb 
phosphide. Insol. water (Amat, O. R. 110, 901). 
By adding NaHjPOsAq to excess of Pb2N0 3 Aq, 
the compound PbHP0 3 .Pb(N0 3 ) 2 is obtained 
(Amat, l.c.). The acid salt PbH 2 (HP0 3 ) 2 is 
formed by dissolving the normal salt in very 
cone. HaPOjAq, and drying the crystals at 100° ; 
with water gives PbHP0 8 and H 3 PO a Aq (Amat, 
lx.), 

Magnesmm phosphite MgHP0 3 .JcH 2 0. By 
ppg. boiling MgS0 4 Aq by NaJElPOgAq 
(Rammelsberg). Forms a double salt 
Hg 8 (NH 4 ) 2 (HP0 8 ) 4 .16H ? 0 (Rammelsberg, Rose). 

Manganese phosphite MnHP0 8 .H 2 0. A red- 
dish powder ; very slightly sol. water, more sol. 
solutions of Mn salts ; loses H 2 0 at 200°. 
From NH 4 salt and a Mn salt ; or by dissolving 
MnC0 8 in H 3 PO s Aq, and adding Na 2 C0 8 till ppn. 
begins, but not enough to remove acid reaction 
(Bose, Rammelsberg). 

Potassium phosphites. Th & normal salt 
KjHPOj is formed from HjPOgAq and KOHAq 
or KjCOgAq ; semi-crystalline, syrup -like mass ; 
very hygroscopic ; insol. alcohol (Wurtz, Rose). 
The aoid salt KjHPO^HjPOj, was obtained 
by Wurtz (A 68, 63). Amat (C. R. 106, 1351) 
obtained tne aoid salt KRP0 8 by adding 
KOHAq or &jC0 3 Aq to H ? PO a Aq till neutral to 
methyl orange, concentrating, and cooling. 

Sodium phosphites . The normal salt 
NasHPO^Hp is obtained by dissolving HgPO, 
In an excess of NaOHAq, and evaporating in 
vacuo (Amat, C. B. 108, 403). Zimmermann 
(A. 17 6, 1) supposed that NajPO, is formed 


under these conditions. Na^HPO, melts at 63° ; 
heat of solution at 13*5°= —4600 (Amat, O. JR. 
110, 191). Dehydrated by drying in vacuo , and 
then at 150° (A., l.c.). The acid salt 
2NaH 2 P0 8 .5H 2 0 is produced by making 
H 8 P0 8 Aq neutral to methyl orange by NaOHAq 
or Na 2 C0 8 Aq, concentrating, and cooling. Melts 
42° ; dehydrated by long heating at 100°; heated 
above 130° forms Na 4 P 2 0 5 ; very sol. water; 
heat of solution at 15° = — 10,600 (Amat, O. -R. 
106, 1351). 

Zinc phosphite 2ZnHP0 3 .5H 2 0 ; from 
ZnS0 4 Aq and ammoniacal solution of PCI, 
(Rose) ; also from PCl s Aq and ZnO (Rammels- 
berg). 

The following phosphites have also been 
described: — Di 2 (HP0 8 ) 3 (Frerichs a. Smith, A. 
191, 331) ; Fe 2 (HP0 3 ) 3 .9H 2 0 (Rose, Rammels- 
berg) ; La 2 (HP0 8 ) 8 (F. a. S., l.c.) ; SnHPO a 
(Rose). Phosphites of Al, Be, Bi, Cd, Cr, fer- 
rous Fe, Hg, Ni, and Sr have also been prepared, 
but their compositions are somewhat doubtful 
(v. especially Rose, l.c.). 

HYPOPHOSPHORIO ACID AND SALTS 
H 4 P 2 0„; MiH 3 P 2 O tf , Mi 2 H 2 P 2 O e , M^HP-P,, 
M^PPs? M n 2 Pp e . When sticks of 

P are partly covered with water and left for 
some time in a large vessel, an acid liquid is ob- 
tained ; this liquid was formerly called Pelle- 
tier’s phosphatio acid (P., Crell. Ann . 1796 [2] 
447). Dulong (A Ch. [2] 2, 141) found 47*8 p.c. 
P and 52*2 p.c. O in this substanoe, and supposed 
it to be Pp„. In 1856 Pagel (J. pr. 69, 24) 
showed that the acid liquid contained phosphoric 
and phosphorous acids ; and in 1877 Saizer (A. 
187, 322) proved the presence of small quanti- 
ties of a new acid to which he gave the compo- 
sition nH 2 PO s and the name hypophosphoric 
acid . The aoid has been found to be tetrabasic, 
hence the formula is written H 4 P 2 0 6 . The hypo- 
phosphates are generally formed directly from 
the acid, or by double decomposition from the 
alkali salts. The hypophosphates are more 
stable than the hypophosphites and phosphites ; 
normal salts pass into phosphates by taking up 
O; they are decomposed by heating strongly, 
giving of PH 3 or H, and leaving phosphate and 
phosphide. 

Hypophosphoric acid H 4 P 2 0 6 . Melts at c. 
55° (Joly, G. R. 102, 110), Heat of solution 
= 3,850 (J., l.c.). 

Formation. — 1. Along with H a P0 8 and 
H s P 0 4 , by the slow oxidation of P in moist air 
(Saizer, A. 187, 822 ; 194, 28 ; 211, 1 ; 232, 114, 
271).— 2. The Ag salt is formed by oxidising P 
by dilute HNO„Aq in presence of AgNO s (Philipp, 
B. 18, 749) ; also by reacting on H 8 P0 8 Aq with 
AgNO s Aq (Sanger, A. 232, 1) ; and the Cu salt 
by reacting on P with CujNO^gAq (Come, J. Pk. 
[5] 6, 123). 

Preparation. — Sticks of P are placed in glass 
tubes narrowed at the lower end; these are 
arranged inside a funnel, which is placed 
in the mouth of a bottle containing a little 
water ; the bottle is set in a basin, and the whole 
is covered with a large bell-jar open at the top. 
The apparatus is placed in a cool place (best in 
a cellar) for some weeks or months ; according 
to Joly ( C . R. 101, 1068), from } to | of the P 
is oxidised to H 4 P 2 0 6 if the process is conducted 
in winter, and not more than summer* 
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The aoid liquid is mixed with a cold cono. solu- 
tion of Na acetate, the ppd. Na 2 H 2 P 2 0 8 .6H 2 0 is 
collected, washed with a very little cold water, 
then dissolved in water (sol. in o. 45 parts cold 
water), and ppd. by Pb acetate ; the Pb^O, is 
collected, washed with cold water, suspended in 
water, and decomposed by HjS ; the filtrate is 
evaporated at a low temperature — not exceeding 
30° — or in vacuo over H 2 S0 4 , until crystals of 
H 4 P 2 0 8 are deposited. Joly (0. R. 101, 1058, 
1148) heats to boiling the aoid liquid obtained 
by oxidising P, as described above, adds Na 2 C0 3 
tUl nearly neutral to methyl orange, and crystal- 
lises by concentration; he washes the crystals 
of Na;jH2P 2 0 8 .6H 2 0 with cold water, and recrys- 
tallises from hot water, dissolves in hot water, 
adds an equivalent of Bad* in hot water, washes 
the ppd. BaSy^Oa, decomposes it by an equi- 
valent of H 2 S0 4 diluted with its own weight of 
water, filters after two or three days, and eva- 
porates in vacuo over H 2 S0 4 . Drawe ( B . 21, 
3401) carries out the oxidation of P in presence 
of Na acetate solution. 

Properties. — Small colourless crystals, which 
melt at c. 55° (Joly, C.B. 102, 110); very hygro- 
scopic ; solution is unchanged in air at ordi- 
nary temperatures. Heated to o. 70° suddenly 
decomposes to H 3 P0 3 and HPO a (J., l.c.) ; at c. 
120° gives H 4 P 2 0 7 and P hydride (J., C. R . 102, 
760). 

Reactions and Combination . — 1. Heat decom- 
poses H 4 P 2 0 8 (v. supra). — 2. Not oxidised by such 
oxidisers as H 2 0 2 Aq, OlAq, CrO a Aq, HgCLjAq, 
Arc.— 3. Not reduced by such reducers as S0 2 Aq, 
H 2 S, or Zn and H 2 S0 4 Aq. — 4. Potassium per- 
manganate is slowly reduced in the cold, 
quickly on heating, by H 4 P 2 0 8 Aq to which 
H 2 S0 4 Aq has been added. — 5. Heated with nitric 
acid , H 3 P0 4 Aq is formed. — 6. Heated with dilute 
sulphuric acid y H 3 P0 3 Aq and H 3 P0 4 Aq are pro- 
duced. — 7. Silver nitrate solution gives a white 
pp., which does not blacken in light and is soluble 
in warm HN0 3 Aq (1:1). — 8. By evaporating 
H 4 P 2 0 H Aq till the liquid had the composition 
P 2 0 4 .6H 2 0, and then placing over H 2 S0 4 in 
vacuo , Joly (C. R. 101, 1058; 102, 110) ob- 
tained crystals of the hydrate H 4 P 2 0 8 .2H 2 0, 
melting at 62 0 -62*5 0 . 

Hypophosphates. M I H 3 P 2 O fl , 

M 1 s HP 2 0 <i , M* 4 P 2 0 8 , M^H^O,, M II 2 P 2 0 8 . These 
salts have been examined chiefly by Salzer (A. 
187,322-, 194, 28; 211,1; 232, 114, 271), and 
crystallographically by Haushofor a. Fresenius 
(Z. K. 1, 257, 620 ; 3, 605 ; 6, 113 ; 9, 254). 
The hypophosphates are much more stable to- 
wards oxidisers than the hypophosphites or 
phosphites. They reduce KMn0 4 Aq very slowly 
in the cold after addition of H 2 S0 4 Aq, and give 
white pp. with AgNO s Aq unchanged in light. 

Ammonium hypophosphates . The normal 
salt (NH 4 ) 4 P 2 0 8 .ccH 2 0 is obtained by adding 
excess of NHjAq to the acid ; on drying, loses 
NH„ and effloresces. The acid salts 
pfHJjjHjPgO* and (NH 4 ),HP 2 0 8 are formed, the 
former by boiling a solution of the normal salt, 
the latter by adding the proper quantity of 
H 4 p 2 0 8 to the former salt. 

BaHum hypophosphates . The normal 
salt BagPgO' is obtained from BaCLAq and 
Ha^O.Aq; the acid salt BaH^O^HjO is 
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formed from NaH.PXLAq and BaClAq (v. Jolv, 

0. R. 101, 1058). 

Cadmium hypophosphate Cd 2 P 2 0 8 .2R>0 ; and 
the double salt CdNa^O^HgO (Drawe, B. 
21,3401). 

Calcium hypophosphates Ca 2 P 2 0 8 and 
CaH 2 P 2 0 8 .6IT 2 0. 

Cobalt hypophosphate Co^Og.SHjO ; and 
the double salt 2CoNa 2 P 2 0 8 .3H 2 0 (Drawe, l.c.). 

Copper hypophosphate Cu 2 P 2 0 8 .6H 2 0 (Drawe, 

1. c.). 

Lead hypophosphate Pb^Og. 

Magnesium hypophosphates Mg^O^.^HjO 
and MgH 2 P 2 0 ti .4H 2 0 ; and the double salt 
Mg(NH 4 ) 2 P 2 0 8 .6H 2 0. 

Nickel hypophosphate Ni 2 P 2 0 fl .12H 2 0 ; and 
the double salt NiNa 2 P 2 0 8 .12H 2 0 (Drawe, 
l.c. ). 

Potassium hypophosphates K 4 P 2 0 8 .8H 2 0, 
K 8 HP 2 0 a .3H 2 0, KjkjjPaOg, and KH 8 P 2 O fl . 

Silver hypophosphate Ag 4 P 2 0 8 (v. Philipp, B. 
14, 749). * ' 

Sodium hypophosphates. The acid salt 
Na2H 2 P 2 0 8 .6H 2 0 is obtained by slowly oxidising 
P in moist air, and adding Na acetate solu- 
tion as described under Preparation of hypo- 
phosphoric acid (p. 164) ; sol. 45 parts cold, 
or 5 parts boiling, water ; insol. alcohol ; 
on strongly heating gives off H and P hy- 
dride and leaves NaP0 3 . The normal salt 
Na 4 P 2 O 8 .10H 2 O is obtained by adding an equi- 
valent of Na 2 C0 8 to NajH^OgAq; sol. c. 30 
parts cold water, much more sol. hot water ; 
solution reacts alkaline, and gives a mix- 
ture of salts on evaporation. The acid salt 
Na 3 HP.X) 6 .9H 2 0 is formed by mixing the Na, 
and Na 4 salts in the ratio Na 2 H 2 P 2 0 8 : Na 4 P 2 0 8 
The acid salt NaH 3 P 2 0 6 .2H/> is formed by 
adding the proper quantity of H 4 P 2 0 8 Aq to 
NaaHjPjjOg. For reaction of the Na salts with 
different indicators v. Joly, C. R. 101, 1058. 

Another acid salt Na 5 H 3 (P 2 O 8 ) 2 .20R 2 O is 
said to be formed by adding rather more 
than one molecular weight NaOH to 
4N a-jHjjPjjOg.OHjO. 

Zinc hypophosphate Zn 2 P 2 0 8 .2H 2 0 (Drawe, 
l.c.). 

PYROPHOSPHITES. In 1887 Amat (C. R. 
106, 1400) showed that when 2NaR 2 P0 3 .5H20 is 
heated to 160° it loses 6H 2 0 and gives the salt 
Na 2 H 2 P 2 0 8 . A few other salts of the form 
M 2 H 2 P 2 0 5 have been obtained, but the acid has 
not been isolated. When the Ba salt is decom- 
posed by an equivalent of H 2 S0 4 Aq, the solution 
shows the reactions of pyrophosphites, but the 
pyrophosphite gradually changes to phosphite 
(Amat, C. R . 108, 1056). The pyrophosphites 
in solution slowly change to phosphites, the 
more rapidly the more cono. the solution and 
the higher the temperature ; the presence of an 
acid, e.g . EL^SO^ greatly quickens the rate of 
change (A., l.c.). Addition of NaOHAq to a boil- 
ing solution of the Na salt produces Na 2 HPO, 
(A., C . R. 106, 1400). Pyrophosphites in very 
dilute solutions give no pp. with Pb(NO,)2Aq 
until boiled ; phosphites give an immediate 
white pp.; this reaction serves as a qualitative 
test for the two classes of salts (A., O. i?. 110, 
901). 

Lead pyrophosphite PbEypjO^ is obtained by 
heating PbByHPO,)* in a dry vacuum to c. 140® 
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It is insol. water, but is gradually changed by 
water to H.PO.Aq and PbHPO, (A., C. B. 110, 
901). 

Sodium pyrophosphite Na 2 H ? P 1l 0 6 is formed 
by heating 2NaH J P0 3 .5H 2 0, which has been 
partially dehydrated in vacuo, to c. 160°. V. sol. 
water ; solution changes to NaH^OgAq, but by 
careful evaporation in vacuo over H 2 S0 4 crystals 
of NaJBLjPjjOj, can be again obtained (A., C. B. 
108, 1056). Presence of acid hastens the change 
to NaH 2 P0 3 Aq ; this change is also effected by 
adding NaOHAq to boiling Na^ELjP.p^Aq. Heat 
of solution of Na,H 2 P 2 0. = 300 (A., <7. B. 110, 
191). 

For thiopyropho$phites M 4 P 2 S 5 and thio-oxy- 
pyrophosphitcs M 4 P 2 0 8 S 2 and M 4 P 2 0 4 S v. Phos- 
phorous sulphide, Reactions 7 and 8, p. 146 ; and 
for selenopyrophosphitcs M 4 P 2 Se s v. Phosphor- 
ous selenide, p. 146). M. M. P. M. 

PHOSPHOBYL COMPOUNDS. Compounds 
of the radicle PO are generally called phosphoryl 
compounds ; and compounds of the radicle PS 
are often called thio-phosphoryl compounds . 
These compounds are described in this Dictionary 
as phosphorus oxychloride , oxy fluoride, sulpho- 
chloride, <fec. The phosphoryl compounds are 
PO(NH 2 ) a , POC1 s , POBr 3 , POBrCL, and POBr 2 Cl, 
POF 8 , PO.NH.NH,, PON. The thiophosphoryl 
compounds are PS(NH 2 ) 8 ,PSCl s , PSBr s , PSBrCL,, 
PSF a . The compounds P 2 0 3 C1 4 and P 2 S 8 Br 4 are 
sometimes called pyrophosphoryl chloride and 
pyrothiophosphoryl bromide, respectively. 

M. M. P. M. 

(a)-PHOSPHOTOLUIC ACID 

CaHjMefPOjHJ.COsH [3:4:1]. Toluphosphinic 
acid . [262°]. Formed by oxidising m-xyleno 
phosphonic acid with hot alkaline KMn0 4 
(Weller, B. 20, 1723 ; 21, 1492). Prisms, v. sol. 
hot water, v. e. sol. alcohol. Yields HP0 3 and 
m-toluic acid when heated. — PC1 4 yields oily 
C 6 HgMe(POCl,).COCl. — PbHA'" aq : needles 
(from dilute HO Ac). — Ag s A'". 

(j8)*Phosphotoluic acid 

C a H 8 Me(P0 8 HJ.C0 2 H [5:3:1]. [220°]. Formed 
by oxidising $-m-xylene phosphonic acid (Wel- 
ler). Yields HP0 8 and m-toluic acid on heating. 
— Agi^A'" : amorphous pp. 

Chloride C g H 8 Me(POCl 2 ).COGL (249° at 
147 mm.). Oil. 

Phosphotoluio acid 

C i H f Me(P0,H 2 ).C0 2 H [4:®:1]. [278®]. Formed 
by oxidising jp-xylene phosphonic acid. Needles, 
decomposed by heat into 1TPO, and p-toluic 
acid. 

Chloride C g H a Me(POCy.COCl. [62°]. 
Crystalline mass. 

PHOTO-CHEMISTRY u. Influence of light on 
chemical change, under Chemical ghanoe, vol. i. 
p. 748; also next article (Photooraphio che- 
mistry) ; also Optical methods, a section of Phy- 
sical methods, in this volume, p. 221. 

PHOTOGRAPHIC CHEMISTRY. The photo- 
graphic processes at present in use depend 
primarily upon the photo-chemical decompo- 
sition of certain metallic compounds in the pre- 
sence of suitable oxidisable substances known 
as sensitisers. Broadly speaking, the photo- 
decomposable compound may be regarded from 
a chemical point of view as an oxidising agent, 
of which the oxidising power is only brought 


into action under the stimulus of light, the 
associated compound or sensitiser being at the 
same time oxidised by the oxygen or halogen 
thus liberated. Very many metallic compounds 
are thus susceptible to the influence of light, 
although only a few of these have up to the present 
time found practical application. The nature of 
the chemical change undergone in Buch cases 
may be well illustrated by the action of light upon 
ferric salts. An aqueous solution of ferrio chlor- 
ide, for example, is not acted upon by light because 
the associated substance (water) is not capable 
of reacting with the liberated chlorine with suf- 
ficient rapidity ; in other words, water is incapable 
of acting as a sensitiser towards ferric chloride. 

| But if some oxidisable organic compound is pre- 
sent, light then reduces the ferric to the ferrous 
; salt. Thus an alcoholic solution of ferric chlor- 
| ide exposed for a few minutes to sunlight gives 
a blue colouration with potassium ferricyan- 
ide, indicating the presence of a ferrous salt, 
probably formed according to the equation: 
Fe ,C1 H + C 2 H u O =» Fe 2 Cl 4 + C 2 H 4 0 + 2HC1. In a 
similar way paper coated with a solution of 
ferric chloride can be used to obtain prints, be- 
cause the paper (or the size contained in it) plays 
the part of a sensitiser, and the exposed portions 
of the surface thus become covered with a ferrous 
instead of a ferric compound, and on brushing 
over with a solution of ferricyanide the print is 
developed in blue. In practice ferric oxalate is 
found to be the most sensitive ferric compound, 
the organic acid being the sensitiser : Fe^CjgOJ^ 
= Fe 2 (C 2 0 4 ) 2 + 2C0 2 . 

Although the chemical action of light upon 
metallic compounds generally is of the nature of 
reduction, and is accompanied by the simultane- 
ous oxidation of the compound which plays the 
part of a sensitiser, there are many instances in 
which light promotes the action of atmospheric 
oxygen or other oxidising agent. Thus potas- 
i sium iodide may be kept in a dry atmosphere in 
1 the dark for any length of time without under- 
going change, but in the presence of light and 
moisture photo-chemical oxidation takes place, 
and the salt becomes alkaline : 

! 4KI + 2H z O + 0 2 = 4KOH + 2L,. 

I Action of light upon silver salts . Of all 
known metallic compounds the salts of silver 
I are the most sensitive to the action of light, 
and these salts accordingly form the basis of all 
existing photographic processes. The most 
familiar instance of the photo-decomposition of 
a silver salt is the well-known change in colour 
experienced by silver chloride on exposure to 
light, a phenomenon which has been familiar 
since the sixteenth century. The other silver 
haloids, viz. the bromide and iodide, are also 
decomposed by light, the latter only in the pre- 
sence of some sensitiser capable of rapidly ab- 
sorbing iodine. The absolute sensitiveness of 
the silver haloids cannot be estimated by the 
degree of darkening on exposure, because the 
product of photo-decomposition is of a darker 
colour in the case of the chloride than in the 
case of the bromide, and the produot is darker 
in the case of the bromide than in that of the 
iodide. The sensitiveness is actually determined 
by two conditions, viz. the nature of the sensitiser 
and the state of molecular aggregation of the 
1 silver haloid. In most of the negative processes 
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now in use, the bromide or iodide, or a mixture 
of the two, forms the sensitive surface. 

The nature of the ohemical ohange undergone 
on exposure to light has not yet been completely 
elucidated for all the silver haloids. It is known 
that the chloride loses chlorine on exposure, and 
that the darkened product contains less chlorine 
than the unaltered haloid. It is as yet uncer- 
tain whether the halogen which is given of is 
always evolved in the free state or not ; it has been 
shown, however, that silver chloride on exposure 
to light gives off a gas which rapidly turns potas- 
sium iodide and starch paper blue (Meldola, 
Chemistry of Photography , p. 66). It is stated 
by many writers that the darkened product is a 
subchloride formed according to the equation : 
4AgCl = 2Ag 2 Cl + Cl r There is, however, no satis- 
factory evidence of the existence of such a sub- 
salt, and it seems more probable that the dark 
product consists of an oxychloride, in combina- 
tion, or admixture, with unaltered chloride. Ac- 
cording to some analyses by Hodgkinson, the 
oxychloride has the formula Ag 4 OCl 2 . In support 
of this conclusion it is found that the chloride 
does not darken in absolutely dry air, unless 
vapour of mercury is present (Abney), thus 
making it appear that moisture is essential for 
the decomposition. The latest investigation of 
the action of light on AgCl by Baker ( C . J. 61, 
728) confirms the view that the darkened product 
contains an oxychloride ; Baker gives the formula 
Ag 2 C10. A second, white, oxychloride also 
probably exists (Richardson, C . J. 59, 536). 
Silver chloride is thus analogous to cuprous or 
thallous chloride, which also darken under the 
influence of light, with the formation of what 
are believed to be oxychlorides. Whatever may 
be the chemical composition of the darkened 
product, it is probable that the bromide and iodide 
give rise to the formation of analogous com- 
pounds, and that the invisible picture in the 
older processes is formed of these products on 
a background of unaltered haloid. The un- 
developed image on modern dry plates, coated 
with gelatin emulsion, may, however, have a dif- 
ferent composition, owing to the presence of the 
organio sensitiser. 

Photosalts of silver . These are coloured 
forms of the silver haloids prepared by the action 
of certain reducing agents upon silver compounds, 
and the subsequent conversion of the partially 
reduced products into the haloids by treatment 
with the necessary acids. These compounds 
are of a red or purple colour, and have been 
shown to contain less halogen than the un- 
altered haloids. It is probable that they consist 
of physical combinations of the oxyhaloid or 
hydrated oxyhaloid with the unaltered haloid ; 
their discoverer (Carey Lea) has shown that 
they closely resemble, if they are not actually 
identical with, the products of the photo-chemi- 
cal reduction of the silver haloids. If this be 
admitted, it follows that the product which 
forms the photographic image can be prepared 
by purely chemical methods {Am. S. 1887). 

Photographic processes. In all photographic 
processes the first operation is the exposure of 
a surface coated with a uniform film of the 
silver haloid to the image formed by a lens in a 
camera* The image thus depicted on the film 
is invisible, in the first place because of the very 
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slight difference in colour between the product 
of photo-reduction and the unaltered haloid, and 
in the next place because the short period of 
exposure does not produce a sufficient quantity 
of the product of reduction to render the latter 
visible. The invisible image thus consists of a 
layer of reduction-product of infinitesimal thin- 
ness, and the pioture is afterwards made visible 
by the deposition of metallic silver on this re- 
duction-product by the application of certain 
solutions known as ‘developers,* the chemical 
action of which will be described subsequently. 

Daguerreotype. This process is historically 
interesting as having boen the first method of 
photography with a silver salt successfully ap- 
plied to the production of a picturo from the 
image formed in a camera. It takes its name 
from Daguerre, who announced the discovery in 
1839. The process is no longer used ; it has 
been superseded by more rapid methods. In 
order to prepare a Daguerreotype plate, a plate 
of copper is silvered, and the polished surface 
is exposed to the vapour of iodine and bromine 
alternately. The sensitive film is therefore a 
mixture of silver iodide and bromide. Silver 
iodide can act to some extent as its own sensitiser, 
but the substratum of metallic silver is ohiefly 
effective in this capacity as it is capable of rapidly 
absorbing the halogen liberated by the action of 
light upon the sensitive surface. The invisible 
image is developed by exposure to the vapour of 
mercury, which condenses on the product of re- 
duction but not on the unaltered haloid. 

Collodion processes . In these processes the 
sensitive film consists of a silver haloid formed 
by double decomposition in collodion as a vehicle. 
Collodion is a solution of the tri- and tetra- 
nitrate of cellulose (collodion pyroxyline) in alco- 
hol and ether (v. voi. i. p. 716), and on coating a 
glass plate with this solution the solvents eva- 
porate and leave a uniform layer of the pyro- 
xyline attached to the plate. Some soluble 
iodide, NH 4 I or Cdl„ sometimes mixed with a 
small quantity of a bromide, is first dissolved 
in the collodion, the plate is coated with this 
salted collodion, and when dry is sensitised by 
immersion in a silver nitrate solution. The 
sensitive surface in this process is therefore a 
silver haloid wetted with a film of silver nitrate 
solution, the latter playing the part of a sensi- 
tiser by absorbing the liberated halogen : 
31* + 6AgNO, + 8H*0 «■ 5AgI + AgIO„ + 6HNO r 
By washing out the soluble salts after the plate 
has been removed from the silver solution the 
sensitiveness is practically destroyed, because 
the pyroxyline by itself has no halogen-absorb- 
ing power. On drying such a washed plate, and 
then coating it with a solutioif of tannin or 
some organic sensitiser, the sensitiveness is par- 
tially restored. Plates thus treated can be used 
in the dry state, and dry-plate photography by 
this method was made practically successful in 
1861 by Colonel Russell. 

Emulsion processes . All the photographic 
methods at present in vogue are comprised in 
this group. The silver haloid is precipitated 
in a finely divided state in some vehicle, usually 
gelatin, and the plates coated with this emul- 
sion are allowed to dry and are then ready for 
use. A brief description of a method for pre- 
paring a gelatin emulsion will suffice to make 
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clear the general mode of procedure. The 
soluble bromide (potassium or ammonium) , 
sometimes mixed with a little iodide, is dis- 
solved in water, together with a certain quantity 
of the gelatin, and to this solution the calcu- 
lated quantity of silver nitrate (previously dis- 
solved in water) is added little by little with 
constant agitation. The quantities are so ad- 
justed as to leave no excess of silver nitrate. 
The silver haloid is by this means precipitated 
in an extremely fine state of division in the 
viscid gelatin solution, with which it forms an 
emulsion. A stronger solution of gelatin is 
then mixed intimately with the first dilute 
emulsion, and the whole is heated on a water-bath 
for about an hour to become 4 ripened.’ When 
cold, the semi-solid emulsion is washed by im- 
mersion in a fine state of division in cold water, 
so as to remove all soluble salts (nitrates formed 
by double decomposition, excess of soluble 
haloids, &c.). The washod emulsion is then 
mixed with the necessary quantity of strong 
gelatin solution to reduce it to the required con- 
sistency, and the plates are coated and allowed 
to dry. Many variations in the details of mix- 
ing have been introduced, but these involve no 
change in principle. Ripening can also be 
effected at ordinary temperatures by the action 
of ammonia. 

Ripening of emulsions . The process of 
ripening above referred to is necessary in order 
to increase the sensitiveness of the silver haloid, 
since the latter when first precipitated is com- 
paratively insensitive. The increase of sensi- 
tiveness is no doubt due, partially if not wholly, 
to a physical change in the state of molecular 
Aggregation of the silver haloid, as it is accom- 
panied by a growth in the size of the particles 
and by a change in the absorption spectrum, the 
unripened emulsion transmitting more of the red 
rays, and, therefore, absorbing less of this part of 
the spectrum, than the ripened emulsion. The ex- 
treme sensitiveness of the emulsions at present 
in use is thus due in great measure to the circum- 
stance that the haloid is rendered sensitive to a 
much wider range of spectral oolours than is tho 
case with ordinary silver bromide precipitated in 
a non-emulsifying medium. The increased sensi- 
tiveness of a ripened emulsion may also be 
ascribed, in part, to the formation of an actual 
compound of the silver haloid with the gelatin 
or some constituent thereof (Meldola, Cantor 
Lectures on Photographic Chemistry , 1891. 20, 
21 ). 

Development of the photographic image. 
Acid development . In the wet collodion process 
the image is developed by the application of a 
solution of ferrous sulphate mixed with acetic 
acid and alcohol (to insure uniformity of flow). 
The film being already wet with silver nitrate 
solution, the action of the developer is simply 
to reduce this salt according to the reaction: 
6AgNO s + 6FeS0 4 « 2Fe*(S0 4 ), + Fe*(NO g ) a + 6Ag. 
Metallic silver is thus contained as a potential 
deposit in the mixed solutions, but its precipita- 
tion is retarded by the acetic acid, which plays 
the part of what is technically called a 4 re- 
strainer.* The finely-divided metal is deposited 
only on the product of photo-decomposition (the 
invisible picture), the density of the deposit 
being proportional to the amount of decompo- 


sition on each portion of the sensitive surface. 
The image thus continues to gain in density as 
long as there is silver to feed it, so that the pic- 
ture is built up by accretion and is raised in re- 
lief on the surface of the film. If the film is 
treated with dilute nitric acid after develop- 
ment, the picture is dissolved off, leaving the film 
in the same condition as before exposure, thus 
proving that the image iB purely superficial. The 
ferrous sulphate developer, which acts in the 
manner described, is a type of the class of acid 
developers. 

Alkaline development . Gelatin emulsions con- 
tain no excess of silver nitrate, so that the fore- 
going process of development is inapplicable. The 
gelatin itself, being a bromine absorbent, is in 
this case the sensitiser. Development is effected 
in modern processes by means of an alkaline or 
neutral solution of some reducing agent, usually 
an easily oxidisable organic compound, such as 
ammonium pyrogallate, first introduced by 
Colonel Russell in 1862. In this method the 
developer acts directly as a reducing agent upon 
the product of photo-reduction, replacing the 
latter by its equivalent of metallic silver. The 
image at the same time gains in density by tho 
further reduction of those portions of the un- 
altered silver haloid which are in immediate 
contact with the nascent silver being generated 
by the developer ; the action is probably electro- 
lytic, since the image goes on increasing in 
density as long as the developer can exert a re- 
ducing action. A very small amount of the silver 
deposit may also be due to the reduction of the 
minute quantity of silver actually dissolved out 
of the film by the ammonia or other solvent in 
the developer. In alkaline development the main 
portion of the silver image is therefore built up by 
growth from the silver haloid in the film, and after 
development the image can be dissolved out by 
dilute nitric acid, leaving its impression sunk in 
the gelatin, instead of leaving a plane surface, as 
in the case of a collodion picture similarly treated. 1 
The developers belonging to this olass are all 
strong reducing agents capable of directly re- 
ducing the silver haloids, so that the action has 
to be moderated by means of restrainers, potas- 
sium bromide being generally employed for this 
purpose. The restraining action of this salt is 
probably due to its tendency to form a double 
potassio-silver bromide, which is more stable 
than the silver bromide itself. In addition to 
ammonium pyrogallate several other developers 
acting in a similar manner have come into use. 
Of these may be mentioned potassio-ferrous 
oxalate (Carey Lea, 1877), which acts according 
to the equation : 3Br 2 + 6FeC 2 0 4 + 3K S C 2 0 4 
= 3Fe 1! (C 2 0 4 ) 8 -f 6KBr. The bromine in this case 
is derived primarily from the reduction-product. 
Other developers coming under this category are 
an alkaline solution of hydroquinone (quinol), 
hydroxylamine, phenylhydrazine, and an alkaline 
salt of amido-/3-naphthol-monosulphonio acid 
(Meldola, 0. J '. 39, 47), introduced by Andresen 
(Eikonogen). Among the most recently intro- 
duced developers are certain amido-phenols, 

* An able investigation of the connection between tho 
density of the deposit of reduced silver and the period of 
exposure, dsc^ is published by Harter a. Driffield (& G. /. »* 
455 ; 10, 100 ; v. also other papers in same volume ; also 
Armstrong, Conference No. of Jourtu of the Gamer* Club, 
1892, and discussion in same journal, July 1892). 
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amido-phenolic and carboxylic acids, and their 
alkyl derivatives, known as ‘ amidol ,’ ‘ metol ,’ &o. 
Those which contain the basic and hydroxyl 
substituents in the para- position seem to be the 
most effective (Hauff, Engl. Patents [1891] 15, 
431; 20,690). 

In the processes of alkaline development the 
gelatin itself also acts the part of a restrainer by 
preventing too intimate a contact between the 
reducing solution and the silver haloid. Any 
viscous substance exerts this protecting in- 
fluence (sugar, glycerin, <fcc.), and such com- 
pounds are sometimes called physical restrainers, 
to distinguish them from chemical restrainers, 
such as the acid in the ferrous sulphate deve- 
loper or the potassium bromide in alkaline de- 
velopers. A developer of very great reducing 
power is for this reason available in dry plate 
photography, and upon this fact largely depends 
the extreme sensitiveness of modern processes. 

Development by vapour . The Daguerreotype 
picture was developed by exposure to mercury 
vapour, this metal having the property of con- 
densing on the product of photo-reduction (the 
invisible image) but not on the unaltered silver 
haloid. It is not known whether the combina- 
tion of the mercury with the reduction-product 
is of a chemical or physical nature. This 
method of development is at present the sole 
representative of its class. 

Fixing the picture. The image developed 
by the foregoing methods is always on a back 
ground of unchanged silver haloid, which must 
obviously be removed before the picture can be 
exposed to white light. In the early days of 
photography strong solutions of potassium, so- 
dium, or ammonium chloride were used as fixing 
agents, these salts having the property of form- 
ing soluble double salts with the silver haloids. 
The action of these salts was, however, very im- 
perfect, and a certain amount of undissolved 
silver haloid was always left in the film, which 
led on exposure to the gradual darkening 
and obliteration of the whole picture. Potas- 
sium cyanide has since been employed, this 
salt forming with the silver haloid an ex- 
tremely soluble double cyanide : AgBr-f 2KCN 
»AgK(CN) 2 +KBr. The fixing agent now gene- 
rally preferred is sodium thiosulphate (Sir J. 
Herschel, 1839) ; this salt, if used in excess, 
forming the extremely soluble sodio-silver thio- 
sulphate Ag2Na 4 (S 2 0,) s ,2aq : 2AgBr + 3Na 2 S ? 0 9 
*"Ag 2 Na 4 (S 2 O t ) 8 + 2NaBr. If the fixing solution 
is dilute, the insoluble NaAgS 2 O s is formed, 
which remains in the film and spoils the pic- 
ture: AgBr + Na 2 S 2 0 8 = AgNaS 2 0 8 + NaBr. After 
immersion in the fixing bath, the soluble salts 
are removed by thorough washing in a stream 
of water. 

Intensification, and reduction, of density. 
In cases where the image is wanting in density 
through under-exposure, bad light, insufficient 
development, &c., a process of intensification is 
resorted to. The process as applied to modern 
dry plates consists in substituting for the silver, 
of which the image is composed, some denser 
deposit. Thus, by immersing a negative in a 
solution of mercuric chloride, the image is 
bleached by conversion into a mixture of mer- 
curous and silver ehlorides : 2Ag + 2HgCl 2 
» 2AgCl + Hg-jCl^ By treating this mixture 


with a solution of potassio-ferrous oxalate 
the image is restored in silver and mer- 
cury, and thus 'in a condition of increased, 
density : 2AgCl + Hg^ + 4FeC 2 0 4 + 

=■ 2Ag + 2Hg + 2Fe 2 (G 2 0 4 ) 3 + 4KC1. Many other 
intensifies are known, some acting by simple 
substitution, such as auric or platinic chloride : 
6Ag + 2AuCl s * 2Au + GAgCl, or 4Ag + PtCl 4 
«= Pt + 4AgCl ; others giving rise to a mixture of 
products together denser than the original de- 
posit, e.g . lead or uranium ferricyanide : 
4Ag + 2Pb s Fe,(CN) 12 - Ag 4 Fe(CN), + 8Pb,Fe(ON) r 
In cases where too dense an image has been* 
obtained, and it is desired to thin it down, a 
reducing solution is applied ; the chemical 
principle may be described as a conversion* 
of the metallic silver into some compound 
which can be simultaneously removed by a sol- 
vent such as sodium thiosulphate. Thus a mix- 
ture of potassium ferricyanide with thiosul- 
phate is often used for gelatino-bromide plates : 
4Ag + 2K 6 Fe 2 (CN) I2 - A g| Fe(CN) 6 + 3K 4 Fe(CN) 8 . 
The silver ferro-cyanide is dissolved off by the thio- 
sulphate, as fast as formed: Ag 4 Fe(CN) 6 + 6Na 2 S 2 0» 
= 2Ag 2 Na 4 (S 2 0 3 ) 3 + Na,Fe(ON) a . When the ne^ 
cessary reduction of density has been attained, 
the action of the solution is stopped by washing 
the film with water. 

Fevers al of the photographic image and 
allied phenomena. Any influence which affects a 
sensitive film in a way similar to the action of 
light gives rise to a developable image. Thus 
mechanical pressure-marks produced by rubbing 
a film with a glass rod can be developed by ferrous 
oxalate &c., so as to show a corresponding set of 
dark streaks. It is probable that the friction in this 
case induces a minute amount of chemical change 
between the sensitive haloid and its associated, 
sensitiser (gelatin, <fcc.), this small quantity of re- 
duction-product being afterwards exaggerated by 
the cumulative action of the developer. Whether 
the compound resulting from this meohanical 
action is identical with that produced by the ac- 
tion of light is at present uncertain, but the 
associated sensitiser appears to be as essential to* 
the success of the phenomenon in this case as in 
the ordinary formation of the invisible picture by 
the action of light. The sensitiser, as has already 
been explained, is an essential part of any photo- 
graphic system, and this is best shown by the* 
so-called 4 reversal * of the photographio image 
by over-exposure or other means. It has been 
found that a very strong light allowed to act on 
a sensitive film for too long a period gives a. 
weaker image on development than is produced 
with a shorter exposure, and that under some 
circumstances the image is even * reversed,’ i.e. 
the high lights come out lighter, on development, 
than the shadows. The explanation of this 
phenomenon is probably to be found in the cir- 
cumstance that while the silver haloid is losing 
halogen under the influence of light, the sensi- 
tiser is simultaneously becoming halogenised, so> 
that when the charge of halogen in the latter ex- 
ceeds a certain amount the chemical change sets 
in in a reversed direction, i.e. the halogenised 
sensitiser begins to re-halogenise the product of 
photo -decomposition and thus to destroy the in- 
visible image. That this explanation is, in the 
main, correct in principle, is shown by the fact that 
the most sensitive processes are just those which* 
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are most prone to give rise to reversal, because 
it is in such films that the sensitiser becomes 
most rapidly halogenised. A preliminary ex- 
posure to diffused light also promotes reversal, 
because this imparts a certain initial charge of 
halogen to the sensitiser. Then, again, oxidising 
agents favour reversal, because these lessen the 
halogen-absorbing power of the sensitiser; on 
the other hand, reducing agents prevent reversal, 
because they retard or prevent the halogenation 
of the sensitiser. Thus plates exposed in ozone 
or in solutions of K 2 Cr 2 0 7 and K 2 Mn 2 0 8 are easily 
reversed, while nitrites, sulphites, &c., prevent 
reversal (Abney). Atmospheric oxygen in many 
cases probably plays a part in the process by 
assisting in the liberation of halogen from the 
sensitiser. Thus, by way of illustration, if a plate 
be given a preliminary exposure to diffused light, 
and be then coated with a solution of potassium 
iodide, a completely reversed image can be ob- 
tained on exposure in the camera and develop- 
ment. The chemical reaction is in this case : 
4KI + 2140 + 03 = 21^ + 4KOH. The iodine is 
here absorbed by the reduction -product, and thus 
reverses the picture ; the surface of the film is 
in fact the sensitiser in this case, and the 
potassium iodide is the photo -sensitive com- 
pound. 1 

Waterhouse has recently found that a small 
quantity of a thio-carbamide added to the de- 
veloper produces a ‘reversed’ image (Photo, 
News, 1890. 727, 743, 804; v. also Joum. of 
Camera Club , July 1892 ; also Rawlins, S. C . I, 
10, 18). 

Printing processes. It iB obvious that the 
photographic image, after normal development, 
represents the object with its lights and shadows 
reversed, i,e, the picture is a negative one. A 
positive print is obtained by exposing suitable 
sensitive surfaces under such a negative. 

Silver prints . A very general method of ob- 
taining silver prints depends upon the use of a 
sensitive surface (usually paper) consisting of a 
mixture of silver chloride and an organic com- 
pound of Bilver with albumen, this surface being 
obtained by first coating the substratum with a 
solution of albumen containing ammonium 
chloride, and then (when dry) floating on a solu- 
tion of silver nitrate. The printing is carried on 
to the required depth of colour, and the visible 
print consists of the reduction-products of silver 
chloride, and of the organic silver compound, 
which is also susceptible of photo-reduction. To 
correct the reddish colour of these mixed reduo- 
tion-products the print is 4 toned ’ by immersion 
in a solution of auric chloride, kept neutral by 
the addition of sodium carbonate, acetate, or 
phosphate, chalk, borax, &c. The function of 
these Balts is to neutralise the hydrogen chloride 
liberated by the reduction of the auric ohloride 
by the reducing compounds which constitute the 
picture. The gold is thus precipitated in a state 
at fine division only on the products of photo- 
decomposition (the picture), and imparts the 
desired tone. The accumulation of acid in the 
toning bath retards the precipitation of gold, and 

1 Potassium bromide similarly acts as a reversing agent 
though to a less extent. It is for this reason that every 
trace of this salt has to be washed out of agelatino-bromiilc 
emulsion after the process of ripening, since the presence of 
the soluble bromide materially diminishes the sensitiveness 
*>f the emulsion. 


the deposit is not of a good tone; heuce the 
necessity for the presenoe of one of the salts 
referred to. The unaltered silver chloride Ac. 
is removed by fixing with thiosulphate, and 
washing. In some recent processes the albu- 
menised silver paper is replaced by paper coated 
with gelatino-bromide or chloride emulsion, a 
short exposure being given, and the invisible 
(positive) picture being developed in the usual 
manner. 

Printing with iron and uranium salts . 
Ferric and uranic salts in the presence of organic 
sensitisers become reduced on exposure to light, 
and the ferrous or uranous compounds thus 
formed can be developed by treatment with 
potassium ferricyanide or other salts which give 
coloured products with the ferrous or uranous. 
but not with the unreduced, salts. Thus paper 
coated with ferric oxalate gives a faint image 
of the ferrous salt, which comes out as a deep- 
blue print on development with ferricyanide: 
6FeC 2 0 4 -f2K B Fe 2 Cy 12 = 2Fe 3 (Fe 2 Cy 12 ) + 6K 2 C 2 0 4 . 
Many printing processes depending upon the 
foregoing principles have come into use, and will 
be found described in works on practical photo- 
graphy. 

Platinotype. Prints in finely-divided pla- 
tinum can be obtained by exposing a surface 
coated with a mixture of ferric oxalate and 
potassium chloroplatinite under a negative. 
The ferrous salt thus produced does not react 
with the chloroplatinite till the picture is 
developed by immersion in a solution of potassium 
oxalate, which dissolves the ferrous oxalate, with 
the formation of a double salt, which simul- 
taneously reduces the chloroplatinite : 

SKjPtO^ + 6FeG 2 0 4 

- 3Pt + 2Fe 2 (0 2 0J a + FeA* + 6KC1. The soluble 
salts are then removed by washing with dilute 
hydrochloric acid, and finally with water. 

Pigment printing, A mixture of gelatin with 
potassium dichromate undergoes a chemical 
change on exposure to light, in the course of 
which the dichromate is reduced and the gelatin 
at the same time becomes insoluble in water. 
The chemical composition of this insoluble 
gelatin is unknown, but it appears to contain 
an oxide of chromium as an essential constituent 
(Eder). Many printing processes are based upon 
this property of gelatin, such, for example, as 
the so-called carbon and pigment prints, in which 
the finely divided carbon or pigment is intimately 
mixed with the gelatin solution and the mixture 
sensitised by the addition of diqhromate. After 
exposure under a negative the picture is developed 
by warm water, which dissolves away those por- 
tions of the tissue unacted upon by light. Many 
of the photo-mechanical printing processes de- 
pend also on this property of gelatin. 

PJwto-etching processes. When a layer of 
asphalt or bitumen is spread over a surface and 
exposed under a design, those portions of the film 
which are acted on by light become insoluble in 
hydrocarbon oils, so that the design can be de- 
veloped by such solvents, and the surface, if of 
metal, can be converted into a printing block by 
etching with acid. The change experienced by the 
bitumen is probably the result of photo-chemical 
oxidation. The processes based on this pro- 
perty are much in vogue at the present time 
under various modifications. This action of 
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light upon bitumen furnished the earliest suc- 
cessful permanent reproduction of the camera 
picture (Joseph Nicephore Niepce, 1824). 

Bibliography . — It has not been considered 
advisable in the present article to give the 
authority for every statement, a? most of the 
results achieved by photographers are to be found 
in publications rarely consulted by chemists. 
The following general works contain practically 
all that is known of photographic chemistry at 
the present time : —Robert Hunt, Researches on 
Light , 2nd edit., 1854 ; E.Becquerel, La Lumtirc, 
Paris, 1867 ; J. W. Draper, Scientific Memoirs , a 
collection of reprints, 1878 ; J. M. Eder, Ueber 
die Reactionen der Chromstture u. der Chromate 
auf Gelatine, Gummi , Zucker, Ac. Wien, 1878 ; 
J. M. Eder, Ausfiihrliches Handbuch der Photo - 
graphie , Halle, 1884-9; H. W. Vogel, La Photo- 
graphic des Objets Colores avec leurs Valeurs 
Rielles , Paris, 1887 ; Pizzighelli and Hiibl, La 
Platinotypie , Paris, 1887 ; W. de W. Abney, 
Treatise on Photography , 5th edit., 1888 ; by the 
same author, Instructions in Photography , and 
Photography with Emulsions ; Chapman Jones, 
Introduction to the Science and Practice of 
Photography , 1888 ; R. Meldola, The Chemistry 
of Photography , 1889 ; H. W. Vogel, Handbuch 
der Photographic , Berlin, 1890-1. R. M. 

PHOTOSANTONIN v. Santonin. 

PHRENOSIN 0 41 H 79 N0 8 . A substance oc- 
curring, according to Thudiohum (J. pr. [2] 25, 
19), in the brain. 

PHTHALACENE 0 21 H la . [173°]. Formed 
by reduction of phthalacone carboxylic ether 
with HI and P at 170° (Gabriel, B. 17, 1390). 
Crystals (from HOAc). Yields C^H^r [184°], 
which is oxidised by Kfirfi, and HOAc to 
G n H l8 BrO [c. 200°]. Fuming HNO g and HOAc 
yield di-nitro-phthalacene, which separates from 
hot nitro-benzene in yellow needles. K 2 Cr 2 0 7 
and HOAo oxidise phthalacene to ( phthalacene 
oxide* C 2 ,H 14 0 [211°-214°], which yields an 
oxim Oo,H m (NOH) [266°]. 

PHTHAL&CENIC ACID OJ^^COJEL [247°]. 
Formed by heating phthalacene-oxide with soda- 
lime (Gabriel, B. 17, 1399). Crystals. — A'Ag. 

PHTHALACONE CARBOXYLIC ACID 
CnHuO^COgH). [281°]. Formed by dissolving 
its ether in cone. H 2 S0 4 and pouring into water 
(Gabriel, B. 17, 1389). Minute yellow needles, 
sol. hot alcohol. The acid yields a dioxim 
Ggj^fNOHJjCOjH [273°] and the salts KA'aq 
and NaA'aq. Zinc-dust and NaOHAq yield a 
tetrahydride Gj^H^O^ melting above 280°, which 
gives AgA', crystallising in needles. 

Ethyl ether EtA'. [211°]. A product of 
the action of phthalic anhydride and NaOAc on 
aoetoacetio ether at 140°. Yellow needles, sol. 
hot HOAc. Yields a di-nitro- derivative [above 
280°] and a dioxim 0 2l H n (N0H) 2 C0*Et [264°]. 
Zinc-dust and HOAc reduce it to the white 
tetrahydride C^H.^OH^COgEt [213°]. 

PHTHAL-ALC0H0L v. Di-oxy-xylene. 

PHTHALALDEHYDIC ACID C*H 6 O g 
CH0.C a H 4 .C0 2 H[l:2]. [97°]. Formed, together 
with C, a H lc 0 5 [221°], by heating a-bromo- 
phthalide with water (Racine, B, 19, 778 ; A . 
239, 78 ; O. R. 106, 947). Formed also by boil- 
ing penta-w-chloro-o-xylene with water (Colson 
a. Gautier, Bl. [2] 45, 509). V. sol. water, alco- 
hol, and ether. Reduoes ammoniacal AgNO s . 


Phenyl-hydrazine yields C l4 H 10 N 2 O [105°]. Alco 
holic NH S forms C 24 H l8 N 2 O a [187°], while an 
alcoholic solution of aniline gives CnHuNO- 
[174°]. Ac 2 0 at 200° forms CHO.C 8 H 4 .C(XAc 
[60°-63 0 ]. Urea forms NH 2 .CO.N:CH.O h H 4 .CC) 2 H 
[240°]. — CaA' 2 2aq. — AgA'; slender needles. 

Ethers MeA'. [44°].— EtA'. [6G°J. 

Anhydride C, a H l0 O 5 . [221°J. Got by 
heating the acid with bromo-phthalide. 

Oxim CH(NOH).C 0 H 4 .CO a H. [120°]. 
Formed by adding hydroxylamine hydrochloride 
to a cold aqueous solution of the acid. In an 

alcoholic solution the product is ^«^4 <Cch*N 

[120°], which is converted by heat first into 
CN.C 0 H 4 .C0 2 H and then into phthalimide 
(Allendorff, B. 24, 2346, 3264). 

Isomeride v . p-Aldehydo-benzoic acid. 

Diphthalaldehydic acid v. Di-phthalyl-lao- 
tonic ACID. 

PHTHALAMIC ACID v. Phthalic acid. 

PHTHALAMIDE v . Phthalic acid. 

I80PHTHALAMIDINE C 8 H, 0 N 4 t.e. 
0 8 H 4 (C(NH).NH 2 ) 2 [1:3]. Formed from 
CaH^C (NHj.OEth and alcoholic NH 3 (Lucken- 
bach, B. 17, 1432). Small needles, insol. benzene 
and ether, v. sol. alcohol and water. Its aqueous 
solution soon decomposes, giving off NH 3 . — 
B^H^Clgi needles, v. sol. water. — B"H 2 PtCl 8 . — 
B"H 2 S0 4 . — B"2HNO a . — B'HN0 2 ; needles (Gra- 
bowski, A. 265, 168).— C 8 H 4 (NAg.NH 2 ) 2 . 

I80PHTHALAMID0XIM C g H 10 N 4 0 2 i.e. 
C 8 H 4 (C(NOH).NHJ 2 . [193°]. Formed from 
C 8 H 4 Cy 2 [1:8] and hydroxylamine (Goldberg, B. 
22, 2976). Prisms (from alcohol) containing 
Jaq ?, v. sol. hot water. 

Phthalanil v . Phenylimide of Phthalic acid. 

PHTHALBENZO-TOLUIDE v. Phthalyl- 
amido-tolyl phenyl ketone. 

PHTHAL-o-CY AN 0-B EN Z YL-IMID E v. 

O-C Y AN O- BENZYL- PHTHALIMIDE. 

PHTHALElNS. Colouring-matters obtained 
by condensation of phthalic anhydride with 
phenols (e.g. Phenol-phthalein and Fluob- 
escein). They may be reduced to colourless 
‘phthalins,* which are re-oxidised by air to 
phthalel'ns. 

PHTHALIC ACID C 8 H 8 0 4 i.c. 

[1:2] C g H 4 (C0 2 H) 2 . Mol. w. 166. [184°] (Lossen, 
A. 144, 76) ; [203°] (Ador, A. 164, 230 ; Baeyer, 
A. 269, 184). S. *54 at 14° ; 18 at 99° (Graebe, 
A. 238, 321) ; 8. (alcohol) 10 at 15° (Bourgoin, 
Bl. [2] 29, 247) ; 8. (ether) *684 at 15°. H.C. 
771,600. H.F. 187,400 (Stohmann, J. pr . [2] 43, 
540) ; 153,000 (von Rechenberg). S.H. (from 
75° to 119°) *256 (Hess, A, Oh . [2] 35, 410). 

Formation. — 1. By the action of nitric acid 
on naphthalene, naphthalene dichloride, alizarin, 
purpurin, munjistin, naphthoquinone, o-toluic 
acid (Laurent, A. Ch . [2] 61, 113 ; Marignac, A. 
42, 215 ; Schunck, A. 66, 197 ; Wolff a. Strecker, 
A. 75, 12, 25 ; Stenhouse, A. 130, 334 ; Lieber- 
mann a. Dittler, B. 6, 945 ; Piccard, B. 12, 579 ; 
Beilstein a. Kurbatoff, A. 202, 215). — 2. By the 
action of various oxidising agents on naphthal- 
ene (Losbcu, A. 144, 71; Hermann, Z . [2] 4, 
551 ; Depouilly, C. R. 66, 82 ; Haussermann, 
D. P. J. 223, 310). — 3. A product of the action 
of Mn0 2 and B^SC^ on benzene (Carius, Z. [2] 
4, 705 ; A. 148, 60).— 4. By oxidising o*toluio 
acid with KMnO A (Weith, B. 7, 1057). — 5. By 
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oxidising isoquinoline with alkaline EMn0 4 
(Hoogewerff a. Van Dorp, R. T. C. 4, 285).— 6. 
By heating salicylic acid with H 2 S0 4 and 
K 4 FeCy 3 (Guyard, Bl [2] 29, 247).— 7. By heat- 
ing resorcin or salioylic acid with formic acid 
and H 2 S0 4 (G.).— 8. By the action of a hot solu- 
tion of cuprous potassium cyanide upon o-diazo- 
benzoic chloride (from anthranilio acid), and 
subsequent saponification of the product (Sand- 
meyer, B. 18, 1499). 

Properties. — Trimetric plates. Yields an an- 
hydride when heated. Insol. chloroform. 

Reactions. — 1. Distillation with lime yields 
benzoic acid and benzene.— 2. Sodium-amalgam 
reduces it to a dihydride. — 8. Chromic acid 
mixture oxidises it to C0 2 (Fittig, A. 156,242). — 
4. The acid aniline salt A"H(NH s Ph) of ortho- 
phthalic acid loses H 2 0 when its aqueous solu- 
tion is boiled, phenyl-phthalimide crystallising 
out. The para - and meta- phthalic acids do not 
react in this way ; the reaction therefore serves 
as a means of separating ordinary phthalic acid 
from its isomers (Michael a. Palmer, B. 19, 
1376 ; Am. 9, 202). 

Salts.— (NH 4 )HA" : prisms, v. sol. water.— 
NaHA" 2aq : prisms (Wislicenus, A. 242, 89). — 
Na 2 A": pearly plates. — K 2 A". — CaA"aq. — 
BaBLjA f, 2 : prisms (Hermann, A. 151, 78). — 
BaA": v. si. sol. water (Carius, A. 148,64). — 
Ba 4 A" a O : monoclinic prisms.— CuA"aq. — PbA". 
— Ag-jA/' : crystalline pp. — Aniline salt: 
needles [146°] (Clarke, B. 12, 1066). 

Di-methyl ether Me^" (280° i.Y.) at 734 
mm. (Graebe, B. 16, 860). H.F. 164,600 (Stoh- 
mann, J.pr. [2] 40*353). 

Mono-ethyl ether EtHA". Formed by 
heating phthalic anhydride with absolute al- 
cohol at 100° (Michael, Am. 1, 413). Liquid, 
m. sol. water. Decomposed by heat into phthalic 
anhydride and alcohol. — Ba(EtA") 2 . — AgEtA". 

Di-ethyl ether Et 2 A". (295°cor.). Got 
by passing HC1 into an alcoholic solution of 
phthalic acid (Graebe a. Born, J. 1866, 411). 
Formed also from phthalyl chloride and alcohol. 
Liquid. Not attacked by hydroxylamine (Jeau- 
renaud, B. 22, 1273). When warmed with 
NaOEt and EtOAc it yields the oompound 

C € H 1 <^°>CH.CO ii Et [76°-78°] (Wislicenua, A. 

246, 349). PCI, followed by sodium malonic 
ether forms the acid C 21 H 16 O 10 [o. 180°] 
(Zelinsky, B. 20, 1010). 

Phenyl ether Fh.jL". [70°]. Formed by 
heating phthalyl chloride with phenol (Schreder, 
B. 7, 704 ; von Gerichten, B . 13, 419). Colour- 
less crystals. 

Anhydride C 8 H 4 0, i.e. CgH 4 <^Q^>0. Mol. 

w. 148. Y.D. 5*26 (calc. 5*13) (Troost, C. R. 89, 
85^. [128°]. (284-5° i.Vj. H.C.p. 784,000. 

H.F. 106,000 (Stohmann, J. pr. [2] 40, 139). 
Formed by heating phthalic acid alone or with 
AoCl (Laurent ; Anschutz, B. 10, 326). Formed 
also by the action of lead nitrate on plithalyl 
chloride (Lachovitch, B. 17,1283). Long needles, 
v. sol, alcohol and ether, si. sol. cold water. 
Reactions.— 1. When heated with phenols it 
yields phthaleins, with elimination of water 
(Baeyer, B. 7, 968).— 2. Heated with NaOAo and 
HOAo it yields phthalyl-acetic acid C,«,H a 0 4 , 
while phenyl-acetic acid gives benzylidene- 


phthalide. Phenyl-aoetoniirile gives rise to 

CgH^ 00 frCPh .ON 8111(1 isobutyric acid 

and ZnCl 2 at 250° give a ketone C n H 10 O ? [96°]. 
3. Boiling with NaOAo and phenoxyacetic acid 
yields 0 a H 4 :C 2 0 2 :0H.0Ph [143°] while p-tolyl- 
oxy-acetic acid and sodium acetate give rise to 
C a H 4 :0 8 0 2 :CH.0C e H 4 Me [174°] (Gabriel, B. 14, 
922). — 4. Acetoacetic ether gives CgH 3 Bz 3 and 
phthalacone oarboxylio ether. — 5. On heating 
with succinic acid and sodium succinate it 
yields C0 2 and C 18 H, 0 O 4 [above 300°].— 6. Di 
methyl-quinoline and zinc chloride at 200° give 
C fl H 4 :C 2 O 2 :C n H 0 N [238°] (Beyer, J. pr. [2] 33, 
407). — 7. Ethenyl-amido-phenyl-mcrcaptan and 

ZnClj at 200° give CA<g^C.CH<^>C,H t 

crystallising in yellow needles [above 320°] 
(Jacobson, B. 21, 2630).— 8. Cyanethine forms, 
on heating, C u H ls N 2 .N:G 2 0 2 :C fl H 4 [128°] (E. von 
Meyer, J. pr. [2] 39, 262).— 9. Coal-tar picoline 
and zinc chloride at 200° form pyrophthalone 
C 8 H 4 0 2 :CH.C 9 H 4 N [above 260°] (Jacobsen a. 
Reimer, B. 16, 2604) crystallising from alcohol 
in yellow plates. — 10. Benzene and A1C1 S yield 
o-benzoyl-benzoio acid, and other aromatic hy- 
drocarbons act in like manner (Friedel a. Crafts, 
C. R. 92, 833). — 11. Benzyl chloride and zinc- 
dust at 75° yield C M H 4fl (?) [73°] (Wislicenus, A. 
248, 68).— 12. On heating with amines and 
amidesy phthalio anhydride yields derivatives of 
the imide and amide of phthalic aoid ; thu3 
acetamide yields phthalinlide and HOAo, while 
ethylamine yields ethyl-phthalimide. Secondary 
amines form derivatives of the amio acid and of 
the amide (Piutti, A. 227, 181 ; O. 16, 1, 251),— 
13. Amido - acids are converted by phthalic an- 
hydride into their phthalyl derivatives (Reese, 

A. 242, 1). — 14. On fusion with zinc-dust phthalio 
anhydride gives diphthalyl. Zinc-dust and 
HOAo yield a mixture of phthalide, diphthalyl 

x CO.OO.CO v 

dihydride 0.H 4 <^^/ \^p>C 6 H 4 , [229°] and 
O.COv 

\ >CH 4 [199°], which Is re- 

co 2 h.c 8 h 4 .ch 2 .ch/ 

duced by HIAq to CjH^CgH^COoH).* (Wislioenus,, 

B. 17, 2178).— 35. Tri-amido-phenol (picramio 
acid) forms (C„H 4 0 2 :N) 3 C ? H 2 .0H [above 300°] 
converted by potash into the compound 
(C0 2 H.CgH 4 .C0.NH) 3 C 9 H 2 0H [above 300°], 
from whioh nitric acid produces the quinone 
(CsHAtNLOgHA [277°] reduced by SO„ to 
(C 8 H 4 0 2 :N) 2 C e H 2 (0H) 2 [above 310°] (Piutti, O. 
16,254). 

Chloride C.H.^q^O. Phthalyl chlor- 

ide. [0°] (Wischin, A. 143, 259). (275°) at 

726 mm. S.G. 2 ? ° 1-4089. /*• - 1*569 (Briihl, A. 
285, 14). Formed by heating phthalic acid with 
PC1 3 for 2 hours at 190° (H. Muller, Z. 1863, 
257; Graebe, A. 238, 820). Oil, absorbs moisture 
from the air, forming phtnalic anhydride. Slowly 
converted into phthalio aoid by water or 
Na 2 C0 3 Aq. Reduced by zino and HClAq to 
phthalide. Sodium-amalgam and HO Ac form 
C a H 4 (CH a .OH) 2 . PC1 4 forms two isomeric chlor- 
ides CgH 4 <^Qj^>0 and C^ 4 <^q£j, one melt- 
ing at 88° and boiling at 275°, the other melting: 
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at 47° and boiling at 262° ; both are converted 
by aniline into 0,H,<; C ^ h )^>NPh [153°] (von 

Geriohten, B, 13, 417 ; Claus, B. 19, 11881. Ex- 
cess of PCl a yields chloro-benzoio acid, CC1 4 , and 
other products (Claus). Agueous NH a forms 
C 8 H 4 0 2 (NH 2 ) 2 [90°] not identical with phthal- 
amide, but converted by HClAq into C 8 H 4 0 2 (NH) 
[146°] which is changed by fusion into the 
isomeric phthalimide [228°] (Auger, A. Ch. [6] 
22, 303 ; cf. Kuhara, Am. 3, 26). Dry NH S act- 
ing on the benzene solution behaves in like 
manner. Hydroxy lamine yields C 8 H 4 :C 2 0 2 :N0H 
[230°] (tf. vol. ii. p. 738). o-Amido-phenyl mer- 
captan hydrochloride forms C 20 H 12 N 2 S 2 [112°] 
(Hofmann, B. 13, 1233). ZnMe 2 forms C, 0 H 10 O 3 
[68 °] (240°) (Kjasantzeff, Bl. T3] 1, 106). ZnEt 2 
followed by water gives, in like manner, Ci 2 H 14 0 2 
[64°] (250°). 

Semi-nitrile v . o-Cyano-benzoio acid. 
Amic acid G 8 H 4 (C0.NH 2 ).C0 2 H. Phthal- 
amic acid . [c. 140°] (Auger) ; [149°] (Aschan, 
B . 19, 1401). Formed by heating phthalic an- 
hydride with alcoholic NH a or phthalimide with 
baryta-water. Prepared by evaporating phthalic 
anhydride with NH a Aq, and decomposing the 
resulting ammonium salt by HC1 (Auger, Bl. [2] 
49, 349). Prisms, si. sol. water, v. sol. alcohol. 
Converted by heat into phthalimide, and by hot 
water into hydrogen ammonium phthalate. Ex- 
cess of HClAq forms phthalic acid. — NH 4 A'. — 
KA'. — BaA' 2 . — BaA' 2 aq. — AgA' : needles, v. si. 
sol. water (Landsberg, A. 216, 197). 
Jsoamyl-amic acid 

C a H 4 (C0 2 H).C0.NHC 5 H u . Isoamyl-phthalamic 
acid. [116°]. Formed by warming isoamyl- 
phthalimide with KOHAq (Neumann, B. 23, 
998). Crystalline pp. — AgA'. 

Phenyl-amic acid 

CaH^COaHJ.CO.NHPh. Phenyl-phthalamic 
acid. Phthalanilic acid . [192°]. Got by boil- 
ing phenyl-phthalimide with NH a Aq and some 
alcohol (Laurent a. Gerhardt, A. Ch. [3] 24, 
188). Plates, si. sol. cold water, v. sol. alcohol. 

Phenyl-ethyl-amic acid C 16 H, a NO s i.e . 
C 8 H 4 (C0 2 H) .CONPhE t. Phenyl-ethyl-phthal- 
amic acid. Got by dissolving phthalic anhydride 
in ethyl-aniline (Piutti, Q. 13,545; A. 227, 185). 
Heavy oil, v. si. sol. water. 

Di-phenyl- amic acid 
CaH^COaHJ.CONPhj. Di-phenyl-phthalamic 
acid . [148°]. Made from diphenylamine and 
phthalio anhydride (P.). Hard prisms, si. sol. 
ether, v. sol. alcohol. — AgA'. 
o-Tolyl-amic acid 

C g H 4 (C0 2 H).C0NHC 8 H 4 Me. Got by boiling 
o-tolyl-phthalimide with NH s Aq (Kuhara, Am. 
9, 61). Needles. — Ag 2 C la H u NO a : pp. 

m-Methyl-benzyl-amic acid 
C 8 H 4 (C0 2 H).00.NHCH 2 C a H 4 Me. [131°]. Got 
from m-xylyl-phthalimide and caustic soda 
(Br6mme, B . 21, 2700). Needles, sol. alcohol. — 
AgA': white pp. 

ty-Cumyl-amic acid 

C 8 H 4 (C0 2 H).C0.NH0 fl H 2 Me 3 . Phthal-ty-cumidic 
acid . [179°]. Needles, v. sol. alcohol, si. sol. 
ether (Frdhlich, B. 17, 1808). 

Naphthyl-amic acids 
C e H 4 (OO 2 H).CO.NHC, 0 H 7 . The («)- acid [185°] 
is got from (a) -naphthyl-phthalimide. The (£)- 
Von. IV. 


acid crystallises from aloohol in tables (Piutti. 
0. 15, 480). 

Phenyl-oxy-ethyl»amic acid 
C 6 H 4 (C0 2 H).C0.NH.0 2 H 4 .0Ph. [125°]. 

Formed by warming phenyl-oxyethyl-phthal- 
imide with KOHAq (Schmidt, B. 22, 3255). 

p-Tolyl-oxy- ethyl- amio acid 
C 6 H 4 (C0 2 H).C0.NH.CH J .0H 2 .0.C 8 H 4 Me. [137°]. 
Formed from the corresponding imide which is 
got by heating potassium phthalimide with 
C 8 H 4 Me.OC 2 H 4 Br (Schreiber, B . 24, 191). 

Phenyl-amido -phenyl -amic acid 
C (J H 4 (C0 2 H).C0.NH.C 8 H 4 .NHPh. [120°-130°J. 
Powder (Gabriel, B . 22, 2223). 

Benzoylethyl-amic acid 
C (J H 4 (C0 2 H).C0.NH.CH 2 .CH 2 Bz. Propiophenone - 
phthalamic acid . [140°]. Made from the imide 
(Schmidt, B. 22, 3251). Needles.— AgA' : pp. 

Di-sulphido-di-ethyl-amic acid 
(C^COsH). CO.NH.CH 2 .CH 2 ) 2 S 2 . [130°]. 
Formed from sulphocyano-ethyl-phthalimide 
and (10 p.c.) KOHAq (Coblenz, B. 24, 2131). 
Scales. HClAq at 180° forms S 2 (C 2 H 4 NH 2 ) 2 . 

Ur amic acid C 6 H 4 (C0 2 H).CONH.CO.NHj,. 
Phthaluric acid . S. 8*5 at 99°. Formed by 
heating phthalic anhydride with urea at 116° 
(Piutti, A. 214, 19 ; 0 . 12, 173). Silvery scales, 
sol. alcohol. May be converted by POCl 8 into 

C » H ‘<CaNH> C0 ' whioh y ield8 AgO.H.N.0,- 

Salts.-— NaA' 2aq. — BaA' s . — AgA' : needles. 
Thio-uramic acid 

C 8 H 4 (C0 2 H).C0.NH.CSNH 2 . [172°]. Got by 

heating phthalic anhydride with thio-urea (P.). 
Silvery needles (from alcohol). — BaA' 2 7aq. 

s- Amide C 8 H 4 (CO.NH 2 ) 2 . Phthalamide. 
[220°] (Biilow, A. 236, 188 Formed from 
phthalimide and cold NH a Aq (Aschan, B. 19, 
1399). Minute crystals, insol. cold water, alco- 
hol, and ether. Boiling water converts it into 
phthalimide. Alkaline KOBr at 80° forms 

C « H <£h 60 (Hoogewerf a. Van Dorp, B. T. C. 
10, 9). 

u- Amide [o. 90]. 

Formed from phthalyl chloride and NH^q 
(Auger, A . Ch. [6] 22, 304). Long transparent 
prisms, v. sol. water, sol. hot alcohol. AgNO f 
ppts. C 8 H 4 0jNAg in white lustrous scales, NH 8 
being eliminated. 

Phenyl- ethyl-amide 

O.H,<~ ^ PhEt)2 > Q. [141°]. Formed by heat- 

ing the ethyl-aniline salt of phenyl-ethyl-phthal- 
amio acid above 200° (Piutti, G . 18, 547 ; A. 227, 
187). Prisms, insol. water, sol. aloohol and ether. 
Not attacked by KOHAq, but split up by potash - 
fuBion into phthalio acid and ethyl-aniline. 

Di- phenyl-amide CgH^CjjOjfNPha)^. 4 Di- 
phenylamine-phthaleVn .* [238°]. Formed from 
phthalyl chloride and diphenylamine (Lellmann, 
B . 15, 830). Formed also by boiling phthalic 
anhydride with diphenylamine (P.). Needles 
(from alcohol). BL,S0 4 containing' HNO g forms 
an intense violet solution. 

m-Phenylene-diamide 
CaHAiNJS^OeH. [179°]. Formed, together 
with (C 8 H 4 0 2 :N) 2 C 8 H 4 [262°], by fusing m-pbenyl- 
ene-diamine with phthalio anhydride (Bieder 
mann, B. 10, 1160). Nodules. 

M 
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p»Phenyl$n$»diamide 
O e H v -0 a 0 2 :N 2 H2: G 8 H 4 . [182°]. Converted by 

wanning with dilute HOlAq into a base 
CLH 28 N tt 0 4 and (G 6 H 4 :0 a 0 2 :N) 2 C tt H 4 [295°] 

(Biedermann, B. 10, 1163). 

U-Imide OA<cS!5>0 . u-Phthal - 

imide. jo. 145°]. Formed by the action of 
HClAq on the w-amide (Auger). Slender 
needles, exactly resembling the s-imide, into 
which it changes when heated. Differs from 
the a -imide by decomposing moist BaC0 8 in the 
-cold, hence it may possibly be o-cyano-benzoio 
acid. 

s -Imide C 8 H 4 <^q^>NH. Phthalimide. 

1228°]. Formed byheatingC fl H 4 (C0 2 H)(C0 2 NH 4 ) 
or CaH^COsHJ.CONRj (Laurent, A . 41, 110; 
A. Oh. [2] 61, 121 ; [8] 28, 119 ; Lansberg, A. 
215, 181). Got also by heating the w-imide, and 
by the action of CuCy* and KCy on o-diazo- 
benzoic acid (Sandmeyer, B. 18, 1499). Six- 
sided prisms (from ether). May be sublimed. 
Beduced by tinand HC1 to phthalidine C 8 H tt O (NH) 
(Graebe, B. 17, 2598). When distilled with steam 
over heated zinc-dust it yields C I5 H n N [100°] 
(Gabriel, B . 18, 1684). Boiling Ac a O forms 
C*H 4 :0 a 0 2 :NAc [182°-185°] (Aschan, B. 19, 
1898). Amyl alcohol and Na reduce phthal- 
imide to o-methyl-benzyl-amine (Bamberger, B. 
21, 1888). Yields benzonitrile when distilled 
with lime (Beese, A . 242, 5). Alkaline KOBr at 
80° forms o-amido-benzoic acid (Hoogewerfl a. 
Van Dorp, B. T. O. 10, 8) 0 8 H 4 0 2 NK. Formed 
from phthalimide and alcoholic potash (Cohn, 
A , 205, 801 ; Gabriel, B. 20, 2225). Plates, con- 
verted into potassium phthalamate by boiling 
water. Converted by alkyl iodides into alkyl- 
phthalimides. fl;2]C tt H 4 (CH a Br) t gives rise to 
CgH^GHyNiC^OJ, [253], while them-isomeride 
melts at 287°. Beaots with epichlorhydrin, form- 
ing C 8 H 4 0 t N.0 8 H a 0 [204°] (Goedeckemeyer, B. 
21, 2689) with (a) . dichlorhydrin, forming 
(C 8 H 4 O,:N.Cm,CH.OH[204 o ],andwith7-bromo- 
butyronitrile, forming 0 8 H 4 0 a N.GH 2 .0H 2 .CH 2 .CN 
[81*5°] (Gabriel, B. 22, 224, 3387 ; 23, 1771).— 
C 8 H 4 O f NNa. — (C 8 H 4 0 2 N) a Mg: white pp. — 
(C t H 4 0 2 K) 2 Ba 4aq : plates. — — 

(CJ[ 4 0 2 N) 2 Cu aq. — (C g H 4 0 2 N) 2 Cu 4aq. — 
OgH 4 O a NAg iaq : cheesy pp. 

Imidoxim 0,H,N a 0 2 ve. O a H 4 <^ OH )>0. 

[250°]. Formed by heating o-cyano-benzoio ether 
with an alcoholic solution of hydroxylamine at 
90° for a long time (Muller, B, 19, 1498). 
Needles (from dilute alcohol), insol. benzene. 
Boiling with HClAq and FeCl, converts it into 
phthalimide. 

Methyl - imide C 8 H 4 0 2 :NMe. [132°]. 

(286°). Formed from potassium-phthalimide 
and Mel at 150° (Graebe, B. 17, 1174 ; A. 247, 
802). Needles, reduced by tin and HC1 to 
C 9 H„NO |120°] (800°), which yields a gold salt 
[196°]. 

Ethyl * imide C a H 4 ;0 2 0 2 .NEt. Ethyl - 
phthalimide . [79°]. (282°) at 726 mm. Formed 
-by distilling A solution of phthalic anhydride in 
aqueous ethyl&raine ; ana formed also from 
potassium phthalimide and EtI (Michael, B. 10, 
1645; Graebe, A. 247, 802 ; Wallach a.Kamenski, 


B. 14, 171). Needles. Br at 140° forms 
C 10 H fl Br a NO a [o. 189°]. 

Bromo - ethyl * imide 
C 8 H 4 0 2 :N.CH 2 .CH a Br. [83°]. Formed from 
potassium phthalimide and C 2 H 4 Br 2 (Gabriel, B. 
20, 2225 ; 21, 566 ; 22, 1137). Needles. Con- 
verted by aniline into phenyl - amido - ethyl • 
phthalimide [100°], and by p-toluidine into 
both (C 8 H 4 0 2 :N.C 2 H 4 ) 2 NC fl H 4 Me [200°] and 
C 8 H 4 0 2 :N.0 2 H 4 .NHC (J H 4 Me [96°]. * - Cumidine 

forms 0 g H 4 0 2 :N.0 2 H 4 .NHC < ,H 2 Me 8 [146°], while 
(a)- and (£) -naphthylamines form compounds 
C ij H 4 0 2 :N.C 2 H 4 .NH0 l# H 7 [158°] and [141°] re- 
spectively (Newman, B. 24, 2196). Potassium 
sulphocyanide forms 0 8 H 4 0 a :N.C 2 H 4 SCy [108°] 
(Coblenz, B. 24, 2131). 

Sulphydro - ethyl • imide 
C 8 H 4 0 2 :N.C 2 H 4 SH. [77°]. Formed from the 
bromo-ethyl-imide and KSH at 100°. Converted 
by NaOEt and glyoollic ohlorhydrin into syrupy 
CgH 4 O a :N.C 2 H 4 .S.C 2 H 4 OH, whence POCl s forms 
C 8 H 4 0 2 :N.0 2 H 4 .S.C 2 H 4 C1 [77°], while POBr, forms 
CgH 4 0 a :N.0 2 H 4 .S.C a H 4 Br [90°]. Reacts with 
CgH 4 0 2 :N.C 2 H 4 Br and NaOEt, forming 
(0 8 H 4 0 a :N.C 2 H 4 ) a S [129°], which is oxidised by 
bromine water to the corresponding sulphoxide 
[191°], and by chromio acid to the sulphone 
[256°]. Iodine in alcoholic solution forms 
(CgH 4 0 2 :N.C a H 4 ) 2 S 2 [139°], whence B”H 2 Cl f 
[203°] (Gabriel, B. 24, 1122, 3098). 

n- Propyl - imide C 8 H 4 0 2 :NPr. [66°]. 

(283°). Crystals (Gabriel, B. 24, 8105). 

Isopropyl - imide [86°]. (273°). 

8 - Bromo - propyl - imide 
C g H 4 0 2 :N.CH 2 .CHBr.CH 8 . [105°]. Formed from 
the allylimide and HBr (Seitz, B. 24, 2627). 
Converted by KSH into C 8 H 4 0 2 :N.CH 2 .CHMe.SH 
[88°], whioh is oxidised in alcoholic solution by 
I to (C g H 4 0 2 :N.CH 2 .0HMe) a S [161°]. Potassium 
sulphocyanide forms G 8 H 4 0 2 :N.CH 2 .CHMe.SCy 
[89°-93°]. 

y - Bromo - propyl - imide 
CgH 4 O a ;N.CH a .CH a .CH 2 Br. [73°]. Got from tri- 
methylene bromide and potassium phthalimide 
(Gabriel, B. 21, 2671 ; 23, 90). Needles (from 
ligroin). Converted by sodium ethyl-malonio 
ether into C 8 H 4 0 2 :N.C 8 H fl .CEt(C0 2 EtL [62°], 
and by sodium benzyl - malonio ether into 
C 8 H 4 0 a :N.C 8 H a .C(CH a Ph)(C0 2 Et) a [c. 110°] 

(Aschan, B. 23, 3692). Potassium sulphocyanide 
forms CgH 4 0 2 :N0 8 H a SCy [98°]. 

Ethylene • di - imide (CgH^.NhCjH*. 
[232°]. Formed by heating potassium phthal- 
imide with ethylene bromide at 200° (G.). 

Butyl - imide C 8 H 4 O a :NC 4 H 8 . [65°]. 
Formed by distilling cupric phthalyl-amido- 
hexoate (Beese, A, 242, 16). Tables (from dilute 
alcohol). 

* Is obuty l - imide 0 8 H 4 0 ? :N.CH a Pr. [93°]. 
Formed from isobutyl bromide and potassium 
phthalimide (Neumann, B. 23, 999). PlateB. 

Isoamyl - imide CgH^N.CgHjj. (308°)« 
Solidifies when strongly cooled (N.). 

Ally l • imide C g H 4 O a :NC 8 H 4 . Allyl-phthal- 
imide . [71°]. (295°). Tables. Yields a dichloride 
OgH 4 O a :N CgHaClj [98°], and a dibromide [114°]. 
When nitrous acid is passed into its solution in 
cold benzene, and the product heated to 145°, 
there is formed C 8 H 4 0 a :NC 8 H a N0 8 , crystallising 
in plates [178°] (Neumann, B. 23, 1000). 
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- Acetonyl - imide CgH 4 0 2 :N.CH ? Ac. [117°] 
Made by heating potassium phthalimida with 
chloro-acetone at 120° (Goedeckemeyer, B, 21, 
2664). Plates and needles* Gives rise to an 
oxim [172°] and also to a phenyl-hydrazide 
tJH 3 .C(N 2 HPh) ,CH 2 N:C 8 H 4 0 2 [152°J. 

Desyl- imide C 8 H 4 0 2 :N.CHPhBz. [168°]. 
Formed from phenyl bromo-benzyl ketone and 
potassium phthalimide (Neumann, B. 23, 994), 
Yellowish crystals, v. si. sol. alcohol. 

Phenyl-imide CgH^^Q^NPh. Phthal- 

anil , [205°]. Formed by distilling phthalio 
acid (1 mol.) with aniline (1 mol.), and by heat- 
ing phthalimide with aniline (Laurent ; Doebner, 
A. 210, 267 ; Piutti, B . 16, 1322) ; Michael a. 
Palmer, Am . 9, 202). Needles (from alcohol), 
insol. water. Converted by heating with BzCl 
and ZnCLj intoC 8 H 4 0 2 :N.C 8 H 4 Bz [183°] (Doebner, 
A. 210, 267). The ®-chloro-, p-bromo-, p-iodo-, 
and m-nitro- phenyl-imides of phthalic acid melt 
at 195°, 204°, 228°, and 243° respectively 
(Gabriel, B. 11, 2260). 

Benzyl-imide C 8 H 4 0 2 :NCiy?h. [116°]. 
Formed from potassium-phthalimide and benzyl 
chloride (Gabriel, B, 20, 2227). Needles (from 
alcohol). The o- and m- nitro-benzylimides 
melt at 219° and 166° respectively. 

o-Oyano-benzyl-imide 
C 6 H 4 :C 2 0 2 :NCH 2 .C 8 H 4 .CN. [182°]. Prisms (from 
HOAc) (G.). The p- isomeride [184°] is converted 
into C0 2 H.C 8 H 4 .C0.NH.CH 2 .C 8 H 4 .C0 2 H [256°] by 
NaOHAq (Giinther, B. 23, 1069). 

Tolyl-imides C 8 H 4 :C 2 0 2 ;NC 8 H 4 Me. The 
and p- compounds melt at 182°, 163°, and 
204° respectively (Michael, B, 10, 679 ; Piutti, 
A. 227, 206; FrShlich, B, 17, 2679; Kuhara, 
Am, 9, 62). 

m-Methybbenzyl-imide 
C fl H 4 :C 2 0 2 :N.CH 2 C fl H 4 Me. [118°]. 

Formed by heating potassium phthalimide with 
C 8 H 4 Me.CHJBr at 200° (BrOmme, B, 21, 2700). 
White needles, v. sol. aloohoL The compound 
(CJH^CAiN.CHJjCaB^ [237°] is formed by using 
[1:8] C 8 H 4 (CBLjBr) 2 . 

ty-Oumyl-imide 0 17 H 16 N0 2 i.e . 
C a H 4 :0»0 3 :N C 8 BL,Me 8 . [148°]. (above 360°). 
Formed by heating phthalic anhydride with 
^-cumidine (Fr8hlioh, B . 17, 1802). Trimetrio 
crystals. Converted by ammonia mto the com- 
pound O a H 4 (CONH 2 ).OONHC 8 H 2 Me 8 [218°], crys- 
tallising in needles, while methylamine and 
allyl-amine yield the corresponding compounds 
C 8 H 4 (CONHMe).CONHC 8 H 2 Me s [216°] and 
C 6 H 4 (CONHC B H 5 ).CONH0 8 H 2 Me, [179°]. 

s-Tri-methyl-phenyl -imide 
C e H 4 :0 2 0 2 :NC 8 H 2 Me„ Phthalmesidil, [171°]. 
Got by boiling mesidine with phthalic anhydride 
(Eisenberg, B, 16, 1017). Silky needles (from 
alcohol), insol. water. Yields, on nitration, 
the compounds C 8 H 4 0 2 :N C rt HMe, (N 0 2 ) [210°] 
and C 8 H 4 O 4 :N0 i Me a (NO 2 ) 2 [242°]. 

Isocymyl-imide C 8 H 4 O 2 :NC l0 H, 2 . [146°], 
Formed by heating the anhydride with ra-iso- 
cymidine (Kelbe a. Warth, A . 221, 169), Yields 
C 8 H 4 O 2 :NC 10 H 12 .N0 a [167°J on nitration. 

Naphthy l-imides G 8 H 4 :G 2 0 2 :NG 18 H 7 . The 
<«)- compound [166°] (P.) ; [182°] (M.) and its 
(8)- isomeride [216°] are got by heating the cor- 
responding uaphthylamines with phthalio an- 


hydride (Piutti, 0 . 16, 479 ; Masohke, C. C. 
1886, 824). 

Tri-nitro-phenyl-imide 
C 8 H 4 0 2 :N.C a H 2 (N0 2 ) r [269°]. From potassium 
phthalimide and picryl chloride (Sohmidt, B, 22, 
3267). Stair-like groups of crystals. 

o-Oxy -phenyl -imide 
C 8 H 4 :C 2 0 2 :NC 8 H 4 0H. Oxyphthalanil. [220°]. 
Formed by heating phthalic anhydride with 
o-amido-phenol (Ladenburg, B . 9, 1628). Con- 
verted by sodium carbonate solution into 
C0 2 H.C 8 H 4 .C0.NH.C 8 H 4 0H [223°]. 

p-Oxy -phenyl -imide, [288°]. Got in 
like manner f rom p-amido-phenol (Piutti, O. 16, 
252). Yields C a H 4 :C 8 0 2 :N.C e H 4 0Ac [239°] and 
C0 2 H.C a H 4 .C0.NH.C 8 H 4 0H [289°]. HNO, forms 
C 8 H 4 :C 2 0 2 :NC 8 H(N0 2 ) 3 0H [210°], which yields 
an acetyl derivative [177°]. 

m-Nitro-phenacyl -imide 
C h H 4 0 2 :N.CH 2 .CO.C 8 H 4 N 0 2 . [204°]. Formed from 
<u-bromo-m-nitro-acetophenone and potassium 
phthalimide (Schmidt, B, 22, 3249). Pointed 
crystals (from HOAc). 

Phenyl hydrazide G 8 H 4 :C 2 0 2 :N 2 HPh. 
[178°]. Formed from phthalyl chloride and 
phenyl-hydrazine in ethereal solution (Pickel, 
A. 232, 233). Yellow needles, insol. water, sol. 
hot alcohol and chloroform. 

HydrideB of phthalio acid. When reduced 
by sodium-amalgam in a solution kept acid by 
HOAo phthalio acid yields trans (1, 2)-dihydride. 
Neutral sodium phthalate reduced by sodium- 
amalgam without addition of acid yields the 
stable (4,5) -dihydride (Baeyer, A, 269, 164 ; cf. 
Graebe a. Born, A, 142, 830). Phthalio acid, 
suspended in water, 1 b reduced by sodium-amal- 
gam to a lactonic acid which yields a crystalline 
lactone [265°] ; phthalide, and the (l,2)-dihy- 
dride are also formed. Both the (1,2) -dihydrides 
reduce aqueous AgNO a (sic) on warming, form- 
ing at once a black pp. Boiling aqueous ouprio 
acetate gives off C0 2 and forms a white pp. 
which on addition of HOAc deposits Cu 2 0. The 
liquid contains benzoic acid (Baeyer, A, 269, 
151). None of the other dihydrides of phthalio 
acid are attacked by cupric acetate. Boiling 
ammoniacal AgNO a gives with : the (l,2)-dihy- 
dride a black pp. ; the (4,5)- and (1,6)- aihydrides 
a brown pp. ; the (3,6)- dihydride a white pp. 
not turning brown. Tne (1,2)- (1,6)- and (4,5)- 
dihydrides give benzoic acid and CO, when 
feebly oxidised. The (3,6)- dihydride gives 
hthalic acid (Baeyer, A. 269, 179). The hexa- 
ydrides are most stable, the tetra-hydrides 
next, and the dihydrides least stable (Baeyer, 
A. 269, 169). The cis anhydrides are more 
stable than the trans anhydrides. The trans 
acids are more stable than the cis acids. The 
anhydrides of the dihydrides are well crystal- 
lised, and yield the corresponding acids when 
boiled with water. The anhydrides are got by 
means of AcCl or Ao 2 0. The (1,2)- dihydride 
will not stand AcCl. The (4,5)- dihydride needs 
long boiling with AcCl. Boiling Ac 2 Q often 
changes the trans to the ds variety. The an- 
hydrides of the cis melt at. lower temperatures 
than their trans isomerides (Baeyer, A, 269, 
161). 

In the following hydrides the two carboxyls 
are in the positions 1 and 2. The small num- 
bers following A indicate the position of 0 

m2 
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Atoms supposed doubly united to the adjaeent 
C atoms. 

Trans- A 8 * 5 or (1,2)- di-hydride. 

ffiSSS® £ 210 °]- S - *18 at 10* i« at 
100°. Formed by reducing phthalic acid (20 g.) 
dissolved in NaOAc (32-8 g.) and water 200 c.c. 
at 0° by adding successive quantities of 3 p.c. 
sodium-amalgam (40 g.) and 60 p.c. acetic acid 
(6 c.c.), and finally adding H 2 S0 4 (Baeyer, A . 
269, 189). Prisms (from hot water'. Not re- 
duced by sodium-amalgam in the cold. Lead 
acetate gives a flocculent pp., sol. HOAo. 

Reactions . — 1. Boiling NaOHAq changes it 
entirely to the (4,6) -isomeride. Nine hours 
foiling with water does the same.— 2. KMn0 4 , 
hot ammoniacal AgNO s , and aqueous AgN0 3 at 
100° are at once reduced. — 3. Aqueous cupric 
acetate forms a green pp., which gives off C0 2 . 
On adding HOAc the liquid becomes clear and 
contains benzoic acid, Cu 2 0 being ppd. — 4. Oxi- 
dised by boiling CuS0 4 to benzoic acid (Baeyer, 
A. 269, 191). — 5. The acid takes up Br (4 at.) 
and the product is reduced by zinc-dust and 
HOAc to the original dihydride. — 6. Combines 
with HC1, hence cannot be etherified by alcohol 
and HC1.— 7. Combines with HBr (2 mols.) in 
aqueous solution at 100°. The product could 
not be crystallised, is reduced by sodium-amal- 
gam to a hexahydride, while zinc and HOAo do 
not form an unsaturated acid. 

Cis (1 $) -dihydride. [175°]. S. 1-8 at 
10°. Does not accompany the trans form in 
the product of reduction of phthalic acid 
(Baeyer, A . 269, 192). The trans acid boiled 
with ACoO (but not AcCl) for 7 minutes is 
changed to the anhydride of the cis isomeride. 
The lead salt of the cis acid is insol. HOAc, while 
that of the trans acid is soluble therein. Large 
colourless many-faced prisms. Readily con- 
verted into anhydride by warming with Ao 2 0. 
The anhydride [100°] crystallises from ether 
in colourless needles, and is re-converted into 
the acid by boiling water. The cis acid is con- 
verted into the (4,5)- dihydride by boiling 
NaOHAq, by 9 hours* boiling with water, and 
even (unlike the tra/ns isomeride) by standing 
for 2 days with 16 p.c. NaOHAq. Reacts with 
silver and copper salts like the trans acid. 

A®* 6 or (4,5) -Dihydride. 

Sch&ooJ pm 8- •* at 250 5 -2 

10°. Got by reduoing phthalic acid (60 g.) with 
sodium-amalgam (1200 g.) (Baeyer, A. 269, 195 ; 
of. Asti6, A. 258, 187). Lustrous triolinic crys- 
tals. 

Reactions.— 1. Not affected by evaporating 
with boiling NaOHAq, but by long warming with 
very cone, aqueous or alcoholic KOH it is par- 
tially changed to the A®* 4 or (1,6)- dihydride. — 
2. Reduced by sodium-amalgam in a current of 
C0 2 at 100° to A* or (1,4, 5, 6)- and cis and trans 
A 4 or (l,2,3,6)-tetrahydrides. — 3. KMn0 4 oxi- 
dises it to oxalio and phthalic acids (no suc- 
cinic aoid). — 4. Alkaline K,FeCy # on boiling 
forms benzoic acid. Gold dilute H,S0 4 and 
fy[n0 2 also form benzoic acid. — 5. PC1 5 gives 
phthalic anhydride. — 6. Br in the dark forms 
C«H t Br 2 0 4 [186°]. — 7. With HBr (2 mols.) it com- 
bines forming crystalline di-bromo-phthalio acid 
hexahydride (jBaeyer, A. 269, 198), which is re- 


duced by sodium amalgam to phthalio acid, 
frans-hexahydride. AcCl converts the acid into 
an anhydride [157°]. The silver salt boiled with 
water is reconverted into the (4,6)- dihydride. 
Alcoholic potash converts dibromophthahe acid 
hexahydride into the A®. 4 or (1,6)- dihydride. 

Methyl ether MeA\ (250°). 

Anhydride [84°]. Got by boiling the (4,5) 
acid with AcCl (Baeyer, A . 269, 196). The pro- 
duct is evaporated over soda-lime and H 2 S0 4 in 
vacuo , when the anhydride separates in large 
tables or prisms, si. sol. ether, v. sol. chloroform. 
Hot water readily dissolves the anhydride, con- 
verting it into the parent acid. Na 2 CO a Aq forms 
an orange-red solution, which bleaches litmus 
as long as any anhydride is undissolved, the blue 
colour afterwards returning when all is dissolved. 
On adding H 2 S0 4 to the solution a resin is ppd. 
Heating on the water-bath resinifies the anhy- 
dride, forming some phthalic anhydride. 

AM or (1,6 ). dihydride. 

[180°]. Formed by boiling the di-hydro-di- 
bromide of the (4,5)- dihydride of phthalic acid 

CH^CHBricH.CO.^H with a K0H 

(1 pt.) in MeOH (2 pts.) for 1£ hours (Baeyer, A. 
2G9, 199). Formed also in small quantity by 
heating the (4,5)- acid with cone, aqueous or al- 
coholic KOH or NaOH. Rosettes of prisms 
(from water). More soluble in water than the 
(4,5)- dihydride. Hot cupric acetate forms a 
white pp. which dissolves on cooling. 

Reactions . — 1. KMn0 4 and Na 2 CO s Aq form 
oxalic acid in the cold, and some phthalio acid. 
2. Ammoniacal AgNO* forms a white pp. turning 
brown on warming.— 3. Cold dilute H 2 S0 4 and 
Mn0 2 form benzoic acid and C0 2 . — 4. Boiling 
alkaline K 3 FeCy fl also forms benzoic acid. — 5. 
Converted by Ao 2 0 in the cold into the anhy- 
dride which crystallises from chloroform in 
cubes [104°] and is reconverted into the acid by 
warm water. The anhydride dissolves in 
Na 2 CO,Aq and bleaches litmus meanwhile. The 
anhydride is converted by heat into the anhy- 
dride of the (3,6)- dihydride. — 6. Sodium- 
amalgam reduces it in the cold (difference from 
isomerides) to the cis-(l,2,3,6)- tetrahydride. — 
7. Combines with HBr (2 mols.) when heated at 
100° with a solution of HBr in HOAc (Baeyer, 
A. 269, 200). The product [190°] crystallises 
from ether in plates, and is reduced by sodium- 
amalgam to the trans hexahydride. 

AM or (8,6 )- dihydride 

[153°]. S. 1*7 at 6°. Formed by boiling the 
A®« 4 or (1,6)- dihydride (1 pt.) with Ac 2 0 (2 pts.) 
for 6 minutes, and allowing the product to 
evaporate over soda-lime and H 2 S0 4 . The an- 
hydride which separates is boiled with water 
(Baeyer, A. 269, 204). Large crystals with many 
facets. The Pb salt iB si. sol. HOAc. Cupric 
acetate gives a green pp., si. sol. HOAc. The Ag 
salt is not reduced by boiling, even in presence 
of ammonia (unlike any of its isomerides). 

Reactions. — 1. When heated at 100° for a 
long time it is partially converted into anhy- 
dride. Evaporation of its aqueous solution 
also partially converts it into anhydride. The 
anhydride [135°] is also got by heating the 
acid with Axj 2 0. It crystallises in plates* 
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Readily sublimes in feathery plates. Does not 
fcleaoh litmus. — 2. Sodium-amalgam, does not 
reduce it even when gently wanned (Baeyer, A . 
269, 205). — 8. Dilute and MnOo oxidise it 
to phthalic acid. Boiling alkaline K 3 FeCy 8 also 
forms phthalic acid.— 4. KMn0 4 « is at once de- 
colourised. — 5. Boiling (10 p.c.) NaOHAq forms 

(4.5) and (1,6)- isomerides. 

A 1 or -Tetrahydride 

clrCHltcO^- £ 120 °J- Formed by dissolving 
its anhydride in boiling water (Baeyer a. Asti6, 
A. 258, 203 ; 269, 176). Got also by distilling 
the tetrahydride of pyromellitic acid (Baeyer, A. 
166, 346). Monoclinic leaflets (containing aq). 
When heated at 100° for some time it melts, 
forming the anhydride. KMn0 4 oxidises it to 
adipic acid. Boiling cone. KOHAq changes it 
to the A 2 acid. Oxidised by Br and alkalis to 
di-oxy-phthalic acid hexahydride (tartrophthalic 
acid).— BaA" aq: crystalline pp. 

Methyl ether MejjA". Combines with Br, 
forming two dibromides [84°] and [124°]. 

Anhydride C„H 8 0 3 . [74°J. Formed by heat- 
ing the A 2 acid or its anhydride at 215° for some 
time. Plates (from ether), v. sol. ether. 

A 2 or (1,4, 5, 6) - Tetrahydride 

t 215 °3- S- -88 at 10° H.C, 

881,600. H.F. 215,400 (Stohmann, J. pr. [2] 43, 
540). Got by reducing a boiling solution of 
sodium phthalate with sodium -amalgam (Baeyer, 
A. 258, 175). Formed also, together with the 
tram A 4 isomeride, by reducing the (4, 5) -dihy- 
dride in the same way. Prisms (from water). 
Bromine vapour yields a dibromide [225°]. 
MeOH and HC1 form an oily methyl ether, which 
yields a crystalline dibromide [74°]. KMn0 4 
oxidises it to oxalio and succinic acids. 

Anhydride C 8 H 8 O s . [79°]. Formed from 
the acid and AcCl. Prisms. Changed by heat 
into the anhydride of the A 1 acid. 

Trans- A 4 or (1 ,2,3,6) -Tetrahydride 
'CyH.CH 2 .CH.C0 2 H rniocn a .iak go 
CH.CH 2 .CH.C0 2 H* L21b Bt 6 • 

Formed, together with the (1,4, 5, 6) -tetrahy- 
dride, by reducing the (4,5) -dihydride in boiling 
solution by sodium-amalgam (Baeyer, A. 258, 
210; 269, 161). Leaflets (from water). De- 
colourises KMn0 4 at once. Yields a methyl 
ether Me 2 A" [40°], which forms a dibromide [117°]. 
Anhydride C B H 8 O s . [140°]. Got from the acid 
and AcCl. Needles (from ether). Changed by 
heat into the cis- isomeride. 

Cis-A 4 or (1,2, 3, 6) -Tetrahydride 
[174°]. S. ’9 at 6°. Formed by adding sodium- 
amalgam at 0° to a solution of the Na salt of the 

(1.6) -dihydride in a current of C0 2 (Baeyer, A. 
269, 202). Formed also by boiling the tram A 4 
tetrahydride with Ac 2 0 for 15 minutes. Large 
prisms. Boiling Ac 2 0 forms the anhydride, 
which crystallises from ether in tables [59°]. 

Tram - (or fumaroid) hexahydride 
CeHjACOjH)*. [221°]. S. -23 at 20°. Formed 
by reducing the hydrobromides of the di- and 
tetra- hydrides with sodium-amalgam or with 
sino-dust and HOAc (Baeyer, A. 166, 350 ; 258, 
214 ; 269, 161 ; c/. Mizerski, B. 4, 558). By re- 
ducing the (3,4,5,6)-tetrahydride in a hot solu- 
tion a mixture of tram - and cis- hexahydrides 
hi obtained. Leaflets (from water). May be 


distilled unchanged if quickly heated, but yields 
the cis- anhydride when slowly heated. Not 
oxidised by cold aqueous KMn0 4 . Yields a di- 
methyl ether [33°], m. sol. ligroin.— PbA" aq : 
plates. 

Anhydride, [140°]. Formed from the 
acid and AcCl. Long needles (from ether). 
Changes when heated into the cis-isomeride. 

Cis - (or maleoid) hexahydride. [c. 192°]. 
Got from its anhydride, which is formed by 
heating the anhydride of the tram- isomeride at 
220° for eight hours. Short four-sided prisms, 
more soluble than the trans- isomeride. Not 
attacked by cold aqueous KMn0 4 . Cone. HClAq 
at 180° changes it to the tram- variety. The Ba 
and Zn salts are less sol. hot than cold water. 

Anhydride. [32°]. 

Isophthalic acid [1:3] C 6 H 4 (C(XH) 2 . [c. 

300°]. S. *013 at 25°; -22 at 100\ H.C.V. 
769,100. H.C.p. 768,800. H.F. 190,200 (Stoh- 
mann, J. pr. [2] 40, 138). 

Formatum . — 1. By oxidising m-xylene with 
KjC^O, and I^SC^ (Fittig a. Velguth, Z. [2] 8, 
526 ; A. 148, 11 ; 153, 268). — 2. By fusing sodium 
formate with potassium m-sulpho-benzoate (V. 
Meyer, A. 156, 265 ; 159, 1). — 3. The ether is 
formed by the action of ClC0 2 Et and sodium- 
amalgam on ra-di-bromo- benzene (WurBter, A. 
176, 149). — 4. By fusing potassium formate with 
potassium benzoate (Kichter, B. 6, 876), m- 
bromo-benzoate (Ador a. Meyer, A. 159, 16), or 
di-sulpho-benzoate (Barth a. Senhofer, A. 159, 
228). — 5. By oxidation of w-toluic acid (Weith 
a. Landolt, B. 8, 715).— 6. By saponification of 
its nitrile. — 7. By heating the hydrides of prehn- 
itio and pyromellitic acids with EL^SC^ (Baeyer, 

A. 166, 834 ; Suppl . 7, 4). — 8. By strongly heat- 
ing NaOBz (Conrad, B. 6, 1395). — 9. By oxida- 
tion of colophony with dilute nitric acid 
(Schreder, A. 172, 93). — 10. By the action of a 
hot aqueous solution of cuprous potassium cyan- 
ide upon m-diazo-benzoio chloride, and saponifi- 
cation of the resulting nitrile (Sandmeyer, B. 
18, 1498). 

Preparation.— m-Xylene is converted, by 
heating with bromine at 125°, into C 8 H 4 (CH 2 Br) t , 
which is boiled with alcoholic potash, ana the 
resulting C 8 H 4 (CH 2 OEt) 2 oxidised with chromic 
acid mixture (Kipping, B. 21, 46). 

Properties. — Long slender needles (from 
water), m. sol. alcohol. May be sublimed. 

Salt s.— KjA". — BaA" 6aq. Triclinic crystals 
(by spontaneous evaporation) (Lossen, A. 266, 
30). V. sol. water.— BaA" 4aq ? Needles (by 
cooling hot saturated solutions). — CaA" 2£aq : 
needles. — Ag-jA" : amorphous pp. 

Methyl ether MejA". [65°]. Needles 
(from dilute alcohol). H J 1 . 178,300 (Stohmann, 
J. pr, [2] 40, 353). 

Di-ethyl ether EtjA". [0°]. (285°). 

Di-phenyl ether PhjA". [120°]. Got by 
boiling the chloride with phenol. Long needles. 

Chloride C.HACOC1L. [41°]. (276°). 
Formed by heating tne acid with PC1 S at 200® 
(Schreder, B. 7, 708 ; Miinchmeyer, B. 19, 1849). 

Amide C 8 H 4 (CO.NH 2 ) 2 . [265°] (B. Beyer, 
J.pr. [2] 22, 351); [above 270°] (Luckenbach, 

B. 17, 1431). Got from the chloride and NH* 
Plates, si. sol. water and alcohol. 

Nitrile CJELfiy r [158°]. Formed by dis- 
tilling potassium cyanide with potassium bens- 
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<ine ttt-disulphonate (Barth a. Senhofer, A. 174, 
286 ; Meyer a. Miohler, B. 8, 672 ; Ndlting, B. 
8, 1112; Luckenbach, B. 17, 1428), or with 
potassium m-chloro- or bromo- benzene sulphon- 
ate (Meyer a. Stiiber, A. 166, 166 ; Limpricht, 
A , 180, 92). Formed also by heating the oxim 
Of isophthalic aldehyde 0 8 H 4 (CH:N0H) 2 with 
excess of AcCl at 100° for a long time (Munch*- 
meyer, B. 20, 608), by the dry distillation of 
calcium m-cyano-benzoate (Bromme, B. 20, 621), 
and by boiling an alcoholic solution of 
C fl H 4 (CS.NH 2 ) 2 with an aqueous solution of lead 
acetate (Luckenbach). Small needles (from 
alcohol), insol. water, m. sol. ether. Converted 
by alcohol and dry HC1 into phthalimido-ethyl 
ether C fl H 4 (0(NH).0Et) 2 [66°]. MeOH and HC1 
yield 0 6 H 4 (C(NH).0Me) 2 [c. 62°]; while mer- 
captan and HC1 form G 6 H 4 (G(NH).SEt) 2 , which, 
like the two preceding bodies, forms a crystalline 
hydrochloride (Luckenbach). 

Semi-nitrile v . w-Cyano-benzoic acii>. 
Tetrahydride of Isophthalic acid 
CgH^COjHJjj. [199°]. Formed by reduction of 
isophthalic acid by boiling its alkaline solution 
with sodium-amalgam (Baeyer, B. 19, 1806). 
Needles, v. sol. hot water. — Agjk" : white pp. 
Methyl ether Me-jA". Oil. 

Isomeride v . Terephthalio aoh>. 

References . — Amido-, Bromo-, Bromo-nitro-, 
Chloro-, Iodo-, Nitbo-, Oxy-, and Oxy-amido- 

PHTHAIilO ACIDS. 

Homo-phthalic acid v . Carboxy-phenyl- 

AOETIC ACID. 

Diphthalic acid v. Diphthalylic acid. 
PHTHALIC ALCOHOL v. Di-oxy-xylene. 
PHTHALIC ALDEHYDE C 8 H 6 0 2 i.e. 
C^fCHO), [1:2]. Mol. w. 184. [62°]. Formed 
by boiling C a H 4 (CHCl 2 ) 2 (1 mol.) with NaOHAq 
(4 mols.) (Colson a. Gautier, Bl. [2] 45, 609 ; 

A . Gh . [6] 11, 29). Formed also by oxidising 
C # H 4 (CH 2 .OH) 2 (Hjelt, jB. 19, 411). Solid, v. si. 
sol. water. Coloured blue by NHAq. Slowly 
oxidised by air. 

Oxim C u H 4 (CH:NOH) 2 . [245°]. SmaU 

needles (Miinchmeyer, B. 20, 609). 

Isophthalic aldehyde 0«H 4 (CH0) 2 [1:3]. [90°]. 
Formed by boilmg O e H 4 (CHCl 2 ) 2 [1:3] with water 
(Colson a. Gautier, Bl. [2] 46, 609 ; V. Meyer, 

B. 20, 2006). Needles. Beduces silver solu- 
tion with difficulty. Gives a violet-red tint with 
rosaniline reduced by SOg. Oxidised by KMn0 4 
to isophthalic acid. 

Oxim C 6 H 4 (CH:NOH) 2 . [212°] (Munch- 
meyer) ; [180°] (Meyer). Plates (from hot alco- 
hol). Converted by AcCl at 100° into C a H 4 Cy 2 . 
Yields the ethers C 6 H 4 (CH:NOMe) 2 [77°] and 
C«H 4 (CH:NOEt) 2 [165°]. 

Reference . — Oxy-isophthalio aldehyde. 
Isomerides. — Terephthalic aldehyde and 
Phthalide. 

PHTHALIO ALDEHYDE ACID v . Aldehydo- 
benzoic acid and Phthalaldehydio acid. 

PHTHALIDE C.H.O, i.e. C,H 4 <°**»>0. 

Lactone of to-Oxy -o-toluic acid . [73°]. (290° 

I.V.). 

Formation.— 1. By reducing phthalyl chlor- 
ide with zinc and HClAq (Kolbe a. Wisohin, 

C . J. 19, 339), or with Mg and HOAc (Baeyer, 
£.>[2] l M99; 10,123,1445; 11,637). — 2. Occurs 
among the products of reduction of phthalic an- 


hydride by zinc-dust and HOAc (Wislicenus, 
B. 17, 2178). — 3. By passing bromine-vapour 
over o-toluic acid at 140° (Hjelt, B. 19, 412). 

Preparation . — Phthalimide (1 pt.) is reduced 
to phthalidene by means of tin (1 J pts.) and HC1. 
The tin is ppd. by zinc, and sodium nitrate 
added to the filtrate. The yellow pp. of the 
nitrosamine of phthalidine is filtered off, washed, 
and heated with dilute NaOH. The phthalide 
is ppd. by HC1 and distilled. Yield on the 
phthalic anhydride —70 p.c. of the theoretical 
(Graebe, B. 17, 2599). 

Properties. — Needles (from hot water), si. sol. 
cold water, v. sol. alcohol and ether. Does not 
combine with NaHS0 3 (Hessert, B. 11, 238), or 
reduce ammoniacal AgN0 3 . Does not react with 
hydroxylamine. 

Reactions. — 1. Oxidised by alkaline KMnO* 
to phthalic acid. — 2. Alkalis and alkaline 
carbonates form a>-oxy-o-toluic acid, v. vol. iii. 
p. 781. — 3. Sodium-amalgam forms hydro- 
phthalide C 8 H 8 0 2 , a viscid mass, v. sol. alcohol 
and ether, and also 1 phthalylpinacone 1 C, fl H l8 0 4 
[197°]. — 4. Ammonia on heating forms phthal- 
imidine. — 6. Aniline at 210° forms phenyl- 
phthalimidine. — 6. Phthalic anhydride on heat- 
ing forms diphthalyl.— 7. KCy at 185° forms 
C 8 H 4 (CH 2 .CN).C0 2 H [116°], which forms 

CaA' 2 2aq, and yields car boxy -phenyl- acetic acid 
on saponification (Wislicenus, B. 18, 172 ; 233, 
112). KCy at 200° yields C l8 H I4 N 2 0 3 (?) [240°- 
246°]. — 8. Boiling HIAq forms o-toluic acid. 
9. Br at 140° forms exo- bromo-phthalide. Cl 
at 160° yields phthalyl chloride (Racine, A. 239, 
79). — 10. NaOEt acting on an ethereal solution 
of oxalic ether and phthalide forms an ether 
C 12 H, 0 O 5 [122°] crystallising from alcohol in 
needles, and forming with phenyl-hydrazine the 
compound C 18 H lfl N 2 0 4 [169°] (Wislicenus, B. 20, 
2062 ; A. 246, 342). 

Phenyl-hydrazine compound 
C 14 H, 4 N 2 0 2 i.c. CH 2 (OH).C 6 H 4 .CO.N 2 H 2 Ph. [174°]. 
Readily formed by warming phthalide with 
phenyl-hydrazine for a few hours (Meyer a. 
Miinchmeyer, B. 19, 1707, 2132 ; Wislicenus, B. 
20, 401). Sol. hot water and alcohol, si. sol. 
ether. Silvery needles. Partially resolved into 
the parent substances by fusion. Very unstable 
towards aoids and alkalis. H 2 S0 4 forms a colour- 
less solution, turned reddish -violet by FeCl,. 

References. — Amido-, Bromo-, Chloro-, 
Nitro-, and Oxy-phthalide. 

PHTHALIDE CARBOXYLIC ACID v. Oxy- 
carboxyl-phenyl-acetic acid. 

PHTHALIDE SULPHONIC ACID 

S0 a H.0,H 4 <Q^ J >0. Formed by warming 

phthalide with fuming H 2 S0 4 (20 p.c. S0 8 extra) 
(Hoenig, JB. 18, 3453), Needles, v. sol. alcohol, 
insol. ether. — BaA'* — CuA' 2 2aq : light-blue 
prisms. 

PHTHALIDINE is Phthalimidine. 

PHTHALIMIDINE C 8 H ? NO i.e. 

c «H 4 <^>NH. [150°]. (337°) at 730 mm. 

Formed by reducing phthalimide with, tin and 
HC1, and by heating phthalide in a current of 
NHg (Graebe, B. 17, 2598; 18, 1408; A. 247, 
290; Barbier, C. R. 107, 918). Needles or 
prisms, si. sol. cold water, v. e. sol. alcohol and 
ether. Not volatile with steam. Oxidised by 
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KMn0 4 to phthalimide. Bromine forms 
CigHjjNaOgBrg [150°]. Distillation over zinc- 
dust forms phenyl-isoquinoline. Yields a nitro- 

derivative C 6 H 4 <;C H( nq 2 )s >nh [210®]. con- 
verted by oxidation into phthalide. Yields also 
a di-nitro- derivative [195°]. 

Salts. — B'HCl. [150°]. Thin white 
needles, v. sol. water.— B'^PtClg. — B' s HAuC 1 4 . 
[176°]. — B'C a H 2 (N0 2 ) 3 0H. [140°].-C a H a AgNO. 

Acetyl derivative C fi H a AcNO. [151°]. 
Needles (from dilute HOAc). 

Nitrosamine C 8 H 0 (NO)NO. [156°]. 
Yellow needles (from water or alcohol). Con- 
verted by NaOHAq into «-oxy-o-toluic acid, and 
by NaSH into thio-phthalide C 8 H a OS [60°]. 
’Reference.— Di-chloro-phthalimidine. 
psewdo-Phthalimidine C 8 H 7 NO probably 

Cja 4 <^Q*>NH. This compound is formed, as 

hydrochloride, by heating «-chloro-o-toluylamide 
C a H 4 (CH 2 Cl).CO.NH 2 to 160°-160°. The pi- 
er ate B'C a H 2 (N0 2 ) 8 0H forms a crystalline yel- 
low pp. ; the salt B' 2 H 2 C 1 . 5 PtCl 4 2aq forms flat 
orange-yellow needles (Gabriel, B. 20, 2234). 

ISO-PHTHALIMIDO-ETHYL ETHER 
C.H l (G(NH).OEt) a [1:3]. [66°]. The hydro- 

chloride is got by passing dry HC1 into a mix- 
ture of isophthalic nitrile (1 mol.) and absolute 
alcohol (2 mols.) dissolved in benzene (Lucken- 
bach, B. 17, 1431). The free base crystallises 
in small needles, v. sol. alcohol and ether. It 
decomposes on heating into alcohol and iso- 
phthalio nitrile. — B"H 2 C1 2 . [270°]. Crystalline. 
PHTH ALIMID YL-BENZ YL v. Bknzylidene- 
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[225°]. Formed by dissolving the dilaotone of 
phenyl ethyl ketone dicar boxy lie acid in NH 3 Aq 
(Boser, B. 18, 3119). Long yellowish needles, v. 
sol. hot alcohol. — BaA' 2 . — CaA' 2 $aq. — AgA'. 

Lactone C u H 9 NO s . [c. 205°]. Formed by 
evaporating the dilactone mentioned above with 
cone. NHsAq on the water-bath. Small tables, 
v. sol. alcohol, si. sol. cold water. Reconverted 
by boiling HClAq into the dilaotone. Dissolves 
easily in cold aqueous alkalis, forming salts of a 
dibasic acid C n H n N0 4 . 

PHTHALONITRILE v. Nitrile of Phthalic 

ACID. 

PHTHALOPHENONE v. Di-phenyl-phthal- 

IDE. 

o-Phthalophenone C 8 H 4 Bz 2 [1:2]. [146°]. Got 
by oxidising o-di-benzyl-benzene (Zincke, B. 9, 
81). Tables (from alcohol). 

Iiophth&lophenone C 0 H 4 Bz s [1:3]. Phenylene 
diphenyl diketone. [100°]. Formed by the 
action of benzene and A1C1* on isophthalyl 
chloride (Ador, B . 13, 320). Plates (from alco- 
hol). Yields two dinitro- derivatives [200°] and 
[ 100 °]? 

Mono-oxim G a H a .C(NOH).G a H 4 Bz. [201°] 
(Ndlting, B. 19, 146). Nodules, v. sol. alcohol. 

Di-oxim (C a H a .C(NOH)) 2 C a H 4 . [70°-75°] 
(Miinchmeyer, B. 19, 1849). Small crystals. 

p-P hthalophenone C a H 4 Bz 2 [1:4]. Tere- 
phthalophenone . (a)-Di-benzoyl-benzene. [160°]. 
Formea by oxidising p-di-benzyl-benzene with 
CrO g and HOAo (Zincke, B. 9, 81 ; Wehnen, B. 


9, 309). Got also from terephthalyl chloride, 
benzene, and A1C1 S (N.). Plates (from benzene). 
PC1 6 yields C^H^Cl* [92°]. Sodium-amalgam 
forms di-oxy-di-benzyl-benzene [171°]. 

Mono-oxim. [213°]. Nodules. 

Di-oxim. [235°]. Crystals. 

PHTHALOXYL-AMEDO-ACETIC ACID 
C 10 H„NO 5 i.e. C0 2 H.C a H 4 .C0.NH.CH 2 .C0 2 H. 
Qlycocoll-phthaloyUc acid . [106°]. Formed by 
the action of alkalis on phthalyl-amido-acetio 
acid (Reese, A. 242, 6 ; Gabriel a. Kroseberg, B. 
22, 426). Six-sided plates (containing aq>.-~ 
Na 2 A".— KA" : hygroscopic needles.— BaA. — 
Ag^'' : plates, si. sol. hot water. 

PHTHALOXYL-AMIDO-BENZOIC ACID 
CO 2 H.C 0 H 4 .CO.NH.O a H r CO 2 H. [277°]. Formed 
by oxidation of the p-tolylimide of phthalic acid 
with KMn0 4 (Michael, B. 10, 676). 

PHTHALOXYE-AMIDO-HEXOIC ACID 
C0 2 H.C a H 4 .C0.NH.G 4 H 7 Me.C0 2 H. Occurs in 
two varieties, the active [132°] and inactive 
[153°], which are got by boiling the correspond- 
ing phthalyl-amido-hexoic acids with NaOHAq 
(Reese, A. 242, 20). Both acids are decomposed 
by boiling -water into leucine and phthalic acid. 

PHTHALURIC ACID v. Uramic acid of 
Phthalic acid. 

DIPHTHALYL C la H 8 0 4 i.e. 

°« H ‘ < Ccaoo.ca>°“ H ‘- f 3360 ]' 

Formation. — 1. By heating phthalyl ohloride 
with reduced silver at 160° (Ador, A. 164, 229). 
2. By fusing phthalio anhydride with zinc- 
dust ; and, together with other products, by re- 
ducing phthalio anhydride with zinc-dust and 
HOAc (Wislicenus, B. 17, 2178). — 3. By heating 
phthalide with NaOAc and phthalio anhydride 
or thio-phthalio anhydride (Graebe a. Guye, B. 
17, 2851 ; A 228, 126 ; 233, 241).- 4. By boding 
phthalaldehydio ether with alcoholic KCN (Gold- 
schmidt a. Egger, M. 12, 60). 

Properties. — Needles, insol. water, v. si. sol. 
alcohol and ether. May be sublimed in a cur- 
rent of C0 2 . Combines with Br forming 
C la HgBr a 0 4 [c, 225]. PCl ft at 160° forms the 
chloride C I6 H 8 C1 2 0 4 [245°]. Bromine and water 
at 100° form bromo-diphthalyl, which crystal- 
lises from benzene. Alkalis form diphthalyl- 
lactonio aoid. 

Hydride C Ifl H 10 O 4 i.e. 

0 - H *<^.O H 'aCO> 0 - H ‘ C229°J( W -)S f250°] 
(Hasselbach, A. 243, 249), a product of the action 
of zinc-dust and HOAc on phthalio anhydride 
(Wislicenus). Needles (from alcohol), v. sol. 
HOAc. Potash forms ai-oxy-di-phenyl-ethane 
dicarboxylio acid. 

References. — Tetra-chloro-, Nitro-, and 
Oxy- Diphthalyl. 

PHTHALYL- ACETIC ACID C I0 H a O 4 i.e. 

b « H *<CO.O 0H COjH - [°- 246 °3 [ ab0V8 

260°] (Boser, B. 17, 2620). Formed by boiling 
phthalic anhydride (lOpts.) with Ac a O i20pts.) 
and NaOAo (2 pts.) (Michael a. Gabriel, B. 10, 
391, 1551, 2199). Formed also by dissolving 
acetophenone o«-dicarboxylic acid in HJ30 4 
(Gabriel, B. 17, 2521). Needles (from nitro- 
benzene), insoL water, v. si. sol. hot alcohol. 

Reactions . — 1. Aqueous NaOH (1 mol.) form* 
a solution of its Na salt* but excess of alkali con- 
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verts it into acetophenone o*-dicarboxylio acid. 
2. Distillation m vacuo splits it up into CO, 
and methylene-phthalide. — 3. Bromine in HOAo 
gives CBra.CO.CaH4.CO5H [160°]. Dry Br gives 
CaHArCBr.COaH [0. 235°]. — i.Chlorvne acting 
on the HOAo solution forms CCl s .C0.C fi H 4 .C0 2 H 
[144°]. — 5. H,S0 4 at 100° forms tri-benzoylene- 
benzene (v. vol. i. p. 485).— 6. Ammonia gives 
rise to phthalimidyl-acetio acid C 10 H 7 NO 8 i.e. 

0 «Hi<CcO^ (?) which crystallises 

from water in needles [c. 200°] and yields 
CaA' 2 aq, BaA' 2 4aq, and AgA' (Roser, B. 17, 
2623 ; Gabriel, B. 18, 2451).— 7. NMeH^q at 0° 
forms NHMe.CO.CaH4.CO.CH5.CO5H [145°], 
which is converted by concentrated H2SO4 into 

[0. 212°], crystallising 
from alcohol in silky needles, split up by heat 
into CO5 and C fl H 4 <^Q.^^^, a crystalline 

mass which is converted by bromine -water into 
C 1# H IO BrN0 2 ri26°] (Gabriel, B. 18, 2453).— 8. 
Aqueous ethylamine forms C^H^OjNj crystal- 
lising from ether in needles [129°], converted by 

oold HjS0 4 into O.H 4 <^;^ t H - C0 ^ [180°] 

and by heat into liquid 0„H 4 <C.oo-NEt^ (Mer- 

tens, B. 19, 2368). — 9. Propylamine forms, in 
the cold, C^H^NPa [103°], crystallising in 
prisms (M.). — 10. Aniline at 100° forms 
O..H , 3 N0 2 [192°], crystallising from benzene in 
cubes, converted by cold H 2 S0 4 into C, s H n NO 
[265°] and by heating at 204°-230° into the iso- 

meric [100°] (Mertens, B. 19, 

2871). — 11. Secondary and tertiary amines have 
no action. — 12. Sodium-amalgam forms the 
lactone of oxy-carboxy-phenyl-propionio acid 
(2- »•)• 

Salt. — AgC lft H ft 0 4 : amorphous pp. 
PHTHALYL-DIACETIC ACID 

°A<cao (CH *‘ co,H), ‘ [168 ° ] - Formed b y 

saponifying phthalyl - di - malonic ether with 
KOHAq (Wislicenus, A, 242, 80). Prisms. — 
BaA"2aq : prisms, v. sol. water. — Ag^A". 

PHTHALYL-ACETO ACETIC ETHER C 14 H 12 0 4 

U. 0,H 4 <^;^ :OAo - CO!lEt - [124°]. Formed from 

sodium acetoacetio ether and phthalyl chloride 
(Fischer a. Kooh, B. 16, 651 ; Biilow, A. 236, 
185). Prisms (from alcohol). Decomposed by 

S E S0 4 at 65° into HO Ac and phthalyl-acetic acid. 

coholic KOH forms deliquescent crystalline 
K,0 18 H, h 0 7 . Phenyl - hydrazine acetate forms 
C 20 H, 8 N 2 O 4 [288°], which is reduced by zinc-dust 
and HOAo to carboxy-benzyl-acetoacetio ether 
[92°). 

PHTHALYL ALCOHOL v. Di-«-oxy-o- 

XTLENK. 

PHTHALYL-AMIDO-ACETIC ACID 

C l0 H 7 NO 4 i.e. GgH 4 :0 2 0 2 :N.CH5.C05H. Phthalyl 
glycocoll, [192°]. Formed by heating phthalio 
anhydride (2 pts.) with glycocoll (1 pt.) (Drechsel, 
J.pr. [2] 27, 418; Reese, A. 242, 1). Crystals 
(from water), decomposed by boiling HClAq into 
phthalio acid and glycocoll. Cold NaOHAq forms 
phthaloxy-amido-acetio acid (a. v.). — NaA'aq. — 
NH^A'. [206°]. — CaA' ? 2aq. — CuA' 2 3aq. — AgA'. 


— PtfNjHgA')* Colourless prisms ; got by eva- 
porating a solution of the acid with oxide of 
plato-diammonium. 

Ethyl ether EtA'. [106°] (R.) ; [113°] (G.). 
(above 800°). Formed from AggA^and EtI (R.) f 
and also by heating potassium phthalimide with 
CH 2 Cl.CO^Et (Goedeckemeyer, B . 21, 2688 ; 
Gabriel, B. 22, 426). Needles, v. sol. benzene. 

PHTHALYL - p - AMIDO - BENZENE STJL- 
PHONIC ACID C fl H 4 :C 2 0 2 :N.C fl H 4 .S0 ; H. The 
Na salt, got by heating phthalio anhydride with 
sodium p-amido-benzene sulphonic acid at 250°, 
crystallises from water in silky needles (Pellizzari, 
A. 248, 158 ; 0 . 18, 814). It is converted by 
boiling ammonia into phthalimide and sodium 
p-amido-benzene sulphonate. The Ba and NH 4 
saltB are also crystalline. 

PHTHALYL - o - AMIDO - BENZOIC ACID 
0^4:0505^0^4.005^ [217°). Formed by 

heating anthranilic acid with phthalio anhydride 
(Gabriel, B. 11, 2261). Prisms, sol. HOAc. 

Phthalyl-m-amido-benzoic acid. [276°] (G.) ; 
[282°] (P.). Formed from phthalic anhydride 
and m-amido-benzoic acid, and also by saponify- 
ing its ether [152°], which is formed by heating 
phthalic ether with w-amido-benzoio acid (Pelliz- 
zari, B. 18, 216; A. 232, 147). Needles. The 
amide is described in vol. i. p. 158. 

Anilide. [209°]. Prisms (Piutti, B . 16, 
1322). 

PHTHALYL-AMIDO-ETHANE SULPHONIC 
ACID OgH4O2iN.C5H4.SO3H. Salt. — KA'^aq. 
Formed by heating potassium amido- ethane 
sulphonate with phthalio anhydride (Pellizzari, 
O. 18, 324). Monoclinic crystals ; a:b:c 
— 7*908:1:2*594; £ = 60° 42'. Decomposed by 
alcoholio NH a into phthalimide and taurine. 

PHTHALYL - AMIDO - HEXOIC ACID 
C 14 H 16 N0 4 i.e. 0 8 H 4 05:N.CH(C 4 H fl ).C0 2 H. [116°]. 
[a] D = —21*87° in a 5 p.c. alcoholio solution at 
22°. Formed by fusing leucine with phthalic 
anhydride (Reese, A. 242, 9). Needles, v. si. sol. 
hot water. Lrovorotatory. Converted by dis- 
tillation into an inactive variety [142°], which 
yields PtN 2 H a A' 2 3Jaq. Cone. HClAq at 150° 
forms leucine and phthalic acid. NaOHAq 
forms phthaloxy-amido-hexoio acid (a.v .). — 
NaA'.— NH 4 A'. [160°-165°].— PtN-ftA^ 3aq. 

PHTHALYL- AMIDO-NAPHTHALENE SUL- 
PHONIC ACID C a H 4 :C5O 2 :N.C l0 H a .SOgH. The 
salt KA'3aq is got by heating sodium (o)- 
naphthylamine sulphonate with phthalic anny- 
dride (Pellizzari a. Matteuci, O. 18, 321). It 
crystallises in needles, sol. water. 

PHTHALYL-y-AMIDO-n-PROPYL-MALONIC 
ETHER 0gH 4 :050 2 :N.0H 2 .0H 2 .CH 2 .CH(005Et)5. 
[48°]. Formed by the action of sodium malonic 
ether on the 7-bromo-propyl-imide of phthalio 
acid (Gabriel, B. 23, 1767). Monoolinio plates 
(from ligroih); a:b:c - 3*260 :1:1*644 ; 0-81° 4'. 
Converted into 8-amido-valerio acid by heating 
with HClAq at 190°. 

Phthalyl - amido - di - propyl - malonio ether 
CgH40 2 :N.CH ? .CH5.CH5.CPr(C05Et)5. [57°]. 

Formed in like manner from propyl-malonio 
ether (Aschan, B. 23, 8698). Prisms, insol. 
water, v. sol. alcohol and ether. 

DI - PHTHALYL - DI - AMIDO - QUINONE 
cya 10 N,o« i.e. o # h 2 o 2 (N:g 2 o 2 :o«h 1 ) s [1:2:4j6]. 
[277°]. Prepared by heating tri-amido-phenoJ 
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hydrochloride with phthalio anhydride, dis- 
solving the resulting 0 c H s (0H^(N:C 2 0 2 :G s H 4 ) s 
[above 300°] in potash, and treating the product 
CgH^OH) (NH.00.C a H 4 .C0 2 H) f [above 300°] with 
nitric acid (S.G. 1*48) (Piutti, 0 . 16, 254). 
Yellow needles (from HN0 8 ). « Forms a com- 
pound [174°] with phenyl-hydrazine. H 2 S passed 
into its solution in dilute HOAc forms crystal- 
line 0„H 2 (0H) 2 (N :C 2 0 2 :C fl H 4 ) 2 , not melted at 310°. 

PHTHALYL-AMIDO-SUCCINIC ACID 
0 1Jt H,NO, i.e . C 8 H 4 0 2 :N.CH(C0 2 H).CH 2 .C0 2 H. 
[225°]. Formed by heating aspartio acid with 
phthalio anhydride for 1 hour at 180° (Piutti, 
0 . 14, 473; 16, 2). Tufts of prisms (from 
water). Decomposed into phthalio and aspartic 
acids by heating with HOlAq. Boiling aniline 
forms aspartio acid and the phenylimides of 
phthalio and phthalyl-amido-sucoinio acids. 
Diphenylamine forms three di-phenyl-amic 
acids C 8 H 4 0 2 :N.C 2 H a (C0NPh 2 ) (C0 2 H) [180°] , 

[204°], and [194°] ; the first and third crys- 
tallises with aq, and all three yield a salt AgA' 
and are decomposed by potash-fusion into 
aspartic acid, phthalio acid, and diphenylamine. 

Salt.— CuA' 2 4aq : blue prisms. 

Phenylimide 0,H < 0 2 N:OH<^^;^ 

[264°]. Formed from the acid and aniline. 
Small needles (from HOAc), nearly insol. alco- 
hol. 

T etr a- phenyl- diamide 
C 8 H 4 0 2 :N.C 2 H s :C 2 0 2 (NPh 2 ) 2 . Two isomerides, 
[273°] and [286°], are got by heating the acid 
with diphenylamine for 5 hours at 190°. Both 
are split up by HClAq at 200° into phthalio 
acid, diphenylamine, and aspartic acid. 

PHTHALYL CHLORIDE v. Chloride of 
Phthalio acid. 

PHTHALYL -ETHANE v. Anhydride of 
Phenyl ethyl ketone o-carboxylic acid. 

Di-phthalyl -ethane C IB H 10 O 4 i.e. 

°- H *<CO.O :CH ' CH O.CO> C « H ‘- Zthine-M. 
phthalyl . [above 350°]. 

Formation . — 1. Together with other pro- 
ducts by the condensation of phthalio anhydride 
with succinic acid (Gabriel, B . 10, 1559 ; 19, 
837). — 2. By the action of cone. B^SC^ upon 
di-phenyl ethylene diketone di-o-carboxylio acid 
0 e H 4 (C0 2 H).C0.CH 2 .CH 2 .C0.C e H 4 (C0 2 H), or its 
ether.— 3. By further elimination of ELjO from 
the (a) or (£) anhydrides G, g H, 2 0 5 of the latter 
acid (Roser, B. 17, 2770 ; 18, 3115). 

Properties . — Yellow needles (from nitro- 
benzene), insol. water and alcohol. By boiling 
with alkalis it is converted into di-phenyl ethyl- 
ene diketone di-o-carboxylic acid. Nitrous acid 
forms C 18 H 10 N 2 O 8 a crystalline body decomposing 
at 160°, and converted by boiling HOAo into 
C 18 H B NO a [c. 240°]. 

Isomende C 18 H, 0 O 4 . Formed as a by-pro- 
duct in preparing the preceding body by heating 
phthalio anhydride with Buccinic acid and 
NaOAo. Bed needles with green lustre, not 
melted at 280°. Insol. water and alcohol, v. 
sol. hot aniline and nitrobenzene. Weak acid, 
forming unstable violet salts. 

PHTHALYL-ETHYL-HYDBOXYLAMINE v. 
vol. ii. p. 740. 

PHTHALYL-HYDROXYLAttlNE v. vol. ii. 
p. 738. 


DI-PHTHALYUC ACID C la H l0 O a ».«. 
C0 2 H.C (J H 4 .C0.C0.C 8 H 4 .G0 2 H (?) Diphthalic 
acid . [272°]. Formed by oxidation of diphthalyl 
(Ador, A. 164, 236), of (/8)-dinaphthyl-diquinone 
G2oH 10 0 4 (Korn, B. 17, 3021), and of di-phenyl- 
ethane dicarboxylic acid (Dobreff, A. 239, 68). 
Formed also by the action of alcoholic potash 
on diphthalyl dibromide (Graebe, A. 228, 132 ; 
242, 221). Minute tables, almost insol. water, 
alcohol, and ether. Converted by boiling cone. 
KOHAq into phthalio acid. Dilute NaOHAq at 
110° forms di -phenyl -carbinol tricarboxylic aoid. 
Reduced by HI to (C02H.C 8 H 4 ) 2 C 2 H 4 . Alcoholio 
hydroxylamine hydrochloride forms, on heating, 
C 18 H I8 NO s [152°] and G 18 H 8 N 2 0 4 [286°]. 

Salts: BaA" 2aq: plates.— Ag 2 A". 

Methyl ether Me-jA". [192°]. Formed 
from Ag 2 A" and Mel. Lemon-yellow plates. 
By passing HC1 into a hot solution of the acid 
in MeOH there is formed a colourless isomeric 
body [276°], partially converted into the methyl 
ether by heating with MeOH at 200°, and split 
up by HClAq at 150° into diphthalylic acid and 
MeCl. 

Ethyl ether Et 2 A". [155°]. Got from 
Ag^" and EtI. Lemon-yellow needles. The 
colourless isomeride [174°] is formed by ethyla- 
tion with alcohol and HC1. 

Anhydride C 1? H 8 0 5 . [165°]. Formed by 
heating the acid with Ac 2 0 at 200°. Crystals 
(from HOAc), v. sol. chloroform. 

DIPHTHALYLIMIDE C 16 H B N0 9 i.e. 

°« H *^0(NH).0 O.CO^ C#H4 ? [ above 880°]. 
Got by warming di-phthalyl-lactonic acid with 
NHjAq and by heating phthalimidine with 
NaOAc and phthalic anhydride or phthalimide 
at 220° (Graebe, A. 228, 137; 233, 246). 
Needles (from HOAc) forming a yellow solution 
in NaOHAq. 

DIPHTHALYL-LACTONIC ACID C ia H 12 O a i.«. 

c - h <^ o C(OH),C,H * COjH - m ? hthaU 

aldehydic acid. Formed by warming diphthalyl* 
in an atmosphere of H, with alcoholic potash 
(Graebe a. Schmalzigang, A. 228, 126; cf . Ador, 
A. 164, 229). Crystals (from alcohol). When 
heated for some time at 220° it splits up into 
water and diphthalyl, which then melts above 
300°. When quickly heated it decomposes at 
235°-240° with partial fusion. Cone. H2S0 4 
converts it into diphthalyl. Its alkaline solu- 
tion is yellow, but becomes colourless through 
absorption of atmospheric oxygen, yielding di- 
phthalic acid. 

PHTHALYL-MALONIC ETHER C 16 H 14 O a , i.e. 
C.H,<^;g :C(COiEt)j . [75°]. s. (ether) 71 

at 9° ; 58*8 at 35°; One of the products of the 
action of phthalyl chloride on sodium malonio 
ether (Wislicenus, A. 242, 23). Triclinio prisms 
(from ether), v. sol. alcohol. 

Reactions . — 1. Decomposed by long boiling 
with water into phthalio acid and malonio ether. 
2. Hot potash forms malonio and phthalio 
acids. A solution of oaustic potash at 0° forms 

c « H 4<!^'c(OH).CK(CO s Et) 2 whence acidi 
liberate oily 1 phthalyloxymalonic * ether, which 
quickly decomposes into phthalic anhydride and 
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malonic ether. — S. NaOEt forms the compound 

O(OEt) .CN a^OjEtJj* crystaUising in 
prisms, v. e. sol. water, yielding the cuprio salt 
Cu(C IT H 18 0 7 ) 2 2aq and, on adding an acid, oily 
C^H^Oj. The dry salt, NaC i7 H l( ,0 7 is converted 
by EtI at 100° into oily C 17 H 19 Et0 7 , upon 
which alcoholic potash reacts forming the salt 

°* H * < ^!2.0(0K).CEt(C0 f! K) ! ppd ‘ as very de ' 
liquescent plates on adding alcohol to itB aqueous 
solution, yielding amorphous AgsCuHoO,, and 
splitting up on acidification into ethyl-malonic 
acid and phthalio acid. — 4. Zinc-dust and HOAc 
yield o-carboxy-benzyl-malonic ether (v. vol. i. 
p. 705). — 5. Alcoholic NH S forms the diamides of 
malonic and phthalic acids. — 6. Sodium-malonic 
ether forms yellow C 22 H 2 .Na 2 O, 0 , decomposed by 
boiling water into phthalyl-dimalonic ether, 
malonic ether, and phthalic acid. 

Semmitrtle CiOCy.OO^t 

[c. 175°]. Formed from phthalyl chloride and 
sodium cyano-acetic ether in dry Et.,0 (Muller, 
C. B. 112, 1140). White substance, sol. benzene. 

Phthalyl-di-malonic ether i.e. 

°« H « < C^!c(CH(C0 2 Et) 2 )./ [ 49 °J‘ Formedfrom 
sodium-malonic ether and phthalyl chloride 
(Wislicenus, A. 242, 23, 80). Prisms (from 
alcohol), insol. water. 

Beactions. — 1. Potash forms a yellow solution 
containing C M H 2J K 2 O 10 , which separates as orange 
needles (containing 2aq) when Et 2 0 is added to 
a solution of the ether in alcoholic potash. 
Boiling aqueous potash forms phthalyl-diacetio 
acid O J2 H 10 O 6 [158°]. — 2. Alcoholic NaOH forms, 
in like manner, lemon-yellow C 22 H 24 Na 2 O l0 2aq, 
decomposed by hot water into malonic and 
phthalyl-dimalonic ethers and sodium phthalate. 
EtI at 100° converts the Na derivative into 
O 2? H 24 Et 2 O. 0 , which yields ethyl-malonic ether on 
boiling with water. — 3. The di-sodium derivative 
C^H^NaaO,,, is converted by treatment with 
AogO, phthalio anhydride, or phthalyl chloride 
into 4 phthaloxy-dimalonic ether’ or 

c ^*<^c!c(coJ;t), s - ( alcohol > ‘ B7 at 

14°, which crystallises from ether in needles 
melting at 117° when slowly heated and at 106° 
when quickly heated. 4 Phthaloxy-dimalonio 
ether * is also one of the produots of the action 
of phthalyl chloride on sodium malonic ether 
(Wislicenus, A . 242, 28, 61). It forms a yellow 
solution with aqueous KgCO, and KOH. Alco- 
holic potash forms O^H^KO,,,, which is the mono* 
potassium derivative of phthalyl-dimalonic ether. 
Zinc-dust and HOAc reduce * phaloxy-dimalonic 
ether * to oily CJHjgOj,. 

PHTHALYL -PROPIONIC ACID C M H 8 0 4 i*. 

°« H * < s^.C:CH.CHj.C0 2 H’ [245°-248°]. 

Formed by boiling phthalic anhydride (5 pts.) 
with propionio anhydride (10 pts.) and sodium 

S tonate (1 pt.) for 45 minutes (Gabriel a. 

ael, B. 11, 1013, 1679). Slender needles. 
Converted by boiling KOHAq into phenyl ethyl 
ketone o-carboxylic acid. Reduced by sodium- 

amalgam to CA<f^g H 0jH< COjH [140°] 
which yields BaA' 2 and AgA' and is converted by j 


boiling baryta-water into oxy-carboxy-phenyl- 
butyric acid C0 2 H.O e H 4 .OH(OH).0 8 H 4 .COJBL 
H 2 S0 4 at 100° forms C^O, [237°]. 

Salt. — AgA’: white powder. 

Amide CnH^NELj. [195°]. Leaflets. 

PHYCITE v . Erythritb. 

PHYLLIC ACID C 72 H 84 O l8 (?). [170°]. S.G. 
1*014. Extracted by alcohol from the leaves of 
the oherry-laurel, apple, almond, and elder (Bou- 
garel, Bl. [2] 28, 148). Crystalline granules, 
decomposing at 180°. The K Balt crystallises in 
needles, si. sol. water, sol. alcohol. 

PHYLLOCYANIN v. Chlorophyll. 

PHY S ALIN C, 4 H 18 0 5 . Occurs in the leaves 
of the winter cherry ( Physalis Alkekengi), from 
which it may be extracted by chloroform (De- 
saignes a. Ohautard, J . Ph. [8] 21, 24). Yellow- 
ish amorphous powder, with bitter taste, v. si. 
sol. cold water and ether, v. sol. alcohol. Softens 
at 180°, and decomposes at a higher tempera 
ture. SI. boI. acids, m. boI. NH s Aq. Salt.— 
Pb a (0, 4 H 15 0 6 ) 2 0 2 : white pp., got by adding 
Pb(OAc) 2 and NH 3 Aq to the alcoholic solution. 

PHY8ET0LEIC ACID C 16 H M 0 2 . [80°]. Occurs 
in sperm oil, and is perhaps identical with hypo- 
gicic acid (Hofstadter, A. 91, 177). Stellate 
groups of needles. Not affected by nitrous acid. 
— BaA' 2 : crystals, sol. hot alcohol. 

PHYSICAL METHODS USED IN CHE- 
MISTRY. The object of this article is to pre- 
sent a general account of the chief physical 
methods of inquiry which are made use of in 
attacking chemical questions. In each section 
of the article it has been sought to lay down the 
principles of the method discussed, and to pre- 
sent, in a general way, the more important re- 
sults that have been obtained. No section 
claims to give a complete account of the subject 
with which it deals. The following articles, 
which are not specially referred to in their 
alphabetical positions in the present article, 
should be consulted : Aggregation, States or, 
vol. L p. 87 ; Atomic and molecular weights, 
vol. i. p. 336 ; Chemical and physical pro- 
perties OP BODIES, CONNECTIONS BETWEEN, Vol. i. 
p. 730 ; Densities, relative, vol. ii. p. 370 ; 
Dissociation, vol. ii. p. 386; Molecular con- 
stitution op bodies, vol. iii. p. 410. 
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I. CAPILLARITY, METHODS BASED ON. 
The term ‘ capillarity * is given to that property of 
bodies which is the cause of the. rise of liquids 
in narrow tubes, the spherical shape of rain- 
drops and soap-bubbles, the spreading of oil 
on the surface of water, and many other pheno- 
mena. 

i The generally accepted theory by which these 
phenomena are connected and explained is due 
mainly to Laplace, and rests on the assumption 
that file parts of a body are held together by 
attractive forces which are insensible except at 
very small distances. We have evidence of the 
existence of these forces in the cohesion of 
bodies, in the latent heat of evaporation, which 
is merely the energy that has to be supplied to 
separate the parts from each other, and in the 
fact that at high pressures, when the parts of 
which a gas is composed are so near together 
that they never get altogether away from each 
other’s influence, the compressibility is found 
to be greater than is required by Boyle’s law. 
Though Laplace made no reference to molecules 
it is now usually supposed that the attractions 
in question are the forces acting between the 
molecules. 

Imagine a molecule of a liquid surrounded 
by a sphere, whose radius is the distance at 
which the force ceases to be sensible. If the 
molecule is so far from the surface of the liquid 
that this sphere is entirely immersed, it will be 
on an average equally attracted all round, and 
no work will have to be expended to move it, 
but if it be so moved that part of the sphere is 
outside the surface, there will be a resultant force 
tending to draw it back again, so that to bring 
a molecule into the surface requires an expendi- 
ture of work. Now if we distort a given volume 
of liquid so as to increase its surface we bring 
more molecules into the surface, and we increase 
the potential energy of the liquid by an amount 
proportional to the increase of surface, or the 
total potential energy arising from this source is 
proportional to the extent of surface. Hence, 
since in the position of equilibrium of any system 
the potential energy is a minimum, the liquid 
will of itself assume such a shape that the sur- 
face is as small as possible consistently with 
other conditions, such as the action of gravity. 

It is plain that what has been said is not 
restricted to liquids, but applies equally to solids 
and to the surface separating two different 
media. In the latter case a molecule at the 
surface of separation is acted on by both media, 
but unless the attractions are equal there will 
be a resultant force acting on it, and it will have 
potential energy by virtue of its position. 

Capillary phenomena are often regarded as 
due to the external film of the substance being 
in a state of tension. It is not easy to imagine 
a tension at the surface of a solid, but the con- 
ception leads mathematically to the same re- 
sults as the assumption of the existence of sur- 
face, energy, and is practically only another way 
of stating the same thing, for we have seen that 
on the hypothesis of molecular attractions we 
.arrive at the result that the surface tends to 
, become a minimum; and this is equally well 


described by saying that it behaves as though it 
were in a state of tension. Further, the mea- 
sure of the tension — that is, the total force acting 
across a line of unit length — is numerically equal 
to the potential energy per unit area, which is 
easily proved as follows. Imagine a rectangular 
piece of the surface a cm. long and b cm. wide — 
increase it to a rectangle a ' cm. long and b cm. 
wide. Then we have produced (a'—a)b sq. cm. 
of new surface, and if E is the potential energy 
per sq. cm. we shall have done E (a'—a)b units 
of work. On the other hand, if T is the surface 
tension, the force acting on the side b will be 
T6, and we have moved it through a'— a om., and 
hence have done T b(a r - a) units of work. These 
two measures of the work must be equal, and 
hence E = T; and since the rectangle can be 
taken anywhere on the surface and with its 
sides in any direction, it follows that the sur- 
face tension is the same at every point and in 
any direction. 

It is to be observed that this tension differs 
from that of a stretched piece of indiarubber, 
for instance, in the fact that it does not depend 
on the amount of stretching. No matter how 
much a soap film is extended, the tension re- 
mains the same until the film becomes so thin 
that there are only a few molecules in the thick- 
ness. 

The surface tension, then, is a consequence 
of the molecular attractions which tend to draw 
the molecules as close together qs possible. In 
order to balance this tendency and to allow the 
substance to be in equilibrium, Laplace imagined 
the existence of an internal hydrostatic pressure, 
which, from the value of the latent heat, is cal- 
culated by Stefan to be about 1800 atmospheres 
in the case of water. The potential energy due 
to this pressure is proportional to the volume, 
which is constant in most capillary pheno- 
mena, and hence has no effect on the equilibrium 
position. 

The forms of crystals are probably conditioned 
to some extent by capillary forces. Most of the 
properties of crystala being different in different 
directions, the potential energy of a surface may 
be expected to depend on its direction, and those 
faces will be formed which have least energy. 
Further, as a large crystal has less surface in 
proportion to its volume than a small one, the 
familiar phenomenon of the large crystals ab- 
sorbing the small ones is explained by the loss 
of potential energy resulting from the opera- 
tion (v. Liveing, Camb . Phil. Trans . 14, 870). 

If two immiscible fluids are in oontact with 
a solid, the surface separating them meets that 
of the solid at a constant angle, called the angle 
of contact. The most important case is where 
one of the fluids is air and the solid is glass. 
Many experiments have been made to determine 
this angle, the conclusion being that in most 
cases it is probably zero, but on this point see 
Magie (W. 25, 429), Quincke (W. 27, 219), and 
Worthington (P. M. [6j 20, 65). 

The constant which is most commonly used 
is the surfaoe tension as defined above, but 
Quincke and some others use another called 
the specific oohesion, denoted by a % , which is 
twice the surface tension divided by the density 
of the liquid, or the height to which the liquid 
would rise in a tube of unit radius. 
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The following are the principal methods that 
have been used in determining these constants : 

I. By determining the rise o! liquids in capillary 
tubes (Quincke, P. 139, 8 ; Frankenheim, J. j pr. 
23, 401).— -2. By weighing or measuring the drops 
from a rod or pipette (Quincke, P. 135, 621; 
Duclaux, A. Ch . [6] 13, 76 ; Linebarger, Am. 8. 44, 
88). — 8. By measurement of large drops or 
bubbles (Quincke, P.M. [ 4 ] 41, 245 ; Eotvos, W. 
27, 448 ; Worthington, P. M. [5] 20, 51).— 4. By de- 
termining the force required to detach a disc or 
ring from the surface of a liquid (Weinberg, 
Z. P. C . 10, 34 ). 

Mendel6eff states as one of the characteristics 
of a perfect liquid that its surface tension should 
be a linear function of its temperature, and Selby 
(P. M. [5] 31, 430) has given thermodynamical 
reasons for this relation. The subject has been 
investigated experimentally by Frankenheim, 
Weinberg, and others, and it is found that the 
equation y=*a—bt holds approximately, where y is 
the surface tension, t the temperature, and a and 
b are constants ; hence by determination of y at 
two temperatures we can calculate roughly the 


temperature ? at which the surface tension is 
b 


zero— that is, the critical temperature. Efltvos 
extends this result by showing that the rate of 
change with temperature of yv*> where v is the 
molecular volume of the liquid (and hence yv* 
is proportional to the energy of the amount 
of surface which contains a given number of 
molecules), has a constant value which is the 
same for all liquids. 

The only measurements of the surface ten- 
sions of pure liquids which have been carried out 
extensively are those of Schiff (A. 223, 47 ; and 
G. 14, 368). Schiff determined the surface ten- 
sions of a large number of organic substances at 
their boiling-points, and divided the observed 
values by the molecular weights, denoting the 
quotient by N. This quantity was found to be 
in general unchanged by the substitution of one 
carbon atom for two hydrogen atoms, of one 
oxygen for three hydrogens, and similarly for 
other elements, so that each atom had its hydro- 
gen equivalent, and compounds with the same 
total of hydrogen equivalents gave the same 
value for N. Taking N for ordinate, and x, the 
total hydrogen equivalent, for abscissa, Schiff 
plotted a curve from which he obtained the rela- 
tion 

log N = 2*8155 - *00728® - log x . 

This equation enables us to calculate the surface 
tension of a liquid compound from its formula. 

There are many exceptions to the law that 
each atom has a fixed hydrogen equivalent. For 
instance, C must be put equal to 8H in the free 
fatty acids instead of 2H as in most compounds ; 
Cl generally has the value 7H, but when seve- 
ral chlorine atoms are attached to different car- 
bons in a compound it has the value 6H ; Br is 
usually equivalent to 13H, but sometimes to 11H, 
and so on. 

A few preliminary measurements of the capil- 
lary constants of the surface separating water 
and organic liquids whioh do not mix with it, 
have been made by Linebarger (Am. S. 44, 83), 
by allowing the liquid to drop through the water, 
upwards or downwards, according to its specific 


gravity, and counting the drops from a given 
volume. The results already published show 
that the introduction of two methyl groups in 
the meta- position into a benzene ring does not 
affect the surface tension, while if they are in 
the para- position the surface tension is greatly 
diminished. 

The surface tension of an aqueous solution of 
a salt is greater than that of water, and increases 
proportionately to the amount of salt present. 
Quincke (P. 160, 337, 660) found that for solu* 
tions of chlorides of equivalent concentrations — 
that is, containing the same amount of chlorine per 
c.c. — the constant of proportionality is the same ; 
but Volckmann (W. 17, 358), on repeating the 
work, concluded that the agreement is not within 
the errors of experiment. Traube (J. pr. [2] 31, 
192) showed that the capillary constant of a 
10 p.c. solution of water in alcohol is not raised, 
like that of water, but is lowered, by the presence 
of a dissolved salt. 

Determinations of the surface tensions of 
solutions of organic substances in water have not 
hitherto led to any important general laws. Such 
substances lower the surface tension but not 
proportionally to the concentration, as appears 
from the work of Duclaux (A. Ch. [5] 13, 76), and 
of Traube (B. 17, 2294; J.pr. [2] 81, 177; 84, 
292). The former gives the law that if aqueous 
solutions of two alcohols, or of two acids, have 
the same surface tension, the percentage compo- 
sitions of the two solutions will have a constant 
ratio. Traube* s work confirms this result, but 
leads to nothing farthef of interest beyond the 
fact that solutions of isomerides have not gene- 
rally the same surface tensions. J. W. C. 

II. CRYSTALLOGRAPHIC METHODS; v. 
Crystallisation, vol. i. p. 278 ; and Isomorphism, 
vol. iii. p. 88. 

III. DIALYSIS AND DIFFUSION, ME- 
THODS BASED ON. When a solid is dissolved 
in a solvent a movement of the particles occurs 
from the places where the solution is more con- 
centrated to the places where it is less concen- 
trated, and continues until the concentration is 
uniform throughout. Similarly when gases which 
do not react chemically are mixed, movements 
of the particles take place until the gases are 
equally distributed throughout the space. The 
mixing of gases or liquids, by reason of the 
movements of their particles, is called diffusion. 
When the diffusion of a liquid is accompanied 
by a total or partial separation into unlike bodies, 
the process is generally called dialysis ; this pro- 
cess is usually effected by allowing the diffusion 
to take place through an animal or vegetable 
membrane. The chemical applications of diffu- 
sion are chiefly connected with the diffusion of 
substances in solution, and generally in solution 
in water. 

Graham (T. 1850. 1, 805 ; 1851. 483) wa* the 
first to measure the rates of diffusion of different 
compounds, in aqueous solution, without a sepa- 
rating membrane. He nearly filled glass jars 
with the various solutions, carefully poured water 
on the top of the solutions, placed the jars in glass 
dishes, and filled these with water until the 
water extended in the dishes about 8 o. above the 
tops of the jars. The dishes were set aside for 
some time ; when the process was to be stopped, 
glass plates were slid over the mouths of the jam. 
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which were then removed, and the quantities of 
substanoe in the liquids outside the jars, called 
the diffusates by Graham, were determined. 

Graham found that the quantities which 
diffused varied much according to the com- 
positions of the diffusing substances. The 
quantity of a specified substance which diffused 
in a determinate time was found to be nearly 
proportional to the concentration of the original 
solution. Graham also found that diffusion was 
able to effect a tolerably complete separation of 
two salts whose rates of diffusion differed con- 
siderably. He looked on his results as showing 
that nearly equal quantities of chemically 
similar salts diffused in equal times. 

A few years after Graham’s fundamental ex- 
periments, Fick, reasoning from Fourier’s theory 
of the conduction of heat, came to the tentative 
conclusion that the quantity of a salt which 
diffuses through a stated area is proportional to 
the difference between the concentrations of two 
areas infinitely near one another . Assuming the 
truth of this statement, a definition was obtained 
for the diffusion-constant of a salt as the quantity 
of a salt which diffuses through unit area in 
unit time , when unit difference of concentration 
prevails throughout unit distance. A long series 
of researches by Beilstein (A. 99, 165), Simmler 
a. Wild (P. 100, 217), Stefan (W. A. B. 79, 161), 
and especially by Weber ( W . 7, 469, 536) and 
Graham (T. 1861. 183), has fully confirmed 
Fick’s law, and has given measurements of the 
diffusion-constants of many substances. Atten- 
tion should be drawn, in this connection, es- 
pecially to Graham’s method of allowing salts to 
diffuse in water gelatinised by starch, gum, &o. 
( T . 1861. 183 ; v. also Voigtlander, Z . P. C. 3, 
316). In 1880, Long (W. 9, 613) made a number 
of determinations of rates of diffusion ; he divided 
the numbers obtained by the molecular weights 
of the salts used, and thus obtained figures 
which represented the number of molecules of 
each salt which diffused under the same con- 
ditions. The results showed somewhat regular 
arrangements of the molecular diffusion-values. 
For instance, Long found that the haloid com- 
pounds of K had nearly the same value, that the 
sulphates of Mg, Zn, Mn, Co, Ni, and Cu had 
approximately equal values, and so on. 

Marignao (A. Ch. [5] 2, 646 [1874]) followed 
up Graham’s observations on the simultaneous 
diffusion of pairs of salts, and arrived at the im- 
portant result that the order of the rates of 
diffusion of the salts of any acid is independent 
of the nature of the acid, and that the order of 
the rateB of diffusion of the salts of a metal 
is independent of the nature of the metal. 
Marignao was thus able to construct a table 
showing the order of the diffusion-coefficients of 
acid radiates, on the one hand, and of metals, on 
the other hand. The table is as follows : — 

Cl, Br, I H 

NO s K, NH 4 

CIO,, C10 4 , Mn0 4 Ag 
F Na 

CrO. Ca, Sr, Ba, Pb, Hg 

S0 4 Mn, Mg, Zn 

CO. Cu 

A1 

Crystalloids and colloids. Graham observed 
that the rates of diffusion of different substances 


differ much. He found certain substances which 
diffused in water with very great slowness ; these 
substances included gums, tannin, albumen, 
caramel, &c. Inasmuch as the substances 
which diffused comparatively rapidly generally 
assumed crystalline forms when they solidified, 
while substanoes which diffused very slowly 
solidified in amorphous forms, Graham called 
the former crystalloids and the latter colloids. 
The solution in water of crystalloids is usually 
accompanied by thermal changes ; the solution » 
boil and freeze at temperatures different from 
the boiling- and freezing-points of water, and the 
properties of the solutions differ considerably 
from those of the solvent. On the other hand, the 
solution in water of a colloidal substance is not 
attended with any marked changes. 

The solution of a colloidal substance allows- 
the diffusion through it of a crystalloid, in solu- 
tion, but scarcely permits the diffusion of 
another colloid. If, then, a solution containing 
a crystalloid and a colloid is separated from 
water by a colloidal membrane, such as animal 
or vegetable parchment, the crystalloid will 
diffuse through this membrane into the water 
outside, but the colloid will be retained in the 
interior liquid ; in this way colloids can be 
separated from crystalloids by diffusion; this, 
process was called dialysis by Graham. 

By means of dialysis, Graham prepared 
many compounds in a colloidal, or jelly-like form 
( T . 1861. 183). Most inorganic colloidal com- 
pounds were found to exist in two forms ; one 
soluble in much water, and the other gelatinous 
and insoluble in water. For instance, an aqueous 
solution of silicic acid, containing 14 p.c. of this 
acid, was obtained by adding a solution of 
sodium silicate to excess of dilute HOlAq, and 
dialysing (by pouring into a flat saucer formed 
of parchment paper which was floated on pure 
water) for some days, until the liquid inside the 
dialyser ceased to give a reaction with AgNO a Aq ^ 
the liquid in the dialyser was then concentrated’ 
by boiling in a flask. The solution of silicic 
acid gelatinises after a few days, or at once by 
addition of a trace of an alkaline or earthy car- 
bonate, or by a few bubbles of CO*, or by certain 
soluble colloids, such as gelatin or soluble 
alumina. The gelatinised colloidal silicio acid 
is insoluble in water. 

Graham prepared soluble and gelatinised 
colloidal forms of A1 2 0 8 , Fe 2 O s , Cu 2 FeCy 4 , Cr # 0„. 
stannic acid, <feo. Other soluble inorganic col- 
loidal compounds have been obtained in recent 
years. 

Graham looked on colloids as very different 
in their constitution from crystalloids. He re- 
garded colloids as prone to undergo changes 
which take place very slowly; he thought it 
possible that the molecule, or molecular aggre- 
gate, of a colloid is formed * by the grouping 
together of a number of smaller crystalloid mole- 
cules.’ Colloids, according to Graham, are 
capable of loosely combining with various pro- 
portions of water; this process of ‘gelatinous 
hydration * was regarded by Graham as being 
‘ as truly chemical as that of crystalline 
hydration.’ 

Graham’s views on the nature of colloid# 
have been confirmed, on the whole, by more 
recent work. J. M. van Bemmelen has especially 
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studied the hydration of colloids. He gives the 
name hydrogels to those gelatinous hydrates 
which contain varying quantities of water not 
agreeing with any definite formula ; he describes 
the reactions of hydrogels with gases and liquids 
to form what he calls absorption-compounds , and 
discusses the part played by such compounds in 
the soil (L. V. 35, 69 ; Abstract in C. J. 54, 985). 
For van B.’s work on various individual colloids 
v . R. T. C. 7, 37, 69, 75, 87, 106, 114 ; Abstracts 
in C. J '. 54, 1157-1162. 

Picton ( G . J. 61, 137) and Picton a. Linder 
{ C . J. 61, 114, 148) have recently prepared a 
number of soluble colloidal forms of metallic 
sulphides, such as CuS, HgS, As 2 S 8 . The 
colloidal solutions were obtained (1) by pouring 
solutions of the metallic salts into H 2 SAq, into 
which H 2 S was continuously passed, and dialys- 
ing, after removal of excess of HjS by a current 
of H ; (2) by passing H 2 S into water with metallic 
hydrates in suspension ; (3) by suspending 
freshly ppd. metallic sulphides in water and 
passing in H 2 S. All the solutions contained 
combined H 2 S, and were therefore solutions of 
hydrosulphides. The solution of As 2 S s contained 
about 6 g. As 2 S a per litre, and that of HgS about 
10 g. per litre. These colloidal solutions were 
shown to contain solid particles. In some cases 
the particles were visible through a powerful 
mioroscope; in other cases the particles were 
proved to be present by passing a ray of bright 
light through the liquids, and showing the 
scattering of polarised light which thus oc- 
curred. Solutions of 1 colloidal molybdic acid,* 
and colloidal silioio acid containing free HC1, 
seemed to be free from solid particles. Solution 
of colloidal antimony sulphide showed no par- 
ticles under the microscope, but the presence of 
particles was revealed by the passage of a beam 
of light ; after keeping for about ten days, par- 
ticles had formed sufficiently large to be seen 
by the help of the mioroscope ; and after some 
weeks the Sb was all ppd. as Sb 2 S s . In this 
case the passage could be followed from a liquid 
containing very minute particles, whose presence 
was detected only by the fact that they scattered 
light, to a liquid containing particles sufficiently 
large to be seen under the microscope. On the 
other hand, a solution of 0r01 s in water contain- 
ing a little ohromous acetate was able to scatter 
light, and therefore contained solid particles; 
but after a few days the particles were no longer 
present. In this case the passage could be traoed 
from a liquid containing very minute partioles 
to a liquid free from suoh particles. 

The colloidal solutions did* not diffuse, with 
one exception— namely, arsenious sulphide. The 
diffusible solution was obtained by running 
As 2 O t Aq into HjSAq, into which KjS was con- 
tinuously passed, and removing excess of H*S by 
a current of H. This solution showed no par- 
ticles under the microsoope, but as it scattered 
polarised light partioles were present in it. The 
liquid was put into a small wide-mouthed bottle, 
which was placed in a beaker and covered with 
water ; a distinct amount of As^ had diffused 
in one day, and after eleven days about 12 £ p.c. 
of the As 2 S 8 was found in the diffusate. This 
colloidal solution therefore presented the in- 
teresting phenomenon of a liquid containing 
solid particles capable of scattering polarised 


light from a beam passed through, and yet able 
to diffuse in exactly the same way as true solu- 
tions undergo diffusion. 

Picton a. Linder consider that their experi- 
ments establish ‘ a good prima facie case for the 
belief that there is a continuous series of grades 
of solution passing without break from suspen- 
sion to crystallisable solution.* They look on 
the very small particles in some of these colloidal 
solutions as large molecular aggregates, and they 
think that these aggregates become very small in 
the solutions which can diffuse, and that the 
forces by which the aggregates are held in solu- 
tion 4 become more definitely those of chemical 
attraction.* (In connection with colloidal solu- 
tions v. Paterno, Z. P . C. 4, 457 ; and Barus a. 
Schneider, Z . P. C. 8, 278.) 

Diffusion of gases. The fact was observed 
by Dalton (P. M. 24, 8) that if a heavier gas is 
placed in a bottle which is connected with 
another bottle containing a lighter gas, and 
placed beneath the first bottle, after some days 
the gases will be equally mixed in both bottles. 
The same fact was observed, and some measure- 
ments were made, by Berthollet (M&m. S. d'A. 
2, 463). Graham (Q. J. S. 1829. 74 ; P. M. 1833. 
175, 269, 351) made a great many measurements 
of the rates of diffusion of different gases. For 
most of these he employed a diffusiometer , which 
consisted of a glass tube about 20 cm. long 
and about cm. diameter, having a plug of 
plaster of Paris in one end extending inwards 
about £ cm., and graduated from this end 
downwards. The tube was filled with the gas 
under examination and placed in water ; when 
the level of the water in the tube had become 
constant, the total volume of gas now in the 
tube was measured, and the amounts of air and 
original gas contained in the tube were deter- 
mined. With gases lighter than air there was a 
decrease in the contents of the tube, as the 
lighter gas passed out through the porous plate 
more quickly than air passed in; with gases 
heavier than air there was an increase in the 
gaseous contents of the tube, as air passed in 
more quickly than the heavier gas passed out. 

The conclusion which Graham arrived at was 
that * the diffusion or spontaneous intermixture 
of two gases in contact is effected by an inter- 
change in position of indefinitely minute volumes 
of the gases, which volumes are not necessarily 
of equal magnitude, being, in the case of each 
gas, inversely proportional to the square root of 
the density of that gas.’ 

Modifications in Graham’s apparatus have 
been made, and many determinations of the 
rates of diffusion of gases have been conducted ; 
the results have fully confirmed Graham’s law, 
which maybe stated in the formccc'* */S': 
where c and c' are the diffusion-rates of two 
gases whose relative densities are d and d'. 

It is evident that Graham’s law of diffusion 
gives a means for finding the molecular weights 
of gases ; inasmuch as the law enables measure- 
ments to be made of the relative densities of 
gases, and the density of a gas, referred to 
hydrogen, multiplied by 2 is (approximately) the 
molecular weight of that gas. For a description 
of an instrument for this application of the law 
of diffusion t>. Bunsen’s Oasomet . Methodm % p. 
160. M. M. P. M. 
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IV. DYNAMICAL METHODS. Several 
methods used in attacking chemical problems 
may be put together under this general title : v. 
Chemical change, vol. i. p. 731 ; Affinity, vol. 
i. p. 67 ; Aggbegation, States of, vol. i. p. 87 ; 
Dissociation, vol. ii. p. 385 ; Equilibrium, Che- 
mical, vol. ii. p. 434 ; Molecular constitution 
of bodies, Theories of, vol. iii. p. 410. 

V. ELECTRICAL METHODS. 

Historical . — The history of the science of 

electricity divides itself into two well-defined 
periods, the boundary between which lies at the 
close of the last century, and is marked by Volta’s 
discoveries concerning the production of eleo- 
tricity when different substances are brought 
into contact. The investigations in the older 
period, when only the phenomena of frictional 
electrioity, characterised by small quantity and 
high tension, were known, showed no connection 
with chemical problems. It is true, Deimann 
and Paets van Trostvijk had decomposed water 
by means of the electrical machine ; this effect 
was, however, assigned as due more to the high 
temperature of the electrio spark than to a specifio 
property of electricity. 

It is only with Galvani’s discovery of the 
electricity whioh appears when different sub- 
stances are brought into contact, and with the 
scientific investigation of this discovery by Volta, 
that the period of electro-chemistry begins. This 
branch of science is thus of nearly exactly the 
same age as the current century. It was by 
means of the pile as constructed by Volta that 
chemical changes were recognised to be essential 
phenomena concurrent with the passage of an 
electrio current through certain substances. 
Directly this apparatus became known, Nichol- 
son and Carlisle (1800) used it for the decompo- 
sition of water, and since then the fact that 
there is a close connection between chemical and 
electrical phenomena has always been present 
to the mind of investigators. The mysterious 
and unexpected mode of action of this apparatus 
soon revived the hope that by means of it the 
problem of vital activity might be fathomed. 
Consequently, the electrio current was made to 
pass through various animal fluids, such as blood, 
protein, <fcc., with the object of following the 
changes produced by this influence, and thus 
obtaining information concerning the processes 
taking place in the organism. It was found that, 
along with other effects, a basio reaction was 
always observed at one pole, and an acid reaction 
at the other. On further investigation it was 
found that the acid and the base still appeared, 
even when water was taken instead of the animal 
fluids, and thus the electrio current seemed to 
bea means for producing acids and bases from 
pure water. This is the point at whioh the 
elassical researches of Humphry Davy began. 
In order to decide whether acids and bases were 
really produced from pure water by means of 
electricity, he repeated the experiments. He soon 
recognised that the vessels in which the water 
was contained exerted a determinant influence 
on the results ; he proved that very small quan- 
tities of the substance of the vessels were always 
dissolved by the water, and that vessels of glass, 
day, basalt, &o., were subject to this influence. 
The electrio current had the power of decom- 
posing the very small quantities of saline matter 


present into acids and bases, and of accumulating 
these at the poles, where they could be detected 
easily. Only vessels of gold proved to possess 
the necessary resistance, and when these were 
used not the least quantity of either acid or base 
was obtained from pure water. 

After Davy had thus become acquainted with 
the great power of decomposing compounds 
possessed by the electric current, he proceeded 
at once to submit the most diverse substances 
to its influence. By means of the large batteries 
of the Royal Institution, which had been con- 
structed according to his plans, he succeeded 
in obtaining great effects ; he decomposed the 
alkalis, and isolated the metals potassium and 
sodium. 

At the present day it is difficult to imagine 
the impression whioh this discovery made on his 
contemporaries. It was not scientific circles 
only that were full of it ; the public at large and 
the daily press ocoupied themselves most dili- 
gently with this fact. Everyone who could pro- 
cure some dozens of copper and zinc plates tried 
to repeat the experiment, and gave an account of 
it. Napoleon, who then had just nearly reached 
the zenith of his power, proceeded at once to have 
larger batteries constructed in order to smooth 
the way for similar discoveries by the French 
scientists. He also offered great prizes for scien- 
tific works dealing with voltaic electricity. 

Davy’s discovery was of great importance 
for the development of the science of chemistry, 
because it enabled the alkalis to be classed with 
other basic metallic oxides. Chemical classifica- 
tion was thus simplified considerably. The in- 
vestigations of Davy were, however, without 
influence on the knowledge of chemical affinity, 
sound as were the views held by this man of 
genius concerning the relation between chemical 
and electrical processes. 

It was at this same time that the two Swedish 
naturalists Berzelius and Hisinger carried out 
work which then, it is true, did not attract any- 
thing like the same attention as had justly been 
aroused by Davy’s investigations, but which had 
an even more lasting influence on the later 
development of scientific chemistry. Davy’s ex- 
periments dealt chiefly with the fact that the 
electrio current split compounds into their con- 
stituents, and aimed at the isolation of these 
constituents. Berzelius and Hisinger went a step 
farther ; they tried to grasp the laws underlying 
this decomposition, and from these they de- 
veloped a theory concerning chemical compounds. 
The generalisations under which Berzelius and 
Hisinger comprised their results were as follows : 

(а) Chemical compounds are decomposed by 
the electric current, and their components collect 
at the poles. 

(б) The combustible substances, the alkalis, 
and earths go to the negative pole ; oxygen, the 
acids, and oxidised substances go to the positive 
pole. 

The fact that Berzelius had experimented 
chiefly on the salts of the alkalis determined the 
theoretical conception of electrolysis. Since acids 
and bases appeared at the poles when alkali salts 
were electrolysed, acids and bases were considered 
to be the components of salts. Berzelius assumed 
further that a similar binary division prevailed 
throughout the whole domain of chemical com- 
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pounds. Ho conceived every atom as endowed 
with a definite quantity of positive or negative 
electricity, and this led him to distinguish be* 
tween positive and negative elements, and to 
arrange the elements in a series, beginning with 
the most positive down to the most negative. 
It was thus that for Berzelius the combination 
of elements with each other was simply an act of 
electrical attraction ; according to him the thermal 
and optical effects which are produced along 
with chemical combination are due to the same 
cause as the corresponding phenomena which 
accompany the electric spark. It is true that 
at this point Berzelius, with the caution peculiar 
to him, himself brings forward the objection that 
when the opposite electricities have neutralised 
each other a further cause of their keeping 
together is no longer present. It seems, how- 
ever, that he did not consider this difficulty of 
sufficient importance to give up his theory for it. 

When a positive and a negative atom inter- 
act, their electricities, according to Berzelius, 
are in general not completely neutralised, as the 
quantities of electricity present differ according 
to the nature of the atoms. The compound 
formed thus retains a surplus of positive or of 
negative electricity, and acts therefore similarly 
to an element, but less intensely. It is in this 
way that compounds can again combine with 
each other to form compounds of a higher order, 
and so on, and thus is brought about a binary 
constitution of all compounds. 

This electro-chemical theory of Berzelius, 
which he developed more fully at a later time, 
has exerted a very marked influence on the pro- 
gress of chemistry, since it has impressed on this 
science the form which waB the only one recog- 
nised from 1810 to 1840. It was characteristic 
of this phase that after this first investigation 
Berzelius did not again undertake any experi- 
mental work on the aotion of electricity on 
chemical compounds. The places wherein the 
Berzelian theory was weak from the physical 
point of view were not considered at all, as the 
theory was used only for the purposes of chemical 
classification ; no attempt was made to explain 
by means of it the problems of chemical affinity. 

After an almost uncontested reign of twenty 
years* duration the theory of Berzelius proved 
itBelf insufficient to follow the progress of the 
science. Since it was deduced from the pheno- 
mena of the decomposition of compounds by 
electricity, it was not surprising that it could 
not represent the chemical relations of organic 
compounds, which, as a rule, are not decomposed 
by electricity. Investigations on this subject 
proved more and more conclusively that in 
chemical compounds individual atoms could be 
substituted by other atoms or groups of atoms, 
quite independently of the ‘electro-chemical’ 
nature of the elements; in the most conspicuous 
and best-known examples it was a question of 
the substitution of ‘positive ’ hydrogen by ‘nega- 
tive* chlorine. Such a process Berzelius con- 
sidered to be quite impossible in the light of his 
theory. 

But it was not this proposition of the elec- 
tro-chemical theory alone, but the whole founda- 
tion of Berzelius*s system, which was made 
doubtful and: proved to be untenable by the 
newer development of organic ohemistry. The 


theory of the binary constitution of ehemioal 
compounds was no longer capable of being 
brought into acoord with facts, which rather led 
to the unitary conception of substances. Closely 
connected with this development is the esta- 
blishment of the oonoeption of the ohemical 
molecule, a conception which assigned a sharply- 
defined existence to the combinations of the ele- 
mentary atoms, and which led to the view that 
these structures would split up in the most 
diverse ways, according to the nature of the in- 
fluences to which they were subjected, although 
no such division appeared pre-existing in the 
molecule. 

At the same time (after 1840) at which 
purely chemical facts had proved Berzelius’s 
system insufficient for the domain of organic 
chemistry, the insufficiency of its physical 
foundations was also made apparent. This 
happened in consequence of Faraday’s funda- 
mental work. 

A lively discussion concerning the cause of 
the production of electricity in the galvanic pile 
had been carried on ever since the days of 
Volta. While Volta and his successors sought 
for the cause of the electric tension at the ex- 
tremities of the pile in the contact of the metals, 
a number of other workers held to the opinion, 
as first expressed by Fabbroni, that the cause of 
galvanic electricity was to be found in the 
chemical processes which take place in the pile. 
It is not possible to enter here into the history 
of the contest which has lasted up to the pre- 
sent day. Faraday attempted to solve the pro- 
blem, and in so doing he discovered the electro- 
lytic law (1834) which goes by his name. 

This law affirms, firstly, that when electricity 
passes through a body which is decomposed by 
it— that is, through an electrolyte — the quantity 
of substance decomposed is proportional to the 
quantity of electricity that has passed through. 
Secondly, the law affirms that when the same 
quantity of eleotricity passes through different 
electrolytes, the quantities of the different sub- 
stances which are thereby decomposed are to 
each other in the ratio of their chemical equiva- 
lents. 

These two generalisations primarily sup- 
ported the chemical theory of galvanio electricity, 
as according to them a galvanic current is never 
possible without a corresponding chemical pro- 
cess. At the same time, however, they were in 
unresolvable contradiction to the foundations of 
the theory of Berzelius as conceived by him ; 
since, if one and the same quantity of eleotricity 
is always necessary in order to decompose 
chemically equivalent quantities of any sub- 
stances, it cannot be true that different quantities 
of electricity cause their combination, in which 
act they neutralise each other. Berzelius was 
keenly alive to this contradiction, but as he did 
not wish to doubt his own theory he preferred 
to doubt the laws of Faraday, and he continually 
argued against them. 

It was through the work of Daniell (T. 1839. 
i. 97, and 1840. i. 209), which followed up the 
researches of Faraday, that the electro-chemical 
theory was fought on the very ground front 
which it had sprung. The results of the elec- 
trolysis of neutral Balts, such as potassium sul- 
phate or sodium chloride, when the two elec- 



ELECTRICAL METHODS. 


m 


erodes of the electrolytic cell were separated by 
a porous diaphragm, showed that detonating gas 
(or hydrogen) was formed in the same quantity 
as in a voltameter with dilute sulphurio acid 
inserted in the circuit, and besides this an equiva- 
lent quantity of the salt was decomposed into 
acid and base. This phenomehon cannot be 
brought into accordance with the law of Faraday 
otherwise than by assuming that electrolysis does 
not split up the salts into base and acid, but 
rather into the metals and into the elements 
(such as Cl) or radicles (such as SO J combined 
with these. Thus, when potassium sulphate is 
electrolysed, hydrogen and oxygen are only se- 
condary products, just as the free acid and the 
base are only secondary products ; the salt K 2 S0 4 
splits up rather into free potassium Kg, which 
acts on the water, forming potash (K 2 + 2 ELjO 
— H 2 + 2KOH), and into the radicle S0 4 , which 
with water gives sulphuric acid and oxygen 
(S0 4 + BL 2 0 =» H 2 S0 4 + 0). Correspondingly, when 
copper sulphate is electrolysed we obtain, not 
copper oxide and sulphurio aoid, but on the one 
side metallic copper, and on the other side S0 4 
which gives sulphuric acid and oxygen. Thus 
Daniell arrived at the conclusion that the con- 
ception of salts as consisting of base and acid 
would have to be given up, and that they rather 
consist of a metal and a simple radicle (Cl, S, 
&c.),or a compound radicle (S0 4 , N0„, <fco.), and 
he further pointed out that Davy had already 
expressed similar ideas. 

The same result to which the application of 
Faraday’s law led in this case had meanwhile 
been arrived at by chemical methods. After 
Graham (T. 1833. ii. 253) had reduced the differ- 
ences exhibited by the salts of phosphoric aoid 
to differences in the amounts of water held by 
the acid, and had thus founded the theory of the 
polybasio acids, Liebig (1838), in his celebrated 
paper (A, 20, 113), enunciated the theorem that 
all acids must be looked on as hydrogen com- 
pounds, and that the formation of salts consists 
in the replacement of this hydrogen by metals 
or metallic radicles. By means of this conception 
the unnatural division between the salts of oxy- 
acids on the one hand, and the halogen com- 
pounds of metals on the other, was again put 
aside. The necessity for such a division had 
been felt by Berzelius to be a great trouble, and 
to do away with it he had for long clung tena- 
ciously to the assumption that the halogens were 
oxygen compounds. 

The first attempt to utilise the facts of gal- 
vanism for chemistry had failed. In 1850 Ber- 
zelius’s electrochemical theory had but few 
supporters left. Still the consciousness survived 
that the mistake had lain in the form in which 
the relation between chemical and electrical pro- 
perties had been represented ; and it continued 
to be recognised that this relation actually did 
exist, and that it was of the greatest importance. 
A sign of this recognition is found in the fact 
that although Berzelius’s theory had been re- 
jected, the elements which form bases were still 
called positive and those which form acids were 
called negative . In fact, the electrochemical 
contrast of the two constituents of salts is a fact 
which becomes obvious with eaoh electrolysis, 
and which, therefore, cannot be doubted. It was 
only necessary to modify the view of Berzelius 
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and to say that it is not the acids and bases (or 
more correctly their anhydrides) which are the 
constituents of salts, but rather it is the metal 
and the aoid radicle. This modification of the 
electrochemical theory has, however, scarcely 
left any traces in the development of the che- 
mistry of that time. The reason of this is that 
compounds of the nature of salts receded quite 
out of the foreground of interest. Organic ohe- 
mistry, whioh at that time developed brilliantly, 
dealt with substances very few of which could 
be decomposed by the electrio current, which 
were not electrolytes, and for which, therefore, 
the electrochemical contrast did not exist. The 
unitary conception was consequently involun- 
tarily extended to the salts, and the important 
distinction between electrolytes and non-electro- 
lytes was not at all taken into account by che- 
mists. It is true that Faraday attempted to 
account for these two classes of bodies by sup- 
posing that in the one case the number of 
positive and negative atoms was the same, but 
in the other case these numbers were different ; 
but this rule proved to be incorrect, and for a 
long time these relations were neglected because 
they could not be grasped scientifically. After 
the refutation of the erroneous views of Berzelius, 
people thought themselves justified in altogether 
ignoring the electrochemical relations. 

This was the condition of electrochemistry 
till quite reoently. The only attention it received 
was from the hands of some physicists, and it is 
only natural that purely chemical problems did 
not fare particularly well under these circum- 
stances, the more so as even up to the present 
day it often happens that from this side the 
electrolysis of dilute sulphuric acid is represented 
as the electrolysis of water 1 which has been made 
conductive by an addition of sulphurio acid. 
Although the direct furtherance thus given to 
chemistry was insignificant, yet the indirect 
effects were important. If it is possible to speak 
to-day of the development of a new electroche* 
mical theory, it is almost exclusively to these 
physicists that we owe the means for bo doing. 

The first investigator to be mentioned at this 
point is Hittorf. He connected his work with 
the experiments of Daniell, and took up the 
consideration of a phenomenon which had re- 
mained incomprehensible to the latter. When 
Daniell experimented with sulphuric acid in his 
apparatus, he found that besides the electrolysis 
of the acid a change in the concentration had 
occurred ; at the negative pole the acid solution 
had become more dilute, at the positive pole it 
had become more concentrated. It occurred to 
Hittorf that this phenomenon must be due to the 
different velocities with whioh the two consti- 
tuents or ions of sulphurio acid— that is, 2H and 
S0 4 — travel through the liquid. If, for instance, 
the hvdrogen remained at rest and the group 
S0 4 alone moved, it would follow that after the 
electrolysis of one molecular weight of sulphurio 
acid, there must be an increase, by that amount, 
in the concentration at the positive pole towards 
whioh S0 4 had travelled. If, on the other hand, 
the hydrogen alone travelled, the concentration 
would remain unchanged. Now, it had been found 
by Daniell that the increase in concentration at 
the positive pole was equal to less than a quarter 
of the quantity of add electrolysed ; the neoessary 
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conclusion was, therefore, that both ions travelled, 
but that S0 4 moved much more slowly than 2H. 
Hittorf proved by a great number of careful ex- 
periments (P. 89, 177 ; 98, 1 ; 103, 1 ; 106, 337) 
that this conclusion always agreed with observed 
facts. He then used the knowledge thus gained 
to answer chemical questions, for the solution of 
whioh no other means existed at the time. But 
in spite of their great importance, Hittorf’s 
results have been all but completely ignored by 
chemists. 

These experiments afforded verification of the 
conclusion that the more immediate components 
of salts— or what is the same, the ions of salts — 
really are the metal and the acid radicle. At 
the same time electrolysis furnished Hittorf with 
the means of solving certain old problems. Thus, 
for instance, opinion was divided as to whether 
potassium platinichlorideand similar salts should 
be considered as double salts— for example, as 
2KC1 and PtCl 4 — or as salts of chloroplatinio 
acid HjPtClg. Hittorf submitted sodium platini- 
chloride to electrolysis. If it consisted of 
2NaCl + PtCl 4 , it followed that sodium and plati- 
num were the positive ions and chlorine the 
negative ; if, on the other hand, it was Na^tClg, 
the ions would be 2Na and PtCl 6 . In the first 
case, therefore, the platinum must travel to the 
negative pole, in the other case to the positive. 
Experiment decided for the latter view ; the 
platinum did not go to the negative pole, as the 
metals generally do, but travelled with the 
ohlorine to the positive pole, thus proving itself 
to be a constituent of the acid radicle. In a like 
manner Hittorf decided quite a number of similar 
questions. 

During these investigations, Hittorf drew at- 
tention to another point, which at a later time 
proved to be of the utmost importance. The 
fact that electrolysis can be started by the 
weakest currents is in contradiction to the usual 
-chemical views, according to which the consti- 
tuents of salts, such as KC1, NaJ30 4 , &c., are 
held together by very strong affinities. At the 
same time, Hittorf emphasised the fact that those 
substances whioh conduct electrolytically are the 
most ready to interchange their constituents. 
This fact also is against the assumption of a 
specially firm binding together of the consti- 
tuents of salts. Occasion will be found later to 
refer to this remark. 

There are other parts of the science of elec- 
tricity, besides the phenomena of electrolysis, 
in which the chemical nature of substances has 
to be considered. These are the electrical con- 
ductivities of electrolytes, the electromotive force 
of galvanio cells, and galvanic polarisation. 
These fields have been cultivated till quite lately 
only by physicists to whom purely chemical 
questions were foreign. 

The electrical conductivity of an electrolyte is 
a quantity the determination of which was 
formerly attended with great difficulties. These 
difficulties occur because the ions which sepa- 
rate where the electric current enters or leaves 
the liquid * polarise * the electrodes, and thus 
produce new and unknown electromotive forces. 
Details of the various attempts which have been 
made to overcome this difficulty will be given 
later. It was, however, only in 1880 that, after long 
and varied preliminary investigations, F. Kohl- 


rausch (TP. 11, 653) indicated a really practical 
and accurate method. As soon as the values of 
the electrical conductivities of electrolytes could 
be determined easily, by Kohlrausch’s method, 
important relations soon came to be recognised 
between the conductivities and the chemical pro- 
perties of electrolytes. The most important of 
these relations, the discovery of which was made 
by Arrhenius (Bigh. Swensk. Ak. 8, Nos. 18 and 
14, 1884), lies on the path opened up by Hittorf. 
The fact that substances capable of conducting 
the current and of being electrolysed are also 
specially capable of entering into chemical re- 
actions, which was emphasised by Hittorf, can 
now be made definite by saying that both powers 
are nearly proportional for different electrolytes. 

From this discovery there has grown a new 
electrochemical theory, which, in its entirety, 
will be expounded later on. 

The other problem concerning the connec- 
tion between the electromotive force of galvanio 
cells and the chemical processes within them 
was solved by Helmholtz (Die Erhaltung der 
Kraft , 1847), and later on also by Sir William 
Thomson (P. M. December, 1858), and this was 
done primarily on the basis of a hypothetical 
assumption. According to Faraday’s law, when 
equivalent quantities of different substances are 
used in the galvanio cell, equal quantities of 
electricity are always put into motion. This 
being so, the intensity of the motion, or the 
electromotive force of the galvanic cells, must 
be proportional to the quantity of heat produced 
by the chemical processes within the cell. The 
supposition is made here that all heat is used 
for electrical work — a supposition which Thom- 
son found verified by an experiment of Joule. 
Meanwhile it has been proved, however, that the 
heat produced in chemical changes is not gene- 
rally completely transformed into electrical work, 
and Helmholtz (B. B. 1882) himself has worked 
out the formula representing the general relation 
between these two quantities. 

To these problems are joined those concern- 
ing the nature and the value of galvanio polari- 
sation. In this province investigation has, how- 
ever, made so little way as yet that it suffices to 
point out that most important problems here 
await their solution. 

The foundations of the science of electricity. 
General considerations.— If a bar of per- 
fectly pure or amalgamated zino is placed in 
dilute sulphuric acid, no chemical action takes 
place, nor is there any such action if a bar of 
platinum be introduced into the acid. But as 
soon as the two metals are made to touch each 
other an action occurs ; the zinc is transformed 
into zinc sulphate by expelling the hydrogen 
from the sulphurio acid, which hydrogen, how- 
ever, is evolved at the surface of the platinum 
bar. 

Direct contact of the two metals is not 
necessary. If, for instance, the zinc is touched 
with the end of a copper wire and the platinum 
is touched with the other end, the same effect is 
produced. On the other hand, there is no effect 
if the connection is made through glass, wood, 
or such like substances. 

The copper wire whioh connects the two 
metals has acquired special properties which 
remain as long as the chemical action of the 
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sulphuric acid on the zinc lasts. If the wire is 
held parallel to a movable magnetic needle at a 
short distance above it, the needle will be de- 
flected ; further, the wire becomes heated ; and 
finally, if the wire is cut in one place, and the two 
ends are placed close to each other on a paper 
moistened with solution of potassium iodide and 
starch, it can be perceived that a chemical de- 
composition of the potassium iodide has occurred, 
since a blue spot of iodide of starch appears under 
one end of the wire. 

Work, or, speaking generally, energy, is gained 
by the chemical action between the zinc and the 
sulphuric acid; the energy usually appears in the 
form of heat. The arrangement described shows 
that it is possible to conduct this energy away 
from the place where it is set free — that is, from 
the point of contact between zinc and sulphurio 
acid — and to make it effective at any point of 
the connecting wire we please. And further, we 
can obtain this energy at will in the form of 
thermal energy, chemical energy, or mechanical 
energy. 

The sole difference that can be perceived be- 
tween the metals in their usual state and when 
dipped into the acid is that they have become 
electric ; the platinum shows itself charged with 
positive, and the zinc with negative, electricity. 
By means of a suitable electrometer this electric 
charge can be measured. It appears to be de- 
pendent on the nature of the metals, as well as 
on that of the acid. 

Hence we conclude that the chemical action 
between the zinc and the acid does not, as usual, 
give out its energy in the form of heat, but in 
that of electrical energy. As to whether the 
transformation from chemical to electrical energy 
is complete or partial, and, if the latter, by what 
this partial amount ib determined, these are 
questions with which we can occupy ourselves 
only at a later stage. 

As is generally the case with all forms of 
energy, electrical energy allows itself to be re- 
solved into two factors, one of whioh is a capacity , 
and the other is an intensity. For these factors 
the general law holds, that a system can be in a 
Btate of rest only if the intensity of the energy is 
the same throughout the whole. An exception 
to this* occurs only if different kinds of energy 
are present simultaneously in one system ; then 
there can exist a difference of one intensity, if a 
compensation is produced by a corresponding 
difference of the other intensity. 

The two factors of electrical energy are 
called quantity of electricity and electromotive 
force or potential ; the first is the capacity, the 
second the intensity. In accordance with the 
above-mentioned law, we shall therefore say that 
in a system in which electrical forces alone act 
there is equilibrium if the electromotive force 
or the potential is the same throughout. This 
is the well-known law for conductors of elec- 
tricity. 

With substances which do not allow of any 
motion of the electricity— that is, with non- 
conductors — the potential can, it is true, be 
different in different places. But then, owing 
to the striving for equalisation on the part of 
the potential, small displacements are produced 
in the body, and the reaoting forces of elasticity 
which accompany these form the compensation 


for the inequality of the electrio intensity or 
potential. 

When contact between two different sub- 
stances occurs, a mutual action at the surface 
of contact is generally set up, and a displacement 
of energy is thus brought about. The changes 
in the surface -energy which thus ocour seem to 
be generally compensated by corresponding dif- 
ferences in the electrio intensity, i.e. the surfaces 
of different substances in contact attain different 
potentials. If the substances are conductors 
of electricity, each of them must be at a uniform 
potential at every point within it ; hence a dif- 
ference of potential exists at the surfaces of con- 
tact only. 

Electrical measurements. In order to 
examine systematically the nature of electrical 
phenomena we are at the very beginning obliged 
to find a measure for them. We generally start 
from a definition of quantity of electricity, since 
the historical development of the science has led 
to the notion that this iB one of the most im- 
portant factors in the phenomena. And yet we 
have no proof that such things as the hypothetical 
electric fluids actually exist. What we do know 
of electrical phenomena are the mechanical, 
thermal, and chemical effects, i.e, the mani- 
festations of the electrical energy , and it is this 
which is the real thing underlying the electrical 
phenomena. Quantity of electricity is a mag- 
nitude of the same order as perhaps a volume, 
and one which can be increased or decreased at 
will. But electrical energy cannot be destroyed, 
nor can it be produced ; it can only be changed 
into, or obtained from, other forms of energy. 

Electrical energy is then to be measured by 
the same units as other forms of energy, me- 
chanical energy especially. The unit used for 
kinetic energy, which is represented by the for- 
mula — v 2 (where m stands for the mass, v for 
z 

the velocity), is double that energy which the 
mass of one gram possesses when moving with 
the velocity of one centimetre in one second. 
This being so, the unit accepted for electrical 
energy is that quantity of energy whioh is ob- 
tained by the transformation of the above-defined 
quantity of kinetic energy into electrical energy. 
And further, since, as has been already mentioned, 
electrical energy has to be looked upon as the 
product of two factors, the quantity of electricity 
Q and the potential E, the unit by which the 
product QE must be measured is thus also fixed. 

The units of the two factors Q and E are still 
arbitrary, in so far as we can choose one of them 
at will, that for the other being then fixed. In 
fact, different units have been chosen for different 
purposes, and accordingly different systems of 
electrical magnitudes have been obtained. Fara- 
day’s law, that equal quantities of electricity 
travel with equivalent quantities of separate 
ions, supplies the chemist with a natural unit 
for quantity of electricity . Hence that quantity 
of electricity which is combined with one gram 
of hydrogen as ion will serve as unit of quantity 
of electricity. Then the unit of potential would 
have to be the potential at which the above- 
defined quantity of electricity must be in order to 
produce unit of work. 

This system of units has not become general; 
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it has been displaced by a system which is de- 
rived in a somewhat complicated maimer from 
the action of current electricity on magnets. 
This system also has not been retained un- 
changed, but another one has been deduced from 
it, in which instead of the unit of length of 1 om. 
a lOMold value has been introduced, while 
instead of the unit of mass of 1 g. a value 
10 41 times as small is accepted ; the second has 
been retained as the unit of time. Hereby the 
unit of electrical energy has been changed also ; 
it no longer coincides with the mechanical unit, 
but is 10 7 times greater. 

In this system the unit of potential is called 
a volt ; in order to get a conception of its magni- 
tude it is to be remembered that the difference 
of potential at the ends of a Daniell cell is about 
1*1 volt. 

The unit of quantity of electricity has been 
called a coulomb. When a coulomb is forced 
through a volt a quantity of work equal to 10 7 
mechanical units is done. 

In order to fix the relations of these units to 
other units of energy, we must first remember 
that the work necessary to move 1 g. through 
1 cm. against gravity is equal to 980 mechanical 
units, approximately. The above-defined unit 
of electrical energy would therefore be equal to 


10 * 

980* 


or approximately to 10200 gravitation-units. 


Further, the unit of thermal energy is the quan- 
tity of heat which raises the temperature of 1 g. 
of water by 1°0., and which, according to the 
measurements of Joule, is equal to 42350 gra- 
vitation-units, i.e. 42350 g. would on falling 
through 1 cm. give up 1 calorie of heat, or would 
heat 1 g. of water by 1°C. Hence this magnitude 
is equal to 4*15 x 10 7 mechanical units. Since the 
unit of electrical energy amounts to 10 7 me- 
chanical units, it follows that 1 calorie is equal 
to 4*15 electric energy units, or 1 volt x coulomb is 
equal to 0*241 calories. A number obtained more 
recently by Dieterici by direct measurements is 
probably more accurate. According to him, the 
energy of 1 volt x coulomb is equal to 0*2356 cal. ; 
the unit of quantity of heat here used is ^ of 
the quantity of heat given out by 1 g. of water in 
cooling from 100° to 0°. This factor is import- 
ant for the relations between the heat produced in 
chemical changes and the corresponding electri- 
cal phenomena. Finally, we know from measure- 
ments by F. Kohlrausch and Lord Bayleigh that 
1 g. of hydrogen as ion carries with it 96540 
coulombs. The same quantity of electricity is 
carried by each equivalent of any other ion, for 
instance, by 107 g. of silver, £ x 63*4 g. of copper, 
£ x 27 g. of aluminium, &c. 

Electrio currents. If the potential of 
electricity is different at different places of a 
conductor, a movement of the electricity is pro- 
duced in the same way as motion is produced in 
a mass capable of moving freely when it is at a 
higher level than its surroundings. If the dif- 
ference of potential is maintained, the movement 
is maintained also. 

The compensation of a difference in electrio 
potential necessitates a decrease in the electrio 
energy, which in this process changes into an- 
other form. The form most easily produoed is 
thermal energy, but, as has been mentioned 


above, it is possible also to obtain mechanical 
or chemical work. 

The measure of the quantity of energy 
changed into another form is given by the pro- 
duct of the quantity of electricity moved mto 
the decrease of the potential. If the differences 
of potential are distributed over measurable 
distances the process is called an electric current 
The term has been taken from the analogy which 
in fact does exist between currents of water and 
currents of electricity. The level of the water 
corresponds to the potential of the electricity, 
and the quantity of water corresponds to the 
quantity of electricity. In both cases the trans- 
formable energy, or the available work, is equal 
to the product of the quantity (of electricity or of 
water) into the difference of level or of potential, 
and a current sets in when a difference of level 
exists. It must only be borne in mind that the 
phenomena which are brought about by the 
kinetic energy of the moving masses in water 
currents have no analogy in the domain of electri- 
city. The electricity behaves as if it possessed 
only an inappreciably small velocity or mass. 
Therefore, when the electricity has sustained a 
definite decrease in potential, it has lost the whole 
corresponding quantity of energy, while the water 
can retain a part of it in the form of velocity- 
energy. 

Electric currents are measured by their in- 
tensity. By this is understood the quantity of 
electricity which flows in the unit of time through 
a cross-section of the current-path; hence the 

intensity I has to be put as 9, where t stands for 
t 


the time. Since electricity moves only when 
using energy, a loss of electrical energy cor- 
responds to every current, the lost energy gene- 
rally reappearing as heat. When heat is the 
only form into which electric energy is trans- 
formed, the following equation must hold ; 
W 

W = EQ, and -—=* El, where E stands for the 
t 


loss of potential between the two ends of the 
path of the current considered. 

Experience has further shown that different 
conductors when introduced into a circuit cause 
different losses of potential along their lengths. 
This property has been ascribed to a resistance 
of the conductor to the motion of the electricity, 
in a way similar to that wherein tubes of different 
bore offer different resistances to the motion of 
water within them. In accordance with this, the 
resistance R is defined as the ratio between tho 
difference of potential E and the quantity of eleotri- 
city forced by means of it, in unit time, through 
the conductor, or, what is the same, the intensity 
E E 

I. Here we have R » ~ or I - This is the 
I R 


celebrated law of Ohm, that the intensity or the 
strength of the current is equal to the ratio be- 
tween electromotive force and resistance. 

Combining this law with the preceding one, 
W 

it follows that a PR. This expression is the 
t 

law arrived at experimentally by Joule, accord- 
ing to which, for currents of equal strength, the 
heat evolved in unit of time is proportional to. 
the resistance, and for equal resistances it is pro- 
portional to the square of the current strength. 
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It is easy to dedace from the units already 
given tbe valaes for the units of the two new 
terms introduced when defining electric currents, 
namely, the strength of the current S and the re- 
sistanceB, The unit of intensity I is that strength 
of current at which, in every second, one coulomb 
flows through the cross-section of the conductor ; 
the unit of intensity is called an amp&re . The unit 
of resistance is that resistance by means of whioh 
a current of unit intensity (1 ampere) produces in 
unit of time the unit of heat. As we have seen 
above, this last is equal to 10 7 mechanical units, 
or to 0*2356 calories. An attempt has been made 
to represent this resistance with the utmost 
possible accuracy, and it has been found that it 
equals the resistance of a column of mercury 
of 1 sq. mm. section and 106*3 cm. in length, at 
the temperature of melting ice. This unit of 
resistance has the name ohm. Slightly different 
to this is the legal ohm , which has been fixed 
arbitrarily as equal to the resistance of a column 
of mercury 106 cm. long and 1 sq. mm. section, the 
exact determination of the true ohm being a very 
difficult operation. The commercial resistances 
are graduated according to the legal ohm, and 
in scientific works in which the absolute value of 
the ohm comes into consideration, this difference 
of 3 per thousand must be taken into account. 
In most cases this is not necessary, just as in 
most cases it is immaterial whether or not a set 
of weights is made according to exact grams, as 
tong as it is only made exact in its proportions. 

The Law of Faraday. Those substances 
which allow a movement of electricity through 
them, i.e. conductors of electricity, are divided 
into two classes. In the cases considered so far, 
the assumption has been made that the only form 
of energy into which the electric energy of the 
current is transformed is heat. Conductors 
which undergo no change other than that they 
get heated when the current passes through 
them are called conductors of the first class or 
metallic conductors. To this class belong the 
metals, their alloys, carbon, and certain com- 
pounds. 

Now, there are many substances which permit 
a movement of electricity through them, but in 
so doing themselves suffer ohemical change. To 
these belong aqueous solutions of acids, bases, 
and salts, as also salts in the molten state, and 
a few other compounds. Such substances are 
called conductors of the second class or electro- 
lytes. 

The movement of electricity in electrolytes 
takes place in such a manner that the com- 
ponents of the electrolyte move independently 
of each other. Hydrogen, the metals, and the 
metallic radicles move with the positive eleo- 
tricity, or, according to the usual designation, 
from places of higher to places of lower potential. 
The halogens, the acid radicles, and hydroxyl, 
on the other hand, travel with the negative elec- 
tricity, or from places of lower to places of higher 
potential. 

According to Faraday’s nomenclature the com- 
ponents of electrolytes — that is, on the one hand 
the metals, hydrogen, <fec., on the other hand the 
halogens, the aoid radicles, (fee.— are called ions . 
The first named, whioh travel down with the 
current, are oalled cations , those which travel up 
anions . 


In a circuit consisting exclusively of an 
electrolyte, a motion of electricity can take place 
without the corresponding chemical action being 
apparent. But if a conductor of the first class 
directly touches an electrolyte, whenever there is 
a movement of electricity there is also a produc- 
tion of the ions at the surface of contact, and the 
chemical effects beoome apparent. As proposed 
by Faraday, the surfaces of metallic conductors, 
where they touch the electrolytes, are called 
electrodes. The surface at which the anions ap- 
pear is called the anode f and that whereat the 
cations appear is called the cathode . 

Faraday also formulated the general law to 
which all movement of electricity in electrolytes 
is subject. In every electrolyte the quantity of 
ion separated out is proportional to the quantity 
of electricity which has passed through , and the 
same quantity of electricity passing through dif- 
ferent electrolytes separates quantities of the dif- 
ferent ions that are in the ratio of the chemical 
equivalents of those ions. In these propositions 
it has been assumed for simplicity’s sake that the 
ions are actually separated out at the electrodes, 
but this is not essential for the truth of Fara- 
day’s law. The following wording completely 
expresses the aotual meaning of Faraday’s law : 
Electricity can move in electrolytes only simul- 
taneously with the ions , and so that chemically 
equivalent quantities of the different ions carry 
with them equal quantities of positive or of 
negative electricity. 

We arrive at a perfectly appropriate concep- 
tion of the nature of electrolytic conduction if 
we assume that each equivalent of the different 
ions possesses an equally large capacity for 
electricity, or, to use the words of Helmholtz, 
* the electricity in electrolytes behaves as if if 
were divided into equal atoms.* 

In applying Faraday’s law, it is importanl 
that we should keep in mind the difference 
between the equivalent and the atom; the 
equivalent weight is equal to the atomic weight 
divided by the valency. Thus the same quantity 
of electricity travels with 107 g.of silver, ^ x 65*5 g. 
of zinc, and $ x 27 g. of aluminium ; also with 
35*5 g. of chlorine there travels only half as 
much electricity as with 96 g. of S0 4 . As an 
amplification of the illustration used above, we 
must assign to each atom as many equal 
capacities for electricity as the number of 
valencies it possesses. Perhaps this is the path 
by which in the future we may arrive at an 
elucidation of the nature of chemical valency. 

The truth of Faraday’s law was tested by its 
discoverer himself in many ways (Exp. Res. 
vii. ser.). He convinced himself that the same 
quantity of dilute sulphuric acid was always de- 
composed by the same current, whether the 
electrodes, or the E.M.F., were large or small. 
Nor did the strength of the acid exert any influ- 
ence. Finally, he introduced into the same 
cirouit dilute sulphuric acid and tin chloride, 
lead chloride, or lead borate, or he led the same 
current through different beakers with dilute sul- 
phuric aoid, using electrodes of different metals; 
in all oases he found his law verified. Later on, 
other investigators have tested whether part of 
the electricity is not perhaps conducted through 
electrolytes in the same way as through metals, 
but no trace of this has been discovered ; in 
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every case the electricity passed through has 
been strictly proportional to the quantity of ion 
separated out. And the law of equivalency has 
also proved itself so correct that it has been 
used lately as a means for determining equivalent 
weights, and hence atomic weights. 

The cases in which the same element exhibits 
different valencies according to circumstances are 
of special interest. Many such cases have been 
examined by Regnauld (A Ch. [4] 11), who 
formed cells by taking platinum and different 
metals, along with the corresponding electrolytes, 
and then determined the quantities of metal 
dissolved when equal quantities of electricity had 
been allowed to pass. Thus it was found that 
mercury in dilute nitric acid has the equivalent 
200, since it is changed into HgNO s , a compound 
of mono-valent mercury ; in a solution of potas- 
sium cyanide it has the equivalent 100, because 
it becomes Hg(CN) 2 , in which the mercury is di- 
valent. Similarly, copper in hydrochloric acid 
forms CuCl and has the equivalent 63-4 ; in 
nitric acid it forms Cu(NO„) 2 , and has the equiva- 
lent 31*7. Tin scarcely ever passes into solution 
except as a di-valent element ; it is only in 
alkaline polysulphides and in a solution of caustic 
potash containing nitre that it acts as a tetra- 
valent element. Tellurium also can be made to 
act as a di-valent and a tetra-valent element. It 
is known that the elements mentioned show quite 
different reactions in their solutions, according 
as they are present as mercurous or mercuric, as 
stannous or stannic compounds, Ac. Hence in 
these cases the nature of the chemical reactions 
depends on the quantity of electricity with which 
the ions are combined. 

This is the place to refer baok to a mis- 
understanding concerning the law of Faraday 
into whioh Berzelius first fell, and which has 
recurred many times since. As has been men- 
tioned, Berzelius saw in this law a contradic- 
tion to his theory, and tried to refute it by the 
following argument: if equal quantities of 
electricity were required for the decomposition 
of equivalent quantities of the most diverse 
compounds, it would follow that these could be 
decomposed by equal forces; this, however, is 
not possible, since the different substances are 
evidently held together by quite different forces 
of affinity. From the illustration given above it 
can be seen that, contrary to the assumption of 
Berzelius (which, however, was very excusable, 
considering the state of electrical science at 
that time), Faraday’s law doeB not in any way 
deal with forces , but rather with quantities of 
electricity. Comparing electrical decomposition 
to the raising of water out of wells by means of 
buckets, Faraday’s law asserts that in spite of 
the differences in the depths of the wells, the 
size of the buckets is always the same. We would 
fall into an error similar to that of Berzelius if 
we concluded from the equal size of the buckets 
that the work necessary for raising the water out 
of all the wells of different depths was the same. 
The illustration also Bhows directly wherein the 
differences in chemical work, corresponding to 
the different depths of the wells, assert them- 
selves, namely notin the quantities of electricity 
required, but in the differences of potential. 

Electrolytes and ions. It follows from 
the nature of an electrolyte that it must be a 


compound substance, since otherwise its parts 
or ions could not transport the electricity in both 
directions. Yet all compounds do not possess 
the power of conducting electricity. In particu- 
lar, we do not know of any substance liquid at 
the ordinary temperature which is an electrolyte ; 
amongst pure substances it is only the salts 
melted at a higher temperature which oonduct 
at all appreciably. 

On the other hand, all substances having the 
character of salts, aoids, and bases possess electric 
conductivity when in aqueous solution. In these- 
cases the water exerts a specific influence, since 
solutions of the same substances in alcohol con- 
duct much less if at all ; and solutions in ether, 
carbon disulphide, and similar solvents are 
scarcely conductive. 

There are two factors, therefore, which are 
necessary for the production of electric conduc- 
tivity, i.e. the nature of the substance and the 
condition in which it is. 

In electrolysis the molecule of the conducting 
compound appears to be split into two parts. 
There can be no doubt as to what these parts 
are with substances such as chloride of silver 
or potassium iodide ; since they consist of two 
elements only, the metal must be one ion and the 
halogen the other. The question gets more 
doubtful with ternary compounds, such as nitric 
acid, sodium acetate NaC0 2 CH 8 , or ammonium 
chloride NH<C1. Since, however, no important 
distinction manifests itself in the behaviour of 
these substances and those mentioned above, it 
is simplest and most obvious to assume that their 
ions correspond to those of the substances first 
named. Hence the ions of nitric acid are H and 
NO s , those of sodium acetate Na and C0 2 CH 3 , 
and those of ammonium chloride NH 4 and Cl. 

It is possible to examine this assumption on 
the basis of Faraday’s law. In the electrolysis 
of potassium sulphate as much oxygen and 
hydrogen are obtained as from the electrolysis of 
dilute sulphuric acid by means of the same cur- 
rent, but in addition to this there is found at the 
anode an equivalent quantity of free sulphuric 
acid, at the cathode a corresponding quantity of 
free caustic potash. If we assume with Berzelius 
that the current has decomposed the potassium 
sulphate into potassium oxide and sulphur tri- 
oxide, KjO and S0 8 , which combine with the 
water to form 2KOH and H 2 S0 4 , we should have 
to assume further that the same current had in 
the same electrolyte simultaneously decomposed 
an equivalent quantity of water. But this is in 
contradiction to the law of Faraday. If we as- 
sume, however, that the ions are K 2 and S0 4 , it is 
comprehensible that the potassium separated out 
should act on the water of solution, evolving 
hydrogen, according to the equation 2K + 2H 2 0 
« 2KOH + H* ; in like manner the ion S0 4 acts 
on the water and forms sulphuric acid and 
free oxygen, according to the equation HgO + S0 4 
«= H 2 80 4 + 0. With those metals which do not 
decompose water, such as zinc, copper, and 
silver, we actually obtain the metal only at the 
cathode; and similarly, solutions of chlorides, 
bromides, and iodides do not generally give free 
oxygen, but free halogen. 

It is necessary, therefore, to distinguish care- 
fully between the primary and the secondary 
effects of electrolysis. The primary effects consist 
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in the sepaiation of the ions at the electrodes. 
But since the ions do not oontinue to exist as 
such after having given up their electricity, they 
undergo further changes according to circum- 
stances. The simplest case is that of the metallio 
ions, when these cannot act on the water ; they 
Bimply become solid or liquid metals. So also 
the separated atoms of the halogens pass on, com- 
bining into gaseous chlorine, CLj, or into the 
molecules of the dissolved bromine or iodine. 

The metals which decompose water can still 
be obtained in the metallic state when water is 
excluded or reduced to as small a quantity as is 
possible. A classical example of this is furnished 
by the electrolysis of slightly moistened potash, 
by means of which H.Davy discovered potassium. 
The electrolysis of molten salts, that of the 
chlorides especially, furnishes a means for pre- 
venting the secondary reaction of the metals; 
such electrolyses, which had first been used by 
Bunsen for scientific investigations, have ob- 
tained at the present time great technical im- 
portance in the production of magnesium and 
aluminium. 

Complex cations of the type of ammonium, 
NH 4 , are very unstable, and until recently it 
was doubtful whether the so-called ammonium 
amalgam, which is obtained on using a mer- 
cury cathode in the electrolysis of ammonium 
chloride, really contained the compound radicle 
NH 4 . By measurements of another kind (viz. of 
the electromotive force) the existence of am- 
monium in the amalgam has now been placed 
beyond a doubt. 

The compound anions as such are all of them 
very unstable. Many of them, such as the anions 
of the nitrates, phosphates, sulphates, <fec., sim- 
ply act on the water by taking up from it the 
hydrogen required to produce acids, and liberate 
the oxygen. The latter, which appears in the 
nascent state, is capable of bringing about power- 
ful oxidising effects. If, for instance, lead or 
manganese salts are electrolysed, the oxygen 
acts on the dissolved metal and separates it 
at the anode as peroxide. In other cases the 
anion splits up into more stable compounds. 
Thus in the electrolysis of formates we obtain 
carbon dioxide and hydrogen from the ion HCOO, 
according to the equation 2HCOO - Hj + 200^ 
The acetates give carbon dioxide and ethane 
2CH3CO2 = C 2 H 8 + 2C0 2 , and similarly the salts 
of the higher fatty acids give the corresponding 
paraffins. 

In some cases the secondary action can take 
place in another direction ; in this manner the 
formates can produce — instead of hydrogen and 
carbonic acid — water, carbon dioxide, and carbon 
monoxide, as is shown in the following equation, 
2H00 2 ® H 2 0 + CO + C0 2 . In most cases such 
secondary processes take place along with the 
primary actions, and the proportion between the 
two depends on external circumstances, tem- 
perature, concentration, current-density, <fec. 

In a few cases it is somewhat difficult to 
recognise the primary or secondary character 
of a product of electrolysis. On electrolysing 
potassium silver cyanide or sodium platinichlor- 
ide, silver or platinum separates at the cathode, 
so that it seems as if the silver cyanide or the 
platinichloride were decomposed primarily. This, 
however, would be an erroneous view, since the 


ions of the salts are K and Ag(ON) 3 , and and 
Pt01 8 respectively, and the heavy metals are only 
secondarily reduced from the solutions by the 
alkali metals. We can convince ourselves of this 
by using small electrodes and strong currents, 
when the salt near the oathode is soon used up, 
and potassium (or sodium), or, more correctly, 
hydrogen which has been formed secondarily, 
separates. More distinct proof of the nature of 
the ions is, however, obtained by studying the 
migration of the ions, to be discussed later. 

So far the assumption has been made that 
the ions exert no action on the metal of the 
electrode ; this, however, is not always correct. 
Only a few metals when used as anodes offer re- 
sistance to the chemical attack of the anions. If 
the metal can combine with the anion it forms 
the corresponding salt, which either dissolves in 
the water of solution, or, if insoluble, remains 
attached to the electrode and often interrupts 
the current. But also when used as cathodes 
the metals often combine with the cation ; thus 
mercury forms amalgams, and the hydrogen 
separated at the cathode is occluded in greater 
or smaller quantities, especially by palladium 
and platinum, and also by iron. In other cases 
the cathode simply becomes coated with a layer 
of the corresponding metal, which separates more 
or less uniformly according to its nature and that 
of the electrolyte. These processes are used for 
coating substances which are conductors, or if 
non-conductors, whose surfaces at least have 
been made conductive; such processes have also 
been employed for galvanoplastic coating with 
gold, silver, copper, &c. 

The constitution of electrolytes. 
It has already been remarked that all compounds 
are not electrolytes, and that some substances 
which do not conduct electrolytically by them- 
selves obtain this power when dissolved in certain 
solvents, especially in water. From this it follows 
that electrolytes have a special constitution with 
which their special property is connected. The 
question as to what this constitution is has 
scarcely been raised yet, much less has it been 
answered. This is because most of the com- 
pounds known in the days of the electrochemical 
system of Berzelius were electrolytes, and later 
on, when many organic compounds, whioh are 
mostly non-electrolytes, were discovered, the 
electrochemical theory had been given up, and 
the interest in it had disappeared. The first 
investigator who proposed the question clearly 
—and who, as far as he could, answered it— was 
Hittorf. He it was who established the proposi- 
tion ‘electrolytes are salts.* Under the name 
of ‘ salt 1 Hittorf comprised all those compounds 
which are capable of exchanging their consti- 
tuents within the shortest time. Hence along 
with the salts proper must be classed acids and 
bases. 

By enunciating this law, Hittorf was the first 
to draw attention to a most important relation 
which has become the starting-point for the due 
comprehension of the constitution of electrolytes. 
The power to conduct electricity and the power 
to exert chemical reactions are so closely parallel 
that both must be considered as the outcome ct 
the same cause. This cause, however, has to be 
looked for in the constitution of the electrolytes 
themselves. 
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Electrolytic conduction is brought about by 
the positive and negative electrioities moving 
through the conductor bound to their ponder- 
able carriers, the ions ; it is necessary, therefore, 
to assume a considerable mobility of the ions. 

And, further, electrolytic conduction occurs in 
consequence of any difference in potential, how- 
ever small. It is necessary, therefore, as was 
already pointed out by Clausius (P. 101, 338), 
that in every electrolyte there should be present 
a certain number of ions capable of moving 
freely, i.e. in every electrolyte a portion of the 
salt-like compound which produoes the conduc- 
tion must be partly split up into ions . Clausius 
left undecided how great this portion is, as he 
possessed no means to determine it. To the 
chemists who, in consequence of a peculiar 
shifting of judgment, considered electrolytes 
generally as specially stable compounds, he made 
the concession that this portion might be very 
small. In the imagery of the kinetic hypothesis 
he conceived that, owing to the collision of the 
molecules of the electrolyte with each other and 
with those of the solvent, one or other occa- 
sionally splits into its constituents, and so gives 
the necessary free ions. 

It is now possible to urge similar considera- 
tions from the chemical side. While gaseous 
substances at the ordinary temperature react 
but seldom, acids, bases, and salts dissolved in 
water do so instantaneously. A mixture of 
oxygen and hydrogen does not form water until 
it has been heated to between 400° and 500° ; a 
mixture of hydrochloric acid and potash, how- 
ever, when in aqueous solution, passes so quickly 
into potassium chloride that it has been found 
impossible as yet to determine the time required 
for the change, and yet in the first case 68,000 cal. 
of heat are produced, while in the second the 
heat produced, or the energy liberated, is only 
13,700 cal.— that iB, five times less. In general, 
non-electrolytic solutions also react with each 
other extremely slowly. An example of this is 
afforded by the means which must be taken to 
hasten the reactions of non-electrolytes, and 
especially of organio compounds ; this has to be 
done by heating the reacting mixtures, often 
under increased pressure. For the formation of 
acetic ether from a mixture of alcohol and acetic 
add — that is, for a process intimately connected 
with that of the formation of salts— at least ten 
years are needed, at the temperature of the room, 
before it has approximately attained the end 
which under these conditions it can reach. From 
the chemical point of view, therefore, it is neoes- 
sary to suppose that compounds whioh react in- 
stantaneously — that is, electrolytes — possess a 
special mobility of their parts or ions; and that 
it is the constituents of 1 salts ’ — the term being 
used in the widest sense— which are the ultimate 
causes of electrolyses as well as of chemical re- 
actions. These constituents of salts are, on the 
one hand, the metals, the metallic radicles, and 
hydrogen ; on the other hand, the halogens, the 
add radicles, and hydroxyl. It is possible, there- 
fore, to apply to substances which react rapidly 
— that is, to salts, as this term was used by 
Hittorf — the same kinetio considerations as were 
made use of by Clausius to show the presence of 
ions in electrolytes. 

We are now confronted on both sides by the 


question of how great is the proportion of free 
ions, or of decomposed molecules, in solution of 
electrolytes. The faot that a maximum reacting 
power exists for a given class of substances is in 
contradiction to the assumption that this propor- 
tion is inappreoiably small. It has already been 
explained (compare the article Affinity) how the 
substances which have been most carefully ex- 
amined from this point of view — the acids — exert 
their chemical reactions according to a definite 
oo-efficient whioh is characteristic of eaoh acid. 
This co-efficient — whioh can be determined, for 
instance, by means of the velocity of inversion 
of cane sugar— cannot be increased at will, and 
does not exceed a definite maximum value, which 
maximum is possessed by hydrochloric acid, nitric 
acid, benzenesulphonic acid, <fec. All the condi- 
tions — such, for instance, as the introduction of 
oxygen, sulphur, or halogen into the molecule — 
which increase the velocity of reaction of weak 
acids are without any measurable effect on the 
strongest acids. From this it follows that the 
circumstance which is the cause of the velocity 
of reaction— that is, the unimpeded mobility of 
the ions — has in these substances already 
reached its highest degree, or is at least very 
near to it, since, in opposition to Clausius and 
to the views current till now, we must assume 
that in aqueous solutions of these strong acids it 
is not, perhaps, a few hundredths or thousandths 
of the molecules present which are split into 
their ions, but rather that by far the greater 
part of the electrolyte is split into ions . 

A similar conclusion can be drawn from the 
degree in which electrolytes conduct the current. 
The more detailed consideration of this subject 
will be taken up presently. Here it will only be 
mentioned that the results of these investigations 
agree completely with those on the velocities of 
reactions. 

A third entirely independent verification of the 
unexpected conclusion that aqueous solutions of 
the strong acids are nearly completely disso- 
ciated can be gained from a study of the pro- 
perties of these solutions. 

Only so much of van’t Hoff’s theory of solu- 
tions ( Z . P. G. 1, 481) as is necessary for under- 
standing the constitution of electrolytes will be 
explained here. 

The fundamental idea of van’t Hoff's theory 
is as follows. The physical properties of gases, 
and especially the relations between pressure, 
volume, and temperature, are practically inde- 
pendent of the special nature of the substance, 
while such an independence does not exist with 
liquid and solid substances. The cause of this 
phenomenon may be sought in the fact that the 
smallest parts or molecules of gases are always 
at such a distance apart that they are not capable 
of exerting an action on each other. In liquid 
and solid substances, however, the molecules are 
in close proximity, and exert, therefore, their 
specific reciprocal actions. But there is another 
condition in whioh the molecules of a substance 
are relatively distant from each other, namely, 
when the substance is present in a solvent in the 
state of a dilute solution. 

We should expeot, therefore, that in this state 
matter would be subjeot to laws analogous to 
those whioh hold for gases. 

The first property characteristic of gases is 
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their power of extending uniformly through any 
given space* Solutions exhibit the same pecu- 
liarity. When the pure solvent is placed over 
the solution of any substance, the substanoe 
begins directly to enter into the solvent (the pure 
solvent playing the part of a vacuum), and the 
movement does not cease until, as with gases, 
the substance is uniformly distributed through 
the whole space. The only apparent difference 
is that in the case of gases this process is com- 
pleted in a very short time, while with solutions 
months, and even years, are needed in order to 
bring it, practically speaking, to an end. This 
movement can be impeded by introducing between 
the solution and the pure solvent a partition 
which allows the passage of the latter but not of 
the former. Such a ‘ semi-permeable ’ partition 
can be produced by saturating a porous clay cell, 
for instance, with a solution of copper sulphate, 
washing the cell, and filling it with a solution of 
potassium ferrocyanide. A pp. of amorphous 
copper ferrocyanide is thus formed in the pores 
of the clay, and this pp. allows the passage of 
water through it, but does not allow various other 
substances to pass. In order to arrive at a con- 
ception of the cause of such a property we can 
imagine that the pp. of copper ferrocyanide acts 
as a filter which allows the passage of the smaller 
water molecules, while it retains the larger mole- 
cules of the dissolved substance. 

W. Pfeifer, who has studied such cells very 
thoroughly, found that if the cells are closed a 
very considerable amount of pressure is produced 
in their interior. A 1 p.c. solution of sugar pro- 
duces a pressure of more than 50 cm. of mercury; 
a solution of nitre of equal strength gives pres- 
sures of between three and four atmospheres. 
Pfeffer also found that the pressures increased, 
at constant temperature, to maximum values, 
which remained constant as long as the partition 
remained intact. These pressures proved to be 
proportional to the concentrations, and further, 
they increased with a rise of temperature. 

According to van’t Hoff, this pressure, the 
4 osmotic pressure,’ is to be looked on as ana- 
logous to the gaseous pressure. It is possible to 
form a similar conception of its cause as is 
formed of the cause of gaseous pressure; the 
molecules of liquids, like the molecules of gases, 
possess a quantity of kinetic energy which is pro- 
portional to the temperature. The solvent— for 
instance, the water— can pass through the semi- 
permeable wall, and since it is present on both 
sides its pressure is the same on both. The sub- 
stance dissolved, however, bombards the wall 
from one side only, and thus a pressure is set up. 
This view— which, however, is only hypothetical, 
and which can be accepted or rejected without 
the theory itself being called in question — has 
been objected to on the ground that if it were 
true a weak-walled vessel must needs be broken 
by a solution placed in it. But this assertion 
overlooks the important point that the osmotic 
pressure can exert itself only within the solution. 
If we imagine for simplicity’s sake a drop of a 
solution floating in space, it is true that a pres- 
sure due to the substance dissolved will be 
exerted on the internal surface of the drop, which 
pressure may easily amount to 100 atmospheres. 
But to this pressure there is opposed the normal 
capillary pressure of the liquid, the magnitude of 


which we do not yet know very exactly, but of 
which we can assert that it has to be measured 
by thousands of atmospheres (in the case of 
water it is approximately 20,000 atmospheres). 
Hence this pressure is under all circumstances 
quite sufficient to maintain equilibrium with the 
osmotic pressure, and the only effect of the 
latter is to slightly increase the volume of the 
solution. 

It has been shown by van’t Hoff that the 
laws of osmotic pressure exactly coincide with 
those of gases. Boyle’s law enunciates that 
pressure and volume are inversely proportional. 
Pfeffer’s law says that pressure and concentra- 
tion (or density) are proportional; this agrees 
with Boyle’s law. Further, the law of Gay- 
Lussac tells us that at constant volume (or at 
constant density) the pressure of a gas increases 
with the temperature, and that for each degree 
it does so by ^ of the value at 0°. A similar 
thing has been proved by van’t Hoff from 
the numbers obtained by Pfeffer. And finally 
for gases we have the law of Avogadro, that, 
temperature and volume being the same, equi- 
molecular quantities of different gases exert the 
same pressure. Taking the molecular weights 
in grams, and taking for the common volume 
1 litre, then at 0° this pressure is equal to 22*37 
atmospheres. Now, it has been observed by 
Pfeffer that the osmotic pressure of a one per 
cent, solution of cane sugar, which therefore con- 
tains 10 g. in one litre, is 0*649 atmospheres at 0°. 
The molecular weight of sugar OjjjB^Oh is 842 ; 
a solution containing this quantity in grams in 
one litre would exert a pressure times as great 
— that is, a pressure of 22*2 atmospheres. This 
number agrees within the limits of experimental 
error with that which holds good for gjises; and 
hence Avogadro ’s law holds also for solutions, or, 
more correctly, so far, for solutions of cane sugar. 

The question whether the law holds for other 
dissolved substances must be answered in the 
affirmative. It is true that only very few 
measurements of osmotic pressures have been 
made, but these phenomena are so closely con- 
nected with others to be considered shortly, that 
it has been possible to place the general validity 
of the law beyond doubt. 

Let us imagine a solution poured into a 
vessel of the form of an inverted funnel, the 
opening of which is closed by a semi-permeable 
wall in contact with which is a quantity of 
the pure solvent. Then the solution will rise 
in the tube, because of the greater internal 
pressure, and equilibrium will be established only 
when the pressure of the liquid column in the 
tube has become equal to the osmotic pressure. 
Let this arrangement be covered by a bell-jar, 
from which the air has been completely expelled ; 
the solution will then be surrounded by the vapour 
of the solvent only. But the pressure of the 
vapour is slightly smaller in the upper part of the 
bell- jar, at the level of the solution, than below 
at the level of the pure solvent, and it is smaller 
by an amount which is equal to the pressure of 
the weight of the vapour present between the two 
levels. Moreover, it is by this amount that the 
vapour-pressure of the solution must fall short 
of that of the solvent, because, if this were not 
the case, liquid would either continually evapo- 
rate, or condense, at the surface of the solution; 
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in consequence of the osmotic pressure, the 
ohanges in level produced would always equalise 
themselves again, and we should have a per- 
petuum mobile , which is impossible. 

It follows, therefore, that in general the 
vapour-pressure of a liquid must decrease when 
a substance is dissolved in it, and that this takes 
place according to laws which run parallel with 
those of osmotic pressure. 

This theoretical conclusion is in accordance 
with observation. It has been found by 
Wiillner (P. 103, 529) that, at a constant tem- 
perature, the decrease of the vapour-pressure of 
an aqueous solution is proportional to the con- 
centration of the solution. Babo on his part had 
established that the ratio between the vapour- 
pressures of the pure solvent and the solution is 
independent of the temperature. Both results 
have been confirmed, on the whole, by later in- 
vestigations. Raoult especially has occupied 
himself with this question ; he has shown that 
this behaviour is general, and he has also found 
thatequimolecular weights of different substances 
dissolved in the same solvent produce equal di- 
minutions of the vapour-pressure, and finally 
that on using equimolecular quantities of dif- 
ferent solvents the relative diminution in the 
vapour-pressures is the same. If / stands for the 
vapour-pressure of the solvent, /' for that of the 
solution, and if further N stands for the number 
of molecules of the solvent (in gram-units), n 
for the number of molecules of the substance 
dissolved, the general expression holds 
n 

/ N + » 

While Raoult discovered this law empirically, 
van’t Hoff has deduced it theoretically from the 
laws of osmotic pressure ( Z . P. G. 1, 494). 

This formula can be used for determining 
the molecular weight of a substance in solution. 
Let p grams of a substance with unknown 
molecular weight m be contained in 100 g. of the 
solvent, the molecular weight of which is M; 

then j^qM = grams of substance dissolved in one 
molecular weight of the solvent; let this 
then putting n*=— , and N~l, and solving the 


equation for m, it follows that m = 


sf ' 


f-r 

Finally, a third set of phenomena is known, 
governed by similar laws. It has long been 
known that salt water freezes at a lower tem- 
perature than pure water. As far back as 1788 
Blagden (T. 1788) established the fact that the 
lowering of the freezing-point of a solution of 
Balt in water is proportional to the amount of 
salt dissolved. Later on, Rudorff (P. 114, 63) re- 
discovered this fact, which had been forgotten, 
and de Coppet found that equimolecular solu- 
tions of salts having analogous constitutions 
exhibited equal lowerings of the freezing-points 
(A. Gh. [4] 23, 366). Raoult discovered that the 
same law held for the most diverse solvents. 
This law Btates that equimolecular quantities of 
whatever substances we take, added to a constant 
quantity of the solvent, lower the freezing-point by 
the same amount (C, B. 1882). Raoult thought 
for a time that the lowering of freezing-point was 
the same for equimolecular quantities of different 


solvents, but this proved to be erroneous. Van't 
Hoff has deduced this important relation from 
the laws of osmotic pressure, and his formula 
agrees well with experiment ( Z . P. C. 1, 481). 

We can convince ourselves of the necessity 
of these relations by an argi*mcnt similar to 
that used in order to prove the connection 
between osmotic pressure and change of vapour- 
pressure. As the mechanical theory of heat tells 
us, below 0° the vapour-pressure of ice decreases 
more rapidly than that of over-cooled water. A 
temperature must therefore exist whereat a salt- 
solution, which has a vapour-pressure less than 
that of water, exhibits the same vapour-pressure 
as ice. This is the only temperature at which 
the solution can exist side by side with ice, as 
otherwise a perpetuum mobile would be possible. 
Since, therefore, this temperature, which is the 
freezing-point of the solution, is in inseparable 
connection with its vapour-pressure, the laws 
holding for the one must also hold for the other, 
and from this the laws already stated follow di- 
rectly. Formulating these laws, we get A = r-^_ 

ml 

where A is the lowering of the freezing-point, l 
the weight of the solvent, that of the substance 
dissolved, and m the molecular weight of the 
substance, while r is a constant dependent on 
the nature of the liquid. From the formula it 

follows: m- Having, therefore, once for 
A l 

all determined the constant for a solvent, it 
is possible to find the molecular weight of a 
substance by determining the lowering of the 
freezing-point of its solution in that solvent. 
Van’t Hoff has shown that the constant can be 
deduced thermo -dynamically from the heat of 
fusion of the substance. 

If we now apply these methods for determin- 
ing the molecular weights of dissolved substances 
to solutions of electrolytes, we find that the 
molecular weights appear smaller, and hence the 
number of molecules in solution are greater, than 
correspond with the formula}. In many cases the 
amount of this deviation is very considerable, and 
its existence at first proved a great obstacle in 
the way of van’t Hoff’s theory of solutions. To 
Arrhenius (Z. P. G. 1) we owe the means of 
accounting for the deviation. The views pro- 
pounded by this investigator have shed such a 
flood of light over difficult questions in chemistry 
and physics that we must consider the work of 
Arrhenius to be one of the most important ad- 
vances ever made in this and in allied domains. 

Arrhenius’ idea consists in ascribing the de- 
viations of the observed from the calculated 
molecular weights, to a dissociation of the 
electrolytes into their ions. From the mag- 
nitude of this deviation a conclusion can be 
drawn as to the number of molecules which are 
dissociated ; the problem which was left unsolved 
by Clausius thus receives its solution. 

Reserving the numerical proofs of the truth 
of this view till later on, it is proposed to deal 
first with some possible objections and diffi- 
culties of a general nature. 

The application of the hypothesis leads to 
the conclusion that in moderately dilute solu- 
tions of strong adds and bases, and also of 
normal salts, as much as 80 to 90 per oent. of 
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the substance in solution is dissociated into its 
ions. Hence a solution of potassium chloride 
contains little else than ions of chlorine and 
potassium. How is it that the chlorine does not 
escape into the air as a greenish yellow gas, and 
the potassium does not act on the’ water ? 

The answer lies in the consideration that the 
chlorine which we know as a greenish yellow 
gas is the electrically neutral molecule Cl 2 , and 
does not consist of the separate atoms of Cl 
which are charged with a large amount of nega- 
tive electricity. 1 The potassium again is not 
present as the compact metal, but in the form 
of strongly positively charged ions. Considering 
the great differences exhibited by allotropic forms 
of the same element (oxygen and ozone, red 
and yellow phosphorus, &c.), we cannot wonder 
that in these cases also considerable differences 
appear. 

And it is further possible to produce solu- 
tions in which such ions— as, for instance, potas- 
sium — are present in excess, and therefore cer- 
tainly in the free state. For this purpose, let us 
imagine two vessels filled with potassium chloride 
solution and placed on an insulating stand, and 
then connected conductively by means of a syphon 
filled with the solution. Let us now bring near 
to the one vessel a body charged with negative 
electricity. The vessel becomes charged posi- 
tively by induction, and an equivalent quantity of 
negative electricity moves through the syphon 
into the second vessel. If we now remove the 
syphon, and then the body charged, the first 
vessel remains charged positively, the second 
vessel negatively. So far the experiment con- 
tains nothing that is new; it is the elementary 
experiment used for proving the inductive effect 
of electricity. If, however, we pay attention to 
the fact that, according to the law of Faraday, 
electricity can move in electrolytes only simul- 
taneously with the ions, the conclusion is in- 
evitable that an excess of potassium ions must 
be present in the vessel charged positively, and 
the same excess of chlorine ions must be present 
in the vessel charged negatively. These excesses 
of ions are maintained as long as the electric 
charge of the vessels exists. On discharging the 
vessels the ions give up their electricity, and the 
substances appear at the point of discharge en- 
dowed with their usual properties. 

Owing to the magnitude of the quantities of 
electricity contained in the ions, the question may 
be raised whether the experiment which has just 
been indicated really can be carried out. Ostwald 
and Nemst have shown (Z, P, C. 3) that this is 
actually possible. By means of a mercury elec- 
trode contained in a capillary tube, such small 
quantities of hydrogen can be observed that the 
experiment becomes quite feasible. Since under 
ordinary conditions one gram of hydrogen occu- 
pies a space of about 12,000 c.c M a small bubble 
of 0*1 mm. diameter, which one can still see with 
the naked eye, has a weight of only 10~ 10 g., and 
one of 0*01 mm. diameter, which can be seen 
1 From the number, already given, of 96,040 coulombs, 
which are combined with 1 g. of hydrogen and which are 
also present in one litre of normal potassium chloride solu- 
tion — as positive eleotrioity on the potassium, or negative 
electrlolty on the ohlorine— it is possible to calculate that 
this quantity of eleotrioity would suffice to charge a sphere 
ef an approximate diameter of 10“ cm — whioh, therefore, 
would be larger than the whole solar system— to a potential 
of one volt. 


under a microscope, has a weight of only 10* lf g. 
This is as small a quantity of matter as can be 
recognised in any way, and the electricity com- 
bined with it can be detected in an apparatus of 
very moderate dimensions. 

Thus the experiment described above is not 
only conceivable, but feasible ; and thus it is 
proved that free ions, such as those of potassium, 
can be present in aqueous solutions without acting 
on the water. 

The assumption that some of the molecules 
of electrolytes are split into ions in solutions 
explains many properties of these solutions. In 
the following paragraph we will assume for sim- 
plicity’s sake that the splitting up is complete — 
an assumption which is nearly correct in the 
cases of salts, strong acids, and bases ; the modi- 
fications which must be introduced into these 
considerations by taking into account the portions 
not split up, will be considered afterwards. 

Let us consider, first, the chemical reactions 
of electrolytes. As is well known, certain reac- 
tions are used in analytical chemistry for 
indicating definite substances. These reactions 
must take place quickly, as otherwise they would 
be of no practical use ; hence they must be reac- 
tions between ions. If asked what it is that the 
ordinary analytical reactions allow us to recog- 
nise, we are inclined to answer, the different 
chemical elements. But this is not at all appro 
priate. A solution of a salt of silver is called a 
reagent for chlorine, and in fact by its help 
chlorine can be detected in metallic chlorides. 
But the chlorine in potassium chlorate or in 
monochloracetic acid cannot be detected by 
means of silver solution. In the same way chlor- 
ides indicate silver ; but the silver in potassium 
silver cyanide cannot be recognised by means of 
chlorides. The different oxyacids of sulphur 
also give quite different reactions, though they 
all contain the same elements ; similarly, the 
reactions of iron, copper, mercury, tin, <fcc., are 
quite different, according to the degree of oxida- 
tion of the metal. 

These examples prove that it is not the ele- 
ments which are indicated by analytical reactions. 
A more careful consideration shows that since it 
is the ions which react, the ions are indicated by 
the analytical tests. 

This simple proposition removes all the diffi- 
culties which confronted us. If a solution of 
silver is a reagent for chlorine ions, naturally 
it cannot indicate the chlorine in potassium 
chlorate, whose ions are K and CIO, ; nor in mono- 
chloracetic acid, whose ions are H and CH 2 ClCO r 
And, conversely, silver is indicated by chlorides 
only where it appears as the ion ; but the ions 
of potassium silver cyanide are K and Ag(CN) r The 
behaviour of chloroplatinic acid H^PtCl,, to- 
wards silver solutions is specially remarkable, 
a behaviour about which an incredible confusion 
has reigned in chemistry, because it has always 
been believed that its chlorine must be precipi- 
tated by silver solution as silver chloride. The 
matter was first cleared up by JSrgensen (J. pr. 
[2] 16), who found that no silver chloride is 
formed at all, but rather the silver salt of chloro- 
platinic acid Ag^PtClg ; sodium platinichloride 
is completely precipitated by two equivalents of 
silver solution only, instead of by six, which 
correspond to the proportion of chlorine. 
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Thus the so-called anomalies of analytical 
reactions are fully explained. It is further ex* 
plained why, for instance, all the different 
sulphates give the same reaction with barium 
chloride. The nature of the metal is of no ac- 
count, because the reacting ion SO, is not com- 
bined with the metal at all, but exists by itself. 

It is a remarkable fact that similarly con- 
stituted ions give, under certain conditions, dif- 
ferent reactions. According to this view, the 
iron in a solution of FeCl 2 , and also in a solution 
of FeCl s , is contained as an ion ; yet the two 
act differently. In like manner, solutions of 
K 4 Fe(CN) fl , as well as those of KJFefCN),,, con- 
tain the same negative ion Fe(CN)„, and these 
two substances give quite different reactions. 
The explanation lies in recognising that these 
similarly composed ions are endowed with dif- 
ferent quantities of electricity according to their 
valency. Thus iron appears divalent and tri- 
valent, mercury and copper monovalent and 
divalent, the atomic group Fe(CN) 8 tetravalent 
and trivalent, in that they contain correspond- 
ing numbers of positive or negative electric units 
or ‘ atoms.* 

If the theory developed so far is correct, then 
all properties of salt solutions must be of an 
additive nature with regard to the two ions — 
i.e. their properties must be made up of two 
parts, one of which depends only on the posi- 
tive ion, and the other only on the negative ion. 
This fact was recognised before it found an 
explanation in terms of the hypothesis of the 
independent existence of ions in solutions. 
Arrhenius drew attention to this fact (Z. P. C. 1) 
when he was establishing his theory. Some 
examples will make the point clearer. 

In 1874 Yalson enunciated a law concerning 
the specific gravities of salt solutions (C. JR. 73), 
which he called the law of the moduli . By 
means of it the specific gravity of a * normal * 
solution— that is, of a solution containing one 
equivalent of the salt in grams in one litre— of 
any salt can be found by adding to the specific 
gravity of a solution of ammonium chloride 
(chosen as the standard) two values, one of which 
depends on the metal only, and the other on the 
acid radicle only. According to Valson, these 
moduli are (NH 4 ClAq of specific gravity 1015 being 
taken as the standard): — K « 80, Na « 25,iCa « 26, 
4Mg . 20, £Sr - 55, JBa - 73, 4Mn - 37, £Fe - 37, 
fZn - 41, iCu = 42, *Cr * 61, £Pb - 103, Ag = 105 ; 
Br-84, I =*64, £SO 4 ~20, NO, = 15, £CO,«14, 
HCO, «* 16. To these are added the value zero 
for NH 4 and 01. These values allow us to cal- 
culate the specific gravities of solutions of 
14 x 7 = 98 salts, and the calculations agree very 
well with experiment. Later on (1883), the law 
was confirmed by C. Bender (TY. 20, 560), and 
by Nicol (P. Af. [5] 18, 179), and was also ex- 
tended by the first named. 

A similar law was established by Gladstone 
(Pr. 16, 439) for the refraction-equivalents of 
salts. Gladstone expressed his generalisation in 
the form that the difference between the refrac- 
tion-equivalents of the salts of two metals with 
the same acid is always the same, and is inde- 
pendent of the composition of the acid. The 
following table shows how the values agree in 
the cases of salts of potassium and sodium with 
acids of different compositions : — 


" 

Potassium 

Sodium 

Difference 

Chloride . 

• 

18*44 

15*11 

6*3 

Bromide . 

• 

2534 

21*70 

3*6 

Iodide 

• 

35-83 

31-59 

3*7 

Nitrate 


21-80 

18*66 

81 

Hydrate 


12-82 

9*21 

3-6 

Alcoholate . 


27-68 

24-28 

3*4 

Formate . 


19-93 

16-03 

3-9 

Acetate 


27-65 

24*03 

3*6 

Tartrate 


57-60 

50-39 

8*6 

Carbonate . 


34-93 

28-55 

2x3-2 

Bichromate 


79-9 

72-9 

2x3*5 

Hypophosphite 

* 

26-94 

20-93 

2x30 


A similar law exists for the salts of strong 
acids, but with the weak acids the differences 
are much greater. We are now in a position 
to account for this discrepancy, which was left 
unexplained by Gladstone. Since the weak 
acids are only very partially split into their 
ions, it cannot be expected that hydrogen as an 
ion should have the same refraction-equivalent 
as it has in the undecomposed compound. 

Gladstone also enunciated the general law 
that the colour of the solutions of salts whose 
acid or whose metal form coloured compounds 
is independent of that of the other constituent 
(P. M. [4] 14, 418). If we consider how de- 
pendent colour is on constitution in other cases, 
this fact must be considered as a specially weighty 
proof of the mutual independence of the ions. 

The knowledge of the fact that the character- 
istic colours of salts are dependent on the nature 
of the colouied ion only, and are independent of 
that of the other ion, has existed for a very long 
time, almost, as one might say, unconsciously. 
In green liquids we should always expect nickel, 
in red ones cobalt, in pale blue ones copper, &c. 
Some exceptions to this can easily be explained. 
One such exception is that most copper salts 
show the blue colour of the copper ions, while 
concentrated solutions of copper chloride appear 
green. The cause of this is that in concentrated 
solutions a considerable number of undecomposed 
molecules CuCl 2 are present, which molecules are 
coloured a deep yellow, as can be seen in dry 
copper chloride, which looks almost reddish 
brown. This yellow colour mixes with the blue 
colour of the copper ions, and produces the green 
colouration. From the fact that as the tempera- 
ture is raised the green colour becomes more 
intense, it must be concluded that with rise of 
temperature more molecules CuCl^ form at the 
cost of the ions (y. Ostwald, Z. P. C. 9, 579). 

Another additive property has been found 
by Marignac (A. Ch, [5] 8, 410) in the specific 
heats of salt solutions. This property is, how- 
ever, partly hidden by small deviations which, 
though capable of explanation, require the know- 
ledge of some quantities the measurement of 
which has not yet been undertaken. 

And, further, Ostwald ( J.pr . [2] 18, 653) has 
proved such relations to hold in a fairly exten- 
sive manner for the volume-changes accompany- 
ing neutralisation. On saturating solutions of 
potash, Boda, and ammonia by the same acid the 
total volume ohanges in a very different manner. 
These volume-changes are, however, governed 
by the law that on saturating two bases by the 
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same acid the difference of the volume-changes 
10 independent of the nature of the acid ; and in 
like manner the difference in the volume-change 
on saturating two different acids by the same 
base is uninfluenced by the nature of the base. 
Hence the volume-change always depends on two 
constants, one of which is determined by the acid 
only, and the other by the base only; the specific 
nature of the salt formed has no influence. The 
following table shows these relations : — 



Potassium 

Sodium 

Ammonia 

Nitric acid . 

200 

19-8 

- 6*4 

Hydrochloric acid . 

19*5 

19*2 

- 6*6 

Hydrobromic acid . 

19-6 

19-3 

- 6*6 

Hydriodio acid 

19-8 

19*6 

- 6*4 

Formic acid . 

124 

121 

-13-6 

Acetic acid . 

9*5 

9*3 

— 16*3 

Monoohloracetic acid 

10*9 

10-6 

— 15*1 

Dichloracetic acid . 

13*0 

12*7 

-13*0 

Trichloracetic acid . 

17*4 

17*1 

- 8*7 

Isopropionic acid . 

7*8 

7*7 

— 17*8 

Butyric acid . 

7*0 

6*8 

-18*6 

Isobutyric acid 

6*3 

6*1 

-19*3 

Glycollio acid. 

9*6 

9-8 

-16*5 

Lactic acid . 

8*3 

8-1 

-17*7 

Sulphuric acid 

11*9 

11-5 

-14*4 

Oxalic acid . 

9-9 

9*7 

-16*1 

Succinic acid . 

8*2 

7*9 

-17*6 

Malic acid 

8*6 

8*5 

-17*4 

Tartaric acid . 

9*4 

9-2 

-17*0 


The differences between the corresponding 
members of two horizontal or of two vertical 
oolumns in this table are seen to be constant 
within the limits of error. The all but complete 
equality of the values for the four first-named 
acids, which are almost completely split up into 
their ions, is remarkable. 

The most striking case of the additive pro- 
perties of salt solutions is, however, given by 
their thermal relations. Hess long ago esta- 
blished the law of the thermo-neutrality of salts; 
this law declares that there is no thermal effect 
on mixing the solutions of two salts provided that 
everything remains in solution. This fact is dif- 
ficult to understand as long as we assume the 
existence in an undecomposed state of normal 
salts in solutions, since the mutual changes of 
the salts would have to proceed without any 
energy-ohange, and this is a behaviour without 
analogy. If we assume, however, that the solu- 
tions of the salts contain chiefly the ions of the 
salts, the fact becomes explicable, because on 
mixing the solutions, the ions remain unchanged, 
they do not influence each other, and hence there 
is nothing to cause thermal effects. 

More remarkable still is the explanation 
which the theory gives concerning the heats of 
neutralisation of acids and bases. At first sight 
it seems as if no action could take place between 
such compounds, if we consider the strong acids 
and bases to be almost wholly separated into 
ions. Because if the solution of the acid, of the 
base, and of the salt contains ions only, no 
change ought to occur when the acid and the 
base are mixed. If, however, we consider the 
reaotion more carefully, we arrive at different 
results. For instance, let there be given soda 


and hydrochloric acid ; the reaction will be 

Na + OH + H + Ol-Na + ci + HaO 
The ions sodium and ohlorine remain unchanged; 
but since water conducts very badly, only a very 
slight separation of HgO into the ions OH and 
H can occur, hence when the ions OH and H 
meet they must combine to form H 2 0. 

Hence the process of neutralisation in aqueous 
solutions is not a combination of the consti- 
tuents of the salt , but only a combination of the 
constituents of water. 

It is true that this remarkable result is 
somewhat contradictory of the usual views on the 
subject, but it iB in complete agreement with the 
facts. If the process of neutralisation between 
acids and bases decomposed into their ions really 
consists only in a formation of water from 
hydrogen and hydroxyl, then its concomitant 
phenomena must be independent of the nature of 
the acids and the bases . 

The most important of these concomitant 
phenomena is the heat of neutralisation. This 
value has been determined by different observers, 
with special exactness by Thomsen (Th. 1). A 
number of measurements are collected in the 
following table, calculated for one equivalent; 
the unit used is the rational calorie, K«100 
gram-units of heat ; — 



NaOH 

KOH 

LiOH 

0 

1 

iCJaO.H* 

HC1.' . 

137 

137 

137 

139 

139 

HBr 

137 

137 

— 

— 

— 

HI . 

137 

136 


— 

— 

HNO, , 

137 

138 

— 

140 

130 

HCIO, . 

138 

138 

— 

140 



HBrO, . 

138 

138 

— 

— 

— 

HIO s 

138 

138 

— 

— 

_ 

HC10 4 . 

141 

143 

— 

— 

— 

^H 2 S.P a . 

135 

— 

— 

139 

— 

*H 2 PtCl a . 

136 

— 

— 

— 

— 


And, similarly, tetramethylammonium hy- 
droxide, platinodiamine hydroxide, and triethyl- 
sulphine hydroxide give with hydrochloric acid 
188, 187, and 137 K respectively. 

From this table, which could easily be en- 
larged, it follows that the heat of neutralisation, 
of the strong acids and bases is a constant, and 
is approximately equal to 13,700 cal. This num- 
ber must be looked on as very nearly equal to* 
the heat of formation of water from the ions 

4 * — 

H and OH. (A more exact calculation gives 
13,500 cal.) Tne small deviations which are still 
present originate in the fact that the splitting 
up of the acids and bases referred to, though very 
considerable, is yet not quite complete ; it is in 
this undecomposed remnant that the individual 
nature of the two substances still asserts itself 
a little. 

The conditions become quite changed when 
we consider the weak acids and bases. Here 
the constancy of the heat of neutralisation ceases 
completely, and values are observed which fluc- 
tuate between 163K and 10K. In these cases the 
quantities of heat which are concerned in the- 
splitting up of the acid and the base into thehr 
ions must be taken into account, besides the heat 
of formation of water from its ions, and the heat* 
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of neutralisation may be represented by an ex- 
pression of the form N = 13,500 + A + B, where 
A -r B is the quantity of heat neoessary for decom- 
posing the acid and the base into ions. As ex- 
periment has shown that the salts when in dilute 
solution are uniformly and nearly completely 
decomposed, their heats of decomposition need not 
be taken into account meanwhile. This formula 
also expresses a law which, discovered some time 
back by Favre and Silbermann (A. Ch. [3] 37, 
486), has been confirmed by the younger school of 
thermo-chemists. This law is, that the difference 
between the heats of neutralisation of any two 
bases is always the same whatever acid is taken, 
and that likewise the diffeience between the heats 
of neutralisation of any two acids is independent 
of the base. This is only another expression for 
the proposition that the acid and the base each 
contributes towards the heat of neutralisation a 
definite portion, which is independent of the 
nature of the substance with which the acid or 
the base reacts. 

Very similar facts may be noticed concerning 
the other phenomena which accompany neu- 
tralisation. A table haB already been given 
(p 189) showing that the same relations hold 
good for the changes of volume that accompany 
neutralisation ; the strong acids and bases give, 
on neutralisation, very nearly the same change 
of volume, i.c. 20 c.c. per litre of normal solutions 
of acid and base. The same holds good for the 
changes in the refractive indices. 

The electrical conductivity of elec- 
E 

trolytes. — Ohm’s law 1 = ^ gives a definition 


of R, the resistance of a conductor. It has been 
shown that the resistance is dependent on the 
nature of the conductor, and on its dimensions, 
in that it varies directly as the length and in- 
versely as the cross-section. It has been agreed 
to call the resistance of a conductor of cross- 
section 1 sq. millim. and length 100 centim. its 
specific resistance ; this depends on the nature 
of the material of which the conductor consists, 
and on its temperature. 


If we define a quantity C--^, and call it the 
It 


conductivity. Ohm’s formula becomes I = EC. 
We may best regard C as the power of the con- 
ductor to allow the electricity to pass through, 
or the power to transport the electricity. In the 
illustration of a current of water in a tube, C 
would be comparable to the cross-section of the 
tube. The conductivity is the reciprocal of the 
resistance. In calculatingthe strength of currents 
it is more convenient to work with resistances ; 
if these are connected end to end, the total re- 
sistance is the sum of the individual resistances ; 
but if the resistances are connected side by side, 
the conductivities must be summed up. For 
electro-chemical purposes the idea of conductivity 
has always proved more useful than that of re- 
sistance. 

Measurements of resistances or of conduc- 
tivities are made according to different methods, 
all of which rest on the application of the for- 
mula above given. For instance, we can measure 
the current strength, I, using the same electro- 
motive force E (from a constant cell, as, for in 
stance, a Daniell), there being included in the 


circuit at one time the resistance R, which is to 
be determined, and at another time a resistance of 
known magnitude R*. We then get the equations 

I, = and I 0 = and from these R, « R 0 ?l. It 

R, R 0 I 0 

is not necessary to discuss here the various 
methods of measuring resistances. 

As mentioned before, the unit of resistance 
used is the ohm— i.c. the resistance of a mercury 
column of 1 sq. mm. section, and 100 or 10(5*3 cm. 
length at 0°. The unit of conductivity is given 
by the same quantity ; since this represents the 
reciprocal value of the resistance, it has been 
proposed to designate it by Mho, -which is the 
name Ohm reversed, and for which Mo might be 
put shortly. 

While so far the different powers for con- 
ducting electricity possessed by the metals have 
remained more a question of practical than of 
theoretical importance, the study of the elec- 
trical conductivity of electrolytes has led to 
most important and suggestive views as to their 
nature. These have only been arrived at quite 
lately, chiefly because until recently there existed 
no convenient and good method for determining 
the conductivities of electrolytes in solution. 

The difficulty to be surmounted consists in 
the fact that the current must be conducted 
through the electrolyte by means of electrodes, 
and that these get coated with the ions which 
separate — i.e. they become polarised. In con- 
sequence of this the electrodes become the seat 
of new electromotive forces, the magnitude of 
which is variable, and therefore not capable of 
being determined exactly. One method only has 
been brought forward aB yet in which this diffi- 
culty is completely obviated ; it is due to Guthrie 
and Boys (P. M. 1880. 328), and consists in 
allowing a system of strong magnets to rotate 
rapidly round the axis of a cylindncal vessel filled 
with the electrolyte and suspended by a long thin 
wire. By this means currents are produced in 
the electrolyte (as would be produced in every 
conductor), the electrodynamic effect of which 
tends to rotate the vessel in the same direction. 
The strength of these currents is proportional to 
the conductivity of the liquid, and the vessel is 
rotated until the torsion of the suspending wire 
becomes sufficient to maintain equilibrium against 
this rotatory effect We are therefore justified 
in putting the deviation as proportional to the 
conductivity, the velocity of the magnets remain- 
ing the same. As the currents produced in the 
electrolyte occur exclusively within it, no polar- 
isation is possible. The method has not been 
applied, because the apparatus required is ex- 
pensive and difficult to handle. 

Becquerel and Horsford tried to bring up 
polarisation to its highest value by using strong 
currents. In this method the current is led 
through the electrolyte, then through an adjust- 
able resistance, and finally through an instru- 
ment for measuring currents (galvanometer, Ac.), 
and its strength is determined. The distance 
between the electrodes ib next decreased by an 
accurately measured amount, and resistances 
are inserted until the strength of the current has 
regained its value ; then the resistance inserted 
is equal to that possessed by the portion of the 
liquid taken out. The method suffers from the 
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disadvantage that it is difficult to keep the 
electromotive force of polarisation constant as 
presupposed; and, further, the liquid is changed 
at the electrodes by the use of the stronger 
currents required, so that what we measure is 
the resistance of the changed, and not that of 
the original, liquid. 

By using electrodes of zinc, which in solutions 
of zinc salts give no polarisation, Beetz (P. 117, 1) 
was able to determine the conductivities of such 
solutions by the methods used for metals. 
Paalzoff showed (P. 136,480) that the method 
can be applied to other solutions also if we 
bring the two zinc electrodes into two separate 
vessels, and establish conduction through a 
syphon filled with the liquid to be investigated. 
The process is based on the fact that no polarisa- 
tion is produced when a current is passed through 
the surface of contact of different liquids. 

But this method is again far surpassed in con- 
venience by one given by F. Kohlrausch (W. 11, 
653), in which polarisation is made harmless 
by using alternating currents. Such currents, 
in which equal quantities of electricity flow 
alternately m opposite directions, are produced 
most easily by means of an ordinary induction 
apparatus. It is true that by such currents the 
electrodes are also polarised, but the polarisa- 
tions occur rapidly in opposite directions, so 
that the polarisation produced by the first cur- 
rent-impact increases the strength of the second 
current-impact which has the opposite direction, 
and the polarisation resulting from the latter 
adds itself on to the third current-impact, and 
so on, Kohlrausch has shown that by using 
platinum electrodes of ten sq. cm. surface 
coated with platinum black, the effect of polar- 
isation may be reduced to less than 0*1 p.c. of 
the resistance. Kohlrausch uses for his method 
Wheatstone’s bridge in Kirchhoff ’s arrangement. 
For details reference is made to Kohlrausch ’s 
memoir.' 

The definition of specific conductivity as 
given above, and as employed in physics, is not 
of practical use in considering electrical con- 
ductivity from the point of view of the chemist. 
Since, according to the law of Faraday, the ions 
alone conduct, and since each ion carries the 
same quantity of electricity, it is evident that 
the conductivities of different solutions must be 
referred to the same number of ions in order to 
obtain comparable numbers. That we may 
form a conception of equivalent conductivity fol- 
lowing from this, let us imagine two electrodes 
of indefinite extension placed at a distance of 
X cm. apart, and let there be brought between 
them so much of a solution as contains the 
equivalent weight in grams of the dissolved 
electrolyte , the conductivity of such a system 
is the equivalent conductivity of the electrolyte. 
In order to find the relation between the specific 
and the equivalent conductivity, we bear in 
mind that the length of the solution of the 
electrolyte is 106 times less than 106 cm., which 
was the length of the conductor assumed in the 
definition of specific conductivity. When the 
solution is normal — i.e . contains one g. equivalent 
per litre— the cross-section is 1,000 sq. cm. ; when 
the B&me weight is dissolved in v litres it is l,000t> 

‘ JL detailed description of the method for earn ing out 
Meh measurements is to be found in Z. P. C. 2, 565. 


sq. cm. ; this is 100,000v times greater than the 
oross-section for the specific conductivity, which 
is *01 sq. cm. Hence from the specific conduc- 
tivity l we obtain the equivalent conductivity \ 
by the equation A » 1*06 x 10 "lv. It should be 
remembered that the specific conductivity of an 
electrolyte is not usually referred to ohms, but to 
the unit of Siemens, formerly commonly em- 
ployed, which is equal to the resistance of a 
column of mercury 100 cm. in length ; hence 
instead of 106 we must put only 100, and the 
equivalent conductivity becomes A = 10 7 Zu. 

In addition to the equivalent conductivity 
we can calculate the molecular conductivity , 
which is as many times greater than the equiva- 
lent conductivity as the molecular weight con- 
tains the equivalent weight. So the molecular 
conductivity of sulphuric acid is twice as great 
as the equivalent conductivity, that of aluminium 
chloride three times as great. 

For the general facts which have been esta- 
blished regarding equivalent conductivities we 
are specially indebted to Kohlrausch, and to 
several investigators who succeeded him. The 
most simple relations are exhibited by dilute 
solutions m which v is greater than 1 lit., and 
these will be considered first. 

1. The equivalent conductivities of normal 
salts are of the same order of magnitude, but are 
not the same (Kohlrausch). 

2. The conductivities of all salts increase 
slowly with increase of dilution, and generally 
reach a maximum value, which is not surpassed 
after dilutions of 20,000 to 50,000 litres per 
gram-equivalent (Kohlrausch). 

3. The increase of conductivity is least for 
salts which consist of two monovalent ions ; it 
is about twice as great for salts which contain 
one divalent and one monovalent ion ; and about 
four times as great for salts whose ions are 
both divalent (Ostwald). 

4. The equivalent conductivities of equally 
concentrated solutions of the most different 
salts can be represented as the sum of two con- 
stants, one of which is determined solely by the 
positive ion, the other solely by the negative ion 
(Kohlrausch). This law agrees the better with 
experience the more dilute the solutions are. 

In order to give an illustration of these laws, 
I append the equivalent conductivities of several 
normal salts as measured by Kohlrausch. The 
values are for 18°. 


Dilution 

KC1 

NaCl 

' LiCl 



$MgSO« 

1/ 

91 9 

69 5 

59 1 1 

65 8 

67*2 

27*0 

1 01 

104 7 

8b 5 

77-5 1 

86 1 

89 7 

47*4 

im 

114 7 

96 2 

87 5 ' 

100 6 

109 8 

715 

1,000/ 

119 3 

100*8 

92-1 

109 2 

120 7 

93 5 

10,000/ 

120 9 

102*9 

94 3 

112 6 

124 9 

103 4 

50,000/ 

121-7 

102 8 

95 5 

1144 

126*6 

105*2 

100,000/ 

121 C 

102'4 

96 5 

114 2 

127-6 

105 6 


If we attempt to form a picture of the pro- 
cesses occurring in electrolytic conduction, we 
must first bear in mind that, according to the 
statements of Kirchhoff (P. 78, 506), free elec- 
tricity must be present along the surface of each 
current-path; and the fall of this potential 
causes the motion of the electricity inside the 
conductor. Hittorf pointed out that the theoriee 
of electrolysis hitherto held could not satisfy this 
requirement. Assuming the presence of free ions. 



192 


PHYSICAL METHODS USED IN CHEMISTRY. 


It is evident at onoe that the surface charge is 
formed by these. Owing to the fall of potential 
which exists, the positive electricity is now driven 
to the one side, the negative to the other. Both 
are bound to the ions ; which are, therefore, 
moved in the same way by forces that are of 
equal magnitudes on both sides. 

The velocities acquired by the ions under the 
influence of these equal and opposite forces will 
not generally be the same, since it cannot be 
assumed that the resistances to motion encoun- 
tered by the ions in the solution will be the same. 
But in dilute solutions, anyhow, the nature of 
the second ion, travelling in the opposite direc- 
tion, will have no influence on the velocity of 
any definite ion — such as, for instance, Cl. 
Hence the conductivities of salts, when referred 
to equal quantities of ions, can be represented 
as the sum of the migration-velocities of the 
positive and negative ions. Calling these migra- 
tion-velocities u and v , we get 
A = u + v. 

But this is exactly the relation discovered by 
Kohlrausch (p. 191), to whom also the argument 
just given is due. 

Viewed thus, the phenomena of electrical 
conductivity are brought into connection with 
another group of facts, the comprehension of 
which had presented great difficulties to the older 
naturalists. These are the phenomena of the 
• migration of the ions.’ It has been mentioned 
that Daniell observed the corresponding mani- 
festations, but they were not explained till Hit- 
torf did so. 

From the table already given it follows that 
the different ions must possess very different 
migration-velocities. On comparing, for instance, 
KOI and LiCl, we find differences of 27 to 30 
units. Since the chlorine must possess the same 
velocity in both cases, and hence participate to 
the same amount in the conductivity, the dif- 
ference is due solely to the ions K and Li. In 
the same manner we can convince ourselves that 
different negative ions migrate with different 
velocities. 

On electrolysing a substance whose ions 
travel with different velocities, different quanti- 
ties of the ions will collect at the electrodes, 
and, in addition to decomposition, the liquid will 
undergo an unequal change of concentration at 
the electrodes. In order to get as good a repre- 
sentation as is possible for these relations, let 
the ions be represented in the figure in the next 
column by black and white circles. The different 
horizontal rows represent different phases of the 
electrolysis, these being suoh that between them 
there is a distance equal to the mean distance of 
the ions. It is assumed that the black ions mi- 
grate twice as quickly to the left as the white 
ones do to the right. At first there are seven 
ions on each side of the central line. At the end 
of the process six ions have been liberated at each 
end, and, in addition, five out of the seven pairs 
have remained behind at the left side, and two 
have disappeared; while of the equal quantity 
at the right side three have remained behind and 
four have disappeared. Henoe the proportion of 
salt has decreased at the right side twice as much 
as at the left— that is, m the same ratio as that 
in which the two ions migrate. 

Therefore, in order to determine the ratio of 


the migration- velocities of the two ions of a salt, 
it is only necessary to determine the proportion 
of undeoomposed salt at each electrode before 
and after electrolysis ; the ratio of the decrease 
of this proportion at each side is equal to the 
ratio of the migration-velocities, or is the * mi- 
gration-measure.* 

This representation holds good on the sup- 
position that the ions which separate at the 
electrodes do not again go into the solution. If, 
however, we electrolyse a solution of copper sul- 
phate between copper electrodes, the copper, it 
is true, will leave the solution at the cathode, 
but the ion S0 4 will not separate out at the 
anode, but will combine with the copper of the 
anode to form copper sulphate, which will go 
into solution. The solution will, therefore, be- 
come, not more dilute, but more concentrated. It 
is, however, easy to take this circumstance into 
account. It is only necessary to determine the 
total quantity of electricity passed through the 
solution (for instance, by means of a silver 
voltameter) ; from this we can calculate how 
much copper has gone into solution, and we need 
then only deduct this quantity from the total 
quantity of copper at the anode, as determined 
by analysis. It is simpler still to weigh the 
cathode before and after the experiment; the 
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increase of weight is equal to the weight of 
copper which has dissolved at the anode. 

Hittorf examined (P. 89 to 106) a great many 
salts and acids with respect to their ‘ migration- 
measures,* and established the faot that the 
current- strength has no influence on the ratio of 
the migration-velocities, the temperature has an 
inappreciably small influence, but the concen- 
tration exerts a changeable effect — in some cases 
it is inappreciably small, while in others it is 
fairly important. 

Hittorf found, for instance, that the concen- 
tration of KClAq at the electrodes scarcely 
changes at all ; hence chlorine and potassium 
must migrate with very nearly equal velocities. 
If we consider the solution v ~ 1,000/ in the table 
given on p. 191, it follows that of thell9*3 units of 
conductivity of potassium chloride, 59*66 belong 
to the chlorine and the same number to the potas- 
sium. Knowing these numbers, we can calculate 
the velocities of migration of all the other ions 
in the table. NaCl has 100*8; on subtracting 
from this 59*7 for the chlorine, the velocity of 
the sodium ion becomes 41*1. Similarly, Li * 32*4, 
*Ba = 49*5. As K - 69*7, and as £K*S0 4 - 120*7, 
it follows that £S0 4 » 61*0 *, hence £Mg«S2*5. 

From these numbers we can again calculate 
the migration-measures, or the ohanges of con- 
centration at the electrodes, of other salts* 
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Thus - is for NaCl - 1L? « 0*69 ; for LiCl ^ 
v 69-7 59 7 

■=0*54; for BaCl 2 -^5-5=0*83, &c. It is evident 
59*7 

that when one migration-measure is known, the 
migration-measures of all corresponding salts can 
be calculated from the measured conductivities. 
And since, on the other hand, the conductivities 
of salts represent the sums of the velocities of 
their ions, we can realise the very great simpli- 
fication which these considerations, due to 
F. Kohlrausch, have produced in the relations of 
electrical conductivity which formerly appeared 
so complicated. If, for instance, we know the 
conductivities of ten salts with the negative ion 
A and the positive ions to B, 0 , and of other 
ten salts^ with the ion B, and the ions A, to 
A 10 , and in addition to these the migration-mea- 
sure of one salt, we can calculate from these 
21 measurements the conductivities and the 
migration -measures of 100 salts — that is, we can 
deduce 200 data. 

An extensive examination of these relations, 
undertaken by Kohlrausch (W. 6, 164), and later 
by Ostwald (Z. P. G> 1, 74), as well as by Loeb 
and Nernst ( ib . 2, 948), has proved that they 
hold good with very sufficient accuracy for very 
dilute solutions. But deviations from these rela- 
tions become apparent in concentrated solutions, 
and these deviations are greater the more con- 
centrated the solutions. And, further, different 
salts behave differently, inasmuch as salts con- 
sisting of two monovalent ions show the smallest 
deviations, salts with one monovalent and one 
divalont ion show greater deviations, and salts 
with two divalent ions show the greatest devia- 
tions.. Now these are the classes of salts which 
exhibit differences in the changes of conductivity 
accompanying dilution (p. 191), and we are, there- 
fore, led to the conclusion that the same cause 
underlies both phenomena. 

The free acids and bases only partially con- 
form to Kohlrausch ’s law. The following data, 
taken from Kohlrausch’s determinations, exem- 
plify this statement. Temp. =» 18° : — 


preserving very dilute solutions of alkalis per- 
fectly pure. 

From these measurements it follows primarily 
that hydrogen and hydroxyl possess much greater 
migration velocities than the other ions —namely, 
284 and about 150, respectively. It follows, there 
fore, that if the law of Kohlrausch were generally 
valid, the conductivities of all acids wquld be > 284, 
and the conductivities of all bases would be > 150. 
On looking at the numbers in the table, we find 
that phosphoric acid and acetic acid, as well as 
ammonia, are at a quite hopeless distance from 
these values. Sulphuric acid, also, does not obey 
the law. For |S0 4 tho value 61*0 was found above; 
on deducting this number from £H.,S0 4 * 831-6, 
there remains H* 270-6, and the difference of 
this value from the one found before, 284, exceeds 
the limits of experimental error. 

On carefully studying the table we now see 
that the acids and bases which form exceptions 
to the law exhibit the same peculiarity as the 
exceptional salts; thoy change their conductivi- 
ties very markedly upon dilution. While the 
substanoes which follow the law have nearly 
reached the maximum of the equivalent con- 
ductivity at 1 0003, the numbors show that this 
is far from being the case in the exceptional 
substances. We are thus led to inquire as to 
the cause which brings about the change in 
conductivity that accompanies dilution. 

The arguments used so far have tacitly as- 
sumed that all the molecules of the electrolyte 
participate in the electrical conductivity, and 
that the electrolyte is therefore completely split 
into ions. This assumption is evidently arbi- 
trary ; and when we remember that aqueous 
solutions of ammonia and acetic acid exhibit 
nearly normal lowerings of the freezing-points, 
and that, therefore, dissociation occurs only to a 
small extent, if at all, we see that the assumption 
is completely erroneous in these cases. The 
former equation A = established without 
reference to the degree of decomposition, must 
be changed into \~x (u- fv) where x represents 
the degree of decomposition — i.e. the ratio be- 
tween the molecules decomposed and the total 


Dilution 

HCl 

UNO. 

jh 3 so 4 

Jir.ro. 

OH,.OO a H 

KOn 

Naon 

NH 4 01l 

u 

2780 

277*0 

188*9 

29*0 

1-2 

171*8 

149*0 

0*84 

103 

324*4 

322*5 

208*4 

43*0 

4*3 

198 6 

170-0 

3*1 

1003 

341*6 

339*5 

285*5 

79*0 

13*2 

212*4 

187*0 

9*3 

10003 

345*6 

342*7 

831*6 

96*8 

38*0 

214*0 

188*0 

i 

26*0 


Among the substances qudted, HC1, HNO a , 
KOH, and NaOH follow the law of Kohlrausch. 
Thus, if 59*7, which is the migration-velocity of 
K, is deducted from 118, which represents the 
conductivity of KNO, as determined by Kohl- 
rausoh, the difference, 58*3, is the velocity of 
NO a . On deducting this number from the con- 
ductivity of nitric acid at 10003— that is, from 
842*7 — it follows that the velocity of hydrogen 
is 284*4. From HC1 = 345*6 it follows that 
H * 285*9, since Cl * 59*7 ; these numbers agree 
to within less than one per cent. In the same 
way the difference between KOH and NaOH is 
equal to 26*0, thus approximating to equality with 
that between KOI and NaOl, which is 19*2. The 
larger difference proceeds from the difficulty of 
Von. IV. 


number of molecules orginally present. In doing 
this we make the most obvious, and probably only 
possible, assumption, that, cceteris paribus, the 
conductivity is proportional to the number of 
conducting particles or ions. 

We may find a method for determining x 
in the deviations of electrolytes from the simple 
laws of solutions with respect to vapour-pressure 
and freezing-point. We have another and much 
more accurate method, however, in the deter- 
mination of the electrical conductivity itself. As 
was found by Kohlrausch, the equivalent (and 
also the molecular) conductivity increases with 
rising dilution, reaching a maximum value in the 
case of salts within limits whioh are still prac- 
tically measurable. We ca% interpret this 
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behaviour from the standpoint now gained in the 
sense that the number of molecules split into ions 
continually increases with increasing dilution, 
and that the maximum value of conductivity 
corresponds to a (practically speaking) complete 
splitting up. Then x**l, and the formula K = 
x(u + v) changes into the former, \ =* u + v. N ow, 
for most salts the maximum value is reaohed at 
a dilution of 1000Z, and the decomposition is 
nearly complete ; it follows from this, that tho 
law of Kohlrausch \ = u + v holds good for this 
maximum dilution. This can be asserted for 
the strong acids and bases, such as HC1, HN0 3 , 
KOH, and NaOH. On the other hand, as can 
easily bo seen from the course of the numbers, 
the inorease has not nearly reached its limit for 
acetic acid and ammonia at a dilution *= 1000Z ; 
hence the value x is still very far removed from 
unity, and the law of Kohlrausch cannot hold in 
its simplest form. 

On the assumption that the molecular con- 
ductivities of dilute solutions depend only on the 
number of ions present, the values of x can be 
easily calculated from a knowledge of the values j 
of the conductivities at different dilutions, as 
well as of their maximum values ; designating 
the molecular conductivity at the dilution of i 
v litres by /x vi and the maximum value by j 
fiac , then, according to the assumption made, i 



Whether the above-mentioned assumption is j 
strictly correct cannot be asserted a priori. It 
must be looked upon as probable, since the 
resistances to motion which the ions experience, 
and which determine the velocities u and v, 
depend on the nature of the solvent, which in 
these cases is water ; and considering the small 
differences which exist between the properties of 
very dilute solutions and those of water, no ap- 
preciable difference in the resistances to motion 
can be supposed to exist in those differently 
diluted solutions. But the admissibility of the 
assumption can also be put to experimental 
proof in determining x on the one hand by the 
deviations from the laws of solution, and on the 
other hand by the equation just given. 

If m 0 is the theoretical molecular weight, and 
m the molecular weight determined from the 
laws of solution (for instance, from the lower- 
ing of the freezing-point), then for electrolytes 
m > mo ; following van’t Hoff, we put the ratio of 

the two * i. If, on the other hand, x is the 
m 

number of molecules split up, the total number 
of molecules being put equal to 1, and if nis the 
number of ions into which each molecule splits 
(for KC1 n« 2, for BaCI, n = 8, <fec.), the number 
of molecules in the solution will have increased 
in the ratio 1 : 1 — x + w«, that is, in the ratio 
l:l + (n— 1)®, and we have, therefore, 
i = l + (n—l)x, 

Arrnenius, to whom we owe this calculation, 
has shown ( Z . P. C. 1, 684) that in the greatest 
number of cases investigated there is an excel- 
lent accordance between the values of i as 
calculated from the electrical conductivities and 
those deduced from the freezing-points. Indi- 
vidual cases which at first seemed to be exceptions 
have, on later investigation, also proved to be 


subject to the law ( Z . P. 0 . 2, 491), and the 
apparent deviations have been shown to be due 
to incorrect observations. It is only at greater 
concentrations, where the suppositions made in 
determining molecular weights from the freezing- 
points, and those made in determining x from 
the electric conductivities, become uncertain, 
and not applicable, that marked deviations are 
apparent. 

In addition to this confirmation of Arrhenius* 
assumption that in electrolytes a more or less 
considerable portion of the molecules is split up, 
a further confirmation has been found by W. 
Ostwald, which is based on the following con- 
siderations (Z. P. C. 2, 36, and 270). The 
spontaneous decomposition which the electro- 
lytic molecules undergo in solutions is of the 
nature of dissociation ; and since, according to 
van’t Hoff, the substances in solution are subject 
to the gaseous laws, it must be possible to repre- 
sent the process by the same formula as hold 
for the dissociation of gases. Considering the 
simplest case, that each molecule splits into two 
parts, there holds for gases (vol. ii. p. 406) the 

relation ^--constant, where p x is the partial 
Pi 

pressure of the undecomposed portion, and p a 
that of the decomposed portion. 

In order to apply this equation to electrolytes, 
we notice that the pressures are proportional to 
the numbers of the molecules, and inversely pro- 
portional to the volumes occupied by these. If 
x is the part dissociated, and v the volume, then 

p, = and p 2 - a - ; n represents a factor 

dependent on the units chosen. Further, accord- 
ing to the former equation, we have x=—; in- 

Moo 

troducing these values into the dissociation equa- 

1 „ . Al 

tion, we get — v « ft, where ft is a constant, 
x 2 

M 2 

and from this ^ v - kv. 

( u go -/*» )Moo 

This equation represents a relation between 
the conductivity and the volume, or the dilution, 
which must be followed by all binary electro- 
lytes, if the assumptions made are correct. 

The equation cannot well be tested in the 
oase of salts, as these very nearly reach com- 
plete decomposition; the value -n v thereby 
becomes very small, and the experimental errors 
exert a preponderating influence. Those electro- 
lytes which are only partially dissociated, such 
as acetic acid &o., lend themselves much better 
to applying the test. Here also it seems as if a 
difficulty met us, the quantity /*& not lending 
itself to direct measurement because, with the 
very great dilutions necessary, the inevitable 
impurities of the purest water make accurate 
measurements impossible. But the law of Kohl- 
rausch provides us with a means for making 
the measurements. It appears that the salts of 
weak acids are dissociated to just the same 
extent as those of strong acids ; it is possible, 
therefore, as was shown at pp. 192-3, to calculate 
the migration -velocity of the negative ion. On 
adding to this the migration-velocity of hydrogen, 
which can also be determined (p. 193), the sum 
represents the conductivity of the completely 
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dissociated acid — tbit is, Mqo» the quantity 
sought (Ostwald, Z. P. <7. 2, 840). 

In this manner, then, -we obtain all the data 
for testing the above equation, and it proves 
itself to be in direct accordance with the facts. 
The examination is best carried out by calcu- 
lating the constant k for a number of values of 
n at different dilutions, and seeing whether it 
really is constant. In the following tables a few 
examples are given. The numbers hold for 25°, 
and are molecular conductivities referred to the 
mercury unit : — 

Acetic acid, /t x =364. 


9 

4 

loot 

4 CD 

k 

8 

4-34 

1*193 

0-000180 

16 

6*10 

1*673 

179 

32 

8*65 

2-380 

182 

64 

12*09 

3-33 

179 

128 

16*99 

4-68 

179 

256 

23*82 

6-56 

180 

512 

32*20 

914 

180 

1024 

46*00 

12-66 

177 




0000180 


The values of k t calculated from eight differ- 
ent measurements, agree within the limits of 
experimental error. 

Tho osmotic pressure of acetic acid at v = 8 
corresponds to about three atmospheres, that at 
v = 1024 to about atmosphere, or to 1*7 mm. 
mercury pressure. The dissociation law 
has, therefore, proved correct within these 
wide limits ; no examination of the law so far- 
reaching as this has ever been possible in the 
case of gases. 

Further examples are : — 


Cyanacetic acid, n & « 862. 



4 

100 

4oo 

k 

16 

788-0 

21*7 

000376 

32 

105-3 

29*1 

373 

64 

139*1 

38*4 

374 

128 

176*4 

48*7 

361 

256 

219*1 

60*5 

362 

512 

260*9 

72*0 

361 

1024 

297*3 

82*1 

868 




0-00370 


Here also the individual values of the con- 
stant vary irregularly about the mean value, so 
that the discrepancies have to be ascribed to 
experimental errors. 

In the accompanying tables, which have been 
taken at random from a great number, the dis- 
sociation law proves itself everywhere to be ac- 
curate. It has, in fact, been verified in every case 
in the course of an investigation which, for 
reasons to be discussed later, has been carried out 
with more than 400 acids, and it can be looked 
upon as generally valid. 

We must not omit to remark, however, that, 
as observed above in the cases of the very strong 


Oxyisobutyrio acid, /too ~ 

355. 

V 

4 

100 — 

4oo 

k 

32 

20-05 

5*65 

0000106 

64 

28*05 

7*91 

106 

128 

38-86 

10*95 

105 

256 

53*91 

15*20 

106 

512 

73*49 

20*70 

106 

1024 

99*52 

28*05 

106 




0*000106 

Oxysalicylic acid, »3 56. 

V 

4 

100?- 

4» 

k 

64 

84*1 

23*6 

000114 

128 

112-5 

31-6 

114 

256 

147*0 

41*3 

113 

512 

187-0 

52*6 

114 

1024 

2300 

64*7 

116 

2048 

270*4 

76*0 

117 




0*00115 

Orthochlorobenzoic acid, 4^ 

= 356. 

V 

4 

iou 

4ao 

k 

64 

89*2 

25*1 

0*00131 

128 

119*4 

33*5 

131 

256 

156*1 

43*8 

133 

512 

197-0 

55*3 

133 

1024 

238*7 

67*1 

134 




0*00132 


acids, and the neutral salts, which are very nearly 
completely dissociated, the calculation of the 
constants becomes very uncertain, and that 
greater deviations exist between the observations 
and the formula than can be ascribed to experi- 
mental errors. Which of the assumptions already 
made will have to be modified in order to explain 
these small discrepancies cannot as yet be deter- 
mined; but anyhow the discrepancies are so 
inconsiderable, and there are so many cases of 
agreement, that the deviations must be looked 
upon as of a secondary nature, and undoubtedly 
they will receive their explanation later on. It is 
well not to pass over in silence, nor to attempt to 
hide, such deviations from a law which is other- 
wise generally valid, since in most cases theo- 
retical progress is connected with the investiga- 
tion of the causes of deviations from general 
laws. Examples of this are found in the devia- 
tions of gases from the simple laws, and the theory 
connected with this by van der Waals, and in the 
deviations of some substances from the law of 
Avogadro and the elucidation thereof by the 
theory of dissociation. 

Chemical applications , — The laws of elec- 
trical conductivity, as developed in the prece- 
ding pages, give us the means for solving many 
chemical problems. This they do, because they 

o 2 
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give a deeper insight into the constitution of 
dissolved substances than is afforded by the 
usual chemical methods. A series of such appli- 
cations is already contained in the preceding 
pages; others are considered in the following 
paragraphs. 

The first of these applications is connected 
with the question as to the nature and composi- 
tion of the current-conducting particles or ions 
of salts. The conception of Berzelius that these 
are the ‘anhydrous’ acid and base has, in the 
light of Faraday’s law, been recognised as erro- 
neous. Afterwards, in analogy with the com- 
pounds of organic chemistry, the salts were looked 
upon as having a unitary composition, and this 
view is still generally held. But this conception 
cannot be regarded as quite correct, since it does 
not take into account the fundamental difference 
which undoubtedly exists between salt- like com- 
pounds and indifferent compounds, a difference 
which manifests itself chiefly in the capacities 
for reaction of the two groups. The conception 
of Berzelius rested on the correct recognition 
that salts are dual compounds ; he had only mis- 
conceived their constituents. 

The new olectro-chemical theory of Arrhe- 
nius avoids both errors, and retains what is cor- 
rect in each conception. The solid salts, and, 
according to concentration, a greater or smaller 
portion of the salts dissolved in water, ‘ salt ’ being 
understood to include acids and bases, have, it 
is true, a unitary composition ; but that portion 
of them which is capable of reacting chemically, 
and which therefore is of preponderating interest 
to the chemist, is split binarily. 

4 Salts,* in the general meaning, are there- 
fore substances which very readily undergo such 
a binary splitting, and herein lies their binary 
character, correctly recognised by Berzelius. 

It is a most remarkable fact that in the 
splitting up of * salts * their constituents appear 
in oppositely charged electrical conditions. This 
indicates that probably both phenomena stand 
in the closest connection. It may be asked 
whether the salts split up so easily because 
their parts readily acquire opposite electric 
charges, or, conversely, whether the parts are 
easily charged electrically because they are 
readily separated. Not less remarkable is the 
fact that whenever a salt molecule is split up 
an equal quantity of electricity is produced (or 
separated), independently of the nature of the 
parts. It is beyond doubt that this fact is of 
decisive importance for the recognition of the 
nature of electricity, as well as of that of chemical 
affinity ; when the one is elucidated, the other 
will be so also. But which of the two will first 
be thus advanced cannot as yet be foreseen. 

A further remarkable fact is, that pure salts 
at ordinary temperatures do not conduct appre- 
ciably ; the ordinary solid salts do so as little as 
ure sulphuric acid, acetic acid, &c. Even the 
alogen acids HF, HC1, HBr, and HI, when 
liquefied by pressure or cold, are all non-con- 
ductors. According to the dissociation theory 
of electrolytes this is quite conprehensible ; the 
pure substances do not conduct because they are 
not dissociated, and they are not dissociated 
because their molecules have no space wherein 
to dissociate, or because they do not possess 
sufficient mobility. 


Whether dissociation ocours or not when 
salts are dissolved depends in a marked way on 
the nature of the solvent. Hydrochloric acid, 
which when liquid is not dissociated, dissociates 
at once when dissolved in water. But on using 
as solvent benzene, xylene, hexane, or ether, no 
dissociation ensues ; these solutions are non- 
conductors (Kablukoff, Z. P. C. 4, 430). On 
using alcohols as solvent, methyl alcohol is 
found to behave almost like water ; the solutions 
of hydrochloric aoid in it have a molecular con- 
ductivity about three times smaller than aqueous 
solutions. The conductivities of the solutions 
become less and less as we use ethyl alcohol, 
isobutyl alcohol, and isoamyl alcohol. 

It is still quite unknown what the condition 
is which determines the property of different 
solvents to cause dissociation to a different degree, 
and it is not known whether, as is somewhat 
probable, these effects remain proportional in the 
cases of all salts. Here it seems, however, as if 
the capability of the solvent itself to separate into 
ions, even if to a small degree only, determined 
its power to cause the dissociation of substances 
dissolved in it. 

Although the questions just mentioned still 
await solution, partly for lack of experimental 
researches in this domain, yet the new concep- 
tion of the binary character of salts allows us to 
distinguish more sharply between the different 
classes of these compounds than was possible 
before. This is especially so in the case of the 
so-called double salts. This name is at present 
somewhat uncertain in its application. Potas- 
sium copper sulphate EjS0 4 .CuS 0 4 is called a 
double salt, but sodium platinichloride is also 
formulated as such, 2NaCl.PtCl 4 ; the first for- 
mula is correct, but the latter iB wrong. This is 
so because potassium copper sulphate gives all 
the reactions of potassium sulphate as well as 
those of copper sulphate, but from sodium platini- 
chloride silver solutions do not precipitate silver 
chloride as from sodium chloride, but silver 
platinichloride Ag 2 PtCl 0 (Jorgensen, J . pr. 
[2] 16, 346). It is probable, therefore, that 
sodium platinichloride is a salt of chloro- 
platinic acid H^PtClg. If this is correct, the 
ions of the sodium salt are 2NaandPtCl 6 ,and in 
electrolysis the platinum must not, like the other 
metals, go to the cathode, but as a constituent of 
the acid radicle to the anode. And, in fact, 
Hittorf has proved (P. 106, 620) that this i* 
the case. 

Similarly with other salts; for instance, 
that which is obtained from chromium oxide and 
potassium binoxalate, and which has the em- 
pirical formula 3K 2 C 2 0 4 .Cr 2 (C 2 0 4 ) s . Since this 
salt gives no pp. with calcium salts it cannot be 
regarded as an oxalate. In fact, in electrolysis 
the chromium goes to the anode ; the chromium 
is, therefore, a constituent of the acid radicle, 
and the salt must be looked upon as the potas. 
sium compound of a tribasic chromoxalio acid 
(HC 2 0 4 ) 8 Cr — that is, as K 3 C a 0 12 Cr (Kistiakowsky, 
Z. P. C. 6, 107). 

Such salts, therefore, are not double salts, but 
are salts of complex acids ; it is possible to test, 
in the way already indicated, in every ease 
whether a definite salt is a true double salt 
or the salt of a complex acid. On examination 
we find that, not a double salt, but a salt of a 
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complex acid is present whenever the reactions 
of the salt in question are not those of its con- 
stituents. This decision is specially convenient 
when the solution of the salt is coloured. Be- 
cause, since the properties of the positive ions, 
and therefore their colour also, ate independent 
of the negative ions, it will always be possible to 
conclude that the positive ions are no longer 
present when their colouration disappears. In 
the easily decomposable salt 2KCN.Ni(CN) 2 wo 
muBt not see a double salt, but the potassium 
salt of cyano-nickelic acid H 2 Ni(CN)^ because its 
solution is yellow, and not green as solutions of 
the nickel salts are which contain nickel as an 
ion. 

The line of demarcation between the two 
groups of salts, however, is not absolute, as 
many salts exist which in aqueous solutions are 
both double salts and also complex ones. This 
is the case with potassium ferri-oxalate, for in- 
stance. Since this salt is green, while all true 
ferric salts are yellow or brown, it may be con- 
cluded that it is a complex salt, the compound 
of a ferri-oxalic acid H a C 6 0,.,Fe analogous to 
the above-mentioned chromo-oxalic acid. The 
solution of this salt gives, however, a precipitate 
with calcium solutions, which proves it to be an 
ordinary oxalate, but on the other hand the iron 
goes to the anode. From this it is seen that the 
aqueous solution contains chiefly the ions 
3K + C a 0 12 Fe, but that a portion of the salt has 
split in the manner of a doublo salt into 
potassium oxalate and ferric oxalate, which on 
their part form the corresponding ions. 

The study of such cases has as yet scarcely 
been begun, because until now we possessed 
neither theoretical nor experimental means for 
answering the questions which arise. The elec- 
trical methods, in conjunction with the methods 
for the determination of molecular weights 
arising out of the theory of solutions, now afford 
easy access to these hitherto closed and uncul- 
tivated domains. 

The dissociation-constants of organic 
acids. The only province of chemistry which 
has been studied somewhat thoroughly in the 
light of the new electro-chemical theory is that of 
the organic acids. We have seen above that 
the molecular conductivity of these can be 

fi £ v 

represented by the formula—^ — — --- y — - = kv. 

This formula contains only the single constant 
k , which constant depends on the nature of the 
acid, the temperature, and the solvent, but is in- 
dependent of the dilution. At a given tempera- 
ture, and in the same solvent, the quantity k is 
therefore a measure of the electrical conductivity, 
and hence it is the capacity for reaction of the 
acid ; for the substance considered, k therefore 
represents the long sought for numerical value 
of the chemical affinity. 

It is remarkable that the two conflicting 
views concerning the nature of chemical affinity, 
as represented by Bergmann and Berthollet (c/. 
vol. i. 68) here coincide. Berthollet, who re- 
presented the affinity as dependent on the mass, 
was right, and so was Bergmann, who desired to 
represent it by a constant. By accurately formu- 
lating the idea of the influence of mass as given 
by Berthollet, we obtain in the equation for the 


chemical effects a co-efficient independent of the 
quantity— that is, one referred to the chemical 
unit of quantity, which is Bergmann’s measure 
of chemical affinity. 

It has already been shown (vol. i. 81) 
that the electrical conductivities bear a definite 
relation to the composition and constitution of 
the acids. But the law of dissociation of elec- 
trolytes had not been discovered at the time 
when the article referred to was written, and the 
observed relations could not be represented nu- 
merically. This has now become possible, by 
means of the values of the constant k , which 
have been measured for about 400 acids (Ost- 
wald, Z. P. C. 3, 170 ; Bethmann, ib. 5, 885 ; 
Bader, ib. 6, 289). 

Before expounding these relations, it will first 
be shown how the laws which havo been found 
empirically for the electrical conductivities follow 
directly from the above dissociation-formula. 
In order to make the consideration easier, the 
formula will first be somewhat simplified by sub- 
stituting for the molecular conductivity fx v its 

value referred to the maximum « m. 

Moo 

The equation then assumes the simple form 


In the first place, we see that as the dilution 
v increases infinitely, the quantity 1 — m must 
approach zero. Hence m must approach unity ; 
hence the electrical conductivity increases with 
dilution up to a maximum, as has been shown by 
experience. 

Further, it was found that when at any dilu- 
tions, u, and two different acids have the 
same (relative) conductivity, they also have the 
same at other dilutions vf and vf, as long as the 
new dilutions are in the same ratio as the old 
ones — that is, when v, : : vf. This follows 

from the formula in this way : on the supposi- 
tion that the relative conductivities are the same, 
7 ri l iri : 

we have first of all fZ ~ pi ~h\ v \ \ \ » 

therefore k ) v ) - k.,v r And in the same way for 
the other dilutions, kfvf -kfvf, from which it 
follows directly that v x : v 2 = v x : vf. 

In addition, F. Kohlrausch had already pointed 
out that in the cases of acids which conduct badly 
(which, therefore, are but little dissociated), the 
molecular conductivity increases nearly as the 
square root of the dilution. If in the equation 

~ = kv y m is very small, 1 — m differs little 

from unity, and can be looked upon as constant ; 
then approximately, m l « kv % orw« Vkv. 

Finally, on taking the logarithms of the dilu» 
tions as abscissas and the values of m as ordinates, 
we also get from the formula a curve resembling 
a tangent-function (vol. i. page 82) ; the inter- 
polation-formula given in vol. i. must be replaced 
by the present rational formula. 

As regards the meaning of the constant k , we 
recognise what this is on putting m «= 0*6, when 

we get 2k «* 2 k is therefore the reciprocal 

v 

value of the volume, or the concentration at 
which the electrolyte is just half dissociated# 
This number is extremely characteristic for dif* 
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ferent acids, since its value may vary according to 
the nature of the substance between the limits 1 
and 1,000,000. 

The measurement of the quantity k for differ- 
ent acids has led to the following general law - 
The constant k is approximately the product of 
a number of factors , each of which depends on the 
nature of the constituents of the acid and on their 
position relatively to the carboxyl group . 

In order to realise what this law implies, and 
in what manner it is applied, we will proceed to 
discuss in the following pages the most impor- 
tant groups of the organic acids. The relations, 
the main features only of which could formerly 
(vol. i. page 82) be investigated, can now be 
represented numerically with perfect exactitude. 
The numerical values for k have been multiplied 
by 100 in order to get rid of ciphers *, they all 
hold for aqueous solutions at 25°. 

The fatty acids. The following constants 
were measured : — 


Formic acid H.C0 2 H . . . 0 00214 

Acetic acid CH 8 .C0 2 H . . . 0 00180 

Propionic acid C^Hj.CO JI . . 0 00134 

Butyric acid C 8 H 7 .C0 2 H . . 0*00149 

Isobutyric acid (CH s ),CH.C 0 2 H . 0*00144 
Isovaleric acid (CH 3 ) 2 C 2 H 8 .C0 2 H . 0*00161 
Caproic acid C 5 H u .C0 2 H . . 0*00145 

Formic acid has the highest constant ; the re- 
placement of its hydrogen by methyl reduces 
the constant to half its value. But on again 
replacing one hydrogen atom in acetic acid by 

methyl the constant only decreases to ~ of 

its value, and further similar substitutions no 
longer produce a weakening of the acid, but some 
of them even bring about a slight strengthening. 
These changes are, however, but small, so that 
the constants of acids of this series having more 
than three carbon atoms vary irregularly about 
the mean value 0*0014. 

It iB evident, then, that the substitution of 
hydrogen by methyl acts quite differently, ac- 
cording as it occurs next to the carboxyl or at 
a greater distance from it. This is a result 
which will afterwards be shown to hold good in 
all cases ; on the whole, the effect of each sub- 
stituent is the smaller the more distant it is 
from the carboxyl. The inference that the 
interposition of even two carbon atoms nearly 
counteracts the effect is correct for methyl, for 
which it is relatively small. Other constituents 
of greater energy extend their action further, but 
yet not over more than three or four atoms of 
the 1 open chains 1 ; in the case of 1 closed chains 1 
other relations hold good. 

Halogen derivatives of the fatty acids . The 
entrance of chlorine in the place of hydrogen in 
the fatty acids exerts very considerable influence. 
The constants are— 


Acetio acid GH 8 .CO>H . . . 0*0018 

Monochloracetic acid CH 2 C1.C0 2 H 0*155 

Dichloracetic acid CHCl^CO.^H . 5*1 

Trichloraoetio acid CCl r CO i{ H . 121 
The constants are in the ratio of 
1 : 86 : 2840 : 67200. The ratio of the values of 
the constants for the different acids, referred to 
the entrance of each separate chlorine atom, is 
84, 33, and 24. It is only the ratios of the 
constants, and not their differences, which are 


important; the ratios, though not equal, are 
yet of the Bame order of magnitude, while the 
differences between 0*155, 5, and 121 are quite 
incomparable. Further, it follows that the re- 
lative change of the constants for the entrance 
of each chlorine atom is not of the same 
value ; the first chlorine atom acts more intensely 
than the second, and the second more intensely 
than the third. We shall again meet with a 
similar relation when dealing with substitution 
in connection with the same carbon atom. From 
this it may be concluded that the first chlorine 
atom which enters into acetic acid exerts its in- 
fluence under more favourable conditions, there- 
fore probably from a less distance, than the 
second and third, and it becomes evident how 
well such measurements lend themselves to in- 
vestigations and examinations of the relations 
in space of the atoms within the molecules. 
The action of other elements and radicles is very 
similar to that of chlorine. 

Monobromacetic acid CHsBr.CCXjH . 0*138 
Cyanacetio acid CH 2 .CN.CO,H . . 0*370 

Thiocyanacetic acid CH 2 .SCN.C0 2 H . 0*265 
So-called 4 carbamine thioglycollic 
acid ’ CH 8 (8C0NH..)C0 2 H . . 0*0246 

Isothiocyanacetic acid C 8 H 3 0 2 S.N . 0*0000246 

Thiacetic acid CH..COSH . . . 0*0469 

The constant of monobromacetic acid does 
not differ much from 0*155, that of monochlor- 
acetio acid, hence both halogens exert about 
the same influence. Cyanogen acts much more 
intensely. The ratio of cyanacetic acid to acetic 
acid has risen to 205 (from 86). Thiocyanaoetic 
acid also is stronger than monochloracetic acid, 
but not so strong as cyanacetic acid, though sul- 
phur is generally a negative substituent — that is, 
one which augments the acid properties. The 
idea of relations in space at once suggests itself; 
by the introduction of sulphur there has, in 
fact, taken place, on the one hand, an increase 
in the acid properties, but on the other hand, 
since the cyanogen is removed to a greater dis- 
tance from the carboxyl, there has been a 
weakening, and the latter effect preponderates 
over the former. By taking up water, thio- 
cyanaoetic acid easily passes into the acid 
CH3.SCONH3.COgH, the group CN changing into 
CO.NHj. This transformation is accompanied 
by a marked decrease in the conductivity, the 
constant falling to less than a tenth of its 
former value. The change can be conveniently 
studied in an aqueous solution of thiocyanaoetic 
acid, by determining its electrical conductivity ; 
the conductivity decreases continuously, and 
after even a few days the greater part of the 
thiocyanaoetio acid is found to be changed. 
Finally, there is a compound isomeric with thio • 
cyanacetic acid, which Volhard (/. pr. [2] 9, 6) 
obtained by the action of hydrochloric acid on 
sulphohydantoin, and which is isothiocyanacetic 
acid. The constant for this compound is 10,000 
times smaller than that for thiocyanacetic acid ; 
it is also smaller than that of any other carbon 
acid, so that the inference must be drawn that 
the substanoe is not a carbon acid at all. This 
confirms the view expressed by Liebermann, and 
the reasons for which were given by Hantzsch 
(B. 20, 3129), that the compound is a dioxy- 
thiazole— 
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CH. CO 

The feebly acid properties are ascribed to the 
hydrogen of the imide group. The thiacetic acid 
mentioned at the end of the last table contains 
sulphur in the place of oxygen in the hydroxyl 
of the carboxyl. In accordance with the nega- 
tive nature of sulphur, this acid proves to be 
twenty-six times stronger than acetic acid, and 
this factor may be looked upon as the greatest 
to which sulphur can give rise when replacing 
oxygen, because in this case the sulphur atom 
acts from the most favourable position which is 
ever possible. 

Oxyacetic acid and its derivatives. 

Glycollic acid CH 2 .0H.C0 2 H . . . 0-0152 

Methoxy-acetic acid CH 2 .(0CH 8 )C0 2 H . 0-0385 
Ethoxy-acetic acid CH 2 (OC 2 H,JC0 2 H . 0-0234 
Phenoxy-acetic acid CH 2 (0C tt HJ00 2 II . 0-0756 
Glyoxylic acid GH(0H) 2 00 2 H . . 0*0474 

The replacement of hydrogen by hydroxyl in 
acetic acid produces a rise in the constant of 
0 times its former value ; hydroxyl, therefore, 
acts much less intensely than the halogens. 
By introducing a second hydroxyl the constant 
again becomes greater, but only 3*1 times greater. 
Here we find quite the same effects as in the cases 
of mono- and di-chloracetic acid, the second 
substitution of the same substance acting less 
strongly than the first. In the numerical values, 
even, we cannot overlook a certain correspon- 
dence ; in the case of chlorine the ratios are 
1 : 86 and 1:33; in the case of hydroxyl they 
are 1 : 9, and 1 : 3*1. It may therefore be said 
that, using round numbers, in the derivatives of 
acetic acid chlorine acts ten times as intensely 
as hydroxyl. When the hydroxylic hydrogen of 
glycollic acid is replaced by radicles, the constant 
ohanges, and, strange to say, methyl acts in this 
case in a strengthening manner, the constant 
rising to a little more than twice its former 
value. The substitution of hydrogen in this 
methyl by methyl again has a weakening effect, 
as is the case with the fatty acids ; ethoxy-acetic 
acid is 1*4 times weaker than methoxy-acetic 
acid. Finally, by the introduction of phenyl, 
the constant becomes appreciably greater ; it is 
about five times as great as that of glycollic acid, 
and is 2*3 times greater than that of meth- 
oxy-acetic acid. The ratio is smaller than that 
between acetic acid and benzoio acid, which is 
1 : 8*3, an indication that the exchange of methyl 
for phenyl has in the latter case ta&en place in 
greater proximity to the COOH group, a con- 
elusion which follows also directly from the 
formulas. 

A number of other substances related to 
glycollic acid have given the following numerical 
values * • •• 

Thioglycollic acid CH^SHJCO.H . . 0*0225 

Thiodiglycollic acid S(CH 2 C0 2 H) 2 . 0 048 

Ditbiodiglycollic acid S^CH^COjjH), . 0*065 
Diglycolhc acid OfCBLCO.^H). . . O il 

As the constant of glycollic acid is *0152, we 
»ee that the substitution of 8 for O in hydroxyl 
has caused the constant to increase 1*5 times; 
now, as substitution of S for O in COOH of acetic 


acid increased k from 1 to 26, we see here also 
the great influence of the position occupied by 
the replacing atom. 

The three other acids quoted in the last table 
are dibasic, and the question at once arises 
how their constants must be calculated, since 
the dissociation-formula has been developed for 
binary electrolytes— that is, for monobasic acids 
only, and not for ternary ones, to which class the 
dibasio acids belong. It can, however, easily be 
shown that, as long as the dissociation is not 
great, the weaker dibasio acids are not electro- 
lysed according to the formula 2H + B“, but 
according to the formula H + HB. In other 
words, at first one hydrogen atom only is split 
off, and the dissociation takes place according 
to the binary scheme of the monobasic acids. 
This follows from the fact that the change in 
the molecular conductivity of such acids can be 

represented by the same formula — — = vk, so 

1—m 

that k remains constant. But the formula cal- 
culated on the assumption of a dissociation 
according to the scheme H 2 B I, »2H + B does 
not represent the change in the conductivity of 
these acids as determined by experiment. 

Malonic acid CH 2 (COOH) 2 may serve as an 
example of dibasic acids. It gives : — 


* 

n 

VI 

100* 

16 

53*1 

0149 

0159 

32 

72-3 

0-202 

0159 

64 

97*1 

0-272 

0*158 

128 

128-5 

0-359 

0157 

256 

165-9 

0*464 

0157 

512 

208 8 

0*586 

0162 

1024 

253-2 

0-708 

0168 

2048 

294*2 

0*823 

0T87 


The constant does not change till the value 
m«= 0-586 is reached — that is, till about half 
the acid has been dissociated according to the 
binary scheme; then it becomes greater- a sign 
that henceforward the formula loses its validity, 
and that the decomposition according to the 
ternary scheme 2H + Ii" begins to assume an 
appreciable value. 

If, on the other hand, we attempt to calculate 
the conductivity according to the formula corre- 
sponding to ternary dissociation - —— 1 =* lc, 

the values of k decrease very rapidly ana are far 
from being constant. 

The values for the constants of dibasic acids 
given in the table preceding the last one have 
been calculated on this principle, and refer, 
therefore, to the first stage of binary dissociation 
HB-HB + H. 

Comparing thioglycollic acid with thiodigly- 
collic acid and dithiodiglycollic acid, we find that 
the constants do increase distinctly, though only 
slightly ; they are 0*0255, 0*048, and 0 065, and 
are in the ratio of 1 : 2*1 : 2*9. When, therefore, 
the residue of acetic acid, CH 2 C0 2 H, enters thio- 
gly collie acid, this process has no appreciable in- 
fluence on the constant. On the other hand, the 
constant of diglycollio acid is 7*2 times greater 
than that of glycollic acid. From the fact that 
the same substituent produces such different 
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effects in glyoollio acid and in thioglyoollic aoid, 
it may be presumed that in the first oase the 
oxygen brings the negative substituent nearer to 
the carboxyl than the sulphur does in the second 
case, and this presumption may be further utilised 
for hypotheses concerning the configuration of 
the sulphur atom, and the arrangement of the 
affinity points on it. It has, however, not yet 
been established with certainty that the greater 
or less distance of the groups iB the only cause 
of their different actions, and there are some 
oircumstances which allow us to conclude that 
other conditions are effective also ; therefore, 
until these have been cleared up, conclusions 
such as the above hold only hypothetically. 

Derivatives of amido-acetic acid . 
Phenylamido-acetic 

acidCH,(NHC 8 H 5 )CO.,H. . . 00030 

Hippurio acid CH 2 (NH.CO.C fl H 5 )C0 2 II . 0*0222 
Aceturic acid CH^NH.CO.CHJCOjjH . 0 0230 
Phthalylamido-acetic acid 

CH 2 (NC 2 0 2 C a H 4 )C0 2 H . . . 0*100 

Amido-acetic acid has not the character of an 
acid ; the basic NH 2 group completely removes 
the acid properties of acetic acid. But if nega- 
tive radicles are introduced into NH 2 , well defined 
acids are again obtained. Phenyl has this effect ; 
the constant of phenylglycoooll is 2*2 times aB 
great as that of acetio acid. The constants of 
the acids obtained by introducing CO.C a H s and 
CO.CH, for H in NH 2 are 12 to 13 times greater 
than that of acetic acid. The substitution of 
the divalent residue of phthalic acid for the two 
hydrogen atoms in the NH 2 group raises the 
constant of acetic acid 55 times. 

Derivatives of propionic acid . 

Propionic acid CH3.CH0.CO2H . 0*00134 

Lactic acid CHj.CHfOHJCOjfH . . 0*0138 

0-Oxypropionic acid CH 2 (OH).CH2.CO.,H 0*00311 
Glyceric acid CH2.OH.CH.OH.CO2H ’. 0*0228 
/3-Iodopropionic acid CH.>I.CH 2 .CO H . 0*0090 
Trichlorlactic acid CCl,.CH.OH.COJE . 0*465 

The constant of a-oxypropionic or lactic 
acid is 10 times greater than that of propionic 
acid, but the constant of /9-oxypropionic acid is 
only 2*3 times greater than that of propionic 
acid. The difference in the action of the same 
substituent, according to its nearer or more 
distant position relatively to COOH, asserts itself 
most clearly. The ratio between propionic 
acid and lactic acid is slightly greater than that 
between the analogous substances acetic acid 
and glycollic acid (1:9); it is, therefore, not 
quite immaterial whether the substitution does 
or does not take place in the group CH 3 . The 
influence of the more distant position of the 
substituent can be recognised in /8-iodopropionic 
acid and triohlorolactic acid. The first is only 
6*5 times stronger than the parent substance. 
No measurement of a-iodopropionic acid has yet 
been made, but there is little doubt that iodine 
in the a- position must act very similarly to chlor- 
ine or bromine, and must, therefore, increase the 
constant by 70 or 80 times. The effect in the 
ft- position is 10 to 12 times less than this. In 
the same way the substitution of 301 for 3H in 
CH 8 .OOOH increases k about 67,000 times ; but 
the introduction of 301 into GH„.GHOH.GOOH 
in the ft- position increases k only about 33*7 


times. The ratio of these effects is about 
1:2000 ; calculated for each 01 atom the ratio is 
^2000 = 12*6 ; this ratio comes very near that 
estimated for a- and jS-iodopropionio acids. 

Derivatives of higher fatty acids . 
Oxyisobutyric acid (CH 3 ) 2 CH.OH.C0 2 H 0*0106 
Mononitrocaproic acid O 5 H 10 (NO 2 ).0O 2 H 0*0123 
Dinitrocaproic acid C 5 H 9 (N0 2 ) 2 C0 2 H . 0*069 
Lffivulinic acid CH3.CO.OH2.CH2.GO2H 0*00255 

Since the constant of isobutyric acid is 0*00144, 
the hydroxyl in the a- position here causes the 
factor 7*4, which is Bomewhat smaller than 9, 
the corresponding ratio between acetio acid and 
glycollic acid. 

The ratio between caproic acid and its mono* 
nitro- derivative is 1 : 8*5. Since, as will soon be 
shown, the nitro- group has a more strongly nega- 
! tive action than chlorine, N0 2 must, in the pre- 
sent case, be in the ft- position. The same holds 
for the dinitro- compound ; it is 5*6 times stronger 
than the mononitro- compound ; it is again 
evident that the second negative group has less 
effect than the first. 

Lffivulinic acid, or 0-acetyl-propionic acid, 
allows us to recognise the smaller influence to 
be expected of the acetyl in the ft- position ; the 
constant is only 1*9 times larger than that of 
propionic acid. 

Benzoic acid and its derivatives . The largest 
and most varied group of allied substances that 
has been investigated so far, is that of benzoic 
acid and its derivatives, and consequently it has 
been possible to trace here many and striking 
regularities. 

Benzoic acid C 8 H 5 CO.,H . . . 0*0060 

Salicylic acid C a H 4 (OH)C0 2 H . . 0*102 

m-Oxybenzoio acid C 8 H 4 (OH)C0 2 H . 0*0087 
y>-Oxybenzoio aoid 0 8 H 4 (0H)C02H . 0*00286 

Oxysalicylic acid [1:2:3] C 6 H 3 (0H) 2 C02H 0*114 
Oxysalicylic acid [1:2:5] C^OH^COJI 0*108 
/3-Resorcylic acid [1:2:4] CjyOH^CO^H 0*052 
o-Besorcylic acid [1:2:6] C a H 3 (0H) 2 C0 2 H 5*0 
Protocatechuic 

acid [1:3:4] C^OH^CCgS . . 0*0083 

ra-Dioxybenzoic acid C fi H 3 (OH) 2 CC>2H . 0*0091 
Gallic acid [1:3:4:5] C ti K i {OR),CO,fl . 0*0040 
Pyrogallic acid [1:2:3:4] C^OH^CC^H 0*055 
Phloroglucin carboxylic 

acid [1:2:4:6] C^tOH^CCX^H . 2*1 

The numbers indicate the positions of the 
OH groups relatively to COOH supposed to be 
in position 1. 

This table contains the constants of all 
hydroxyl -benzoic acids known up to the present 
time. These show such close connections with 
each other that, knowing the constants of benzoic 
acid and of the three monoxybenzoic acids, those 
of all the others can be calculated approximately. 
It is true the calculation is not quite exact, but 
it is sufficiently so to enable us to deduce the 
constitutions of the corresponding substances 
directly from a knowledge of the constants. 

Between the constants of benzoic acid and its 
ortho-oxy- derivative the ratio is 1:17. This value 
is larger than the ratio when OH is introduced 
in the a- position into a fatty acid, in which cases 
the ratio did not exceed 10 ; in the ft- position, 
which corresponds to the constitution of salicylic 
aoid, the ratio was not larger than 2*3. From this 
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it appears that the ortho- position involves a much 
closer relation in the benzene nucleus than even 
the a- position in the open chain, a fact which 
later on will be confirmed in many ways, and 
which seems to be of great importance in dealing 
with the question concerning thb constitution 
of benzene. 

The constant is increased but slightly by OH 
in the meta- position. But in the para- position 
the hydroxyl even produces a diminution of the 
constant to rather less than half the value. We 
deal in this case, therefore, not only as usual 
with a greater or smaller value of the influence 
exerted by a substituent according to its position, 
but with a reversal of the direction in which the 
influence is exerted. This fact, which has already 
become evident in the case of methyl, recurs with 
other feebly negative substituents in the para- 
position of the benzene nucleus. This promises 
to become very important in the construction of 
a theory to explain these phenomena. 

We have then the following factors for the 
influence of the hydroxyl : — 

Ortho- 1:2 or 1:6 = 17 
Meta- 1:3 „ 1:5- 1*4 

Para- 1:4 = 0*5 

By their help we are able to calculate the 
constants of the di- and tri-oxybenzoic acids by 
multiplying the constant of benzoic acid by the 
corresponding factor for every hydroxyl intro- 
duced. It must be remembered that such a calcu- 
lation can only give approximate results ; for we 
have seen that substituents already present some- 
what influence the magnitude of the factor of a 
newly entering substituent, and that, generally, 
by decreasing it. It is, therefore, only the order 
of magnitude of the constants, and not their 
exact value, that we shall be able to find in the 
manner indicated. 

Four dioxybenzoic acids can be derived from 
salicylio acid ; the constants of these four acids 
are calculated thus : — 

1:2:3 gives *0060 x 17 x 1-4 - 0143 

1:2:4 „ *0060 x 17 x 0*5 -0*051 

1:2:5 „ *0060 x 17 x 1*4 = 0*143 

1:2:G „ *0060 x 17x17 =1*73 

The numbers observed are 0*114, 0*052, 0*108, 
and 5*0. In the case of the first and the third 
acid which both contain a hydroxyl in the 
m- position, a diminution of the combined effect 
therefore makes itself felt as usual. In the 
second acid 1:2:4, calculation and experiment 
completely agree ; while the fourth acid 1:2:G, 
which contains two ortho- hydroxyls, shows a 
value about three times greater than is furnished 
by the estimation. We shall see later that this 
behaviour is common; two substituents in the 
ortho- position do not, as is otherwise usual, 
weaken one another, but reinforce each other’s 
effect. 

For the two dioxybenzoic acids still remaining 
we must expect the following constants : 

1:3:4 gives *006 x 1*4 x 0*5 « 0*0042 
1:3:5 „ *006x1*4x1*4 = 0*012 

Measurement gives *0033 and *009, both con- 
stants being therefore as usual somewhat smaller, 
a consequence of the combined effect, yet being 
quite of the expected order of magnitude. 

The six possible trioxybenzoic acids allow us 
to estimate the following constants : 


1:2:3:4 gives *0060 x 17 x 1*4 x 0*5 - 0*07 

1:2:4:6 „ *0060 x 17x0*5x 17 = 0 9 

1:3:4:5 „ *0060 x 1*4 x 0*5 x 1*4 = 0*006 

1:2:3:5 „ *0060 x 17 x 1*4 x 1*4 - 0*2 

1:2:4:5 „ *0060 x 17 x 0*5 x 1*4 - 0*07 

1:2:3:6 „ *0060 x 17 x 1*4 x 17 = 2*4 

Of the six possible trioxybenzoic acids throe 
are known and measured. The comparison be- 
tween the observed and estimated constants 
gives 0*055 instead of 0*07; 0*004 instead of 0*006, 
where as usual the observed value is smaller than 
the estimated value ; and in the case of the acid 
with two hydroxyls in the ortho- position we have 
21 observed instead of 0*9 estimated, which there- 
fore, as before, is about twice as great. In the 
same way we may expect in the cases of the 
three trioxybenzoic acids still unknown, that 
the real constants of the acids 1:2:3:5 and 1:2:4 :5 
will be somewhat smaller than the estimated 
values, and therefore about 0*15 and 0*05, while 
the third acid 1:2:3:6 with two ortho- hydroxyls 
will probably have a constant from 5 to 5*5. In 
spite of the uncertainty of the estimation, the 
differences are so considerable that when in 
future one of these acids is prepared the de- 
termination of the conductivity of an aqueous 
solution will suffice to decide its constitution. 

The constitutional reiationsof the oxybenzoio 
acids, as indicated by the dissociation-constants, 
are therefore in complete agreement with those 
deduced from chemical relations. 

The methods just expounded may be directly 
utilised for elucidating constitutional relations. 
On heating orcin O a H 3 (OH) 2 ClI, with KHCO* 
there is formed ‘ paraorsellic acid,’ whose con- 
stitution must correspond either to that of 
a- or j8-resorcylio acid. On measurement, the 
constant appeared to be 4*1 ; the acid has, there- 
fore, a constitution analogous to that of a-resor- 
cylio acid, corresponding to tho arrangement 
CO.H:OH:OH:CH, - 1:2:6:4. 

Further substitution products of benzoio 
acid gave the following numbers : — 

o-Clilorobenzoic acid O a H 4 Cl.CO,H . 0*132 

m-Chlorobenzoic acid C a H 4 Cl.C6,lI . 0*0155 

p-Chlorobenzoic acid 0 t H 4 Gl.G0 2 H . 0*0093 

o-Bromobenzoic acid C a H 4 Br.C0 2 II . 0*145 

?tt-Bromobenzoic acid O^H^Br.CO^H . 0*0137 

Monobromgallio 

acid C a HBr(0H) 3 C0 2 H . . . 0*059 

Dibromgallic acid C a Br 2 (0H) 3 C0 2 H . 1*21 

??i-Fluobenzoic acid C 6 H 4 F.C0 2 H . . 0*0136 

w-Cyanobenzoic acid C e H 4 CN.CO a II . 0*020 

o-Nitrobenzoic acid C e H 4 N0 2 .C0 2 Il . 0*616 

ra-Nitrobenzoie acid C a H 4 N0 2 C0 2 H . 0*0345 

p-Nitrobenzoic acid C fl H 4 N0 2 C0 2 H . 0*040 

Bromonitrobenzoic 

acid [1:2:5] C tf H s BrN0 2 C0 2 H . . 1*4 

o-Amidobenzoic acid C a H 4 NH 2 CO z Ii . 0*0010 

p-Amidobenzoic acid G a H 4 NH 2 C0 2 H . 0*0012 

o-Acetamidobenzoie 

acid 0 8 H 4 (NHC0CH 8 )C0 2 H • . 0 024 

m-Acetamidobenzoio 

acid C a H 4 (NHC0CH„)C0 2 H . . 0*0085 

p-Acetamidobenzoic 

acid C a H 4 (NHC0GH 3 )C0 2 H . . 0*0052 

o-Acetoxybenzoic 

acid 0 a H 4 (0G0CH 2 )00 2 H . . 0*033 

p-Acetoxybenzoie 

acid C 4 H 4 (OCOCH < )CO Jt H . . 0*0042 
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m-Acetoxybenzoic 

acid 0^(0000^)00,11 . . 0 0099 

o-Metboxy-benzoic * 

acid C d H 4 (OCH s )CO :i H . . . 0 0082 

p-Methoxy-benzoic 

acid C 8 H 4 (OCHJCO,H . . . 0 0032 

The same conclusion may be drawn from 

these numbers as to the influence of the halogens 
as had been deduced for hydroxyl— namely, that 
the ortho- position is that of greatest influence. 
Th$ constant of benzoic acid rises to 22 times 
its value on the introduction of chlorine in the 
ortho- position, to 2*6 times its value when Cl is 
put in the meta- position, and to 1*5 times its 
value when Cl is put in the para- position. But 
along with this there is a remarkable difference 
between the behaviour of OH and that of Cl; 
hydroxyl acts much more strongly in the ortho- 
position of the benzene nucleus than in the 
a- position of the open chain, while chlorine, 
which in the a- position of the open chain in- 
creases the constant to more than 80 times its 
value, does so only 22 times when in the ortho- 
position in the benzene nucleus. For this dis- 
crepancy the explanation offers itself, on the 
one hand, that the system of carbon atoms 
which constitutes the benzene nucleus is not 
rigid, but alters its form according to the atoms 
present in it, and that if so, the difference in 
form must be especially great according as 
hydroxyl or chlorine enters near the carboxyl. 
On the other hand, the following possibility 
strikes us. According to the hypothesis of 
Kekul6, there are two sorts of ortho- positions, 
the one being represented by a double, the other 
by a single, linkage. Now it is quite possible 
that in benzene itself the change of the double 
or single linking to the right or the left takes 
place easily, but that when two adjoining car- 
bon atoms have fixed different atoms or groups 
of atoms, only one sort of linkage, either a single 
one or a double one, is stable. Assuming that 
— in salicylic acid, for instance — double linkage 
exists between the carbon atoms, combined with 

COOH 

yC 

carboxyl and hydroxyl respectively, ' COH 


while in o-chlorobenzoic acid the single linkage 
COOH 

only is stable, x CCI * ^ erence empha- 


sised above can be understood, since in the first 
case the ortho- relation is a much more intimate 
one than in the second. 

The small changes which the constant of 
benzoic acid undergoes in m- and p-chloro- 
benzoic acid correspond to the greater distance 
of the chlorine from the carboxyl. According 
to the usual representation of benzene, the in- 
fluence of the para- position proves to be the 
smallest. But this behaviour is by no means 
general. 

Bromine behaves very similarly to chlorine. 
The effect for the ortho- position is somewhat 
larger khan for chlorine — i.e. 24 instead of 22 ; 
that for the meta- position somewhat smaller 
— 2-3 instead of 2*6. 


When hydrogen in gallic acid is replaced by 
bromine in the ortho- position, the constant in- 
creases to 15 times its value, therefore less 
than in the case of benzoic acid. This corre- 
sponds to the general rule that several substi- 
tuents simultaneously present diminish each 
other’s action. Only when two substituents, 
which are the same, occupy the ortho- position 
is an increase in the simultaneous effect to be 
observed ; in fact, a second bromine atom which 
occupies the ortho- position brings about a 
greater rise of the constant than does the first 
— 21 instead of 15. 

Hydrofluorio acid being much weaker than 
hydrochloric acid, it was to be expected that 
the fluobenzoic acids would be weaker than the 
chlorobenzoic acids. In case of the meta- com- 
pound this occurs, however, only to a small ex- 
tent ; the constants differ but little, and are nearly 
the same for the bromo- and fiuo- compounds. 
It would be of interest to determine whether in 
the ortho- position also fluorine acts as strongly 
as chlorine, but o-fluobenzoic acid has not yet 
been examined ; m-cyanobenzoic acid is 
markedly stronger than m-chlorobenzoic acid. 
This completely corresponds to the fact that 
cyanacetic acid is much stronger than chlor- 
| acetic acid. 

From measurements of the nitrobenzoic 
acids, the group N0 2 appears to be the most 
effective negative substituent. The ortho- com- 
pound exhibits a 103-fold increase of the con- 
stant, the meta- compound an increase equal to 
5-8-fold, and the para- compound a 6*7-fold in- 
crease. With regard to the influence of posi- 
tion, the numbers agree with those found for the 
chloro- and bromo- compounds, in so far as the 
ortho- position is again that of greatest influ- 
ence ; but, on the other hand, the influence of 
the nitro- group makes itself more felt from the 
para- position than from the meta- position, in 
opposition to the relations found in the case of 
chlorine. 

Bromonitrobenzoic acid contains the sub- 
stituents in the order COgHiNO^B^ 1:2:6. 
The constant is made up of that of benzoic 
acid, and of the factor of the o-nitro- group 103, 

| and that of the m-bromine 2*3, and is therefore 
I calculated to be 1*38, which agrees well with 1*4, 

1 the value found by experiment. In this case, 
therefore, the mutual influence of the simul- 
taneously present substituents is practically 
zero. 

The constants of o- and p- amidobenzoic acid 
show that the amido- group considerably re- 
duces the strength of the acid. But the values 
quoted can only be looked upon as approxima- 
tions, since peculiarities appear in the determi- 
nations which are not yet elucidated. 

But the numbers become regular when the 
basic properties of the amido- residue are com- 
pensated by the introduction of acetyl. Of the 
three acetamidobenzoio acids the ortho- com- 
pound is the strongest, it surpasses benzoic acid 
by four times its value. The meta- compound is 
only 14 times as strong as benzoic acid, and in 
the para- position the atomic group NHCOCH t 
actB similarly to hydroxyl —that is, it exerts a 
weakening effect — the constant is only 0*86 of 
that of benzoic acid. The acetyl-oxybenzoio 
acids behave quite similarly ; their factors re- 
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latively to benzoic acid are 5*5, 1*6, and 0*76. On 
comparing with these and the former numbers 
the factors of the oxybenzoic acids— namely, 
17, 1*4, and 0*5 — it follows that the substituent 
which in the ortho- position acts most strongly 
also exerts the greatest weakening influence in 
the para- position. 

But this relation again is not universal. 
Replacement of hydroxyhc hydiogen by methyl 
in salicylic acid produces a quite extraordinary 
weakening of the acid; instead of 17 times, the 
constant is only 1*4 times, as great as that of 
benzoic acid. In the para- position, however, 
the same change produces scarcely any effect ; 
the constants of p-oxybenzoic acid and of 
2>methoxy-benzoic acid or anisic acid are nearly 
the same, and the decreasing effect of the group 
OGH, is much greater in the para- than in the 
ortho- position. 

It is further remarkable that acetosalioylic 
acid is weaker than salicylic acid, in spite of 
acetyl being a negative radicle. It may be that 
the cause of this curious behaviour is to be found 
in a change of linkage similar to that mentioned 
above. 

Homologues of benzoic acid. 


o-Toluic acid C c H 4 (CH,)CO.,H . . 0*012 

m-Toluic acid C«H 4 (CH 3 )C6 2 H . . 0-0051 

p-Toluic acid C B H 4 (CH 3 )C0 2 H . . 0*0052 

Phenylacetic acid OaH4.CH2.CO2H . 0*0056 

Phenylpropionic 

acid CH 3 .CH(C B Ha)C0 2 H . . . 0*0043 

p-Phenylpropionic 

acid CH 2 (C a HJCH2.C0 2 H . . . 0*0023 

Cuminic acid C # H 4 (C 8 H 7 )Caii . . 0*0050 


A comparison of the constant of benzoic acid 
with those of the toluic acids shows that a 
doubling of value has occurred by the introduc- 
tion of methyl into the ortho- position, but that, 
as usual, the methyl group in the meta- or para- 
position has a slightly weakening effect. The 
isomeric phenylacetic acid also has a very similar 
constant. This constant is 3*1 times greater than 
that of acetic acid — an indication that phenyl is 
a negative radicle— but it does not attain to the 
value of benzoio acid. 

The constants for the two phenylpropionic 
acids show that, as in the case of a- and 0- oxy- 
propionic acids, the acid in which the phenyl is 
at a greater distance from the carboxyl is the 
weaker. The other relations to be expected are 
also found ; between propionic acid and a-phenyl- 
propionic acid there is the same ratio of the con* 
stants, 3*1, as between aoetic and phenylacetic 
acid. 

Cuminic acid differs from p-toluic acid only 
in that it contains isopropyl instead of methyl. 
To this small difference in constitution corre- 
sponds as small a difference in the constants. 

Hydroxylised homologues of benzoic acid. 


Mandelic acid G«H4.CH(OH)C0 2 H . 0*0417 
Phenoxy-acetio acid C a H 4 0.CH 3 .C0 2 H . 0*0756 
o-Nitrophenylglycollio 

acid G a H 4 (N O J O.CHj.COjH . 0*158 

p-Nitroph enylglycollic 
acid CJEL(N0 2 )0.CH 2 .002H . . 0*153 

Tropic acid OH 2 (OH).CH(G 8 H s )CO ? H . 0 0075 
Phloretio acid CH^OHfO^.OHJCO^H 0 0020 
Hydroparaooumaric 

acid CH,(C i H 4 .OH)GH r CO. { H. . . 0 0017 


Mandelic acid is phenylated oxyacetic acid ; 
the ratio of its oonstant to that of glycollic acid 
is 2*7, while that between aoetic acid and 
phenylacetic acid is 3*1 ; both values approxi- 
mate closely to each other. 

On introducing into the phenyl of phenoxy- 
acetic acid a nitro- group in the ortho- position, 
the constant rises to double its value. The in- 
troduction of N0 2 in the ortho- position into 
benzoic acid raises the constant to 103 times its 
former value. This enormous difference exem- 
plifies most prominently the influence exerted by 
the varying distance of the substituent from the 
carboxyl. The same thing is made evident by 
the constant of p-nitrophenylgly collie acid, which 
is scarcely different from that of the ortlio- com- 
pound; the change from the ortho- to para- 
position, which is generally so influential, is of 
scarcely any account at this distance from the 
carboxyl. 

Tropic acid is a-phenyl-0-oxypropionic acid. 
It is 2*5 times stronger than oxypropionic acid. 
For the influence of phenyl in the a- position wo 
have before found the factors 2*7 and 3*1. 

Phloretio acid is phenylpropionic acid whose 
phenyl contains a hydroxyl in the para- position ,* 
its constant i$ half as great as that of phenyl- 
propionic acid ; hence the para- hydroxyl here 
exerts its characteristic weakening effect. 

In the same way hydroparacouinaric is 
hydrocinnamic acid which contains a para- 
hydroxyl in the phenyl. This also has a de- 
creasing action on the constant, but owing to 
the greater distance of the phenyl this effect is 
not so great as in the preceding case. 

Unsaturated acids. The affinity co-efficients 
of these substances present a special interest 
owing to their iBomeric relations, which cannot 
be represented by the ordinary chemical 
formulas. Following up an idea of van’t Hoff, 
an explanation of these phenomena has lately 
been given by Wislicenus (Abh. Kdnig. Sticks. 
Oes. der Wiss. 1887). In this explanation the 
cause of the chemical differences is supposed 
to lie in differences in the relative positions in 
space of the radicles linked to the carbon. Sinoe 
the results so far obtained from a considera- 
tion of the affinity-constants invariably point to 
relations in space, it becomes possible to subject 
this hypothesis to an experimental examination. 
Acrylio aoid CH^CH.CO^ . . 0*0056 

Crotonic acid CH(CH 8 ):CH.C0 2 H . 0*00204 
Isocrotonio acid CH(CH,):CH.C0 2 H . 0*0036 
Tiglic acid GH(CH 8 ):C(CH 3 )C02H . 0*00096 
Angelio acid CH(0H 8 ):C(GH 8 )C0 2 H . 0*0050 
a-Chlorocrotonic acid 


CH(GH 8 ):CC1.C(>2H . 
aZZo-a-Chlorocrotonic acid 

■ . 0*0720 

CH(CH S ):0C1.C02H . 
0-Chlorocrotonic acid 

, . 0*158 

CC1.(CH 3 ):CH.C0 2 H 
aZh>-0-Chlorocrotonic acid 

, . 0*0144 

CC1.(CH 3 ):CH.C0 2 H . 

. 0*0095 


A consideration of these numbers shows that 
the unsaturated acids have in general greater 
constants than the saturated ones. We must, 
therefore, ascribe to hydrogen a strongly basic 
character. And, further, as in the case of the 
saturated fatty acids, the constants on the whole 
decrease as the carbon increases. And, finally, 
we see that the isomerio acids for which, acoord- 
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ing to the views hitherto held, no difference of 
constitution could be formulated are in fact dis- 
tinctly different. 

Now Wislicenus represents the difference be- 
tween crotonio acid and isocrotonic acid by the 
following formul© : — 

Crotonio acid Isocrotonio acid 

i>o= c <cga ttnd C H> c = c <co s H 

In crotonio acid the methyl group stands 
nearer to the carboxyl, in isocrotonic acid the 
hydrogen. Since, in accordance with present 
experience, a methyl group linked to carbon 
which is also directly linked to CO.jH decreases 
the constant, a smaller constant must be ex- 
pected for crotonio acid than for isocrotonic, i 
this difference being more pronounced owing to I 
greater proximity in space. Experiment con- 
firms this conclusion, and thus proves the ap- 
propriateness of Wislicenus’ assumption. 

It may be asked whether we ard not here 
dealing with one of the cases of which some 
were mentioned before, in which, as an excep- 
tional case, the methyl acts by increasing the 
strength. But this view is excluded, since both 
acids are weaker than acrylic acid. Methyl has, 
therefore, in both cases reduced the strength, 
but to a greater degree in crotonio than in the 
iso- acid. 

Wislicenus assumes similar differences in 
constitution for angelic and tiglic acids. We get 

Angelic acid Tiglic acid 

Sg>C=C<^ and OH a > c== c<CO^ 

Hence angelic acid again would have to be 
stronger than tiglic, as lias been verified by 
experience. But it is remarkable that in this 
case the difference has been found to be much 
greater than in the first one. Angelic acid has 
a greater constant than isocrotonic acid, which 
contains CH 2 less than angelic acid, a fact as 
unusual as that tiglic acid exhibits a smaller 
constant than the corresponding saturated acid, 
valeric, which has for constant 0 00161. 

In the same way the values found for the 
a-chlorocrotonic acids agree with experience. 
The constants are very nearly in the same ratio 
as that of those of the two crotonic acids them- 
selves, and the rise effected by the chlorine in- 
troduced into the a- position is represented by 
the factors 30 and 44, which, though markedly 
smaller, are of the same order of magnitude as 
the factor for monoehloracetic acid. 

In opposition to the agreement holding 
hitherto between theory and experiment, in the 
case of the #-chlorocrotonic acids, the alio - com- 
pound proves distinctly weaker than the deriva- 
tive of crotonic acid. The cause of this dis- 
crepancy cannot yet be established. The ratio 
of the constants for crotonic acid and /8-chloro- 
crotonic acid is 1:7, which is nearly the same as 
the corresponding factor for propionic acid and 
j8-iodopropionic acid, viz. 6*6. On the other 
hand, the ratio for the factors of isocrotonio acid 
and the <riZo-/8-chloro- derivative is 1:2*6, and is, 
therefore, much smaller. 

Tetrolio acid is formed from both /8-chloro- 
crotonic acids by splitting off hydrochloric acid ; 
the constant is 

Tetrolic acid CH r C:C.CO,H . . . 0*246 


Though hydrochloric acid is one of the 
strongest acids, yet the splitting off of its 
elements from the 0-chlorocrotonic acids not only 
has not lowered the constant, but has raised it 
considerably. This result makes evident the 
strongly acid nature of carbon and the basic 
nature of hydrogen ; the removal of four hydro- 
gen atoms from butyric acid, whose constant is 
0 00149, has produced a rise in the constant of 
160 times its value. 

Of other unsaturated acids the following have 
been measured — 


Ilydrosorbic acid CjH^COjjH . . 0*00241 

Sorbic acid CJL.CO.^H . . . 0*00173 

Parasorbic acid C 5 H r C0 2 H . . 0*00173 

Ethyl-methaerylic acid C 6 H 0 .CO„H . 0*00111 
Atropic acid CH,:C(C 6 H A )C0 2 H \ . 0*0143 

Cinnamic acid CH(C b H 5 ):CH.C0 2 H . 0*00355 
Isocinnamic acid CH(C a H 5 ):CH.C0 2 II . 0*0156 
y>-Coumaric 

acid CH(C 6 H 4 .0H):CH.C0 2 H . 0*0022 

o-Coumaric 

acid CH ( C 6 H 4 . OH) : CH. C0 2 H . 0*0021 
Umbellic acid 

CH(C,H s (OH),):CH.C0 2 H . . 0*00188 

a-Bromo-cinnamic 

acid CH(C tf H 5 ):CBr.C0 2 H , . 1*44 

j8-Bromo-cinnamic 

acid CH(C 6 H 5 ):CBr.C0 2 H . . 0*093 

Phenylpropiolic acid C u H 5 .C- : C.CO.JI . 0*59 
o-Nitro-phenylpropiolic 

acid C 6 H 4 N0 r CiC.C0 2 H . . 1*06 

In accordance with the general rule, hydro- 
sorbic acid is stronger than the correspond- 
ing saturated compound, which is caproic acid 
(k - 0*00145), while sorbic acid, which contains 
2H less, is not stronger but weaker than hydro- 
sorbic acid. It is, therefore, probable that sorbic 
acid has not one treble linkago, but two double 
ones, or it may have an altogether different 
constitution, perhaps one with a closed chain 
arrangement of the carbon atoms. 

Sorbic acid is sometimes obtained in the form 
of an oil which only when treated with acids or 
alkalis passes into the crystalline acid. Since it 
did not seem impossible that this was a case of 
isomerism, such as that of crotonic and isocro- 
tonic acid, the constant of the liquid parasorbic 
acid was also measured. It proved identical 
with that of sorbic acid, and hence, with Fittig 
and Baringer (A. 161, 325 [1871]), these sub- 
stances must be considered, not as isomeric, but 
as chemically identical. 

The constant of methylethylacrylic acid is 
remarkably small ; it is smaller than that of 
the saturated fatty acid, and approaches that 
of tiglic acid. The acids a-phenylacrylic, or 
atropic, and /8-phenylacrylic or cinnamic, behave 
as we should expect ; the phenyl group causes 
a much higher value of the constant when it is 
in the a- than when it is in the j8- position. But 
it is remarkable that cinnamic acid is not only 
weaker than atropic acid, but even weaker than 
acrylic acid ; in this case, then, the phenyl 
group lowers the constant. 

In the caso of cinnamic acid, two ‘geometri- 
cally isomeric’ compounds may be expected, 
namely — 

C„H,> C=C <H 0iH and E> 0 = C <O.H? 
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Quit© recently there has been discovered by 
Liebermann a second cinnamic acid which 
must be regarded as geometrically isomeric 
with the ordinary one ; it has a much higher 
constant than the latter, and hence we may 
conclude that in the new isocinnamic acid the 
negative phenyl has a closer connexion with the 
carboxyl than in the old one, and that the new 
acid may have the second of the above formulae. 

Similarly, there aro known two isomeric 
bromocinnamic acids, which are produced from 
cinnamic acid dibromide by splitting off hy- 
drobromic acid, and for which the same kind 
of isomerism holds. Nor can there be any 
doubt as to which acid corresponds to each for- 
mula, the differences in the constants being 
very great, and in fact it has been made known 
quite recently by Erlenmeyer that he has ob- 
tained Liebermann’s isocinnamic acid from the 
stronger a-bromocinnamic acid. 

The phenylpropiolic acid formed from the 
bromcinnamic acids by splitting off liydrobromic 
acid is stronger than the compound, but 
weaker than the isomerio a- compound. The 
constant is also, as was to bo expected, greater 
than that of tetrolic acid. In o-nitro-phenyl- 
propiolic acid the nitro- group in the ortho- 
positionhas again been able to exert but a slightly 
strengthening action, owing to its being at a 
great distance from the carboxyl. 

On comparing cinnamic acid withp-coumaric 
acid, we find that the hydroxyl introduced into 
the p- position again lowers the constant. But, 
strange to say, a similar effect is produced in the 
derivatives of cinnamic acid by hydroxyl in the 
ortho- position ; o-coumaric acid is also weaker 
than cinnamic acid. It is in accordance with 
this that umbellio acid, which contains one 
hydroxyl in the ortho- position and a second one 
in the para- position, is weaker than all these 
acids. It is to be expected that these relations 
will prove of importance for the complete elu- 
cidation of the constitution of these remarkable 
compounds. 

J Dibasic acids . The acids of the oxalic series 


gave the following constants : 

Oxalic acid (OOgH^ .... 10(?) 
Malonic acid CH^COjjH)* . . . 0T58 

Sucoinio acid C 2 H 4 (C0 2 H) 2 . . . 0*0066 

Pyrotartario acid 0 a H a (C0 2 H) 2 • . 0*0048 

Adipic acid G^^COjjH)* . . • 0*0037 

Pimelic acid C a H 10 (CO 2 H) 2 . • • 0*0036 

Suberio acid CgH^fCOjjHL . . . 0*0026 

Sebacic acid C 8 Hi a (C0 2 H) 2 . . . 0*0023 


It has already been explained that the weaker 
dibasic acids HJR U split electrolytically accord- I 
ing to the scheme H *f HR 11 , and that therefore 
constants may be calculated for these acids in a 
manner analogous to that adopted for the mono- 
basic acids. In the case of oxalic aoid, however, 
this is not possible, since the dissociation has 
proceeded too far; the constant is only esti- 
mated approximately, but beginning from ma- 
lonic acid, the values of th« constants can be very 
well determined. 

We see that at first the constants decrease 
very rapidly ; that of malonic acid is about 60 
times smaller than that of oxalic acid. From 
malonic to succinic aoid the step is much 
smaller, 24 : 1, and much smaller from the latter 
to pyrotartario acid, 1*4 : 1, and henceforward 


the numbers vary only by small amounts. The 
influence which one carboxyl group exerts on the 
hydrogen of the other decreases, therefore, very 
rapidly in consequence of the interposition of 
the carbon atoms; sebacic acid does not sur- 
pass by more than twice the fatty acids richer in 
carbon. Of the numerous isomerides with side 
carbon chains, the following have been mea- 
sured : 

Methylmalonic acid CH(CH 3 )C0 2 H . 0*087 

Ethylmalonic acid CH(CH,,)COjH . 0*127 

Dimethylmalonic acid C(CH t ) 2 C0 2 H . 0*077 

Methylsuccinic acid C 2 II 3 (CHJC0 2 H . 0*0080 

a-Dimcthylsuccinic 

acid C.J1 2 (CII 3 ) 2 C0JI .... 0*0340 
£-Dimethylsuccinic 

acid C 2 H 2 (CH,) 2 COJI .... 0*0245 

The three first acids appear at onco to be 
derivatives of malonic acid ; their constants do 
not differ much from that of their parent sub- 
stance, but all are somewhat smaller. Similarly, 
the constants of the derivatives of succinic acid 
approach to the value of the latter, but are all 
greater. The alcoholic groups have therefore 
acted in these cases in the ordinary way : an 
explanation of this has been attempted by Both- 
mann (Z.P. C . 6, 407). 

Derivatives of oxalic and of ?Jialonic acid : — 
Oxamic acid CO.NH.,.CO a H . . . 0*80 

Oxaluric acid C0(NH.C0.NI1,)C0 2 H . 4*5 

Oxanilic acid CO(NHO tt H 6 )Cd 2 H . . 1*21 

o-Chloro-oxanilio 

acid C0(NHC a H 4 Cl)C0 2 H . . . 2*03 

p-Chloro-oxanilic 

acid 00(NHC 8 H 4 C1)C0 2 H . . . 1-40* 

p-Tolyl-oxamic acid C0(NfIC 7 H 7 )C0 2 II . 0*88 

The amido- group entoring into one of the 
carboxyls of oxalic acid causes a weakening of the 
acid to one-twelfth its value ; the much more 
weakly basic urea residue produces a much 
smaller weakening effect, viz. to about half the 
value. The decrease caused by the residue of 
aniline is smaller also, to about the eighth part ; 
when chlorine enters into the phenyl of the 
latter, there again occurs an increase in the acid 
properties, which increase, however, in conse- 
quence of the greater distance, is much smaller 
than in benzoic acid. But a distinct difference 
between the ortho- and the para- position still 
asserts itself. Methyl in the para- position exerts 
a distinctly weakening effect. 

Tartronic acid CHfOHhCO.^H),^ . • 0*107 

Phenylmalonicacid (C a HJ 2 C:(C0 2 H) 3 . 0*408 

Mai onanilic acid CH 2 CO(NHC 6 H i )C0 2 II . 0*0196* 

Strange to say, in spite of the hydroxyl, 
tartronic acid is weaker than malonic acid 
(7c =» 0*158). The replacement of both hydrogen 
atoms of malonic acid by benzylic radicles raises 
the constant. Finally, malonanilic acid is about 
eight times weaker than the parent substance. 

Derivatives of succinic acid. 


Malic acid C 2 H s (OH)(C0 2 H) 2 . . 0*0395 

Inactive malic acid C 2 H a (OH) (COjjHL 0*0399 
Dextrotartaric acid C 2 H 2 (0H) 2 (C0 2 H) 2 0*097 

L®votartaric acid C.H 2 (OH) 2 (C0 2 H) 2 0*097 

Bacemic acid CaH^OH^COaH^ . 0*097 

Mesotartario aoid C 2 H 2 (OH) a (CO !l H) 2 . 0*060 

Phenyl-succinamic 

aoid C 2 H 4 (GONHO*H 5 )CO a H . . 0 002G 
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o-Chlorophenylsuccinamio 

acid C 2 H 4 (CONHC a H 4 Cl)CO !i H . 0 0021 

m - Chloroph enylsuccinami c 
acid C 2 H 4 (CONHC (J H 4 Cl)CO.^H 0 0021 

p-Chlorophenylsuccinamie 

acid 0 2 H 4 (C0NHC 6 H 4 C1)C0 2 H • 0 0021 

o- Tolyl-succinamio 

acid C 2 H 4 (C0NHC 7 H j )C0 2 H . . 0*0021 

p-Tolyl-succinamic 

acid C 2 H 4 (C0NH0 7 H 7 )C0 2 H . . 0*0020 

Succinurio 

acid C^CONHCONHJCO^H . 0*00311 

Thio-succinuric 

acid C a H 4 (CONHCSNH 2 ) COJE . 0*00333 

Oxysuccinic, or malic, acid has a constant 
six times as great as succinic acid. The factor 
is somewhat smaller than for the monobasic 
acids, which may be because a negative radicle 
carboxyl is already present. The natural opti- 
cally active acid has exactly the same constant 
as the inactive acid got from monobromsuccinic 
acid. The same relation recurs in tartaric acid 
and racemic acid. Both the dextrorotatory and 
the lievorotatory acid, as also the inactive racemic 
acid formed by a combination of these two, are 
all of exactly the same strength. This result is 
in accordance with the present views concerning 
the constitution of these compounds. The 
dextrorotatory and lcevorotatory acids contain 
their constituents in a perfectly symmetrical 
arrangement, and must, therefore, have equal 
co-efficients of affinity. It has been assumed 
that theoptically inactive acids produced from the 
optically rotating ones consist each of two mole- 
cules of the active acids. This is probably cor- 
rect for the solid crystallised substances, but not 
for solutions *, in these, both compounds are pre- 
sent side by side, unoombined, a conclusion 
which has also been arrived at in another way 
by Perkin (C. J. 62, 362). The undeoomposable 
inactive mesotartaric acid has, however, another, 
and that a smaller, constant ; theory also as- 
cribes to it a different constitution. 

In the preceding table are further contained 
a number of derivatives of phenylsuocinamic 
or succinanilic acid. This acid itself is only 3*3 
times weaker than succinic acid, while the in- 
troduction of the aniline residue into CO-jH of 
malonic aoid decreased the strength 8 times ; 
this indicates that the position of the substituent 
at a greater distance weakens the effect. The 
almost complete equality of the constants for 
all substitution products of succinanilic acid is 
of great interest ; the distance of the benzylic 
residue from the carboxyl is here too great to 
allow the substituents to exert their effect over 
it. The usual assumption, that the molecular 
forces cease to act at even very small distances, 
is thereby made more definite, in that such 
distances are already given by the molecular 
dimensions. 

As already found, the introduction of the 
urea residue produces a smaller decrease than 
that due to aniline. Smaller still is the effect 
of the thio-urea residue. 

Dicarboxylic acids of benzene . 
o-Phthalic acid 0 6 H 4 (C0 2 H) 3 . . 0*121 

w-Phthalic aoid 0*H 4 (C0 2 H) 2 . . 0*0287 

Oxyterephthalio aoid C«H,,.OH. (COjH^ 0*25 
Ph thalamic aoid GgH^CONH^ 00*11 * 0*0160 

Phthalurio aoid 0 # HJC0N a H s C0)00 8 H 0*0290 


As we were led to expect, the entry of a 
carboxyl in the ortho- position produces a some- 
what considerable rise in the constant — viz. to 
twenty times the former value. For the meta- 
position the factor is only 4*8. p-Phthalio aoid 
is too insoluble to be measured. But assuming 
that in oxy-p-plithalic acid the hydroxyl acta 
as strongly as in Balicylic acid, the constant 
of p-phthalio aoid would be estimated as 0*014 to 
0*015, and it would follow that, in accordance 
with the usual result, carboxyl in the para- posi- 
tion — i.e. in the distant one — exerts the least 
action. A weakening effect, such as is exerted 
by hydroxyl in the para- position, seems to be 
excluded. 

The amide residue in phthalamic acid has 
lowered the oonstant to one-eighth its value, but 
the acid is yet stronger than benzoic acid, and 
the group CONH 2 must be looked upon as nega- 
tive. The urea residue exerts, as it always does, 
a much less marked weakening effect. 

Unsaturated dibasic acids. The dicarboxylic 
acids CH 2n _ 2 (COOH) 2 exhibit very similar iso- 
meric relations to those of the compounds of 
the acrylic acid series. The following were 


measured : — 

Maleic acid (yEL^COjjHL . . .0*17 

Fumaric acid . . . 0*093 

Citraoonic acid C a H 4 (G0 2 H) 2 . • . 0*340 

Mesaconio aoid C 8 H 4 (C0 2 H) 2 . . 0*079 

Itaconic acid C S H 4 (C0 2 H) 2 . . . 0*0120 


The isomeric compounds are seen to have 
widely different constants. These results agree 
very well with the views of van’t Hoff and Wis- 
lioenus. For fumaric and maleic acids the fol- 
lowing formulae have been adopted: 

Maleic acid Fumaric acid 

H> C = C <C0g CO>=<°‘ H 

According to this, the two carboxyl groups 
are much nearer to each other in maleic than in 
fumaric acid, and the first must be stronger, as 
is actually the case. Similarly, according to 
’Wislicenus, the formulas 

Oitraconio acid Mesaconio aoid 

cJ>0=°<Cog CO^> C ^°<H°- JI 

hold, and for the same reason citraconic acid 
must be stronger than mesaconio acid, which 
conclusion again agrees with experiment. 

CH 2 : O — C0 2 H 

Itaconic acid has the formula | 

h 2 c-co 2 h 

and therefore no double linkage between the 
carbon atoms combined with carboxyl. Accord- 
ingly, its constant is much smaller ; it is only 
twice as great as that of succinic acid. 

It may be mentioned that acetylene di- 
rt fJQ JT 

carboxylic aoid q__q 0^H is so strong that a 

constant cannot be determined for the first stago 
of dissociation. The acid is but little inferior to 
sulphuric acid. 

Thiophene and pyridine group. 
o-Thiophenic acid C4H3S.CO.jH . . 0*030 

Pyromucio acid C 4 H 3 0.C0 2 H • . 0*071 

Picolinic acid (o) C 5 H 4 N.C0 2 H . . 0*0003 

Nicotinic acid (0) C ft H 4 N.CO*H . . 0*00187 

Isonicotinic acid (7) 0 5 H 4 N.C0 2 H , 0*00109 
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Lutidinic acid (ay) G ft H 3 N.(C0 2 II) 2 . 0*60 
Cinchomeronic 

acid (0 7 ) C 5 H ? N.(C0 2 H), . . 0 21 

Isocinchomeronic 

acid (o3) C 5 H 3 N.(C0 2 H) 2 . , . 0 43 

Chinolinio acid («3) C a H 3 N.(CD2H) 2 . 0*30 
B/3-Pyridine dicarboxylic 
acid C^HaN.fCOjHJa . . . 0*15 

The replacement of the group C 2 H 2 in benzoic 
acid by sulphur raises the constant to five 
times its value, provided the carboxyl is placed 
next to the sulphur. In the 3- position the 
carboxyl is without doubt influenced less, but we 
have yet no measurement of the constant. 

It is remarkable that a similar replacement 
of (XjH.; by oxygon, forming pyromucic acid, acts 
much more strongly than a replacement by sul- 
phur. On account of the magnitude of the con- 
stant it is very probable that in pyromucic acid 
the carboxyl is in a position next to the oxygen. 

Differently from sulphur and oxygen, the re- 
placement of Oft by CNH has a strongly 
weakening effect on the constant. The values 
found for the monocarboxylic acids of pyridine 
correspond fairly with the assumptions which 
might be made on the basis of the constitutions of 
these substances ; picolinic acid, which contains 
the carboxyl next to the nitrogen, is by far the 
weakest ; but the 3- acid is stronger than the 
7- compound, so that in pyridine the 0- position 
proves the place of smallest influence. 

The behaviour of the dicarboxylic acids of 
pyridine is very unexpected. While all mono- 
carboxylic acids of pyridine are weaker than 
benzoic acid, all dicarboxylic acids are stronger 
than the strongest dicarboxylic acid of benzene 
— that is, o-phthalic acid, whose constant is 
0*12. A further difference is that the strongest 
dicarboxylio acids are those which contain carb- 
oxyl in the a- position — that is, next to the 
nitrogen. Then follow the acids which contain 
carboxyl in the y - position, and lastly those 
with carboxyl in the 3- position. These rela- 
tions are the exact reverse of those observed 
for the monocarboxylic acids ; where a decrease 
of the constant had been observed there, an 
increase is found here. No plausible hypothesis 
concerning the cause of these peculiar pheno- 
mena has yet been brought forward. 
Oxycinchomeronic 

acid G 5 H ? (0H)-N.(C0 2 H) 2 . . . 1*07 

Methyl pyridine dicarboxylic 
acid G 5 H,(CH 3 )*N.(CO.H)/^ . . . 0-20 

Dimethyl pyridine dicarboxylic 
acid C 5 H(CH3) 2 -N(CO.,H)/f l . . 0*34 

Dimethyl pyridine dicarboxylic 
acid C ft H(CH3) 2 *yN.(C0 2 H)./^ 1 . . 0*55 

Owing to the entry of hydroxyl in the ortho- 
position, cinchomeronic acid has had its con- 
stant increased to eight times its value. The 
methyl groups increase the strength of the 33- I 
dicarboxylic acid, and they do so to a greater 
extent in the 7- position than in the a- position. 

Further, several poly-carboxylic acids of pyri- 
dine were examined ; the constants cannot, how- 
ever, be calculated, because the dissociation 
assumes a somewhat complicated character. 
But it is evident that the relations found in 
the case of the dicarboxylic acids concerning 
the influence of the position of the carboxyl hold 
good in these cases also. The rules found for 


the dicarboxylic acids were also confirmed in 
the case of methyl derivatives of the tricarb- 
oxylic acids. On the other hand, phenyl on 
entering into lutidine dicarboxylic acid, whose 
constant is 0*34, has a weakening effect, the con- 
stant for the compound formed being only 0-012. 
The action here is the reverse of that observed 


in the case of the fatty acids. 

Quinaldinic acid C„H tt N.CO.H . . 0*0012 

Cinehonic acid C N H 6 N.CO i H . . 0*0013 

Dipyridyl monocarboxylic 
acid C l0 H 7 N 2 .CO 2 H .... 0*002 
Dipyridyl dicarboxylic 
acid C, 0 H fl N 2 (CO 2 H) 2 .... 0*032 
o-Pyridine benzoic acid C,,H M N.C0 2 H . 0*0005 
Phenyl pyridine dicarboxylic 
acid G n H 7 N.(C0 2 H) 2 .... 0*011 


The quinoline carboxylic acids, which have 
a constitution analogous to that of the pyridine 
carboxylic acids, are somewhat stronger than 
these, as the naphthoic acids are stronger than 
the benzoic acids. Concerning the other acids 
but little can be generalised. 

Amidobcnzene sulphonic acids and similar 
cwnpounds, 
o-Amidobenzene sulphonic 
acid C a H 4 .NH 2 .SO,H . . . 0*330 

ra-Amidobenzene sulphonic 
acid C„H i .NH 2 .SO s H . . . 0*0185 

p-Amidobenzene suiphonic 

acid C b H 4 .NH 2 .S0 3 Il . . . 0*0581 

The results obtained from measurements of the 
amidobenzene sulphonic acids are somewhat re- 
markable. While benzene sulphonic acid itself 
is so strong an acid that its dissociation constant 
cannot be determined, its amido- derivatives can 
be measured with ease ; the amido- group has, 
therefore, as it usually does, exerted a weaken- 
ing effect. But in the case of the carboxylic 
acids the ortho- position was always that of 
greatest influence ; here it appears as the posi- 
tion of least influence. The weakest of the 
three acids is the meta- compound, then follows 
the para- compound, and then the ortho- com- 
pound, which comes nearest to the parent sub- 
stance. The assumption is thus suggested that, 
by the agency of the group S0 2 , the hydrogen 
is brought to such a distance from the benzene 
nucleus that it is more influenced by the radicles 
in the meta- position than by those in the ortho- 
j position. 


Diamidobenzene sulphonic « 


acid (2,3) C d H 3 (NH 2 ) 2 S0 3 H 
Bromamidobenzcne sulphonic 

• 00050 

acid (2,5) C a H 3 BrNH 2 S0 3 H 
Bromamidobenzene sulphonic 

. 7*9 

acid (3,6) C ({ H s BrNH i S0 3 H 
Dibromamidobenzene sulphonic 

. 0 072 

acid (8,4,6) C,H 2 Br 2 NH 2 S0 2 H . 
Toluidine sulphonic 

. 2*5 

acid (3,4) C 8 H,(CH,)NH 2 S0 3 H . 
Xylidene sulphonic 

. 0*024 

acid (4,2,5) O h H 2 (CH 3 ) 2 NH 2 S0 3 H 

. 0*044 


In indicating the constitution, the sulpho- group 
is put = 1, then follows amide, and then bromine 
or methyl. 

These acids exhibit the usual relations to be 
expected from the nature of the substituents 
and their position, and thus do not call for any 
detailed discussion. 
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General considerations. The proper- 
ties of chemical compounds, which can be ex- 
pressed numerically, may be divided into three 
groups — the additive, the cumulative, and the 
constitutive. The first are of such a nature 
that in chemical compounds their value is the 
sum of the corresponding values of the consti- 
tuents ; these values have led to the conception 
of the atomic theory —i.e. to the assumption 
that the components continue to exist in the 
compounds as such. 

The cumulative properties exhibit the pecu- 
liarity that, independently of the number and 
nature of the constituents, their numerical 
value is the same for certain complex systems. 
These have led to the conception of the mole- 
cular theory — i.e. to the assumption that the 
components of chemical compounds primarily 
form similar groups or systems, which have an 
individual existence, and out of which the visible 
*nd ponderable substances are built up. 

And, finally, there exists a third group of 
properties, which are neither additive nor cumu- 
lative, since even in the case of substances 
having the same composition they can assume 
different values. These have led to the assump- 
tion that, in addition to the nature and number 
of the composing atoms, the properties of sub- 
stances are influenced by still another condition. 
This condition has, from the time of Berzelius, 
been considered to lie in the different arrange- 
ment of the atoms within the molecule — i,e. in 
the constitution. 

Of all the constitutive properties hitherto 
known— such as boiling-point, melting-point, 
colour, crystalline form, &c. — not one affords 
a clear insight into the determining cause, 
the chemical constitution. It is possible, when 
the latter has been found, more or less approxi- 
mately, by purely chemical methods, to establish 
empirical relations ; but these lie on the surface 
only, and lack generality. The cause of this is 
the defective development of our conceptions 
concerning the kind and the amount of the in- 
fluence which the arrangement of the elementary 
atoms in tho molecule exerts on the properties 
mentioned. 

I believe I am not deluding myself when I 
affirm that the affinity constants, which repre- 
sent a property of eminently constitutive nature, 
are far superior to all others with respect to their 
theoretical applicability. The result that one and 
* the same atom exerts quite different effects, ac- 
cording to the ‘ position * which it occupies in the 
molecule, and that these effects are the greater 
the more close is the relation of the atom to that 
of the acid hydrogen, leads to the general infer- 
ence that these effects are functions of the dis- 
tance in space of the atoms in question. But 
thereby, for the first time, is gained a means of 
taking measurements in space of molecular 
structures. There is no doubt that long and 
laborious work is needed before such measure- 
ments will lead to results which will give an all- 
sufficient representation of the form of molecules. 
But it already seems certain that this goal can 
be reached. 

It has been mentioned, to start with, that k, 
the affinity co-efficient of acids, appears, generally 
speaking, as a product whose factors are given 
by the nature and position of the elementary 


atoms composing the acid. This follows from 
the fact that with analogous changes in ana- 
logous substances the constants change in the 
same ratio — i.e that in consequence of these 
changes the constants of the original substances 
must be multiplied by the same factor. But 
these factors are never exactly the same, just 
because two analogous changes are never exactly 
the same. If, for instance, we change acetic 
acid into glycollic acid, and propionic acid into 
lactic acid, the two changes are, it is true, very 
much alike ; but in the first case the hydroxyl 
takes up a position next to two hydrogen atoms, 
in the second case next to one hydrogen atom 
and one methyl ; the hydroxyl is therefore sub- 
ject to a different influence, and will in con- 
sequence necessarily act differently on the carb- 
oxyl. The same holds for all corresponding 
cases. The approximate character of the general 
relation follows, therefore, as a necessity; tho 
deviations from the type are caused by the 
nature of the subject, and themselves afford a 
means for bringing to light their cause, which 
is the secondary influence mentioned above. 
What has been said concerning the constitutive 
properties generally — that they can never be 
completely represented by a general scheme, 
because this is contradictory to their nature — 
holds particularly for the affinity co-efficients. 
In them the whole variety of nature asserts itself, 
and within the framework of great and general 
regularities produces the finest individualisation. 

The form of the dissociation-constant as the 
produot of factors c=*c J .c !l .c 3 .... has a deeper 
significance, which is recognised on going back 
to the dissociation-formula itself. This formula 
is obtained from the mechanical theory of heat 
in the following form : 


log. -5-= '-+C 
PiPs 


where p, and p 2 are the partial pressures of the 
products of decomposition, p the pressure of the 
undecomposed substance, p the heat of dissocia- 
tion, r the absolute temperature, B the gaseous 
constant, and C is a value which is a function of 
the temperature only, and which, therefore, at 
constant temperature can be looked upon as a 
constant. 

In the case in point p x =»p. 2 , and since p, and 


p must be put proportional to -- and i — it 

v v 

follows that ~ m 1 1 "T and thence 
p^ m l 




log- r-r 


(l-ra)v Rt 




Now the affinity co-efficient is k ~ — - ; and 

(1 - m)v 

since, on the other hand, quite generally k = » 
k r k t .k 9 .... it follows that 


log. 7c, + log. k 2 + log. k 9 + . . . . m-JL + C 1 . 


The constant O’ depends only on the unit adopted 
and on the point chosen as zero ; if, therefore, 
there appears on the left side of the equation a 
sum of terms represented by log.fe, there must 
correspond to each of these on the right side a 



ELECTRICAL METHODS. 


209 


term of the form — in, so that also resolves ; 

Rt Rt 

itself into a sum of corresponding terms 
— «~(pi + f> a + f>i+ . . . . ) in which one Rn and 

one p n always correspond to each other. 

This moans : The natural logarithm of the 
dissociation-constant or affinity- constant is (save 
for a constant) proportional to the heat of dis- 
sociation of the acid in splitting into ions. Since 
the value of the dissociation- or affinity-constant 
is known from experiment to be the sum of a 
series of terms whioh depend on the nature and 
on the position of the constituent atoms, it 
follows that the electrolytic heat of dissociation 
also is the sum of a corresponding number of 
terms each of which is fixed by the nature and 
position of each individual atom. 

Now in this case the heats of dissociation 
are the exaot measures of the quantities of 
work which are done in the separation of the acid 
hydrogen atom from the negative ion. This is 
so because no external work has to be taken into 
account, and because the condition of the sub- 
stances dealt with very olosely approaches that 
of ideal gases. Hence the heat of dissociation 
measures the potential or the force-function of 
the atomic system at the corresponding point, 
and we see that this force-function is the sum 
of the values which, according to their nature 
and position, the individual atoms contribute 
to the total value. And thus elements which, like 
chlorine, sulphur, <fto., raise the oonstant k , cause 
a decrease of the heat of dissociation, since log.k 
and p have different signs. The amide group, 
on the other hand, which decreases the constant, 
raises the heat of dissociation — i.e. it increases 
the amount of work necessary for splitting off 
the acid hydrogen. 

It is by these considerations that the long- 
mooted question concerning the connection be- 
tween chemical affinity and the thermal values 
of reactions has been decided in principle. In 
this result we see the eminently constitutive 
property of affinity-quantities brought back 
again to the additive form. This haB been effected 
by introducing the influence of constitution, or 
of position in space, into the terms themselves. 
A similar development awaits the theory of all 
constitutive properties, as, in fact, we are forced 
to conceive the combined action of different 
elements as the sum of various effects. 

Electrical theory of chemical affinity. 
Elsewhere (Affinity, vol. i. p. 67) the laws of 
chemical affinity have already been explained. 
Nothing definite could be stated concerning their 
cause ; but it followed from the dose connection 
which was shown to exist between the co-effi- 
cients of ohemioal reacting power of electrolytes, 
and the values of the electrical conductivities, 
that an intimate relation exists between these 
two properties. The prospect is thus opened of 
carrying out in an exact form the electro-chemical 
theory of affinity whioh was rather conjectured 
than worked out by Davy and Berzelius. 

The new view which affords such a possi- 
bility is the common cause underlying electro- 
lytic conduction and chemical reactions as recog- 
nised by Arrhenius, viz. the existence of free ions. 
On making the assumption, which is justified by . 

Vol. IV. 


this concordance, that ohemioal processes between 
electrolytes take place only by the agency of the 
free ions, the laws of chemical affinity, which 
have been established empirically, can be deduced 
so as to be in accordance with experiment. To 
do this we only further need van’t Hoff’s theory 
of solutions, and the theory of the laws of dis- 
sociation as deduced for gases (v. Dissociation in 
vol. ii.), which laws, thanks to van’t Hoff’s theory, 
can also be applied to substances in solution. 

The general law of chemical affinity first 
recognised is that manifestations of this affinity 
on the part of a definite substance are ex- 
pressible by a definite co-efficient, dependent on 
the temperature and dilution, but independent 
of the nature of the chemical reaction in which 
the substance participates. 

Now, if the reacting power of a substance in 
solution depends on the number of dissociated 
ions whioh are present, it can be seen at once 
that the above-mentioned law must of necessity 
hold good. So, for instance, the state of dis- 
sociation of an acid determines the velocity with 
which it must act on methylacetate, acetamide, 
marble, <fcc. The nature of the other substance 
determines a factor only, which in analogous 
cases is the same. 

Hence we must conclude that all aoidB, for 
instance, when completely dissociated are 
equally strong. The strong inorganic acids 
HC1, HBr, HI, HNO„, HC10 4 must be classed 
here, as also the sulpho- acids and similar organic 
acids. No one of these substances exhibits any 
of the specific differences discussed in former 
paragraphs for acids of medium strength. They 
all exert a nearly equal effect when used in equi- 
valent quantities, and approach the maximum 
conductivity even at moderate dilutions. At a 
time when the dissociation theory of electrolytes 
did not exist, the author of this article vainly 
tried to obtain from benzene-sulphonic acid, by 
all the means which make weak acids stronger — 
such as the introduction of halogens, nitro- 
groups, cfcc. — acids stronger than the parent sub- 
stance, which may itself be ranged side by side 
with hydroohlorio acid. This was not possible ; 
all 4 strength eners * remained in this case in- 
effective. This remarkable fact shows that it 
is not its special nature, but its electrical con- 
dition, which is determinant for the chemical 
effect of a substance, especially if that substance 
be an acid. 

The greater the number of the molecules 
which are split into their positively and nega- 
tively charged parts, the stronger is the acid ; 
but any ion, when once present in the separated, 
electrically charged, condition, is as effective as 
any other. Here, then, we see that Berzelius’ 
conclusion drawn from false premisses, by means 
of which he attempted to demonstrate the ab- 
surdity of Faraday’s law — that then the ohemi- 
cal affinity between the ions of all electro- 
lytes would have to be the same — is perfectly 
correct. The affinity of the most diverse ions is 
really the same, because it does not depend on 
their nature but on their electrical charge, and 
this, according to Faraday’s law, is everywhere 
the same. What does depend on the nature of 
the ions is the degree to which they dissociate, 
and herein alone lies the cause of the differences 
in the affinity-quantities. 
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In the arguments used so far, it has been as- 
sumed that the state of dissociation of the react- 
ing substances is determined by the volume and 
the temperature, and that the presence of other 
substances does not alter the state of the one 
considered. This case, however, only occurs 
when there are present either one dissociated 
substance and nothing but non-electrolytes 
besides, or when all the dissociated substances 
present are for all practical purposes completely 
split up. But as soon as several partly dis- 
sociated substances are present, the relations 
become much more complicated. 

It is known from the theory of dissociation 
that when two gaseous substances are present, 
and the quantities of these substances vary, the 
product of their active quantities, or of their con- 
centrations, must be constant, constant tempera- 
ture being presupposed. If, for instance, a given 
space is filled with the gaseous products of de- 
composition of ammonium hydrosulphide, the 
addition of sulphuretted hydrogen will cause a 
decrease in the quantity of hydroBulphide disso- 
ciated, because on increasing the one factor the 
other must decrease in the same ratio. The same 
must evidently hold for electrolytes ; on adding 
to a solution which contains the ions A + B an 
excess of ions A, the quantity of ions B must 
decrease until the product of the two quantities 
has again become equal to its original value. 
Now, it is not very well possible to add ions A 
only, but an electrolyte can be added which is 
also dissociated, and which contains the ions 
A + B' ; if B' is different from B, the two do not 
influence each other. 

We may now ask how two solutions must be 
constituted in order that their state of dissocia- 
tion shall not vary when the solutions are 
mixed. We have the solutions of the electro- 
lytes A + B and A + B', which contain a common 
ion A ; let their volumes be v and v'. Then, in 
accordance with the general law of the equili- 
brium of dissociation, the following equations 
will hold : 


1-* 


v 

i-f 

v' 


kl.S 

V V 


yP r 

v' v' 


in which the quantities of the electrolytes origi- 
nally present are put as equal to 1, and the dis- 
sociated portions equal to £ and £' respectively. 
On mixing the solutions, the volume becomes 
v+t>', the dissociation ratios £ and £' remaining 
unchanged, as supposed. The quantities of the 
undissociated portions are 1 — £ and 1— but 
the products £.£ and change into £(£ + £’) 
and £'(£' + £), since the ion A common to both 
substances participates in the equilibrium con- 
dition of both. We have, therefore, 

i =!,-*. i+i 1 

v+v v + v ’ v + v r 

t±S l 

v + v v + v' v + v' 


On dividing each of these equations into each 
of the corresponding equations given above, it 


Therefore, in order that 


follows that X 

the state of dissociation should not alter on mixing 
solutions of two electrolytes which have one ion 


in common (for instance, two acids), the portions 
dissociated must be in the ratio of the volumes. 

t tr 

Writing the equation in the form A — the 

law can also be expressed in this form : when 
the concentration of the common ion is the 
same in both solutions, these do not influence 
each other. 

Arrhenius, to whom we owe these considera- 
tions, calls solutions which do not influence each 
other in the sense just mentioned isohydric 
solutions. Since, in accordance with the above 
formula, it is only necessary for this that the 
concentration of the common ion in the two 
solutions should be the same, the ratio of the 
quantities of the two solutions does not enter 
into consideration; isohydric solutions can be 
mixed in all proportions without mutually 
changing their condition. 

If, however, two non-isohydric solutions 
which contain a common ion are mixed, the pro- 
cess can be represented by saying that the one 
solution withdraws water from the other until 
both have become isohydric ; then they leave 
each other uninfluenced. This withdrawal of 
water occurs in the following manner. First, 
the total concentration of the solution which 
loses water increases, and thereby the concen- 
tration of the ions increases also. But, owing 
to this, the state of dissociation changes di- 
rectly, since, in consequence of the smaller 
volume, the dissociation decreases, and, there- 
fore, the concentration of the ions increases 
more slowly than the total concentration. Con- 
versely, the concentration becomes less in the 
portion which takes up water ; but, owing to the 
increase in dissociation, it does so to a smaller 
degree than corresponds to the volume change. 

Since the relation between the volume and 
the state of dissociation is known for binary 
electrolytes (p. 194), a formula can easily be 
deduced which allows us to calculate the 
characteristic quantities for a mixture of several 
electrolytes. But it is generally simpler to pro- 
ceed by way of successive approximation. 

Two solutions which are isohydric with a 
third must be isohydric with each other ; because, 
in order to be isohydric with the third, there 
must be in both the same concentration of the 
common ion as is in the third solution. 

These laws were all established empirically 
by Arrhenius (W. 30, 61), and it was only lately 
that he deduced them theoretically from his 
theory of dissociation (Z. P. C. 2, 284 [1888]). 
The examination of these relations is best con- 
ducted by making measurements of electrical 
conductivities. Since the conductivity of a com- 
pound in solution is proportional to the number 
of free ions, it oan easily be recognised whether 
two substances with a common ion — two acids, 
for instance— are isohydric ; if the conductivity 
of the mixture is equal to the sum of the con- 
ductivities of the components, the solutions are 
isohydric ; if this is not the case, the two numbers 
differ from each other more or less. To quote 
an example : with a phosphoric acid solution, of 
specific conductivity l =» 226*6, was mixed an equal 
volume of hydrochloric acid solution l « 226*9; 
the mixture gave 21 « 469*0, while the sum of 
the two values is 451*6 ; the observed condue* 
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tivity was too great by 17*5. Further, the same 
phosphoric acid solution mixed with an equal 
volume of a more dilute hydrochloric acid, 
l *=185*1, gave for the conductivity of the mix- 
ture 2Z=* 407*4 ; this is smaller by 8*3 than the 
sum 410*7. Finally, hydrochloric acid of l - 1G8*8 
gave for the mixture 21 = 394*4, the sum being 
394*4 ; both solutions were isohydric. By such 
experiments as this Arrhenius arrived at the 
laws stated above. 

It need scarcely be mentioned that any other 
property of solutions which depends on the 
molecular condition of the dissolved substance 
could likewise have been used for determining 
the relations of isohydricity. The best of 
these properties would be measurements of the 
velocities of reaction -for instance, those of the 
inversion of sugar— these being proportional to 
the state of dissociation; but the freezing- 
points, vapour pressures, <fec., could also have 
been used. 

So far the only case considered has been 
that in which the mixed electrolytes contain a 
common ion. If this is not the case, new 
phenomena appear, which we will now consider 
in greater detail. It has already been pointed 
out that the theory of free ions leads to a 
view of the processes of the formation and 
mutual decomposition of salts which is very dif- 
ferent from that generally accepted. It has been 
shown that, neglecting the small undissociated 
portions, the process of neutralisation between 
the strong acids and bases consists exclusively 
in the formation of water from the ions H and 
OH. The cause why these ions coalesce to 
form undissociated water lies in the fact that 
water is an extremely stable compound, which, 
under ordinary circumstances, is only very 
slightly split into ions. If, therefore, such ions 
anywhere appear simultaneously, they combine 
directly to form undissociated water. 

The phenomena take a quite similar course 
when a strong acid— hydrochloric, for instance — 
acts on the salt of a weak acid — sodium acetate, 
for instance. The former solution is almost ex- 
clusively composed of ions H and Cl, the latter 
of ions Na and CH a .CO r Since the sodium 
chloride also is almost completely dissociated 
when in dilute solution, the ions Na and Cl are 
already present in the same condition as in sodium 
chloride solution, and there exists no tendency 
to the formation of this compound. But, in 
addition, there are present the ions H and 
CH s COg, and these cannot exist side by side 
without for the most part combining. Hence a 
corresponding quantity of undissociated acetic 
acid will be formed, as is actually shown by 
experiment. But while formerly this fact was 
ascribed to a specially great affinity between the 
chlorine and the sodium, and the acetic acid 
was allowed to play a passive part, being sup- 
posed to be * expelled * by the hydrochloric 
acid, we now see that the entire cause of the 
process lies in the action of the acetic acid. 
Owing to the great affinity of its ions, it is 
fqrmed whenever its ions meet, while the com- 
ponents of the 4 strong • reagents, chlorine 
and sodium, remain perfectly indifferent in the 
process. 

The conditions under which chemical equili- 
brium is established between four substances, 


formed by a combination in pairs of two positive 
and two negative electrolytes, must now be 
established in a general manner. We assume 
we have produced four solutions of the sub- 
stances A,Bj, A,B 2 , AB„ and AJBg, bo that 
those solutions which contain a common ion are 
isohydric. When this is the case we can, it is 
true, mix the isohydric solutions in all propor- 
tions ; but if we mix all four solutions the simple 
law stated above evidently no more holds, and we 
must ask in what proportion the mixture must 
be made in order that no change in the state 
of dissociation should occur. Let a, 6 , c, and d 
be the relative volumes of the four solutions in 
which this occurs, and let a, y , and 6 be the 
undissociated quantities of the four substanoes. 
We can represent the dissociated quantities by 
ha , hb y hc y and hd, since, in consequence of the 
assumption made, there must in all cases be 
equal concentration of the ions. The equa- 
tions of dissociation of the solutions thus become 



or, o = k^a, 0 = kji 2 b, y = k a h% 5 = kji 2 d. 

If we suppose the four volumes to be mixed, 
new equations will make their appearance which 

have the form - 


ft(a + 6 )(q + c) 
‘(a + b + c+d)*’ 


a + b + c + d ~ 1 (a 
and which can be brought to the form 
*- hfi'i 0 ' 2 + ab + ac + bc) 
a+b+c+d * 


a _ h-AH b : + ab + bd+ ad) „ 
a+b+c+d ’ * 


The quantities a, 7 , and 5 are to remain un- 
changed, according to the assumption. Now, 
by dividing the corresponding equations by each 
other, the same equation follows from each pair 
ad** be, 

i.e. the volumes a , b, c, d of the four solutions 
must be such that the products of the volumes 
of such pairs of solutions as contain no common 
ion must be equal to each other. 

Now, the volumes a, c, and d are propor- 
tional to the active or dissociated portions of 
the four substances present. Calling the total 
quantities of the latter, p, q, and q v the 
values a, b, c, and d are proportional to m x p, 
m-iPn m s<l> an( * m &v an( * hence we get from 
ad = be the equilibrium formula 


m l p.m H q = mj) l .m i q l 

This equation represents not only Guldberg 
and Waage’s formula for chemical equilibrium, 
but it also contains the extension, made by Ost- 
wald, that every co-efficient of the Guldberg and 
Waage equation, ^pq^k^p.q^ is made up of 
two factors each of which depends only on the 
nature of the ions. 

But the equation goes still further than this 
extension. In the theory of affinity the co-effi- 
cients m v wi*, &c, have been considered as con- 
stant to a first approximation. But from what 
has been said it follows that they are not con- 
stant ; they depend on the state of dissociation 
of the four substances, and axe rather com- 
plicated functions of the dissociation-constants* 
of the quantities, and of the total volume. The 

* p 2 
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various deviations from the simple laws which 
were brought to light by experiment find here 
their appropriate explanation. Thus it follows 
that in the case of slightly dissociated acids 
the degree of dissociation must be considerably 
lowered by the presence of the normal salts of 
these acids, which salts are themselves consider- 
ably dissociated. The corresponding fact, that 
such mixtures act much less strongly than the 
quantity of free acid present in them would do, 
was known long before theory explained it. 

Arrhenius has subjected his investigations 
on the saponification of ethyl acetate by means 
of ammonia in the presence of different salts 
(Z. P. C. 1, 110) to an examination from the 
standpoint of these newly-established ideas ( ib . 
2, 289), and has everywhere found them to be 
in complete agreement with experiment. He 
has also re-examined a great number of older 
investigations on conditions of chemical equili- 
brium in the light of his theory (ib. 5, 1), and 
here also the discrepancies found when con- 
sidered from the point of view of the older theory 
have for the most part disappeared ( v . also 
Z . P . (7. 9, 487). 

Electromotive forces . Contact theory or 

chemical theory ? 1 

The laws of electromotive force, or of dif- 
ferences in potential produced on the contact of 
different substances, are not nearly so well known 
as those of electrical conductivity. It is true 
the knowledge of the phenomenon itself is as 
old as that of galvanic electricity, since Yolta 
had already carried out the first approximate 
measurement of it, but jpp to the present day 
no agreement has been arrived at between the 
different investigators concerning even the chief 
phenomena. 

Yolta screwed a disc of zinc coated with iso- 
lating varnish on to his straw-electrometer ; on 
the top of this he placed a similar disc of copper, 
connected the two discs metallically, and after 
the connection had been broken he took off the 
copper disc by means of an insulating handle. 
The electrometer then proved to be charged; 
examination showed that the straws were charged 
with positive electricity. 

This phenomenon indicates that the sub- 
stances used— that is zinc, copper, and the 
isolating coating— charge each other electrically 
on contact. Yolta assumed that, of the three 
contacts, only the one between copper and zinc 
was electromotively active ; the contact between 
the metals and the isolating layer of resin was 
regarded by him as indifferent. Though neither 
then, nor up to the present day, has a proof of 
this assumption been brought forward, it has yet 
met with fairly universal acceptance, and it often 
passes as a fact not to be doubted. 

On the further assumption, which certainly is 
incorrect, that liquids also— such as water or 
salt solutions— show no differences of potential 
with the metals, Yolta constructed his electrio 
pile by superposing alternately two metals and 
a moist card disc. By this he expected an in- 
tensification of the electrical effects, since the 
electricity of the metal lying underneath was to 
communicate itself through the moist disos to 
the one lying above, without any change, and so 

1 A complete disouaaion of tbif question by 0. Lodge 
is to be found in P. U. [5] 1% 


the effects of the individual pairs of metals were 
to be added together. Volta did, in fact, obtain 
the expected intensification— a proof that great 
discoveries may be made on the basis of quite 
false hypotheses. 

Fabbroni first refused to accept the assump- 
tion that the tension of the voltaio pile has 
its seat only at the point of contact of the 
metals, and numerous other investigators have 
taken the same line. Faraday especially, whose 
work in electrochemistry ranks with the most 
important done in this subject, was an opponent 
of Yolta’s views. He attributed the production 
of the electric current solely to the chemical 
processes present, and transferred the cause of 
the production of electricity to the places at 
which these processes occur — i.e . the point of 
contact between the metals and the electrolytes. 

The contention thus aroused between the 
contact theory and the chemical theory of the 
galvanic cell has lasted to the present day, and 
even now it is not completely decided. But most 
of the discussions raised have certainly originated 
in the insufficient lucidity with which the ques- 
tions have been stated. 

In so far as a galvanic current can be pro- 
duced only by using electrical energy, it can be 
maintained, to begin with, that in order to cause 
a galvanic current there must be present a cor- 
responding source of energy. If other kinds of 
energy are excluded, as is the case in an ordinary 
galvanic cell, it can further be said that chemical 
energy changes into electrical energy, and that, 
therefore, a theory of the electric currents pro- 
duced by the voltaic cell must in any case be a 
chemical one. 

But to an electric current there appertain two 
factors : a quantity of electricity, and a difference 
of potential. The first is given by the law of 
Faraday. Since in electrolytes the motion of 
electricity takes place only simultaneously with 
the motion of the ions, equivalent quantities of 
the different ions carrying equal quantities of 
electricity, a current in a galvanic cell can 
again not be produced without a corresponding 
chemical process. From this point of view, also, 
the theory must be a chemical one. As regards 
the other factor of the current energy — i.e . the 
difference of potential — an unequivocal decision, 
as in the preceding cases, can certainly not be 
pronounced easily. The experiments on this sub- 
ject, taken alone, have proved that all substances, 
when separated from each other after close con- 
tact, show themselves to be electrically charged. 
The smallest differences suffice for this. It has 
been long known, for instance, that black and 
white silk stockings which have been pulled over 
each other are electrically charged after separa- 
tion. Even in suoh homogeneous materials as 
crystals of mica or caloite, the two parts obtained 
by cleavage of the layers are found to be in dif- 
ferent electrical conditions at the original point 
of contact. 

It is imperative, therefore, to accede to the 
proposition of the * contact theory,* in so far as 
to admit that a process occurs at the surface of 
contact when two surfaces touch, in consequence 
of whioh the surfaces are at different potentials 
after separation. We do not know what the 
nature of this process is. Helmholtz supposes 
the different substances to possess a different 
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attraction lor electricity, in consequence of which 
there is brought about a separation of the elec* 
tricity at the planes of contact ; then when the 
bodies are separated they appear electrically 
charged. . A difficulty with respect to this theory 
is found in the electrical phenomena attending 
the cleavage of crystals, where a difference in 
attraction seems excluded. 

In order that the equilibrium of electricity 
may be changed when two bodies charge them- 
selves oppositely on contact, the expenditure of 
a certain quantity of energy is required. The 
source of this energy has to be sought in the 
change which the surfaces of the bodies undergo 
owing to their mutual contact. 

In order that this difference of potential 
may cause an electric current, two things are 
needed. Firstly, the bodies touching must be 
conductors, as otherwise the electricity cannot 
move ; and secondly, a cause must be present 
which will maintain unchanged the condition of 
the surfaces in contact, in consequence of which 
condition the arrangement of the electricity is 
changed; otherwise a charging motion of the 
electricity could take place once only, but not a 
continuous current. The current can be pro- 
duced by mechanical action, and then the 
phenomena of frictional eloctricity appear, or 
the renewal of the surfaces occurs by chemical 
action, and we deal with galvanic cells. 

When considered from this point of view also, 
the chemical processes appear as the causes of 
galvanic currents, and a final theory of these 
currents will doubtless be much more a ‘ chemi- 
cal * than a 1 contact ’ theory. 

Galvanic cells . The simplest conditions for 
examining the relations between chemical and 
electrical energy are found in the so-called con- 
stant galvanic cells , of which the Daniell cell is 
a type. This cell consists of a copper plate in a 
solution of copper sulphate, and a zinc plate 
in a solution of zinc sulphate ; both solutions 
are in contact with each other. Such a galvanic 
cell has an electromotive force of about 1-09 
volts, which does not change appreciably when 
the metals are connected by a conductor, and the 
galvanio current is thus allowed to pass for a 
longer or a shorter time. 

The chemical process in such an element is 
also of the simplest kind : zinc dissolves to zino 
sulphate, while copper is separated from the 
copper sulphate. Hence the same process takes 
place as when a piece of zinc is brought into 
a copper sulphate solution. 

The chemical energy whioh is available in 
this process can easily be measured by experi- 
ment; it proves to be 50,100 cal. for the 
reaction 

Zn + CuSO.Aq • Cu + ZnS0 4 Aq. 

Now, since (p. 180) the unit of electrical 
energy, volt x coulomb, is equal to 0*2356 cal., 
this quantity of heat corresponds to 212,600 
electrical units. 

Now, of the two factors making up the elec- 
trical energy of the voltaic cell, one is given by 
Faraday’s law. One gram-equivalent of a metal 
carries (p. 180) 96,540 coulombs. Sinoe copper 
and zino are divalent, the above equation refers 
to 2 gram-equivalents ; when, therefore, 65 g. of 
aino dissolve in the Daniell oell, 193,080 coul. 
are transferred. Dividing this value into the 


number 212,600 (volt x coulomb), we get 1*10 
volts for the electromotive force of the Daniell 
element, a number which agrees well with the 
observed value. 

This calculation was first carried out by W. 
Thomson with the help of numbers due to Joule. 
From the agreement between observation and 
calculation, the inference was drawn that the 
assumption made in this case — namely, that the 
chemical energy transforms itself completely into 
electrical energy — was universally correct. From 
this was deduced the possibility of calculating, 
on the basis of thermochemical data, the 
electromotive force of all constant elements, and 
further, the electromotive force of all elements 
in which the chemical process is known. It 
was only necessary to multiply the heat of the 
reaction referred to one equivalent (not molecular 

weight) by 0-00000244. It would also 

95540 

follow that the electromotive force of all cells 
would be proportional to the heat of the chemical 
reaction. 

This theory could not, however, be main- 
tained. On the one hand, theoretical doubts 
were raised, and that specially by Braun (W. 5, 
188), against the premisses that the chemical 
energy of the* galvanic cell was always com- 
pletely transformed into electrical energy ; and, 
on the other hand, experience proved that as a 
rule the assumed proportionality between heat 
of reaction and electromotive force did not 
exist. Baoult (A. Ch. [4] 4, 392) discovered a 
number of cells, some of which produced less, 
and some produced more, energy than corre- 
sponded to the heat of reaction of their chemical 
changes ; and at a later time it was proved — 
chiefly by F. Braun and Alder Wright (P. M. [5] 
19, 1), by means of direct measurement— that 
only in rare cases do the chemical and electrical 
energy exactly correspond to each other. 

The simple theory must, therefore, be aban- 
doned, and without assuming that the chemical 
energy is wholly transformed into electrical 
energy, we must seek to discover a relation 
between the two. Such a formula has been found 
by W. Gibbs and H. von Helmholtz (B. P. 1882). 
The following statement is a simple way of 
deducing this equation. Let there be given 
a galvanic cell whose heat of reaction calcu- 
lated for one equivalent is W. Let its electro- 
motive force at the absolute temperature r be 
e. On raising the temperature by dr the 
electromotive force is changed by d«. 

Now let us carry out the following cyde. The 
cell is heated from r to r + dr. Then let the 
quantity of electricity q, by means of which one 
equivalent of the reacting substance undergoes 
chemical decomposition, pass through the oell, 
the electromotive force remaining e + dc, and 
the temperature being kept constant. Now let 
the temperature be brought to r and, the electro- 
motive force being «, and the temperature being 
constant, let the same quantity of electricity q 
be passed through the element in the opposite 
direction. Thereby the element returns exactly 
to its initial condition. 

According to the mechanical theory of heat, 
the portion of heat transformable into work, in 
a reversible cycle taking place in the temperature- 
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interval dr t is -I of the total quantity of heat 

T 

produced. Now, the work is given by qde, and 
the total heat which has been communicated to 
and taken from the cell is €q — W. If an electric 
current alone were produced, the quantity of heat 
would be eg. But since a chemical process also 
takes place, which yields a portion of the heat 
— namely, the heat of reaction, W — it is only 
necessary to communicate the difference eg — W. 

We have then the equation — 


The former equation was e * — ; we see, there- 
of 

fore, that a correcting term must be added, and 

de 

that this term is dependent on — , that is, on 
the change of electromotive force with change 
of temperature. In the case that ^ =• 0, the 

dr 

new equation is the same as the old one ; in the 
Daniell cell the temperature co-efficient is, in 
fact, nearly equal to zero, and thus it is explained 
that in this case the chemical energy is equal to 
the electrical energy. 

The equation has been examined in many 
ways. At first it gave only partially correct 
results, and in some cases observation and cal- 
culation differed from each other. The differences 
ocourred, however, only in cells which contained 
mercury compounds, and the cause waB the use 
of a wrong number for the heats of formation 
of these compounds. When this error was cor- 
rected by Nernst (Z. P. C. 2, 23) the discrepancies 
disappeared; and a very careful investigation 
by H. Jahn ( W . 34, 755), in which the thermal 
and electrical quantities were measured simul- 
taneously, has fully confirmed the correctness of 
the Gibbs-Helmholtz formula. 

The formula has been deduced primarily for 
constant galvanic cells, and when deducing it 
the conditions assumed have been expressed; 
the chemical process resulting from the passage 
of the quantity of electricity g (which, however, 
can be as small as we will) must be reversible, 
by allowing the same quantity of electricity g to 
pass through the element in the opposite direc- 
tion. In order that a galvanic cell should fulfil 
this condition, it is generally requisite that each 
metal should be surrounded by its corresponding 
salt. Therefore, when the salt is soluble, the 
metal must stand in a solution of the salt. In 
the case of insoluble salts it generally suffices to 
cover the metallic surface with the solid salt ; 
in this case, either the salt of another metal with 
the same acid (which salt is not precipitated by 
the first metal), or the free acid itself, serves as 
the eleotrolyte. 

The aetion in a Daniell cell is as follows. 
Individual atoms of the metal pass from the zino 
as positively charged ions into the solution of the 
sulphate. Since no free electricity can exist 
within the solution, the copper ions of the copper 
sulphate must go to the copper plate, where 
they give up their positive electricity, passing 
into ordinary metallic copper. Owing to this 


action, a motion of the positive electricity from 
the zino to the copper takes place in the solu 
tion ; on connecting both metals by a wire the 
current passes continually through it, corre- 
sponding quantities of zino and copper being 
dissolved, and precipitated, respectively. If the 
cell is not closed, the zinc becomes charged nega- 
tively, owing to the exit of positive ions, and the 
oopper positively, owing to their entrance ; and 
this goes on until the attraction of the zinc for 
the positive ions, and their repulsion by the 
copper, is so great that neither can zinc pass 
into solution nor can copper separate out. The 
capacity of the ions being enormous, this is 
brought about by even extremely small numbers 
of them. 

Nernst, who has studied these changes in 
detail (Z. P. C. 4, 129), assigns to the metals 
which are in contact with electrolytes definite 
solution pressures, just as volatile liquids or solids 
have definite vapour pressures. This pressure is 
the cause of zino tending to pass into solution. 
The solution pressure of copper is very much 
smaller than that of zinc. Hence when the 
Daniell cell is newly set up, both metals will at 
first send positive ions into the solution. But, 
since no free electricity can exist in the interior 
of the solution, that metal which has the greater 
pressure will maintain the preponderance; its 
ions will pass into solution, and, in order that no 
free electricity may accumulate in the liquid, an 
equal number of copper ions must leave the solu- 
tion, and be precipitated in the metallic state. 

Similar arguments hold for all reversible 
elements. By their help, and with the help 
of the theories of electrolytic solutions ex- 
pounded above, a great number of special cases 
referring to galvanic cells can be deduced theo- 
retically. The results thus obtained have, on 
the whole, been confirmed by experiment ; but 
details cannot be entered into here. 

Besides the constant galvanic cells of the 
type just described, which are reversible , there 
still exists a great number of cells which, though 
practically constant, are not reversible. The 
constancy of these cells rests on the fact that 
the nature of the surfaces in contact is not 
altered by the chemical processes. When metal 
dissolves at the surface of the zinc, and when 
metal deposits at the surface of the copper, the 
nature of the bounding surfaces is not thereby 
influenced ; this cell is also reversible, because 
on sending a current through in the opposite 
direction zinc is precipitated and copper dis- 
solved, but the surface again undergoes no 
alteration. 

Cells of the type of that of Grove, which 
consists of zinc in sulphuric acid and platinum 
in nitric acid, are also constant. On working this 
cell, zinc dissolves, expelling the hydrogen ions 
from the sulphuric acid ; these hydrogen ions 
go to the nitric acid, whose own hydrogen ions 
go to the platinum ; at the moment when they 
give up their positive electricity there, and pass 
into ordinary hydrogen (which, however, is in 
the nascent state), they are oxidised by the 
nitric acid to water, and the platinum surface 
remains unaltered. But such elements are not 
reversible. When an opposite current is passed 
through the cell, Bince the platinum ions cannot 
pass into solution, the ions NO, of the nitric 
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acid separate out at the platinum, while hydro- 
gen appears at the zinc ; both these actions 
change the condition of the bounding surfaces, 
and thereby simultaneously change the electro- 
motive force also. 

Finally, there still remains the large group 
of the non-constant cells. These are distin- 
guished by the fact that even when the current 
passes through them in the direct way, the ions 
separated out produce an alteration in the 
bounding surfaces, or in one of them at least. 
To these belongs Volta’s cell, which consists of 
zinc and copper in salt water, and all the other 
similar combinations. A type still in use is 
Smee’s cell, which consists of zinc and platinum 
in dilute sulphuric acid. On closing the circuit, 
zinc ions enter into the solution, expelling the 
hydrogen, which gives up its electricity at the 
platinum, whereby it first combines with or 
dissolves in the metal, and when that is saturated 
escapes in the gaseous form. In consequence 
of this, the surface of contact between the acid 
and the platinum is altered, and the electro- 
motive force also changes, until saturation with 
hydrogen has taken place ; after this point has 
been reached the electromotive force of Smee’s 
cell remains practically constant. If the cell is 
left with the circuit open, the hydrogen gradually 
disappears, partly through diffusion into the air, 
partly through combination with the free oxygen 
of the air, induced by the catalytic action of the 
platinum. Thus, the cell again gradually resumes 
its original electromotive force. Such cells are, 
therefore, quite workable in cases where only 
small quantities of electricity are required at 
long intervals. 

The seat of the electromotive forces. Volta 
found that no galvanic pile, giving a current, 
could be produced from metals only. When 
considered from the point of view of the prin- 
ciples of energy, such behaviour follows neces- 
sarily, because, no continuous souroe of energy 
being present in a circuit of metals alone, no 
current can be produced. 

The cause of this may be of a two-fold 
nature. Either there exist no differences of 
potential between metals, or these follow a defi- 
nite law, which involves that in a closed circuit 
these differences just neutralise each other. 
With Volta, we will assume the latter alter- 
native, of which the former is only a special 
case. If, then, we have several metals A, B, 
C. . . and if we call the differences in poten- 
tial between A and B, A and 0, B and 0, 
&c., in succession ( a-b ), (u-c), (b—c) . . . 
the law is that we must always have 
(a-6) + (&-c) + (c-d) + . . . + (y-z) =* (a-z). 
The difference of potential of a series of metals 
depends only on the nature of the first and the 
last metal, and not on the nature of the inter- 
vening metals. 

This result necessarily follows if the values 
a, 6, c . . . in the quantities (a-b) <fec. are 
considered as the potentials of the individual 
metals referred to a zero value which must be 
fixed arbitrarily. For the zero value of potential 
we generally use the potential of the earth, or, 
more correctly speaking, that of a large metallio 
mass which is in connection with the earth, as 
are, for instance, iron water-pipes. It can, 
therefore, be assumed that every metal con- 


nected with the * earth * assumes a definite 
value of potential which depends only on the 
nature of the metal. These values of potential 
are the same for every metal, whether the dif- 
ferent metals are in contact with each other 
or not. 

In order to measure these differences of po- 
tential, the experiment of Volta mentioned before 
(p. 212) has been improved upon, in that instead 
of a dividing layer of reBin one of air iB used ; 
and, dating from the time that R. Kohlrausch (P. 
75, 88) thus carried out the first experiments, a 
great deal of similar work has been done.' But 
in this case also we are dealing, not with one, 
but with three separating surfaces — namely, 
copper-zinc, zinc-air, air-oopper, and only when 
we make the assumption that the differences 
of potential at the last two surfaces are zero, 
are we enabled to judge from the measurements 
of the total difference of potential as to the 
difference between the metals. 

The legitimacy of this assumption has formed 
the subject of much discussion. Considering the 
universality of differences in potential between 
heterogeneous substances, the absence of a dif- 
ference between metal and air would be very 
strange, and we are quite entitled to demand a 
proof of it from the champions of this view. But, 
on the contrary, it seems as if the following fact 
proved the existence of such differences of poten- 
tial. All the investigators who have undertaken 
such measurements complain of the extraor- 
dinary inconstancy in the differences of potential 
observed. On placing two freshly-cleaned plates 
opposite to each other and measuring their 
difference, one is sure to find different values 
after a little time. If the surfaces are again 
cleaned, the original values approximately recur. 
Therefore, it is not the point of oontact of the two 
metals (besides, this can be made unalterable by 
soldering), but their surfaces with respect to air, 
which are the seat of the changes. Let us now 
assume that at a definite moment the difference 
of potential of both plates towards air is equal 
to zero ; since another value is observed after 
some time, the difference of potential of the metals 
towards air cannot now be zero, i.e. between 
metals and air there exist differences of potential. 
How great these are cannot as yet be determined. 
There is nothing against the assumption that 
these make up the greatest part of the apparent 
differences of potential between the metals 
(measured in air). It is true an attempt has been 
made to eliminate the influence of the air by 
making the experiment in vacuo. But since we 
have learned by observation of the electrical 
phenomena in vacuum tubes, how difficult — 
how impossible, even— it is to withdraw from a 
substance the last remnants of air condensed on 
it and in it, these experiments cannot be looked 
upon as affording any conclusive proof. 

Other methods for solving the difficulties 
must be sought. Unfortunately, there does not 
exist a single process quite free from objection. 
The following consideration still appears to be 
the best : — 

When a given quantity of electricity « is 
brought from a potential A to a higher potential 
A + a, a quantity of work a q is required. There- 

1 Compare 0. Lodge, le. 
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fore, when we lead a current through two metals 
which touch in one place, and whioh there exhibit 
a difference of potential a, an absorption or a pro- 
duction of energy will occur at the place of con- 
tact, according to the direction of the current ; 
and, if there is no other source of energy, this 
energy-change will be produced from, or will be 
added to, the heat which is present, as the case 
maybe. In the case of metals such a pheno- 
menon is actually known; it is the effect dis- 
covered by Peltier (A. Ch. 66, 871 [1834]). If 
the strength of the current, and the total heat 
produced, are measured, the corresponding dif- 
ference of potential can be calculated. Such 
experiments have been made by Le Roux, and 
again quite recently, with great accuracy, by 
H. Jahn (W. 34, 766), and the results have 
shown the values to be very small; they are 
mostly only a few thousandths of a volt. 

It is true we must not pass over in silence 
the following objection made against the validity 
of this argument. Since we know nothing defi- 
nite concerning the nature of the electric current, 
the possibility is not excluded that it may be 
connected with movements of energy of other 
kinds. It has been especially assumed as pro- 
bable by several authors that, simultaneously 
with the electric current, a heat-current flows 
through the conductor. If so, the quantity of 
heat flowing with the unit quantity of electrioity 
might be different in different conductors ; and 
at the point of contact of the metals, in addition 
to the thermal exchange resulting from the dif- 
ference of potential, there might occur a further 
exchange of heat resulting from the difference 
in the 4 thermal capacity of electricity.* Since 
these two quantities need not have a necessary 
connection, it would not be permissible to draw 
any conclusion from the Peltier effect — that is, 
from the sum of two independent effects— as to 
the magnitude of the difference of potential. 

Without attempting to decide this difficult 
question here, I should like to draw attention to 
a circumstance which makes it probable that the 
second effect, if present at all (which so far has 
not been proved), must probably be of the same 
order of magnitude as the difference of potential 
corresponding to the Peltier effect. According 
to the second law of the mechanical theory of 
heat, the carrying of a definite quantity of heat 
Q from a lower to a higher temperature involves 

work which is given by Q l tHZL» « If, therefore, 

T i 

we pass an electric ourrent through a wire whose 
temperature varies, it follows that, if heat is 
carried with the current, in places of rising tem- 
perature a corresponding quantity of work must 
be expended, i.e. an opposing electromotive 
force must there assert itself. Indications of 
such a force appear to manifest themselves in 
the so-called Thomson effect (supposing that 
this effect does not find its explanation in 
differently heated portions of one metal having 
differences of potential to each other), but in 
any oase the quantities of work, or the differences 
of potential, indicated by this phenomenon are 
extremely small (of the same or of a smaller 
order of magnitude as those corresponding to 
the Peltier effects), so that the assumption of an 
appreciable carrying of heat by means of elec- 


tricity (for whioh, at any rate, we lack the power 
of forming a conception] seems excluded. 

From this it is evident that though nothing 
quite certain is known concerning the differences 
of potential between different metals, yet pre- 
ponderating reasons favour the assumption that 
such a thing does exist, but that its magnitude 
does not exceed a few thousandths of a volt, and 
particularly that it does not attain the order of 
magnitude of 1 volt. But, varying slightly with 
the nature of the metals, suck a value has been 
observed by means of the air-condenser method. 

As regards differences of potential between 
various eleotrolytes, Buch differences certainly 
do exist. This can be inferred from the fact 
that there exist * liquid chains,’ t.e. combinations 
of different liquids, which produoe an electric 
ourrent. If, for instanoe, we put into a series of 
beakers water, concentrated hydroohloric acid, 
concentrated soda solution, and water, and if we 
connect these by small syphons or by moist 
threads, then the two quantities of water at the 
ends exhibit a difference of potential which may 
attain to 0*6 volt. 

In such liquid chains we have always to deal 
with three distinct differences of potential at 
least ; designating the three liquids named above 
by A, B, and 0, there exist in the chain the 
differences of potential (a -6), (6— c), and (c— a), 
whose sum is observed. There is no combina- 
tion of the liquids by which we could succeed in 
obtaining as many independent observations as 
there are differences of potential, so that it is 
impossible to determine by measurements on 
liquid chains only the individual differences of 
potential. 

This determination has, however, been 
achieved in another way. Since in electrolytes 
the electricity moves only with the ions, differ- 
ences in potential between two liquids in contact 
can only be produced if the different positive 
and negative ions distribute themselves un- 
equally. A cause for such an inequality lies in 
the different velocities of migration of the ions 
(p. 92), and, in an extensive investigation, W. 
Nernst has shown (Z. P. C. 4 , 129) how thereby 
the actually observed differences of potential 
can be theoretically calculated in a great number 
of cases. The fundamental idea of these calcu- 
lations is the following. When any solution is 
brought into contact with pure water, forces 
make themselves apparent at the surface of sepa- 
ration, which forces can be, calculated by van’t 
Hoff’s theory (pp. 184-6) ; for * normal * solutions 
(which oontain one gram-molecular weight per 
litre) they are equal to the pressure of about 
22 atmospheres, and they are proportional to 
the quantity of substance in the solution. 
Owing to the osmotic pressure, the molecules 
of the substanoe are forced into the water. The 
velocity of their motion is determined by the 
resistance whioh they encounter, and this de- 
pends on their form as well as on the nature of 
the solvent. 

This statement oontains a physical theory 
of hydro-diffusion (Nernst, Z. P. C. 2, 613), and 
from it the law of Fick follows directly, that the 
velocity of diffusion at any point is proportional 
to the change in concentration at that point. 
From this we see at once how a separation must 
occur in the diffusion of dissolved substances, 
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because those molecules which are endowed 
with greater mobility or suffer less friction out- 
strip the slower ones. The same laws hold for 
each kind of molecules, only the constants are 
different. , 

These arguments can only be applied im- 
mediately to electrolytes in solution if both ions 
have equal rates of motion. This condition is 
very nearly fulfilled in the case of potassium 
chloride, and this substance conforms, therefore, 
to the simple law of diffusion. 

It is now possible, in the case of electrolytes, 
to determine the resistances which the ions en- 
counter, as well as to measure the impelling 
forces. If the ions are moved past each other 
by electrical forces of separation, they encounter 
exactly the same resistance, and since in the 
electrical conductivity we have a measure of tho 
velocity of the corresponding motion of the ions, 
it is possible, as first shown by F. Kohlrausoh 
(W. 6, 160), to calculate the magnitude of the 
resistances from a knowledge of the impelling 
force and of the velocity attained. On intro- 
ducing this resistance (which, owing to the small- 
ness of the molecules, is enormously great) into 
the equation for the velocity of diffusion, indi- 
cated above, Nernst has found (l.c.) that the 
velocities of diffusion agree very well with the 
results of experiment. 

In the case of electrolytes whose ions do not 
migrate with equal velocities the phenomena 
become much more complicated. If, for in- 
stance, we imagine hydrochloric acid, in which 
the hydrogen ion travels about six times 
more quickly than the chlorine ion, to be 
brought into contact with water, the quicker 
hydrogen atoms will, to start with, pass into 
water, and the chlorine atoms will remain be- 
hind. But since the hydrogen atoms are charged 
with positive electricity, the water will become 
positively electrified, while the acid, owing to 
the preponderance of chlorine atoms, becomes 
charged negatively. But the further exit of 
hydrogen atoms is thus rendered more difficult, 
owing to the electro-static effect, while from a 
similar cause the chlorine atoms are subject in 
addition to the osmotic pressure, and also to an 
electric impelling force, and are thus driven into 
the water. The consequence is that both ions 
influence each other’s velocity until they again 
migrate at equal rates. 

At the same time, we see that every electro- 
lytic solution whose ions travel with unequal 
velocities on contact with water — or, speaking 
more generally, on contact with a solution of 
different concentration— at once acts as the 
cause of difference of potential, and also that 
the more dilute solution will always assume the 
sign of the ion which has the greater migration 
velocity. The exact expression which has been 
deduced by Nernst (l.c. p. 188) is 

— f a a 0*0000860 r ^11? log. 

1 * u + v p 2 

Where f ,--€ 8 is the difference of potential (in 
volts) of two solutions in which the osmotic 
pressures of the (positive as well as negative) 
ions are jp, and j ? 2 ; u is the velocity of the positive, 
v that of the negative, ion ; r is the absolute 
temperature, while log . stands for the natural 
logarithm. 


We see that for the electromotive force 
becomes zero, and it beoomes the greater the 
greater the difference between the migration- 
velocities of the two ions. Further, we Bee that 
as regards the electromotive foroe, only the ratio 

*& of the two pressures, and not their absolute 
JPi 

values, enters into consideration. By increasing 
the concentration n times in both solutions, the 
difference of potential does not ohange. If one 
of the solutions is pure water, we get p t =*0, 
and the electromotive force becomes infinitely 
great. Sinoe 4 pure water * in this sense does 
not exist, such values cannot come under our 
observation. But yet we see that liquid chains 
with 4 water * can give very different values 
according to the degree of purity of this liquid. 

The preceding formula is the fundamental 
expression for all kinds of liquid chains, sinoe 
in the combination of any solutions the corre- 
sponding differences of potential are superposed. 
It would take us too far afield to enter into the 
different cases; in the memoir of Nernst, a 
number of cases are discussed theoretically as 
well as experimentally. But on the whole it may 
be oonoluded that the differences in potential 
apparent on contact of approximately equally 
concentrated solutions of the most varied kind, 
vary within fairly small limits, which probably 
do not surpass 0*01 volt. 

Now, since we cannot suppose that differences 
of potential of the order of magnitude of those 
observed in galvanio cells exist either between 
metals alone, or electrolytes alone, we are obliged 
to regard the surfaces of contact between the 
metals and the electrolytes as the real seat of 
the electromotive forces. This result quite 
corresponds with what was to be expected from 
the relations between the chemical and electrical 
energies. This is so because these surfaceS'Of 
contact are the only seat of the processes by 
which energy becomes available in the chains, 
i.e. they are the result of the chemical changes. 
Sinoe, on the one hand, the cause of the gal- 
vanio current of the chains has to be sought in 
the transformation of chemical into eleotrical 
energy, and sinoe, on the other hand, a galvanio 
current can be produced only when a difference 
of potential exists, it does not seem very logical 
to wish to separate in space, and in their nature, 
the more approximate and the less approximate 
causes of the same phenomenon, aB is done in 
the assumption that the difference of potential 
is to be sought at the surface of contact of the 
metals. 

The question now arises again, whether some 
means does not exist for directly measuring the 
differences of potential between metals and electro- 
lytes. The answer is that up to the present only 
one such means is known. A second independent 
way for arriving at these numbers does not as 
yet exist, and hence it has hitherto been im- 
possible to put to the proof the results obtained 
by that method. 

The method in question is based on the 
phenomena exhibited by mercury surfaces when 
in contact with electrolytes. Lippmann (P. 149, 
561 ; A. Ch. [5] 5,494) has shown that there is 
a close connection between the condition of the 
surface of mercury touching an electrolyte and 
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the electrical state of the system. If, for in- 
stance, mercury is covered with dilute sulphuric 
acid, and the surface of contact between the two 
is then increased, a galvanic current is produced, 
because the mercury becomes less positive on ex- 
pansion. This can be observed most easily by 
allowing mercury to drop out of a funnel with a 
small orifice immersed in dilute sulphuric acid. 
On connecting the mercury in the funnel and that 
collected below the sulphuric acid by means of a 
galvanometer, a current passes from the lower 
mercury to the higher; in the sulphuric acid 
the reverse occurs. 

This phenomenon is reciprocal. On leading 
a current through the surface of contact between 
mercury and sulphuric acid the surface tends 
to diminish or to increase, according to the 
direction of the current — i.e. the capillary ten- 
sion at this point changes. As is always the 
case, both phenomena are in such a relation 
that they oppose each other — i.e. when the sur- 
face is made larger the current has the direction 
such that if it alone were active it would tend 
to make the surface smaller, and vice versd. 

Helmholtz (W. 16, 35 [1882]) has given a 
theory of these phenomena which is based on the 
following considerations. When a metal and an 
electrolyte are in contact, they generally possess 
a varying difference of potential. Owing to this 
circumstance, the opposite electricities must ac- 
cumulate on both sides of the bounding sur- 
faces, since they are prevented from combining 
by the cause which produces the difference of 
potential (and which, without making a definite 
assumption, can be designated as a different 
attraction of the substances for the electricity). 
The result is the formation of an ‘electrio 
double layer,* which will exhibit a similar 
arrangement to the charge of a Franklin plate. 

But such a double layer will have the pro- 
perty of tending to increase its surface as much as 
possible, since the similarly electrified particles 
present at each side repulse each other, and 
therefore tend to stretch the surface. Hence 
the development of such a double layer will act 
in opposition to the surface tension, which seeks 
to decrease the surface, and the actually ob- 
served surface tension is the difference between 
the real tension and the electric force. 

When a surface so constituted is made 
larger, the electric layers are thereby extended, 
ana their difference of potential decreases. 
But since, as is known from experience, a con- 
stant difference of potential is always formed at 
the boundary, which difference of potential 
does not depend on the size of the surface of 
contact, electricity will flow from the mercury 
as well as from the electrolyte to replace the 
loss, and in this way the current is produced. 

If, on the other hand, the difference of poten- 
tial of the electric double layer is changed, the 
surface tension must change also. It must get 
smaller when the difference of potential is made 
larger, and larger when it is made smaller. 

By leading electric currents of varying elec- 
tromotive force through a system consisting of 
two masses of mercury in sulphuric acid— one 
of which had a very small, the other a very 
large, surface of contact with the acid— Lipp- 
mann was able to follow the change of surface ten- 
sion at the small bounding surface which accom- 


panied the ohange in the difference of potential 
at that surface. Because, since the change in 
the difference of potential between a metal and 
an electrolyte is proportional to the density of 
the current (current strength divided by the 
cross-section), the resulting difference of poten- 
tial practically restricted itself to the small 
bounding surface, which was surpassed in ex- 
tension some thousand times by the large one. 
It was found that when the mercury of the small 
surface was connected with the positive pole of 
the external cell, the surface tension decreased. 
On the other hand, when negative electromotive 
forces acted, the surface tension increased until 
the external force was 0*9 to 1*0 volt ; beyond 
that it again decreased. 

In accordance with Helmholtz’s theory, wo 
must infer from this that the difference of 
potential between mercury and sulphuric acid 
is of such a kind that the former becomes 
oharged positively — i.e. that the positive elec- 
tricity of the double layer is on the side of the 
mercury, and the negative electricity is on the 
side of the electrolyte. If the difference of po- 
tential is increased by addition of positive elec 
tricity to the mercury, the electric repulsion 
increases, and therefore the surface tension 
decreases. If, however, negative electricity is 
added, the charge of the double layer decreases 
and the surface tension increases. On making 
the successive additions of negative electricity 
larger and larger, the difference of potential of 
the double layer eventually becomes zero; the 
surface tension has reached its greatest value, 
and, beyond this, a new double layer of opposite 
sign is produced. When this state is reached, 
the surface tension must again decrease. 

According to the experiments of Lippmann, 
the maximum of surface tension is reached 
when the external electromotive force is 0*9 to 
TO volt. Then no more double layer is present 
at the small surface of the mercury, and the 
metal and electrolyte have the same potential. 
Since this condition is separated from the ordi- 
nary one by about 0*9 volt, it follows that the 
usual difference of potential between dilute sul- 
phuric acid and mercury is 0*9 volt. 

This result is confirmed by the following ex- 
periment of Pellat ( C . B. 104, 1099). When the 
surface of contact between mercury and sul- 
phuric acid is increased, a motion of electricity 
is produced, owing, as has been mentioned 
above, to the stretching of the double layer. 
But this must disappear when, by the use of a 
difference of potential of about 1*0 volt, the 
double layer has been made to disappear ; and, 
in fact, under these conditions, Pellat, on 
changing the surface, could observe no current. 

Another confirmation can be obtained in the 
following manner. When mercury is dropped 
very quickly out of a fine point into an electro- 
lyte, it must, after a short time, as Helmholtz 
has shown, assume the potential of the latter 
(W. 16, 35), because If, for instance, the mer- 
cury were at the beginning positive, every fall- 
ing drop would form a double layer at its sur- 
face, which would take positive electricity out 
of the mercury, and which would make its posi- 
tive potential smaller and smaller till it became 
equal to that of the liquid. 

But it is to be remembered that the mercury 
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in contact with sulphuric acid spontaneously 
becomes positively charged ; everything will de- 
pend, therefore, on allowing the formation of 
drops to take plaoe as quickly as possible, in 
order that the discharge may preponderate over 
the charge. Experiments by W. Ostwald (Z. P. C. 
1, 688 [1887]) have shown that the discharge 
can be achieved to a great extent, but not com- 
pletely; there still remain over, even with the 
best dropping electrodes which have yet been 
made, differences of some hundredths of a volt. 
But within these limits the experiment confirms 
the conclusion which Helmholtz had drawn — 
the difference of potential between the drop- 
ping electrode and the mercury at rest in sul- 
phuric acid amounts in ‘normal’ sulphuric 
acid solution to 0*81 volt, while the maximum 
of surface tension (that is, the true difference of 
potential) lies at 0’80 volt. 

Finally, another inference, which must be 
drawn from the theory of Helmholtz, has been 
confirmed by the same author. If the maxi- 
mum of the surface tension of mercury, as 
obtainable by means of suitable electromotive 
forces, actually is the real surface tension of 
tnercury in contact with aqueous liquids, free 
from auxiliary effects, then it must have the 
same value whatever be the nature of the elec- 
trolyte, while experience shows that the natural 
surface tension changes considerably with the 
nature of the electrolyte. This also was con- 
firmed; while the natural surface tension in 
different solutions varied between 485 and 564, 
the maximum values were 640 to 644, and were, 
therefore, practically constant. 

All these facts speak for the correctness of 
Helmholtz’s theory of the electric double layers, 
and leave us, therefore, with the final conclusion 
that the electromotive force required for pro- 
ducing the maximum of surface tension of mer- 
cury in contact with an electrolyte is equal to 
the ordinary •difference of potential at this 
bounding surface (but with inverted sign). But 
it must be again emphasised that this is the 
only group of phenomena from which the values 
considered can be deduced. An examination of 
the results by means of another entirely inde- 
pendent method has not yet been feasible. 

If, now, the difference of potential between 
mercury and sulphuric acid is known, the differ- 
ence of potential between all other metals and 
sulphuric acid can be measured by experiments 
which are easily carried out. For this purpose 
the electromotive force of the combination mer* 
cury , sulphuric acid t and metal alone need be 
measured ; this is the sum of the differences of 
potential of mercury-sulphuric acid and sulphurio 
acid-metal, and Bince the first of these is known 
the other follows by difference. But here it is 
supposed that no appreciable difference of poten- 
tial exists between the metals. Again, if the dif- 
ference of potential between mercury and any 
other electrolyte is determined, either by the 
m aximum surface tension or by means of the 
mercury-dropping electrode, the difference of 
potential of these electrolytes against any other 
metals can also be determined. In this manner, 
therefore, the whole subject of the differences of 
potential between metals and electrolytes has 
been made amenable to measurement. 

But few trustworthy measurements of this 
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kind have as yet been made ; in the following 
table some numbers are given ; — 



na 

HBr 

HI 

h 8 so 4 

Zn 

• 

• 

-0-54 

-0-46 

-0-30 

-0-62 

Cd 

• 

• 

-0*24 

-0-18 

— 008 

-0-22 

Sn 

• 

• 

+ 0-02 

h 0*12 

+ 0-28 

-0-02 

Pb 

• 

• 

+ 0*03 

+ 0-10 

+ 0-26 

-004 

Cu 

• 

• 

+ 0-35 

+ 0-35 

+ 0*36 

+ 040 

Bi 

• 

• 

+ 0-41 

+ 0*47 

+ 0*60 

+ 0-46 

Sb 

• 

• 

+ 0-51 

+ 0*60 

+ 0*54 

+ 0*48 

Ag 

• 

• 

+ 0*67 

•fO-51 

+ 0*45 

+ 073 

Hg 

• 

• 

+ 0-57 

+ 0-50 

+ 0*44 

+ 0*86 


The values refer to * normal ’ solutions of the 
electrolytes mentioned, and indicate the potential 
of the metal when that of the electrolyte is put- 
equal to zero. 

We see that those metals which dissolve in 
the acids become negative ; the others become 
positive. The values are also in very nearly 
the same order as the corresponding heats of 
reaction, but, as a calculation showB, they are not 
proportional. The nature of the electrolyte has 
generally a smaller influence than that of the 
metal, but there are cases where the reverse is 
true. 

It should be mentioned that nearly the same 
numbers are obtained when salts of the acids, 
with metals which are not precipitated by the 
metal under examination, are used instead of 
the acids themselves. The difference of poten- 
tial between the metal and the electrolyte de- 
pends, therefore, chiefly on the negative ion of 
the latter. From the numbers in our possession 
it is seen, for instance, that in the Daniell cell, 
whose difference of potential is 1-08 to 1T0 volt, 
the greater part of this (0*62 volt) is present 
at the bounding surface between zinc and zinc 
sulphate, and the smaller part at the surface 
(0-46 volt) between copper and copper sulphate. 

No further conclusions of more general in- 
terest have as yet been drawn from these num- 
bers. 

Galvanic polarisation . When two metal 
plates are introduced into an electrolytic liquid 
and a galvanic current is made to pass through the 
electrolyte by means of the plates, these plates 
generally become the seat of a new electro- 
motive force which acts in opposition to the 
current already active. This phenomenon is 
called galvanic polarisation , and it may be per- 
ceived by connecting the plates with a galvano- 
meter immediately after breaking the primary 
current. 

The cause of this phenomenon is to be found 
in the change which is produced by the current 
at the boundary surface between the metal and 
the electrolyte. There the ions of the electrolyte 
separate out, and cause changes of the most 
manifold kind. 

The simplest case occurs when the metal 
plates are surrounded by the solution of a salt 
which contains the same metal, for such a 
system scarcely exhibits the phenomenon of 
polarisation at all ; such electrodes are 4 un- 
polarisable.’ The reason is that in this case the 
changes occurring at the electrodes do not 
change the condition of the bounding surfaces. 
If, for instance, we have zinc in zinc sulphate. 
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Kino is separated out at the cathode, and this 
combines with the metal present without chan- 
ging it, and at the anode S0 4 separates out, which 
then dissolves zino and forms zinc sulphate* 
The only effect is that the zinc sulphate solution 
becomes more concentrated at the anode, and 
accordingly a small concentration-current can 
be observed, whose electromotive force is, how- 
ever, very inconsiderable. 

Such a system of unpolarisable electrodes 
differs from all similar combinations in that it 
allows any, even the smallest, current to pass 
through. Polarisable electrodes do not behave 
thus. If, for instance, two platinum plates are 
placed in dilute sulphuric acid, and a current 
of small electromotive force — say, OT volt — is 
allowed to pass, we observe by the galvano- 
meter that at first a motion of electricity takes 
place, but that this ceases after a very short time. 
It is a phenomenon such aB a condenser exhibits 
on being charged, with this difference, that the 
capacity of such electrolytic condensers appears 
to be very great. On increasing the electromo- 
tive force, a corresponding quantity of electricity 
answering to a greater charge of the condenser 
always enters, but no permanent current is pro- 
duced until the electromotive force is somewhat 
more than 2 volt ; then a more copious passage 
of the current suddenly takes place, and simul- 
taneously gaseous oxygen and hydrogen appear 
at the electrodes. 

We must, therefore, represent the pheno- 
menon to ourselves in the following way. Be- 
tween the electrolyte and the platinum plates 
there exists originally some one difference of 
potential, and in consequence the double layers 
form there. Now, on allowing the electromotive 
force to act, on the one side the difference of 
potential of the double layer is increased, on 
the other it is diminished. The corresponding 
process to this is the condensing charge. On 
increasing the difference of potential, there is a 
moment at which the condenser no more iso- 
lates under the influence of the electro-static 
effects ; a passage of electricity from the metal 
to the ions (or vice versd) occurs, corresponding 
to the disruptive discharge of the condenser, and 
the ions, deprived of their electric charges, 
separate out. When sulphuric acid is the elec- 
trolyte, the ions are Hj and S0 4 ; the latter 
substance is not stable, and reacts with the 
water present to form sulphuric acid and oxygen, 
the latter escaping in the gaseous state. 

From this we see that a difference of poten- 
tial of definite magnitude must exist when the 
electricity is to leave an ion in order to travel 
to a metal ; until this difference of potential is 
reached, the system acts at the electrode like 
an isolator. But why does this not occur with 
unpolarisable electrodes ? The answer to this 
question follows from the consideration of the 
processes occurring at these electrodes. Let us 
again take zinc plates in zinc Bulphate, and let 
us lead positive electricity into one plate. This 
electricity can at once enter into the solution, 
by using as its vehicle a corresponding number 
of zinc atoms, which travel with it as positively 
charged zinc ions. At the other zinc plate an 
equal number of zinc ions can also deposit at 
once, and sineb there exists no difference of j 
potential between zinc and zino these can at | 


onoe deliver up their electricity. Here, there- 
fore, no cause exists for condensing effects* 
It is not, however, as if no difference of poten- 
tial existed between the metals and their solu- 
tions ; such differences, in fact, are present, and 
hence also corresponding double layers are 
formed, which at one side are made up of ions. 
But these do not act as condensers, free com- 
munication of their ions between the metal and 
the electrolyte being possible, and consequently 
the difference of potential, independent of the 
current, maintains itself at an unaltered value. 

Beside the unpolarisable electrodes and those 
polarisable at both sides, there still exist com- 
binations in which polarisation occurs only at 
one side, mostly at the cathode. This takes 
place, for instance, with copper plates in dilute 
sulphuric acid. At the cathode, when the elec- 
tromotive force is sufficient, hydrogen separates 
out, just as it does at a platinum plate. But at 
the anode, on the other hand, copper sulphate 
is formed by the ion S0 4 aoting on the copper — 
i.e. the ion S0 4 need not give up its negative 
electricity there, since in its sterfd positive 
electricity fixed to copper oomes out of the plate. 
Hence, no polarisation occurs here. 

From what has been said an explanation 
follows of the cause of the polarisation current, 
which occurs after breaking the primary current 
and connecting both plates in the opposite direc- 
tion. It is, in brief, the discharge of the elec- 
trolytic condenser. Looking at the process more 
in detail, we see that when the charge in the 
double layers is formed, the electricity led in 
has remained in the electrodes, equal quantities 
of the opposite electricities having collected 
from the electrolyte on the electrodes— the elec- 
tricity being, of course, bound to the ions. On 
the primary current being broken, and the elec- 
trodes being connected with each other, the 
electricities present in these neutralise each 
other, and the ions, which are no longer fixed, 
form the carriers of the current in the electrolyte. 
This lasts until the original condition of equili- 
brium has re-established itself. 

In accordance with what has been said, the 
measurement of galvanic polarisation refers 
almost exclusively to the maximum value it can 
assume, or to the value of the difference of 
potential at which the double layer condenser 
ho more isolates. 1 The measurement of this 
quantity is somewhat difficult; because, when 
carrying out the simple experiment indicated 
above— i.e. when increasing the primary current 
up to decomposition, interrupting it, and after- 
wards connecting the electrodes with an electro- 
meter — we observe that (in consequence of the 
secondary effects) the electromotive force of 
polarisation decreases very rapidly. We are, 
therefore, not sure whether a considerable por- 
tion of the polarisation has not already been lost 
in the time which elapses before the measure- 
ment. But there exists a means of obtaining 
information concerning the magnitude of the 
possible error. If the change of connections is 
carried out more and more quickly, increasing 
values at first are observed. But these approach 
1 It must be observed that complete isolation docs not 
occur ; a small amount of percolation of electricity takes 
place when the maximum value is not readied* hat, as 
Helmholtz has shown, this phenomenon is a oonaaquenoe 
of electrolytic convention, and is of a secondary character. 
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to a maximum, and when the number of current 
reversals reaches about 100 per second a further 
rise in the velocity no longer produces an in- 
crease, as was found by Raoult (A. Ch. [4] 2, 
326), and the value observed under these con- 
ditions may be regarded as the correct one. 

Other methods are based on making mea- 
surements of current strengths and resistances 
in the primary circuit, and on calculating from 
this the electromotive force of polarisation. 
These become uncertain by the fact that, owing 
to the processes occurring at the electrodes, the 
resistance of the cell undergoes variations during 
the passage of the current, which variations can- 
not be determined. Finally, we can use elec- 
trometric methods, by measuring the difference 
of potential between the electrode to be polarised 
and an auxiliary electrode through which no 
current passes, both before closing the circuit 
and while the current passes ; the difference be- 
tween the two magnitudes is the polarisation 
required. But difficulties, which have not yet 
been removed, appear in the practical applica- 
tion of this ingenious method, which was pointed 
out by Fuohs (P. 156, 158). 

Because of these difficulties only a small 
number of trustworthy measurements of the 
electromotive force of the maximum polarisa- 
tion have as yet been made. Consequently, no 
certain relations with chemical conditions have 
been discovered as yet. 1 Though an attempt 
has been made to calculate the electromotive 
force of polarisation in a manner similar to that 
of the galvanic cell, from the thermal effects ap- 
pertaining to it, the same objections can be 
raised against it as in the former case (p. 213) : 
the observed electromotive force is generally 
different from that calculated. 

It is especially remarkable that the maximum 
forces of polarisation corresponding to one and 
the same chemical process may be very different 
according to the nature of the metal. If we 
form galvanic cells of zinc, dilute sulphuric 
acid, and different metals— such as copper, silver, 
gold, platinum— or of charcoal, and if we close 
the circuit in the cells, the same prooess occurs 
in all : zinc sulphate is formed, and, to make up 
for it, hydrogen is expelled from the sulphuric 
acid. The latter appears at the metal, and 
polarises it. It is found that the electromotive 
foroes of these cells, even after they have com- 
pletely polarised themselves, are distinctly diffe- 
rent ; according to the nature of the second metal, 
a greater or less portion of the energy liberated 
by the reaction Zn + H 2 S0 4 * ZnS0 4 + H, is trans- 
formed into electrical energy. 

The cause of this can be understood after 
what has already been explained. The elec- 
tricity must overoome unequal differences of 
potential in passing from the H ions to the 
different metals ; hence different portions of the 
total available energy are used, and only the re- 
sidue of this energy finds its expression in the 
electromotive force of the cells. We see, then, 
that the electromotive force oannot possibly 
bear the simple relation to the heat of reaction 
which was formerly supposed to be the case. But 
it is possible that the equation of Gibbs and 
Helmholtz (p. 214) is applicable to galvanic 

1 See, however, a recent investigation by If. Le Blanc 
(Z. P. C. 8, 299). 


polarisation also ; if this is so we shall be able, 
from a knowledge of the eleotromotive force and 
its changes with the temperature, to draw con- 
clusions as to the thermal changes due to the pro- 
cesses which primarily participate in the polari- 
sation. W. 0. 

VI. FREEZING-POINTS OF SOLUTIONS, 
METHODS BASED ON ; v. Molecular 
weights, vol. iii. p. 417 ; and Electrical 
methods, this vol. p. 186. 

VH. OPTICAL METHODS.- Section 1; 
REFRACTION AND DISPERSION. When a ray 
of light passes at an angle from a rarer into a 
denser medium, it is always reflected towards 
the perpendicular, the sine of the angle of inci- 
dence being in a constant ratio to the sine of 
the angle of refraction, namely the ratio of the 
velocities of wave propagation in the two media. 
This constant ratio is called the index of refrac- 
tion, and is generally represented in England 
by the Greek letter /x , and on the Continent 

by » : fx mm s . me 1 . The angle of incidence 
sine r 

being in such case greater than the angle of 
refraction, the index of refraction will be greater 
than 1. The reverse will be the case when the 
ray passes from a denser to a rarer medium. 

The refraction of a ray of light is, however, 
always accompanied by another phenomenon — 
dispersion, as the ray is made up of a number 
of vibrations of different velocities which are 
affected diversely in passing from one medium 
to another. This causes the ray of common or 
white light to be spread out into a number of 
coloured rays corresponding to vibrations of 
different rapidity. In all precise determinations, 
therefore, a definite point of the spectrum thus 
formed must be measured for refraction, and 
two such points for dispersion. The work of 
early observers on the refraction of light is 
usually wanting in precision in this respect, 
the records being commonly described as having 
reference to the bright or yellow part of the 
Bpectrum, or to the extreme red ; while they 
furnish no data at all for calculating the disper- 
sion. Moreover, as each colour occupies a 
certain breadth in the spectrum, and the boun- 
daries of the colours are not well defined, it is 
by no means certain that two observations made 
on the same colour will refer to exactly the 
same part of the spectrum. In more recent 
observations the most conspicuous lines of the 
solar spectrum, such as A, D, F, H, are adopted* 
or, if artificial light be used, the o, 0, and y lines 
of the hydrogen spectrum; these are recorded aa 
Aa, An. &c. ; Aa, AA Ay. The greater part of the 
English data of reoent times are given for the 
solar lines, while foreign observers have gene- 
rally adopted the hydrogen lines. 

Refraction and dispersion equivalents. 
The index of refraction, minus unity, when 
divided by the relative density ( d ) and multi- 
plied by the atomic weight if an element is ex- 
amined, or by the molecular weight if a compound 
is examined (P), is usually represented by the for- 
mula P in England and P on the 
a a 

Continent, and is termed the refraction-equiva- 
lent. It will be expressed in this article by the 
simple letter R. When Lorenz’s formula is used, 



PHYSICAL METHODS USED IN CHEMISTRY. 


the refraction-equivalent so calcu- 

\m 4 + 2/d 

lated will be distinguished as B. The part of 
the spectrum to which the observation refers 
will be indicated by adding the sign for infinity, 
or the letters of the solar or other lines ob- 


served, as R a 


The dispersion- 


equivalent represents the difference between 
the refraction-equivalents of two selected por- 
tions of the spectrum ; thus the dispersion- 
equivalent for H-A will be expressed as 

I ffi -IL*) - (ff A . r jj, or, more briefly - H ^ y — * 
d d a 

multiplied by P ; or R H -R A . 

The index of refraction of solids is generally 
ascertained by the method of total reflection, 
unless they are transparent, and can be cut into 
the form of a prism ; that of gases is best deter- 
mined by interference. The refraction of liquids 
is most conveniently arrived at by placing the 
substance in a hollow prism, with sides of plate 
glass ; on the prism being so adjusted that the 
incident and emergent rays make equal angles 
with the refracting surfaces, the minimum devia- 
tion will be arrived at. Let D be the deviation, 
t and r the angleB of incidence and refraction, 
and a the refracting angle of the prism ; then 
sine i _ sine j (a + D) ^ 
sine r sine 

Newton, acting upon the emission theory, 

proposed as representing the absolute 

d 

refractive power of any substance, and this 
formula met with general adoption till recent 
times. Gladstone and Dale (T. 1863), as the 
result of a long series of experiments with 
different substances at various temperatures, 
found that the refractive index, minus unity, 
multiplied by the volume, gave nearly a con- 
stant. To ft — 1 they accordingly gave the name 
of * refractive energy ’ as really representing the 
influence of the substance itself on the rays of 


as representing the absolute 


light; and to 


: that of 1 specific refractive 


energy.* This empirical formula has been 
adopted by most subsequent investigators ; and 
Sutherland (P. M. [5] 27, 141) has lately advo- 
cated it on mathematical, as well as on physical, 
grounds. It holds its position side by side with 
the theoretical formula we have now to 
consider. 

Lorenz's formula. H. A. Lorentz, of 
Holland JW. 9, 641), and L. Lorenz, of Copen- 
hagen ( W . 11, 70), came almost simultaneously 
io the conclusion, from purely theoretical con- 
siderations, based, in the case of the former, on the 

u 2 — 1 

electro-magnetic theory, that ~ j mus ^ ex " 


(m* + 2 )d 

press the relation between the velocity of the 
transmission of light and the density of the 
medium through which it is propagated. 
Landolt (B. 15, 64) tested the comparative 
merits of this formula, and that which he had 

previously adopted —via. and found that 

a 

-so far as liquids were concerned there was 
nothing to choose between them, but that 
Lorenz’s formula showed muoh less difference 
(between the specific refractive energy of a liquid 


and that of its vapour. This is shown in the 
following table, in which it will be also noticed 
that the difference with the rise in temperature 
is uniformly plus in the one case, and minus in 
the other. Weegmann (Bonn. 1888) experi- 
menting at 10°, 20°, and 30°, noted the same 
rise in the one case and fall in the other. 

Substance State Temp. 

Water , Liquid 10° 

„ 20 ° 

Vapour 100° 

Ethyl alco- Liquid 10° 
hoi „ 20° 

Vapour 100° 

Ethyl ether . Liquid 10° 

20 ° 

Vapour 100° 

Ethyl ace- Liquid 10° 
taite „ 20° 

Vapour 100° 

Ethyl iodide Liquid 10° 

20 ° 

Vapour 100° 

Chloroform . Liquid 10° 

„ 20 ° 

Vapour 100° 

Carbon dl- Liquid 10° 
sulphide . „ 20° 

Vapour 100° 

In the case of liquid and solid phosphorus, as 
well as of other highly refractive bodies, the 
empirical formula appeared to give the best 
results. Landolt also found the simpler formula 
best adapted to his process of optical analysis 
subsequently described. But while he found that 
the refraction-equivalents (ix. the specific re- 
fractive energy multiplied by the atomic weight 
in the case of elements, or by the molecular 
weight in the case of compounds) of substances 
calculated by Lorenz’s formula are about one- 
third smaller than the numbers calculated by 
the formula previously adopted by him, the 
values which he obtained for the elements carbon, 
oxygen, hydrogen, and chlorine did not bear the 
same proportion. Adopting Bruhl’s figures for 
R a (as described later on), the values accord- 
ing to Lorenz’s formula vary from about ^ to f 
the values found by using the other formula. 
Thus ; — 

Old Lorenz** 
Formula Formula 


5*0 2*48 

1*8 1*04 

2*8 1*58 

3*4 2*34 

9*8 6*02 

2*4 1*78 

Brfihl, however, in 1886 (A. 235, 1), maintained 
that the statement of Landolt, that the two 
formula lead practically to the same conclusions 
in respect to chemical constitution and the re- 
fraction of light, cannot any longer be accepted 
in its general sense. In this paper Brfihl con- 
tended that the expression of the molecular re- 

u-> 1 

fraction hitherto uBed— viz. P is generally 

adapted only to the paraffmoid series of carbon 
compounds, and for unsaturated compounds of 


Carbon . . • 

Hydrogen . . • 

Oxygen, alcoholic • 

„ aldehydio • 

Chlorine 

Increase for double carbon 
bond • 


M d — l PjlzL 

(Mp+ 2 )d d 

0’20G2 A.nAfli 0*3338 n./w)n 

0*2061 0*0007 0-8336 MSSfi 
0*2068 00007 0*3101 00235 

0IS7 0*0008 0*0001 

0*2825 0*«37 0 0344 

0*3026 n,AAnn 0*4935 n./-|AAC 

0*3029 0*0039 °' 4930 &om 

0*3068 00039 0*4599 00331 
0 .2549 0 0002 I ®; 4 }* 4 0*0002 
0*2683 0 0134 0*4024 ™ 148 
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woak dispersive power ; and that in these cases 
even the results are not altogether satisfactory. 
For the investigation of the relations between 
the refraotive power and the constitution of 
bodies, Briihl claimed that in future Lorenz’s 
formula must bo used. The tables appended to 
the paper certainly show better proportionate 
results for B a by this formula, especially in the 
case of the most dispersive substances ; but in 
using these tables it must be borne in mind that 
the values assigned to the elements under the 
two formula are not strictly comparable. Nasini 
( Lincei , Rc. .3, 128) stated that he and Bern- 
heimer did not consider that, from a chemical 
point of view, any great preference should be 
given to Lorenz’s formula over the formula 

JJL — 1 

-j--, as the newer formula was insufficient to 


represent every relation between the chemical 
constitutions of the substances and their re- 
fractive powers. Ketteler does not accept the 
Lorenz formula as altogether satisfactory ; in 
/x 2 ~l 

place of it he has proposed - ^ - 2 — where x is 

a variable quantity depending on the nature of 
the substance, but averaging about 3’5 instead 
of 2. Sutherland (P. M. [5] 27, 141) objects 
to Lorenz’s formula on the ground that it 
assumes a mean wave length, whereas the wave 
length must vary in passing from ether to mat- 
ter ; and he maintains that while the formula 
holds good for both the liquid and gaseous states, 
it fails when change of density is produced by 
change of pressure. On the other hand, he thinks 
that Gladstone’s formula meets the last require- 
ment, but fails to bridge over the great gap in 
density between liquid and vapour. Ketteler 
(Z. P. G. 2, 905) suggests an equation of the form 
( n 2 — 1) (v — £) - M, where j8 is the volume actually 
occupied by the ponderable molecules, v that of 
the space in which they are contained, and M a 
molecular function depending on the constitution 
of the medium. M may have one of two values, 
both of which are definite constants, the one for 
the liquid and the other for the gaseous state. 
The value of /3 may be obtained by varying the 
temperature, the pressure, or the constitution of 
the media examined. Sutherland says that this 
formula gives for compressibility results less satis- 
factory than those given by that of Gladstone. 

Zehnder (W. 34, 91) investigated the influence 
of pressure upon the index of refraction of water 
at different temperatures, and on comparing the 
results with the co-efficient of compressibility, he 

U — 1 

came to the conclusion that the formula ~£~ 


was practically exact— much more so than that 
of Lorenz. Rfintgen and Zehnder ( W. 44) have 
since applied the same inquiry to CS 2 , and 
ether, and a series of alcohols, with the result 
that in the cases of all these substances neither 
formula is sufficiently exact, the experimental 
figures occupying very nearly the mean place 
between those given by the two formulas. 

Perkin (C. J. 61, 287) in studying magnetio 
rotation at widely different temperatures, ob- 
served a Blight reduction as the temperature was 
raised. Dale and Gladstone (as long ago as 
1863) had observed that the specific refractive 
‘energy of substances was similarly affected ; 


Nasini and Bernheimer ( G . 15, 59) in 1885, and 
Ketteler (W. 33, 506, 662) in 1888, also found 
6m all differences in the same direction. Perkin 
accordingly made a series of experiments to 

ft — 1 

see if the changes in due to temperature 

vary with different classes of substances, as they 
do in the case of the magnetic rotation. The 
results seem to corroborate this, though not very 
definitely. On trying Lorenz’s formula, he found 
the refraction rise with increase of temperature, 
and he came to the conclusion that this formula 
is not suitable when dealing with high tempera- 
tures. 

Guye (Ar. Sc. Gcndve, 23,, 197, 204) pointed 
out a relation between the constants of the 
equation of Van der Waals and that of the 
formula of Lorenz for the refraction of light. 
He maintained that the relation of the absolute 
critical temperature to the critical pressure, 
which he termed the 4 critical co-eflicient,’ is pro- 
portional to the molecular refraction, and that 
it furnishes a valuable means of determining the 
molecular constitution of bodies at the critical 
point. By a comparison of the data given by a 
number of observers for forty different substances 
he obtained the result that the critical co-efficient 
(K) is in proportion to R^ asl to 1*8. The ex- 
perimental difficulties connected with the deter- 
mination of K, and the fact that Guye had not 
always the data for reducing R observed to 
Roo , rendered the final results less uniform than 
they might be otherwise ; but the extreme range 
of his factor varied from 1*6 to 2*0, giving 1*8 as a 
mean. Guye found, however, certain classes of 
bodies which gave a different factor to that above 
mentioned. Such gases as 0, N, and CO, gave a 
factor ranging from 1*1 to 1*4. Water gave 1*1, 
and methylic alcohol 1*1 to 1*2. He also recorded 
some which are exceptionally high, but in most 
of these cases the results of the experiments 
seem untrustworthy in consequence of chemical 
action having taken place. Having determined 
his factor, he was able to divide by it the recog- 
nised refractions of the elements according to 
Briihl, and so to get what he termed the 4 atomic 
critical oo-efficient,’ from which he could build up 
the oritical co-efficient of any substance of which 
the theoretical constitution was determined. 

Dispersion formulae. As the observations 
of Gladstone extended to the solar line A, his 
calculations were but slightly affected by dis- 
persion ; whereas nearly all the Continental 
observers have used the hydrogen light, and 
have no actual measurements below the line a. 
They have, therefore, usually sought to get rid 
of the effect of dispersion by adopting one or 
other of the suggested formulas for calculating 
the theoretical ray of infinite wave length, and 
have worked out their results both for the 
observed line a, and for the assumed limit. The 
simplest of these methods, and on that account 
the one most generally adopted, is that of 
Cauchy. It is usually expressed by the formula 

A 5 0 

m-a + x .. +-,+ . . . 

in which \ represents the wave length of any 
given line of the spectrum. As this formula con- 
tains three unknown quantities, it requires fof 
their determination three simultaneous equa* 
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tions ; but the third term is often dispensed with 
to reduce the amount of oaleulation required. 
By theprooess of elimination, the values of A,B, 
and Care obtained, A being Cauchy’s oo-efficient 
of refraction, and B and C the co-efficients of 
dispersion. This theory aocords fairly with the 
experimental data for substanoes of moderate 
dispersive power, though by no means well with 
the data for substances of high dispersive power, 
such as oil of cassia. Wiillner (A. 133) con- 
sidered that this formula was sufficiently exact 
for bodies of low dispersive power when two con- 
stants were used ; but that for highly dispersive 
substances, such as carbon disulphide, it was 
necessary to go to the third term, as the difference 
between the observed value of mj 3 and that oalou- 
lated from fi* and My amounted to as much as 
0-0022 ; while on using three terms the calcula- 
tion was correct to the fourth decimal place. 
He also tried the formula of Christofle 
_____ n 0 V 2 

in which n 0 and A 0 signify two selected constants, 
and n is the corresponding index of refraction of 
the wave length A ; this also gave results whioh 
were not sufficiently accurate. Taking the ob- 
served indices for the lines a and y of carbon 
disulphide at 0° as 1*634066 and 1*692148, this 
formula gave 1*669397 for 0, while the observed 
value was 1*669076. At 20° the calculated 
value for £ was as much as *000494 too high. 
Langley (P. M. [5] 17, 194) has discussed the 
relative merits of Biot’s, Cauchy’s, and Redten- 
bacher’s formulas, and has come to the conclu- 
sion that while each of them is sufficiently exact 
within the limits of the visible spectrum, they 
soon begin to give too small results for fx when 
that limit is passed. Biot’s formula 

^- a+6 (S) +c (r<) +i O 

gives more trustworthy results than either of the 
others. 

Bedtenbacher’g formula JL * a + &A 2 + ~ has 

A 

the serious objection that it reached a mini- 
mum at a point corresponding to n= 1*6647 in 
the prism which he employed, so that for every 
value of n greater than 1*6647 it gave two diffe- 
rent values for A. Langley has experimentally 
determined wave lengths in the invisible pris- 
matic spectrum far beyond the extreme limit 
possible according to Cauchy’s formula. Briihl, 
after working out his results for as well as 
for Bo, has latterly (A. 236, 1 ; 236, 233) come 
to an adverse conclusion as to the utility of 
Cauchy’s co- efficient of refraction for getting 
rid of the effeot of dispersion, and he even 
asserts that when three terms are used the 
results are less to be relied upon for this pur- 
pose than when two terms omy are employed. 
The following table shows the differences in 
Cauchy’s A when calculated with two and 
three terms respectively, from the observed in- 
dices fx a and fiy in the former case, and 
from fx a, fxp ana m y in the latter; and also 
fxfit as observed, compared with the same index 
of refraction as calculated by Cauchy’s formula 
from fx and My, showing in this case a difference 


of from one to five units in the third place of 
deoimals ; — 


Substance 

Cauchy’s A 

*0 



Ob- 

served 

Cal- 

culated 

2 terms 

3 terms 

Benzoyl ohloride 
Orthotoluidine * . 

1*61906 

1*63715 

1-52700 

1*54460 

1*56964 

1*58945 

1 57097 
1-59069 

Oinnamlo aloohol 

1*54307 

1*55253 

1*59993 

1-60151 

Aniline . . • 

1*54741 

1*55689 

1*60434 

1*60592 

Furfurol . . • 

1*48269 

1*49816 

1*54566 

1*64824 

Cinnamic aldehyde • 

1*55060 

1*58256 

1*65090 

1 65622 


In the case of substances of small disper- 
sion, Briihl regards the use of Cauchy’s for- 
mula as superfluous ; with substances of 
medium dispersion, the results are generally 
preferable to those for the line a, though not to 
any great extent ; but with substances of great 
dispersive power the differences are too great to 
be neglected in considering questions of chemi- 
cal structure. 

Nasini (Lincei, Atti, 18 [3]) comes to the same 
conclusion, that Cauohy’s oo-efficient of re- 
fraction ought to be rejected in studies of this 
nature, and that his co-officient B is still more 
misleading if it be regarded as a measure of 
dispersion. N. (Lined, Atti, 19 [3]) had already 
tested the merits of several formulae, and given 
the preference to that of Lommel as affording 
better results than those arrived at by Cauohy’s 
formula with two terms. The following table 
will show the differences between /x ff as observed, 
and as calculated by these two formulas : — 


Substance 

M-/8 ob- 

Calculated 

Difference 

served 

Cauchy 

Lommel 

Cauchy 

Lommel 

Benzene . • 

1*51339 

1*51404 

1*51369 

0*00065 

0*00030 

Aniline . , 

1*60434 

1*60592 

1-60522 

0*00158 

000088 

Methyl- a- 






naphthol . 

1*64597 

1*6477 

1-64678 

0*00178 

0*00081 

Dimethyl- 






naphthalene 

1*63200 

1*6330 

1-6324 

0*00100 

0*00040 


Weegmann (Bonn., 1888) gives reasons why 
Cauchy’s formula for the limit of the spectrum 
is not to be relied upon ; and maintains that his 
B, or co-efficient of dispersion, must not be 
taken as a measure of dispersive power, but 
that it should in any case be divided by the rela- 
tive density. 

Helmholtz has proposed the formula 


n’-l-Q- 


A 4 


--PA 2 


A 2 — A*m 

in whioh n and A represent the index of refrac- 
tion and the corresponding wave length, and 
Q, P and A 2 m are three constants dependent 
upon the nature of the medium. Ketteler has 
subsequently proposed another, viz. 

n»— 1 — _A_ +-® + . . . 

A" — B A* — D 

Briihl has tested the comparative merits of 
both these formulas, as well as that of Cauchy. 
Taking Gladstone and Dale’s observations of a 
solution of phosphorus in carbon disulphide, 
he calculated the values of the lines B, D, F, 
and G from the observed values of A, E, and 
H, and again those of A, B, E, and G from 
those of D, F, and H. The following table 
shows the differences in the two oases between 
the observed and calculated values (A. 236, 283) : 
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<p 

c 

i-3 

< 

» 

, ! 

observed 

Cauchy 

n 

Jj 

1 

Ih 

Cauchy 

Helmholtz 

Ketteler 

A 

7*006 

1*920!) 




4-19 

+48 

+ 108 

B 

6*372 

1*9314 

-3 

— 5 

+ 2 

4- 9 

+ 21 

+ 47 

D 

5*893 

1*9527 

-2 

-4 





E 

5*271 

1*9744 



—4 

-5 

-6 

-9 

P 

4*862 

1*9941 

+ 8 

4-9 





Q* 

4*304 

2*0361 

+ 1 

4-2 

-7 

-7 

-6 


H 

3-956 

2*0746 








Dispersive power. The difference between 
the indices of refraction of the rays of the 
spectrum of any refracting medium is termed 
the * dispersion ’ ; and by the dispersive power 
of a substance is expressed the ratio of the 
co-efficient of dispersion to the index of re- 
fraction of the moan ray minus unity. Thus 
taking the full length of the visible spectrum 
as extending from A to H, and F as the mean 
ray, the dispersive power would be represented 

by the formula, 

Ketteler (Throve tische Optik, Braunschweig, 
1885) has proposed two formulas for dispersion 
based upon theoretical grounds : 

PjLZl and M !L Zl-ZL 

Mm 2 ~ 1 Un 1 ~ 1 

when n is a ray more refractive than m. Costa 
(O. 19) regards th,ese as having the advantage 

over the formula 0 n account' of their 

d 

being independent of the density of tho 
medium. 

Early experiments . Newton, Herschel, 
Young, Wollaston, Brewster, and others deter- 
mined the indices of refraction of a large 
number of solids and liquids, in most cases for 
the yellow or brightest part of the spectrum. 
The index for tho solids ranged from 1*111 for 
tabasheer to 2 974 for chromate of lead, and for 
liquids and soft solids from 1-0570 for ether ex- 
panded by heat to thrice its volume, to 1*078 
for disulphide of carbon, and about 1*8 for 
chloride of antimony (Encyc. Brit., 8th edit. 
Optics, 558). 

Arago and Fresnel applied the method of 
interference to the comparison of the refractive 
indices of moist and dry air, with the result 
that moist air was found to be rather less re- 
fractive than dry air. Dulong determined the 
indices of refraction of a considerable number 
of gases and vapours. 

Dulong, together with Arago, Biot, and others, 

adopted the formula of Newton — and 

a 

came to the following conclusions ; that the 
refractive power of a mixture of gases is equal 
to the mean of the refractive powers of the 
constituent gases calculated for the pressure 
to which each gas is actually subjected in the 
mixture, and that the refractive power of a 
compound gas is not equal to the mean of those 
of the component gases, but is sometimes greater 
and sometimes less. 

Hdok also found this formula to apply to 
some mixtures of liquids, and Schrauf (P. 133, 
479) has more recently supported the same 
mode of calculating the refractive power; but 
Ketteler (P. 124, 390) found that liquid sul- 

Von. IV. 


phurous acid was not accordant with the known 
refraction of the gas as arrived at by the formula 

«* _ i 

— £ - , while the two came into agreement when 

he adopted the modern formula for the specific 
refractive energy 

Jamin (A. Ch. [4] 3, 49) made careful ex- 
periments on the influence of the presence of 
aqueous vapour in the atmosphere upon the re- 
fractive index, and he found that the difference 
between the refractive indices of dry air and 
air saturated with aqueous vapour was only 
*000000726, a quantity so small that it may be 
safely neglected in the calculation of atmospheric 
refraction for astronomical purposes. 

Ketteler (B. B. 1865) adopted Jamin’s inter- 
ference refractor for the measurement of the 
index of air, C0 2 , CN, H, and SCh, for the line D. 
He calculated the lithium and thallium lines from 
the wave length of the sodium line, according to 
the proportional number of rulings that coincide, 
it being found that this is independent of density 
and is a true function of the wave lengths. 


Temp. 




Sensi- 


Disper- 




tiveness 


sive 

power 

0° 

1*6217 

1-6442 j 

1*7175 

0-0045 

0*0051 

0-0O43 

0*(H)42 

0*0041 

0*0038 

0-0042 

0*0037 

0*0042 

0*0958 

0*1489 

5° 

1*6180 

1-6397 | 

1-7119 

0*0939 

0*1467 

10° 

1*6144 

1-6346 

1*7081 

0-0937 

0*1477 

15° 

1*6114 

1-6303 

1*7035 

0*0921 

0*1462 

20° 

1*6076 

1-6261 

1*6993 

0*0917 

0*1403 

25° 

1*6036 

1*6220 

1*6942 

0*0906 

0*1460 

30° 

1*5995 

1*6182 

1*6896 

0*0901 

0*1457 

35° 

1*5956 

1*6140 

1 6850 

0*0894 

0*1456 

40° 

1*5919 

1*6103 

1*6810 

0*0891 

0*1459 

42*5 r 

1*5900 

1*6082 

1*0778 

0*0878 

0*1443 


The sensitiveness is reckoned from the indices 
of the line D, and the dispersive power repre- 
sents The sensitiveness indicates an 

anomaly in water, which has also been observed 
by others. 

Gladstone and Dale ( T . 1863. 317) extended 
the same inquiry to the following five points : — 
(1) the relation between sensitiveness and the 
change of volume by heat ; (2) the refraction 
and dispersion of mixed liquids; (3) the re- 
fraction, dispersion, and sensitiveness of dif- 
ferent members of homologous series ; (4) the 


Relations between Physical and Chemical 

PROPERTIES AND REFRACTION OF LIQUIDS. 

Dale and Gladstone ( T . 1858. 887) made an 
elaborate series of experiments on what they 
then termed the sensitiveness of liquids, or the 
effect of temperature on the refractive index. 
The principal conclusions they arrived at were 
that both the index of refraction and the length 
of the spectrum, Mh— a*a> diminish as the tem- 
perature rises, and that the sensitiveness of a 
substance is independent of its specific refractive 
or dispersive power. These conclusions were 
the result of observations on CS 2 , Et 2 0, H 2 0, P, 
alcohols, &c. The following table and the table 
on p. 226 give the data for CS 2 and H 2 0 : — 


Carbon disulphide (b.p. =43°) 
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Water 


Temp. 



**. H 

Sensi- 

tiveness 


Disper- 

sive 






power 

0° 

1-3291 

1*3330 

1*3438 

0*0001 

0*0003 

0*0003 

0*0004 

0*0003 

0*0006 

0*0006 

0-0006 

0-0009 

0-0008 

0*0009 

0*0012 

0*0010 

0*0012 

0*0012a 

0*0147 

0-0429 

5° 

1-3290 

1*3329 

1*3436 

0-0146 


10° 

1*3288 

1*3327 

1*3434 

0*0146 

0*0439 

15° 

1*3284 

1*3324 

1*3431 

0*0147 

20° 

1*3279 

1*8320 

1*3427 

0*0148 

0-0445 

25° 

1*3275 

1*8317 

1-3420 

0-0145 


30° 

1*3270 

1*3309 

1*3415 

0-0145 

0-0438 

35° 

1-3264 

1*3303 

1*3410 

0-0146 


40° 

1*3257 

1*3297 

1*3405 

0*0148 

0-0449 

45° 

1*3250 

1*3288 

1*3396 

0*0146 


50° 

1*8241 

1*3280 

1*3388 

0*0147 

0*0448 

65° 

1*8285 

1*3271 

1*3380 

0*0145 


60° 

1*3223 

1*3259 

1*3367 

0*0144 

0*0441 

65° 

1*3218 

1*3249 

— 




70° 

1*3203 

1*8287 

1-3344 

00141 

0*0135 

80° 

1*3178 


1*3321 

0-0143 



refraction, dispersion, and sensitiveness of iso- 
meric liquids ; (5) the effect of chemical sub- 
stitution on these optical properties. As to the 
first point of the inquiry, they came to the 
conclusion that the specific refractive energy 


0?) is a constant not affected by tempera- 


ture. They made the reservation, however, ‘ that 
there is some influence, arising wholly or par- 
tially from dispersion, which gives rise to the 
slight progression of most of the calculated 
products, and perhaps to the non-inversion of 
the sensitiveness of water at 4°, remarked on 
already by Jamin and ourselves.’ As to the 
second point of inquiry, it was found ‘ that the 
specific refractive power of a mixture of liquids 
is the mean of the specific refractive powers of 
its constituents,’ subject to some slight excep- 
tions, as in the case of sulphuric acid and water. 
The inquiry into the refraction, dispersion, and 
sensitiveness of different members of homo- 


logous series showed a progressive increase in the 
specific refractive energy as the series advanced ; 
but that the influence of each addition of CH 2 , 
which is observable throughout the series of the 
methyl group, does not necessarily hold good 
with reference to substances of quite another 
type. The observations on isomeric bodies 
showed that some of them are widely different 
in their optical properties ; but that those which 
have a close ohemical relationship show an 
identity in their optical properties also. In the 
last branch of the inquiry it was sought * to 
determine the amount of change in 4he optical 
properties which results from a replacement of 
one element by another, the type remaining the 
same,’ in order to ‘ attain to a knowledge of the 
influence of the individual elements on the rays 
of light transmitted by them.’ The general 
oonolusion of Gladstone and Dale was that 


‘ every liquid has a specific refractive energy 
composed of the specific refractive energies of 
its compound elements, modified by the manner 
of combination, and which is unaffected by 
change of temperature, and accompanies it when 
mixed with other liquids.’ This opened up a 
question which has sinoe ocoupied the attention 
of many observers. 

Landolt (P. 117, 122, 123) took up the 
inquiry, adopting the formula tzl used by 

A 


Gladstone and Dale, and applied it in the firBt in- 
stance to an investigation of the values of C, H, and 
0. He simplified the investigation by multiplying 
the specific refraotive energy by the molecular 

weight of the compound, which gave P ~~ ~ 


as the molecular refractive power, or refraction- 
equivalent, terms which had already been applied 

by Berthelot and Schrauf to the formula P - - 

d 


By comparing series of homologous compounds, 
acids of the series C n H 2n 0 2 , alcohols of the 
series CnR^^O, and esters of the series 
C„H 2n 0 2 , L. obtained the increment due to each 
addition of CH 2 as shown in the following 
selection from his data : — 


- 

Substance 

S.O. 

n 


)U.a— 1 
il 

IU 

Diff. 

OH, 

Acids 

Formic 

1*2211 

1*3693 

0*3024 

13-91 

7*20 

7*46 

7-65 

7-83 

7-66 

7*79 


Acetic . 

1-0514 

1-3699 

0 3518 

21*11 


Proplonio 

0*9963 

1-3846 

0*3860 

28*57 


Butyric . 

09610 1-3955 

0-4116 

36-22 


Valerianic . 

0-9313 

1-4022 

0-4319 

44 05 


Caproio 

09252 1*4110 

0-4449 

51-61 

|GG2nanthylic . 

0-8175 1*4192 

0-4509 

69-40 

Alcohols j 

Methyl 

07964 

1-3279 

0 4117 

1317 

7-53 

7-60 

OnHau+aO : 

Ethyl . 

0-8011 

1-3605 

0-4501 

20-70 

Propyl . 

0-8042 

1*3794 

0*4717 

28-30 

7"81 


Butyl . 

0-8074 

1*3940 

0-4879 

36*11 

7-78 


Amyl . 

0-8135 

1*4057 

0-4987 

43-89 

Esters 

/-Methyl 






CftHaftOa 

J acetate . 

1 Ethyl 

V acetate . 

( Methyl 

J butyrate 

1 Ethyl 

V butyrate 

0*9053 

1-3592 

0 3967 

29-36 

6*81 


0-9015 

1*3705 

0-4110 

36-17 



0-8976 

1*3809 

0-4311 

43 97 

7 35 


0-8900 

1*3940 

0*4424 

51-32 


' Methyl 
valerate 
' Ethyl 

0*8809 

1-3027 

0-4458 

51-71 

7*49 


valerate . 
Ethyl 

0-8674 

1-3950 

0*4554 

59-20 

# 


formate . 
Ethyl 

0-9078 

1-3580 

0 3944 

29-18 

6-99 


acetate . 
'Methyl 

0*9015 

1-3705 

0*4110 

36-17 



butyrate 

Methyl 

0-8976 

1*3869 

0*4311 

4397 

7*74 


, valerate 
' Ethyl 

0*8809 

1*3927 

0*4458 

51-71 



butyrate 
‘ Ethyl 

0-8906 

1*3940 

0*4424 

61*32 

7*88 


valerate . 

0*8674 

1-3950 

0*4554 

59-20 



The mean of Landolt’s comparisons gave the 
value R»7*60 for CH 2 . Dealing in the same 
manner with compounds differing by one atom 
of carbon, by two atoms of hydrogen, and by 
one atom of oxygen, respectively, he assigned to 
the several elements the following refraotion- 
equivalents ; C = 5*00; H«*l*30; 0*=3’00. 

Subsequent investigations would lead one to re- 
ject several of the substances whioh he brought 
into comparison. 

Landolt also adopted a modification of Biot 
and Arago’s formula for mixtures of gases, by 
substituting n for n‘ l throughout, so that 

N D~ lp " + "i ’ * * 

N, D and P representing the index of refraction, 
density, and * molecular weight * of the mixture, 
and the small letters the Bame values of the 
several substances forming the compound. In 
this manner he calculated the value of n a or 
for mixtures of liquids as shown in the follow- 
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ing table. It will be seen that the calculated 
and observed values correspond very closely. 


- 

P 

Observed 
d t fx m 

Calcu- 

lated 

Methyl alcohol . • 

96 

0*7964 

1*3279 


Amyl „ 

88 

0*8135 

1*4057 


Mixture . 

184 

0*8038 

1*3640 

1*3644 

Ethyl alcohol • . , 

92 

0*8011 

1*3605 


Amyl „ ... 

88 

0*8135 

1*4057 


Mixture . 

180 

0*8065 

1*3822 

1*3821 

Ethyl aloohol . . . 

46 

0*8011 

1*3605 


Amyl „ ... 

176 

0*8135 

1*4057 


Mixture . 

222 

0*8104 

1*3961 

1*3960 

Acetic acid • 

60 

1*0518 

1*3706 


Butyric m ... 

88 

0*9610 

1*3953 


Mixture • 

148 

0*9930 

1*3850 

1*3847 

Ethyl alcohol . . , 

46 

0*8011 

1*3605 


Formic acid . . . 

46 

1*2211 

1*3693 


Mixture • 

92 

0*9602 

1*3610 

1*3612 

Oil of bitter almonds . 

106 

1*0474 

1*5391 


Formio acid . . . 

46 

1*2211 

1*3693 


Mixture . 

152 

1*0876 

1*4900 

1*4900 


Landolt subsequently (A. 4, Suppl.) reversed 
the process, and applied it to the quantitative 
analysis of mixed liquids by means of their re- 
fractive indices and specific gravities. The fol- 
lowing will serve as instances of the percentage 
results obtained : — 





1 

Percentage 

— 

P. 

d 

d 

Calcu- 

lated 

Actual 

Amyl alcohol . 

1*4057 

0*8185 

0*4987 

47*4 

47*8 

Methyl „ 

1*3279 

0*7964 

0*4117 

52*6 

62*2 

Mixture . 

1*3640 

0*8038 

0*4529 

100*0 

1000 

Acetic acid 

1*3706 

1*0518 

0*3523 

40*3 

40*5 

Butyric „ 

1*3955 

0*9610 

0*4116 

69*7 

59*5 

Mixture . 

1*3860 

0*9930 

0*3877 

100*0 

100*0 

Ethyl alcohol . 

1*3606 

0*8011 

0*4501 

49*8 

50*0 

Formic acid . 

1*3693 

1*2211 

0*3024 

60*2 

50*0 

Mixture . 

1*3610 

0*9602 

0*3760 

100*0 

100*0 

Oil of bitter al- 






monds 

1*5391 

1*0474 

0*5147 

69*8 

69*7 

Formic add 

1*3693 

1*2211 

0*3024 

30*2 

30*3 

Mixture . 

1*4900 

1*0876 

0*4505 

100*0 

100*0 


Halogen compounds. Landolt’s values for 
the refraction-equivalents of C, H, and 0 are : 
Carbon . . 4*86 R. 5*00 

Hydrogen • . „ 1*29 „ 1*30 

Oxygen . . „ 2*90 „ 3*00 

Adopting these values, Haagen (P. 131, 117) 
deduced values for Cl, Br, and I from some of 
their organic liquid compounds, and then de- 
duced values for other elements from obser- 
vations of R for their chlorine compounds. The 
following are the results he obtained for R^ 
and R a : — 


Element | 

Roo 

R« 

Chlorine • 


• 

9*53 

9*79 

Bromine • 



14*75 

15*34 

Iodine • • 



23*55 

24*87 

Sulphur 



14*74 

16-03 

Phosphorus. 



14*60 

14*93 

Arsenic 



18*84 

20*22 

Antimony . 



— 

25*66 

Silicon . 



7*81 

7*90 

Tin . . 



18*04 

19*89 

Sodium . 



4*71 

4*89 


Refraction-equivalents of the ele- 
ments. Gladstone (T. 159, 13; Pr. 18, 49) 

applied Landolt’s P to inorganio com- 

er 

pounds in order to arrive at the refraction- 
equivalents of the several elements, and also to 
determine whether or not any of the elements 
had more than one definite refraction-equivalent. 
As most of his observations were made upon 
crystalline salts, many of which were doubly re- 
fracting, Gladstone adopted the plan of dissolv- 
ing them in water, or alcohol, and deducting 
from the R of the solution the R due to the sol- 
vent. This mode of operation was supported 
by the consideration that in the cases of rock- 
salt and sugar, where the refraction-equivalent 
of the substance has been obtained both in the 
solid and dissolved condition, it is found to be 
the same. On comparing a series of salts of K 
and Na, it was evident that, while the refraction - 
equivalents of the compounds differed very 
widely, according to the nature of their nega- 
tive constituents, the refraction-equivalents of 
the compounds of Na differed pari passu with 
those of the K compounds, and hence it was 
concluded that the negative constituent has the 
same effect on light, whichever metal it is united 
with. Values were arrived at for forty-six of 
| the elements, a number which has been subse- 
quently somewhat increased; and more recent 
investigations have led to slight modifications 
in the figures. The latest list is as follows 


Element 


At. w. 


Aluminium 


27*5 

7*7 

Antimony • 


120 

24*5 

Arsenic . . 


75 

15*4 

Barium . • 


137-2 

15*8 

Beryllium 


9*1 

5*1 

Bismuth . 


208 

38*2 

Boron, in borates 


11 

about 4 

Bromine . 


80 

15*3 

Cadmium 


111-6 

13*1 

Caesium . 


132 

19*1 

Calcium . 

, , 

40 

10*0 

Carbon . 

, # 

12 

5*0 

„ doubly linked 

>» 

6*1 

Cerium . 

. , 

138*2 

19*6? 

Chlorine . 

. 

85*2 

9*9 

Chromium 

. . 

52*4 

15*4 

„ in chromates . 

»• 

about 22 

Cobalt . 


58*7 

104 

Copper . 


! 63*4 

11*5 

Didymium 


145 

23*3 

Fluorine . 


19 

1*6? 

Gold 


196*2 

23*1 

Hydrogen 


1 

1*3 

Iodine 

Iron, in ferrous 

com- 

127 

24*5 

pounds 

Iron, in ferric 

com- 

56 

11-6 

pounds • 


„ 

19*4 

Lanthanum • 

• • 

138 

22*9 

Lead . • 

• • 

207 

24*3 

Lithium . • 

• • 

! 7 

3*5 

Magnesium • 


i 24 

6*7 

Manganese 

„ in permanga- 

| 55 

11*7 

nates * 

• • 

n 

• 

about 25 
Q 2 
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Element 

At. w. 

1U 

Mercury .... 

200 

19*4? 

Nickel .... 

58*7 

10*0 

Nitrogen 

14 

41 

„ in bases, oxides, 



&o 


51 

Oxygen, singly linked . 

16 

2*8 

„ doubly linked . 


3*4 

Palladium 

106 

21*6? 

Phosphorus . 

31 

18*3 

Platinum . . . 

195 

24-7 

Potassium 

39*1 

7*85 

Rhodium 

103*4 

23*4? 

Rubidium . . . 

85*4 

12*1 

Selenion .... 

78 

30*1 

Silicon .... 

28 

74 

„ in silicic acid . 


about 6 

Silver .... 

108 

13*2 

Sodium .... 

*23 

4-4 

Strontium 

87*5 

13*0 

Sulphur .... 

32 

16*0 

„ singly linked 

„ 

14*1 

Thallium 

203-6 

20-4 

Tin .... 

118 

27*0? 

Titanium 

,, 

18*6? 

48 

24*6 

Uranium 

237*6 

19-4 

Vanadium 

51*3 

24-8? 

Zinc .... 

65*3 

9*8 

Zirconium 

90 

21*3 


Anomalies were pointed out in the refraction* 
equivalents of the hydracids, and of the benzenoid 
carbon compounds. With regard to the specific 
refractive energy it was remarked : — First, hydro- 
gen has more than double the energy of any 
other element, even in the lowest number that 
can be assigned to it. Second, phosphorus, 
vanadium, titanium, and sulphur have singularly 
high energies, and they are substances that 
present certain chemical analogies. Third, there 
are several pairs of analogous elements having 
nearly the same energy ; thus bromine and 
iodine, arsenic and antimony, potassium and 
sodium, manganese and iron, nickel and cobalt. 
Fourth, an element in altering its valency alters 
its energy. Fifth, if the metals are arranged in 
the order of their energies, they are, with few 
exceptions, in the inverse order of their atomic 
weights. 

Benzenoid hydrocarbons. — The ano- 
malous refraction and dispersion of the hydro- 
carbons already referred to was treated in a paper 
by Gladstone ( C.J . 23, 147), the tables in which 
indicated that the values for all these bodies and 


their derivatives were largely in excess of the 
normal, calculating B A of carbon at 5*0. The re- 
fraction-equivalents of the typical hydrocarbons 
were expressed as in the following table ; but 
while the physical fact indicated has been fully 
verified by subsequent research, the particular 
numbers in the third column have been modified, 
and a plus has been assigned to the olefines. 

A similar table is given illustrating the in- 
creased influence on light of carbon which is 
combined with two atoms of hydrogen or one 
of oxygen, in a series of oxidised bodies obtained 
from essential oils, differing from one another 
only in the quantity of hydrogen. 


Hydiocarbona 

Typical 

Formula 

B 

Paraffins . 

C rt H 2 n + 2 

Normal 

Olefines . 

C n H„ 


Terpenes . 

c»h;„_ 4 

„ + » 

Benzenes . 

c»h 3M 

„ +0* 

Naphthalene . . , 


„ +14 

Anthracene 


„ +17 


Bedson and Williams (B. A, 1881. 155) tested 
the question whether the specific refraction of a 
solid body could be determined from the refrac- 
tive power of its solution as stated by Dale and 
Gladstone, as this method had been called in 
question by Janovsky (Sitz. W. 82, 148). They 
found the specific refractive energy for the ray of 
infinite wave length, calculated from solutions of 
NaCl, Na^Oy, H ( B0 3 , and NaP0 3 to be in sub- 
stantial accord with the results derived from 
observations on the solids. They also found that 
the specific refraction of liquid phenol is prac- 
tically identical with the value calculated from 
solutions in alcohol and in acetic acid. 

In taking the index of refraction of solid 
NaP0 3 , B. and W. immersed it in a liquid of 
greater refractive power, and then added a feebly 
refractive liquid until the refractive power of the 
mixture appeared to be the same as that of the 
solid suspended in it. The index of refraction 
of the mixture was then determined. The result 
being found satisfactory, the prisms of rock- 
salt and of fused borax were albo tried by the 
same process, as well as in the ordinary way, and 
with similar results. 

Double values of carbon and oxygen. 
Briihl, in 1879 and 1880 (A. 200, 139 ; 203, 
1, 255), conducted a long investigation into the 
chemical constitution of carbon compounds in 
reference to their relative densities and their 
power to refract light. Taking up the observa- 
tions of Gladstone, and also referring to some of 
the anomalous results in the tables issued by 
Landolt, whose mode of investigation suggested 
that the grouping of the atoms exercised a certain 
influence upon the refraction of light, Briihl set 
himself to inquire : What is the typical peculiarity 
which must be common to all the bodies that 
refract light in an abnormal manner? He usually 
determined the indices for the three H lines, 

and and for the Na line /-c D> and calcu- 
lated the refraction-equivalents both for the line 
a, and for Cauchy’s A, viz. R^, . The following 
table is so arranged that between each horizon- 
tal line the first-named substance has the 
highest molecular weight, while those below 
differ only in having a smaller quantity of 
hydrogen, and, therefore, contain doubly-linked 
carbon atoms. 

It will be observed that the density, the index 
of refraction, and the co-efficients of refraction 
and dispersion of Cauchy always increase with 
the diminution of H, and that the loss in 
specific refractive energy which is suffered by 
the disappearance of two atoms of H is at least 
fuBy made up by the consequent double linking 
of the carbon atoms. For the calculated values 
of the refraction -equivalents, Briihl has adopted 
the following values for the elements, viz.— for 
R a C = 5*0, H = l*3, 0 = 3*0, Cl = 9*8, Br = 15*a, 
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Substanoe 

Formula 

s.a. 

¥ 


Cauchy’s 

A 

Cauchy’s 

B 

1 

R* 

Ob- 

served 

Calcu- 

lated 

Propyl alcohol . 
Allyl alcohol 

C,H s O . 

C a H a O • 

0-8044 

0-8540 

1-38345 

1-41051 

1-37542 

1-39881 

0-34030 

0-50453 

0-4707 

0-4807 

28-60 

27-88 

28-4 

25-8 

Propyl aldehyde . 
Acrolein 

C,H„0 . 

C 3 H 4 0 . 

0-8000 

0-8410 

1-36157 

1-39620 

1-35344 

1-38010 

0-35065 

0-09427 

0-4483 

0-4711 

26-00 

26-38 

25-8 

23-2 

Propyl ether 

Allyl ether . 

C 3 H,(OaH 5 ) . 
C 3 H 5 (OCjH s ) . 

0-7386 

0-7651 

1-36758 

1-38565 

1-35975 

1-37547 

0-33758 

0-43882 

0-4977 

0-5041 

43*80 

43*35 

43-6 

41-0 

Propyl acetate . 
Allyl acetate 

C 3 H ; (CjH,Oj) 

c s H s (c 2 H a cy 

0-8856 

0-9276 

1-38235 

1-40205 

1-37427 

1-39151 

0-34832 

0-45458 

0-4317 

0-4334 

44-04 

43-34 

44-0 

41*4 

Propyl chloride . 
Allyl chloride 

C„H 7 C1 . 

cXci • * 

0-8898 

09379 

1-38659 

1-41245 

1-37813 

1-40007 

0-36474 

0-53369 

0-4345 

0-4398 

34-11 

33-64 

33-9 

31-3 

Isobutyric acid . 
Methacrylic acid . 

c,h»0 2 . . 

C.H.Oj . . 

0- 9490 

1- 0153 

1-39093 

1-42815 

1-38259 

1-41400 

0-35971 

0-61013 

0-4119 

0-4217 

36-25 

36-27 

36*4 

33-8 

Amylene (34° to 
35°) 

Valerylene . 

C,H 10 • 

c 5 H„ . . 

. 

0-6476 

0-0786 

1-37330 

1-39763 

1-36352 

1-38565 

0-42173 

0-51060 

0*5764 

0-5680 

40-35 

39-85 

380 

35-4 

Hexane • . 

Diallyl 

Benzene . 

C,H U . . 

. . 
C # H„ . . 

i 0 0603 
0-0880 
0-8799 

1-37337 

1-39180 

1-49608 

1-36538 

1-38589 

1-47502 

0-34402 

052733 

0-90810 

0*5655 

0-5787 

0-5645 

48-63 

47-45 

44-03 

48-2 

430 

87*8 

Triethylamine . 
Aniline 

C fl H I5 N . . 
C u H 7 N . . 

0- 7277 

1- 0216 

1-39804 

1-57948 

1-38803 

1-54741 

0- 43179 

1- 38319 

0-5470 

0*5072 

55-25 

52-75 

65-3 

44-9 


N = 5*8 ; the first three being the values given 
by Landolt, the two halogens those by Haagen, 
and that for N being determined by Briihl him- 
self. From tho observations recorded in the 
foregoing table and others, Briihl has arrived at 
the following conclusions : — That the closing of 
the chain of atoms in the form of a ring, with 
which so marked an increase in the density and 
index of refraction is associated, exercises a very 
special influence on the power of the substances 
to disperse light ; that the mol. refraction of 
the substances in which the existence of one 
or more pairs of doubly-linked carbon atoms is 
recognised is greater than the sum of the re- 
fractions of the constituent atoms by 2*0 in the 
case of Cauchy’s limit, and 2-3 in the case of 
the line H a for each such pair. For combina- 
tions of the acetylene type, including the pro- 
pargyl derivatives, he gives a rather lower 
value, viz. : 1*8 and 1*9 respectively. These 
data give the following atomic refractions for 
carbon, viz. — 

It 30 It* 

C' . . 4-86 6*00 

C" . . 5*86 6-15 

C'" . ^ . 5-76 5* 95 

Nasini and Bemheimer (Lined, Atti, 18) do 
not, however, admit Bruhl’s views as to the 
constitution of the propargyl compounds, as 
well as some of the other conclusions at which 
he has arrived. They give tables of observa- 
tions on naphthol compounds, styrol, cinnamic 
alcohol, anethol, anisol, thymol, and diamylene, 
and have worked out the results by the two 
ordinary formula for R. and R*, and also for , 


Boo and Rqo , as well as showing the small 
differences both in specific refraction and speci- 
fic disperson due to differences in temperature. 
The principal conclusions at which they arrive 
are as follows : — The statement that every 
double bond, and only every double bond, causes 
the mol. refraction to increase by a constant 
quantity is not confirmed by complete series of 
substances, because in compounds containing 
only four or five double bonds the increase in 
refraction indicates a much greater number. 
That the increase in mol. refraction grows step 
by step as the compounds become poorer in H ; 
but no proportion exists between the increased 
values and the number of pairs of atoms of H that 
is lost ; nevertheless, a simple relation exists 
with the other structural changes in the formula, 
expressed by double bonds, closed chains, Ac. 
That the augmentation increases more or less 
rapidly from the paraffins to the olefines, and 
thence to the benzenes, and again to the naph- 
thalenes, but by what law is not evident, and is 
not capable of expression by our structural for- 
mulae. They consider it established, however, 
that the principle iB approximately valid, that in 
every series of compounds each atom in the 
molecule furnishes its fixed contribution of re- 
fraction, and that in the paraffin series the mean 
values of the atomic refractions coincide with 
those derived directly from the elements them- 
selves. They remark that even in the paraffin 
series the constancy of the atomic refractions if 
not absolute; beoause the more the mol. w. 
increases the greater is the difference between 
the calculated and experimental valuer For 
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other series the same values no longer apply, 
being too low, and hence other constants are re- 
quired. 

Kanonnikoff ( Bl . [2] 36, 557) has published 
observations confirming Bruhl’s calculation of 
the increase due to the double bond between 
carbon atoms, and of the loss in specific refrac- 
tive energy due to the elimination of two atoms 
of hydrogen being counterbalanced by the in- 
crease due to the consequent double linking of 
the carbon atoms. 

Landolt (P, 117, 122) had determined the 
refraction of oxygen from a comparison of the 
refraction -equivalents of various substances 
the empirical formula* of which differed by one 
atom of oxygen ; and from acids of the formula 
CnHjtnOa by deducting the value of n times CH 2 . 
The results were somewhat discordant, the first 
series giving a mean value for oxygen of 2-76, 
and the latter of 3*0. The former of these mani- 
festly represented the atomic refraction of 
oxygen in hydroxyl ; and if oxygen varied in its 
refraction according to its valency it is evident 
that a general average resulting from these two 
modes of determination could not be taken. 
Briihl shows that, adopting Landolt’s second 
plan for arriving at the value of oxygen in the 
aldehydes and ketones of the formula C n H 2n O, 
the R a for oxygen will average 3*4 ; and that 
chloral, butyl-chloral, and the oxychlorides 
give substantially the same result. On the other 
hand, deducting the refraction-equivalents of 
the aldehydes from those of their corresponding 
acids, of the alcohols from the glycols, and of 
the acids from the oxyacids, he obtains 2*75 as 
the mean value for oxygen. An approximate 
result, 2*80, is obtained if, from the ethers, 
CrtELjnOjj, the value of n times CH 2 + the higher 
value (3*4) for one atom of oxygen be deducted. 
For oxygen united to carbon by a double bond, 
Briihl therefore assigns the refraction-equivalent 
3-4 for the line a ; and for oxygen in hydroxyl, 
or generally for oxygen united to two other 
atoms, he gives the value 2*8 ; he represents the 
former as 0" and the latter as O'. 

Hence 0=0 = 5*0 + 3*4 = 8*4. 

C— O * 5*0 + 2*8 » 7*8. 

Whether, however, the increased result of the 
double linking of the oarbon and the oxygen is 
due to one of the elements only, or whether both 
of them share in it, he leaves an open ques- 
tion, though he regards the latter as the more 
probable. If two atoms of H are removed from 
a substance without involving the double link- 
ing of carbon atoms, as in the case of an alcohol 
being converted into an aldehyde or ketone, 
there follows a very marked reduction of the 
specific refractive energy. This reduction, how- 
ever, becomes less and less marked as the quan- 
tity of C increases in the higher members of the 
series. When the removal of two atoms of 
H involves the double linking of the 0, the loss 
of refractive energy is more than compensated by 
the increase due to the doubly-linked 0. 

A comparison of a considerable number of 
isomeric bodies of the paraffinoid series of acids 
shows that the indices of refraction of the 
primary and normal compounds are a little 
greater than those of the secondary and iso-com- 
pounds, and that the densities are proportional, 
in the case of unsaturated compounds of similar 


empirical composition, however, the double link* 
ing of the carbon atoms increases the refractive 
power more than the density. 

In a subsequent paper (A. 235, 1), Briihl 
treated of the molecular refraction of organic 
liquids of high dispersive power. He arrived at 
the conclusion that the dispersion of different 
substances stands in no clearly recognisable re- 
lation either to their refraction or chemical 
constitution ; and that it cannot be numerically 
expressed. This, however, is contested by Glad- 
stone (Pr. 42, 401), who, while admitting that 
there are difficulties in the investigation of dis- 
persion which are not felt in dealing with re- 
fraction, still holds (1) ‘ that dispersion, like 
refraction, is primarily a question of the atomic 
constitution of the body : the general rule being 
that the dispersion-equivalent of a compound is 
the sum of the dispersion -equivalents of its con- 
stituents ; (2) that the dispersion of a compound, 
like its refraction, is modified by profound dif- 
ferences of constitution, such as changes of 
atomic valency ; (3) that the dispersion fre- 
quently reveals differences of constitution at 
present unrecognised by chemists, and not ex- 
pressed by our formula).’ Briihl held that the 
differences which still appear between the calcu- 
lated and experimental values when Lorenz’s 
formula is used, and which he showed to be less 
in proportion than when the old empirioal for- 
mula is used, are principally due to the influence 
of dispersion, and that they would in great 
measure vanish if this disturbing cause could be 
overcome; that with substances with a dis- 
persion equal to about that of cinnamic alcohol 
the molecular refraction for the line o would 
serve as a help to the determination of the 
chemical constitution, but beyond that limit the 
numerical results are too uncertain to be of use 
except as collateral evidence ; that there is a 
direct and simple proportion between the num- 
ber of unsaturated groups of atoms in any com- 
pound and the increase of the molecular re- 
fraction ( {x n ~ ^ over the value derivable 

V + 2 )d 

from the empirical chemical formula ; that the 
effect on refraction of the acetylene combina- 
tion, which he represents by & , is analogous to 
that of the ethylene, or doubly-linked oarbon, 
= , and that it is somewhat greater, but not 
twice as great, as the latter. 

Gladstone questions Bruhl’s assumption that 
both cinnamic alcohol and cinnamic aldehyde 
have four pairs of doubly-linked carbon atoms, 
on the ground that they have widely-different 
dispersions ; also that allyl paraoresolate and 
anethol are similarly constituted, for the same 
reason. He also thinks that the evidenoe as to 
the constitution of cymol and hexahydro-naph- 
thalene from Bruhl’s observations is not conclu- 
sive as to the one having three pairs, and the other 
two pairs, of doubly-linked ckrbon atoms, seeing 
that they have nearly the same dispersion. 
Nasini ( Lincei , Be. 3, 164) in like manner holds 
that these particular compounds do not justify 
the conclusions that Briihl has come to respect- 
ing them, and agrees with G. that the dis- 
persion may be a constant, and a much more 
sensitive one than the specific refraction ; and 
that as such it is affected more and varies more 
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by certain little differences of composition and 
constitution of which the specific refraotion does 
not feel the influence. 

Brfihl ( Z . P. C. 1, 6) maintains that Erlen- 
meyer’s constitutional formula, with five ethylene 
combinations, correctly represents the structure 
of naphthalene, and those derivatives in which 
hydrogen is replaced by monovalent elements. 
But the results of the observations on whioh he 
bases this conclusion all show a larger incre- 
ment than can be accounted for by this formula ; 
the excess he attributes mainly to the influence 
of dispersion. In this and all the other inquiries 
he has adopted Lorenz’s formula, and the solar 
line C, without attempting to get rid of the influ- 
ence of dispersion by the use of Cauchy’s co-effi- 
cient of refraction. In the same paper he 
formulates the following six propositions : — 
(1) Isomerides of similar atomio arrangement 
(Stellungsisomere) have similar specific and 
molecular refractive powers; on the other hand, 
those isomerides which show differences of satu- 
ration ( Stittigungsisomerc ) have various specific 
and molecular refractive powers ; (2) polymeric 
combinations never show similar specific refrac- 
tive energy, or multiple molecular refraction cor- 
responding to the molecular weights; (3) trans- 
formations of multiple linkings of atoms into 
simple ones have as their result a diminution of 
refraction, equally, whatever the kind of chemical 
change may be (polymeric or isomeric change) ; 
(4) the optical effect of the accumulation of mul- 
tiple linkings is the same, whether it produces 
open chains (amylene— diamylene) or ring for- 
mations with one or more groups of rings (as in 
paraldehyde, cymhydrene, menthol, &c. in the 
one case, and in turpentine and cajeputol in the 
other) ; (5) the molecular refraction of a fully 
saturated body is very nearly that of the sum of 
the refractions of the atoms of the empirical 
chemical formula, each of these being reckoned 
as united by single bonds — all those are to be 
regarded as saturated bodies in whioh there is no 
multiple linking of the atoms, such as the true 
paraffins, or derivatives of the general formula 
(G n H 2n + 2 )— ®H 2 ; (6) all unsaturated bodies show 
an increased refraction which is proportional to 
the number of ethylene, acetylene, or carbonyl 
combinations present ; the proportion, as a rule, is 
the more exact the less the substances in question 
are distinguished by a specially great dispersion. 
While holding to the opinion that the monovalent 
elements have virtually each but one refraction 
equivalent, and that the change of valency in the 
others is the chief cause of their variable refrac- 


tion, Brfihl considers that exact values cannot 
be obtained, because the mode of the grouping 
of the atoms may not be altogether without in- 
fluence. 

In the meantime, Gladstone (C. J. 45, 241) 
had brought together a large number of observa- 
tions on organio compounds, both liquids and 
solutions of solids, ana placed against them the 


refraction-equivalents calculated on the basis of 
the 'following values for the elements : — 


Carbon, saturated . 


E a 5-0 


in 0„H n . 


5*95 


doubly linked 


6-1 


Hydrogen 

Oxygen, singly linked 
„ doubly „ 


1-3 

2*8 

3*4 


Nitrogen 4*1 

„ in bases, N0 2 , &c. . . 5*1 

Chlorine 9-9 

Bromine 15-3 

Iodine 24-5 

Sulphur, singly linked . . .14*1 

„ doubly linked . . . 16*0 


. Gladstone’s observations confirm Landolt’s 
original determination for H, and also for C in 
saturated compounds. Gladstone points out 
that the hydrocarbons of the formula C„H n 
scarcely come up to Brfihl’s previous estimate 
of the higher value of C, so that in these cases 
he has adopted the figure 5*95 instead of 6*1, as 
the difference is more than he considers can be 
accounted for either by dispersion or by the 
distance from the boiling-points. In the case of 
those substances where the C atoms outnumber 
those of H, all of which show an inordinately high 
refraction and are at the same time enormously dis- 
persive, Gladstone points out that Kanonnikoff’s 
view that the increase is due to dispersion alone 
is not established by that observer’s own figures 
for the theoretical limit of the spectrum according 
to Cauchy ’8 formula. He admits, however, that if 
the limit were carried back considerably further, 
though still fairly within what Langley’s obser- 
vations would allow, the values would so far ap- 
proximate as to render it not impossible that the 
refraction-equivalent of C might prove to be the 
same in these compounds as in the benzenoid 
series, or wherever it is doubly linked. As to the 
halogens, the figures in the table are generally 
consistent with the values which were originally 
assigned by him to Cl, Br, and I, viz. 9*9, 15*3, 
and 24*5 respectively. These numbers are very 
nearly the same as those arrived at independently 
by Haagen, viz. 9*8, 15*3, and 24*8. The values 
for 0 are taken from Bruhl’s original determina- 
tions, though the evidence of the alcohols rather 
favours his old estimate of 2*9 for the line A. 

With regard to the phenomena of dispersion, 
Gladstone points out 4 that the double linking of 
carbon atoms, while it does not much affect the 
specifio refraction, widens the speotrum greatly, 
to such an extent indeed that where there are 
three pairs of such carbon atoms the specific 
dispersion is about double that of a saturated 
compound ; where, however, the carbon atoms 
are actually in excess the dispersion becomes 
far more rapid. This is evident throughout, but 
the following typical hydrocarbons may Ulus* 
trate it : — 

Hexane . C 0 H 14 sp. ref. 0*5G26, sp. disp. 0*0242 
Amylene . C a H 10 „ 0*5708 „ 0*0300 

Benzene . C tt H„ „ 0*5595 „ 0*0486 

NapthaleneC 10 H g „ 0*5870 „ 0*0782 

Difluorene O^Hjg „ 0*6057 „ 0*1108 

or the following alcohols : — 

Isobutyl alcohol 0*H lo O sp. ref. 0*4878, sp.disp. 0*0209 
Allyl alcohol O.H.O „ 0*4734 „ 0*0275 

Phenol C.H.0 „ 0*5090 „ 0*0476 

Naphthol O to H,0 „ 05487 „ 0*0832 

* The effect of the halogens in lowering both 
the specifio refraction and dispersion is very 
marked, and that of NO a is still more re- 
markable.’ 

Gladstone (C< 7. 59, 290, 689) has since pub- 
lished other long series of observations ; includ- 
ing a record of experiments on the effect of 
changes of temperature on the refraotion of 
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some highly-refractive substances, which seem 
to confirm the opinion previously expressed by 
Dale and himself. Among the substances con- 
tained in these tables the benzyl and benzal 
camphors of Haller call for special notice, as 
they have a very high refraction, and a disper- 
sion which is altogether excessive. The latter 
compound has in like manner a very high rota- 
tory power. The hydracids in aqueous solution 
are shown to have not only a higher value than 
the normal, a fact which has long been observed, 
but also that the value rises with dilution ; and 
that in the dispersion the excess is still more 
striking. The same fact was observed by Perkin 
in regard to the molecular magnetic rotation 
of these acids dissolved in water, both as to the 
initial excess, and to its increase with the dilution 
up to a certain point where it remained nearly 
constant. 

Other investigators have availed themselves 
of the optical properties in order to determine 
the constitution of compound bodies, or to con- 
firm the views arrived at on other grounds. 
Knops (A. 248, 175) has determined the indices of 
refraction of the methyl, ethyl, and propyl salts 
of fumaric, maleic, mesaconic, citraconio and 
itaconic acids. A comparison of these acids with 
their ethereal salts leads to the conclusion that 
fumaric and maleic acids contain only one 
doubly-linked carbon atom; and that fumaric 
acid stands in the same relation to maleic acid 
as mesaconic acid does to citraconic acid. 

Kanonnikoff ( J. pr. [2] 31, 321, 497) has made 
a long series of observations on solutions of 
solids, of which he tabulates seventy-nine 
different substances, using water, alcohol, 
benzene, and chloroform as the solvents. As 
a preliminary inquiry, he reviewed the work 
of former investigators, and in some cases 
added experiments of his own to confirm pre- 
vious conclusions: that the refractive energy 
of a substance is not changed in passing from 
the state of a liquid to that of a gas or vapour ; 
that the same applies to bodies in passing from 
the solid to the liquid condition ; that the re- 
fraction-equivalent of a mixture of liquids is 
the sum of the refraction-equivalents of its con- 
stituents ; and that if the refraction-equivalent 
of a mixture and that of one of the components, 
together with the proportion of the same, is 
known, the refraction-equivalent of the other 
component can be calculated ; that the same 
law applies to solutions of solid bodies, and , 
that like results will be obtained whatever the 
solvent may be ; that a derivative will be com- 
parable with the substance from which it is 
derived, though the one may be a liquid and the 
other a solid body, as in the case of mesaconic 
acid and ethyl mesaconate. From the results of 
the observations above referred to, K. has deter- 
mined the refraction-equivalents of fourteen of 
the elements, as follows : — 


Element 

*« 

Roo 

Element 

»0 

Roo 

Lithinm . 


8-16 

8*00 

Magnesium . 

7*08 

6*47 

Sodium . 
'Potassium 

• 

4*22 

4*00 

Oaloium 

9*82 

9*05 

• 

7*75 

7*40 

Zino 

9 80 

9*40 

Copper « 
Rubidium 

• 

— 

11*80 

Strontium . 

11*61 

11*25 

• 

12*04 

11*60 

Cadmium . 

13*03 

12*66 

Silver . 

• 

1805 

12*53 

Barium 

15*84 

! 15*28 

Geesium . 

• 

19*55 

18*70 

Mercury 

19*20 

17*90 


K.’s values for the solar line C will be found to be 
generally slightly lower than those determined 
by Gladstone for the line A. The refraction- 
equivalents for the theoretical limit of the spec- 
trum were also calculated by Cauchy’s formula 
from observations of the lines o and $ of hydro- 
gen. K. also gave determinations of refraction- 
equivalents of thirty organic liquids, showing 
the excess due to the double linking of the car- 
bon atoms wherever this occurred. 

Nasini ( Lincei , Be. 1, 1) points out that the 
suggestion thrown out by Gladstone that there 
may be a third and higher value of carbon when its 
four bonds are satisfied by other carbon atoms, 
is supported qualitatively by the researches of 
Bernheimer and himself, but not quantitatively, 
and that, therefore, this hypothesis is not a 
sufficient explanation of the facts. He argues 
as follows: naphthalene derivatives have two 
such atoms, while cinnamic alcohol has but one, 
whereas the values differ but very little. Anethol 
with one such carbon atom has a much greater 
excess than the naphthalene derivatives, while 
styrol shows so slight an excess, that on this 
hypothesis it could hardly be allowed to have 
any carbon atom in this condition. He compares 
two pairs of isomeric bodies, both as to refraction 
and dispersion, 


Substance 

i 

d 

Allyl phenylate . 

70*45 

0*0173 

Cinnamic alcohol 

73*83 

0*0220 

Allyl paracresolate . 

78*79 

0*018 

Anethol . 

82*95 

0*0257 


from which he infers that when the allyl group is 
directly united to the benzene nucleus the mole- 
cular refraction greatly increases, whereas when 
the union takes place through the intervention 
of oxygen no augmentation takes place ; so far, 
therefore, while supporting the hypothesis of 
Gladstone, he does not find any proportionality 
between the number of such carbon atoms and 
the increase of refraction. 

Nasini ( Lincei , Be. 3, 164) criticises some of 
the conclusions of Briihl in the paper on the 
molecular refraction of organic liquids of high 
dispersive power (A. 235, 1) already referred 
to; and in particular he points out that the 
elimination of dispersion, if that were possible, 
would not get rid of the discrepancies between 
the observed and calculated values for the re- 
fraction of substances of high refractive power, 
and he cites observations on a series of sub- 
stanoes in which he finds the constant fact 
that on adding a saturated side chain to an 
aromatic nucleus the specific dispersion di- 
minishes while the refractive power increases. 

Costa (<■?. 19) has made observations with the 
special object of testing the effect on dispersion of 
adding saturated side chains to a benzene or 
naphthalene nucleus. For this purpose he used 
compounds of amyl with benzene, thymol, 
eugenol, resorcin, and naphthol, and found in 
each case a still further increase in the refrac- 
tion-equivalent than could be accounted for by the 
nucleus itself, while at the same time the specifio 
dispersion showed a decrease. 
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Dispersion equivalents. In the same way 
that Gladstone arrived at the refraction -equiva- 
lents of the elements, he has sought also to 
determine the dispersion-equivalents of several 
of them; and ( Pr . 42, 401) he has given the 
results of his observations upon nine of them, 
together with the values for the combinations 
CH 2 and N0 2 . The values are as follows : — 


Substance 

Ra 

Disp. Eqt. H-A. 

Phosphorus 

18-3 

3*0 

Sulphur, doubly linked 

160 

2*6 

„ singly „ 

14-0 

1*2 

Hydrogen . 

1*8 

0-04 

Carbon 

50 

0*26 

11 • • • 

6*1? 

0*51 

„ ... 

6-1 

0*66 

Oxygen, doubly linked 

3*4 

0*18 

„ singly „ 

2-8 

0*10 

Chlorine . 

9*9 

0*50 

Bromine . 

15-3 

1*22 

Iodine 

24*5 

3*65 

Nitrogen . 

4-1 

0*10 

CH a . 

7*6 

0*34 

N0 2 . 

11-8 

0*82 


garded and employed in like manner with the 
molecular refraction as a specific expression of 
the material composition of chemical bodies; 
and that the dispersion is decidedly more sensi- 
tive to structural influences than the refraction. 
His inquiries have convinced him that refrac- 
tion and dispersion are in no general sense cor- 
relative properties ; but that certain structural 
peculiarities that have much influence upon re- 
fraction have little upon dispersion, while others 
have the opposite effect, and, as a rule, exercise 
a much stronger influence upon the dispersion. 
It is evident that this must be so, from the very 
high relative dispersion of 0" as compared with 
that of O' or 0<, and the large proportionate 
dispersion due to the ethylene bond. ThiB figure, 
*23, B. does not, however, recognise as a constant 
value. These revised values have since been 
used by him in his inquiries into the relations 
botween the optical properties and chemioal 
constitution of epichlorhydrin, the aldehydes 
and benzoyl (B. B. 24, 656), in which he draws 
attention to the concurrence of the evidence de- 
rived from chemical, calorimetrical, and optical 
investigations. 

Essential oils. Gladstone (C. J. 17, 1; 
25, 1) gave a long list of observations in 
which he recorded the circular polarisation as 
well as the index of refraction. The power of 
the oils in rotating the plane of polarisation 
appears to be very diverse, both in degree and 
direction ; but he suggests that a comparison of 
the specific gravity and of the length of the 
spectrum may in some cases be of service in 
determining the genuineness or otherwise of the 
oils. The hydrocarbons obtained from these 
oils (of which a long table is given) divide them- 
selves into two great groups, which are more 
fully investigated in the second paper. 

Subsequently (C. J. 49, 609) the effect of the 
higher refraction and dispersion of C when 
united by double bonds was applied to the deter- 
mination of the structure of the essential oils. 
Taking 2*2 as the increased refraction for the 
solar line A, and 0*8 as the increased dispersion, 
H — A, due to one pair of doubly-linked carbon 
atoms, the terpenes indicate, both by their re- 
fraction and dispersion, that they contain only 
one pair of carbon atoms doubly linked, thus 
corroborating the views of those who, on chemi- 
cal grounds, have held that a terpene requires 
the addition of only two atoms of hydrogen, or 
their equivalent, to saturate it. The refraction 
and dispersion of solid inactive camphene also 
show that this substance does not contain more 
than one pair of doubly-linked carbon atoms, 
which is consistent with the fact that it com- 
bines with only one molecule of hydroohlorio 
acid, and is directly converted by oxidation into 
camphor C, 0 H 16 O, which is certainly a saturated 
compound both by chemical and optical evi- 
dence. In the same way, the citrenes give a 
refraction and dispersion indicative of the pre- 
sence of two pairs of doubly-linked carbon atoms. 
Allied to these are several hydrocarbons having 
different amounts of hydrogen, and the number 
of doubly-linked carbon atoms varying accord- 
ingly. Thus, while citrene C, 0 H 18 has two 
pairs, cymene G I0 H U has three, while menthene 
C 10 H,„ has but one pair of doubly-linked carbon 
atoms, and cymhydrene C l0 H* 0 has none, being 


It will be observed that G. gives three dis- 
persion equivalents for C, which he considers 
pretty well established, and he raises the ques- 
tion whether there may not be an intermediate 
refraction-equivalent corresponding to the dis- 
persion-equivalent 0*51, which is found in such 
bodies as the allyl compounds and olefines. In 
his previous paper (Pr. 81, 327), G. suggested 
that there is a still higher refraction-equivalent 
of C in those cases in which it has four bonds 
satisfied by other O atoms, as in naphthalene 
and pyrene. Whatever may be the truth of this 
view, it appears that the dispersion-equivalents 
of these bodies are enormously high — much 
beyond what is recognised in the above table. 

Briihl (Z, P. C. 7, 2, 140) has Bince modified 
his views upon the subject of dispersion'; and 
has worked out carefully the atomic dispersions 
of some of the most important elements that 
enter into organic compounds. In the course of 
this investigation he has been led to revise his 
previous figures for the refraction as well as the 
dispersion. They now stand as follows : — 




Symbol 

R« 

Ry-K. 

Carbon, singly linked 


C' 

2-365 

0*039 

Hydrogen 


H 

1*103 

0*036 

Oxygen ( hydroxyl) 


O' 

1*506 

0*019 

„ (ether) 


0< 

1*655 

0*012 

„ (carbonyl) 


O" 

2*328 

0-086 

Nitrogen, linked singly 
with C 

N' 

2*76 

0*19 

Chlorine . , 

9 

Cl 

6*014 

0*176 

Bromine . . 

m 

Br 

8*863 

0*348 

Iodine . . • 

# 

I 

13*808 

0*774 

Ethylene bond • 

. 

= 

1*836 

0*23 

Acetylene bond • 

• 

s 

2*22 

0*19 


It will be observed that B. retains Lorenz’s for- 
mula ; and that he takes the difference between 
the refraction of the hydrogen lines y and a as 
his measure of dispersion. He now acknow- 
ledges that the moleoular dispersion can be re- 
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a saturated body. Pentene and isoprene C S H 8 
are identical in their optical properties, and in- 
dicate that no less than four of the five carbon 
atoms are doubly linked, which accords with 
the fact that these compounds combine with four 
atoms of bromine or two molecules of hydro- 
chloric acid. The following table will illustrate 
the foregoing conclusions : — 


Mu 2*408449 

Mn* 2*417024 and 2*417227 
/*ti 2*425487 

These figures give 8=4*8, a result slightly lower 
than his earlier observations on the diamond, in 
which the index for the red part of the spec- 
trum is recorded as 2*484, and the 8.G. 8*55. 
Selenion. Sirks (P. 143, 429) made 


Hydrocarbons 

Experimental 

Pairs of O 
atoms doubly 
linked 

Theoretical 

Specific refrac- 
tive energy 

Specific dis- 
persive energy 

Specific refrac- 
tive energy 

Specific dis- 
persive energy 

Cymhydrene 


. 

0*543 

0*0246 

none 

0*543 

0*0243 

Menthene . 



0*548 

0*0313 

one 

0*547 

0*0298 

The terpenes 



0*537 

0*0295 

do. 

0*537 

0-0296 

Terebenthene 



0*537 

0*0294 

do. 

lf 

,, 

Camphene . 



0*528 

0*0269 

do. 



The cedrenes 



0*538 

0*0296 

do. 



The citrenes 



0*551 

0*0334 

two 

0*553 

0*0354 

Isoterebenthene . 



0*552 

0*0337 

do. 



Caoutchene 



0*554 

0*0366 

do. 



Cymene 



0*560 

0*0406 

three 

0*558 

0-0418 

Isoprene . 



0*592 

0*0470 

four 

0*585 

0*0472 


The advance in these experimental figures 
with the double linking is evident, though it is 
obscured in the first two cases by the larger 
amount of hydrogen contained in cymhydrene 
and menthene. The influence of the double 
linking upon the specific dispersive energy is 
apparent at a glance, and renders this property 
more valuable than the refractive energy in 
determining the rational constitution ; though, 
of course, it is in the agreement of the two that 
the most conclusive evidence must be sought. 

Kanonnikoff (Bl. [2] 86, 557) had already 
pointed out the differences between the calcu- 
lated and observed refraction equivalents for the 
following substances : — 


Substance 

Rm 

Calcu- 

lated 

Differ- 

ence 

Peppermint camphor . 

77-6 

77*1 

+ 0*5 

Cajeputene hydrate 
Terebenthene hydrate, 

74*8 

74*5 

+ 0*3 

lfflvogyrate 

French terebenthene, 

77*1 

74*5 

+ 2*6 

lfflvogyrate 

Hydrocarbon from 

‘ 71*7 

69*2 

+ 2*5 

oleum camillce . 
Hydrocarbon from 

71*9 

69*2 

+ 2*7 

oleum thymiani 

71*4 

69*2 

+ 2*2 

Isoterebenthene . 

73*6 

69*2 

+ 4*4 

Carvol .... 

74*8 

69*4 

+ 5*4 

Cymene from camphor . 

72*0 

66*6 

+ 5*4 


K. has drawn the conclusion that the first 
two contain no double bond, that the two tere- 
benthenes and the two hydrocarbons contain 
one double bond, that isoterebenthene contains 
two, and that carvol and cymene contain 
three, double bonds. 

Carbon. Schrauf (W. 22, 424) made ob- 
servations on the refraction of a Brazilian 
diamond of the first water, the S.G. of which 
was 3*51C, with the following results 


observations on the refraction and dispersion 
of solid Se. By pressing a small quan- 
tity of melted Se between two glass plates, - 
he prepared a thin film of the substance, which 
exhibited Newton’s interference bands. From 
these he was able to calculate the index of 
refraction for the solar lines A, a, B and C, with 
an estimated error not exceeding 0*003; and 
for D, with some difficulty and uncertainty, to 
the second place of decimals only. The values 
obtained were : — M a 2*654, fi a 2*692, /*„ 2*730, 
Ma 2*787, Md 2*98. From these S. calculated 
the dispersion as compared with water, calcspar, 
and CS 2 , the figures in each case being reduced 
to the standard of n 0 — /jl a = 100 : — 



Ma-M a 

Mn-Ma 

Mo —M b 

Md— M e 

Water 

36 

31 

33 

88 

Calcspar . 
Disulphide of 

36 

30 

34 

90 

carbon . 

34 

31 

85 

99 

Selenion . 

29 

30 

42 

146 


Comparing Se with CS 2 , he found that while in 
the case of CS 2 o differed very slightly from 

Me— Ma» ^ the case of Se « 1*46. 

Mo— M a 

In testing Cauchy’s and Christofle’s formal® 
for the index of the ray of infinite wave-length 
by the above observations, the former gave 2*733 
and the latter 2*433. It will be observed that 
Cauchy’s co-efficient of refraotion is somewhat 
higher than the observed value for the solar line 
b, which is 2*780, the oo-efficient of dispersion 
in this particular case being a minus quantity. 

Phosphorus. Gladstone and Dale IP. M. 
1859) measured the index of refraction of both 
solid and liquid P, an element remarkable not only 
for its very high refractive power, but for an un- 
precedented amount of dispersion. For solid P 
at 25° they obtained for u A 2*1059, for 2*1442, 
and for the extreme limit visible in the violet 
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portion of the spectrum 2*8097. Assuming the 
latter to be equivalent to mh> the length of the 
speotrum mh—«a = 0*2088. For liquid P at 35° 
they obtained the following : — 


Ma 

M D 

Mf 

Mo 

End of 
violet 

2*0389 

2*0746 

2*1201 

2*1710 

2*2267 


The change from the solid to the liquid state 
is attended with a considerable diminution of 
density, the ratio between the density and the 
refraction being about the same in the two con- 
ditions. The R a of P is taken at 18*3 from the 
above observations on liquid P, but Gladstone 
points out (C, J. 23, 101) that when combined 
with 0 it seems to have a much smaller refrac- 
tion, HPO„ giving a less value (18-0) than the P 
it contains, while Hj,P 0 4 also has a refraction- 
equivalent of only 23*0. 

Sulphur. It was pointed out by Gladstone 
in 1869 (T. 159,9) that while S, whether solid or 
liquid, has a refraction-equivalent of 16*0 or 16-3 
for the solar line A, the equivalent for S deduced 
from CS 2 was 15*85 ; that the difference between 
KCN and KCNS gave a value of 16*24, and that 
S.^CIj gave a similar figure. On the other hand, 
however, it was evident that in the two gases 
H 2 S = 14*28, and S0 2 = 14*91, or in liquefied 
S0 2 =» 14*59, the refraction-equivalent of S can- 
not amount to 16*0, nor yet in H 2 S0 4 , which has 
a refraction-equivalent of only 21*9. 

Wiedemann and Nasini have subsequently 
given considerable attention to the values of S 
in combination. Wiedemann (TV. 17, 577) in- 
vestigated the sulphur substitution products of 
the carbonic esters, and obtained the following 
results : — I 


influences, in a very distinct manner, the value 
of the index of refraction. From the refraction- 
equivalents given above W. obtains the value 
14*04 for S' in the compounds II. and III. ; and 
for S" 15*20, 16*31, and 17*45 respectively. 
Using Lorenz’s formula he gets the value of 
7*94 for S', and 9*09, 9*44, and 9*33 for S". 
Whichever formula be adopted, the figures show 
that the atomic refraction of S, like that of O, is 
greater when S is doubly linked to an atom of 
carbon. It should be observed that the above 
results are based upon the recognised values of 
G, H, O', and O", which give 

C0 OC*H*“ E <*> 45-91 > and E ® 27-70; 

and also that W. takes as the value of S' the 
mean derived from the observations II. and III. 
If Wiedemann had adopted a direct comparison 
of the actual observations, the values of S" 
would approximate more closely according to 
the old formula, and less closely according to 
Lorenz’s formula. 

Nasini ( G . 13, 296 ; Lined , Rc. 1, 1) has 
determined the value for S in various compounds. 
From sundry organic sulphides and mercaptans 
he obtained the atomic refraction of S corre- 
sponding to alcoholic oxygen. From CS 2 , and 
from the compound CS(OC 2 H 5 ) 2 , he deduced the 
refraction of S corresponding to aldehydio oxy- 
gen 


Sulphur 

R a 

Boo 

R a 

Boo 

S' (singly 
linked) . 

14*10 

13*53 

7*87 

7*65 

S" (doubly 
linked) . 

16*05 

15*09 

9*02 

8*84 




d 

^LI 

^Na 

M 

Rao 

Boo 

I. 

II. 

III. 

IV. 

V. 

VI. 

co OG A 

co oc A 

°°sc,h 5 

co sc -A 

G(J sc,h, 

rjgOCjHj 

Ga 0C 2 H, 

ru.OCjHj 

rjS 

Cb SO t H„ 

0*975 

1*0285 

1*085 

1*0325 ? 

1*085 

1*152 

1*3837 

1*4479 

1*5168 

1*4563 

1*5304 

1*6105 

1*3858 

1*4515 

1*5237 

1*4601 

1*5370 

1*6210 

1*3876 

1*4544 

1*5287 

1*4632 

1*5131 

45*60 

56*95 

69*15 

67*82 

70*26 

82*73 

27*86 

84*11 

40*57 

! 34*56 

41*23 

47*56 


From these figures it will be seen (1) that the 
index of refraction rises whenever an atom of O 
is replaced by an atom of S, and that so much 
the more, the more S there is already in the 
compound ; (2) that the refractive indices of the 
combinations which contain the radicle CS are 
greater than those of their analogues containing 
CO ; (3) that the refractive index likewise 
increases if, besides the radicle, first one and 
then a second atom of S replaces O, and in the 
latter case more than in the former; (4) the 
isomerio bodies II. and IV., as well as HI. and 
V., have quite different indices of refraotion, and 
in both cases the compound that has the S in 
the radiole has the higher index. This indi- 
cates that the position of the S in the compound 


But when examining other compounds, such as 
H 2 S0 4 , SO,, and S0 3 , N. found that whatever 
hypothesis he adopted as to their constitution 
— or, in other terms, whatever value he took for 
the atomic refraction of O — he obtained values 
for S, not very discordant among themselves, but 
totally different from those given above. Treat- 
ing the sulphur as divalent, varied from 
8*10 to 9*01 ; as tetravalent, from 6*94 to 8*43 ; 
as hexavalent, from 6*63 to 7*85. Calculating 
by Lorenz’s formula, ranged from 5*24 to 
6*27 in the first case, from 4*51 to 4*91 in the 
second, and from 3*13 to 3*79 in the third. 
Some observations recorded by Kanonnikoff 
(J. R. 15, 434) substantially support these 
figures. 
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Nasini and Soala ( Lincei , Rc. 1886. 617, 623) 
record observations on the sulphocyanides, 
which show that the mustard-oil compounds have 
refractive and dispersive powers in excess of those 
of their isomerides, while phenylio isosulpho- 
cyanide has a specific refraction and dispersion 
far above the calculated values — exceeding, in 
faot, oil of cassia or CS 2 . In this combination 
the union of the group S=C=N, endowed with 
a high refractive power, with the phenylic group, 
also highly refractive, appears to produce a 
heightening of the refrangibility, a phenomenon 
which N. regards as analogous to the increase 
in refraction which he observed when in the 
benzene group an unsaturated side chain is 
joined to an unsaturated carbon atom. In com- 
pounds containing four atoms of S there is an ex- 
cess of refraction above what is estimated from 
the value of S in CS 2 , the monothiocarbonates 
of Et and Pr giving a value of 17-4 and 17*5 for 
the refraction-equivalent of sulphur. 

Nasini a. Costa (1st. Gh. Rome, 1891) made 1 


lished (Ar. N. 3) a long series of very care- 
ful determinations of the indices of refraction of 
mixtures of H 2 S0 4 and H^O, in various propor- 
tions for all the principal lines of the solar 
spectrum from A to H inclusive. These show 
a progressive increase in refraction and disper- 
sion with every addition of H 2 S0 4 , until a maxi- 
mum is reached at a point corresponding, 
apparently, with the monohydrate of the acid, 
after passing which the refraction and disper- 
sion suddenly decline, while the density of the 
mixture continues to increase. Out of the 
seventeen series of determinations at different 
concentrations, the seven most cone, are given 
below, the central one of the series representing 
the nearest approach to the maximum. The 
indices are all reduced to a temperature of 18*3°. 
The specific gravity given in the line below is 
for 0°, water at the same temperature being 
taken as 1*0. In the cases of the two G’s and 
the two H’s, the higher one in each corresponds 
with the linos so designated by Fraunhofer. 


¥- 

63*69 p.C. 
SO, 

71*97 p.o. 

SO, 

81*4 1 p.c. 

so. 

85*93 p.c. 
SO, 

88*97 p.c. 
SO, 

91*43 p.c. 
SO, 

94*72 p.o. 
SO, 

A 

1*40819 

1*41930 

1*43049 

1*43279 

1-43151 

1*42918 

1-42683 

a 

1*40928 

1*42042 

1*43168 

1*43385 

1*43270 

1*43035 

1*42781 

B 

1-41016 

1*42133 

1-43263 

1*43476 

1*43357 

1*43114 

1*42868 

C 

1*41112 

1*42227 

1-43360 

1*43579 

1*43444 

1*43198 

1*42944 

D 

1*41342 

1*42466 

1*43596 

1*43807 

1*43669 

1-43426 

1-43163 

E 

1*41618 

1*42740 

1*43877 

1*44081 

1*43944 

1*43701 

1*43431 

b 

1*41669 

1*42793 

1*43928 

1*44130 

1*43996 

1*43749 

1*43484 

F 

1*41838» 

1*42967 

1*44103 

1*44311 

1*44168 

1*43922 

1*43649 

G 

1*42068 

1*43186 

1-44327 

1-44534 

1-44392 

1*44144 

1*43869 

G 

1*42233 

1*43364 

1-44507 

1*44706 

1*44569 

1*44316 

1*44037 

H 

1*42421 

1*43561 

1*44703 

1*44901 

1*44759 

1*44512 

1*44229 

H 

1*42567 

1*43696 

1*44841 

1*45040 

1*44883 

1*44640 

1*44347 

S.G. 

1*55438 

1*64925 

1-76066 

1*80676 

1*83123 

1*84485 

1*84994 


further studies of S and its compounds. They 
conclude that the oxygen compounds, which are 
generally distinguished by a low refractive and 
dispersive power as compared with those not 
oxygenated, may be divided into two principal 
groups : those which may be regarded as derived 
from SO* have the higher, and those derived from 
SO f have the lower, refractive and dispersive 
powers. Kanonnikoff ( S . Ph. Ch. Russ. 16, 129) 
assumed that the refraction of S varies with the 
change of valency, and assigned the following 
values for R a 

S divalent 14- 10 

S tetra valent 8*72 (in sulphones) 


S hexavalent 4*85 (in H 2 S0 4 ) 
but this is not accepted by N. and C. They find 
that the accumulation of S in the molecule is 
almost always accompanied by an increase in 
the refractive and dispersive power. In this re- 
spect, though not in others, S appears to have 
much analogy with carbon. Throughout this 
investigation N. and 0. tested the dispersion 

ja a ! — . x 

formula of Ketteler, — 2 in which a and b 


represent rays of different wave-length, and found 
that it gave very uniform results ; but from a 
physico-chemical point of view they do not regard 
this faot as an argument in favour of the formula. 

Sulphuric aoid. Van der Willigen pub- 


Van der Willigen pointed out that the formula 

(100— jp) —---7 - + p n 7 -~ =100 y - will not 

a a a' 

apply to mixtures of H 2 S0 4 and water, where 
100 — p and p are the respective weights of the 
two mixed liquids, n, n\ and n" the indices of 
retraction, and d , d\ d" the densities of the two 
liquids and the mixture respectively. Dale and 
Gladstone had formerly stated that the same was 
the case in respect of their formula. 

Nickel and iron carbonyls. Ludwig 
Mond has prepared Ni(CO) 4 and Fe(CO) fi , both 
liquids of a highly-refractive character. The 
former has been examined optically by Nasini 
(Lincei, Rc. 7, 411), and the latter by Gladstone. 
R a for the nickel compound was found to be as 
high as 57*7, which, deducting 8*4 for the value 
of each CO, gives R. « 24T for the metal itself, 
instead of about 10*0, as determined from the 
chloride, sulphate, and nitrate. Thip would 
seem to confirm the hypothesis that the refrac- 
tive power varies with change of valency, in- 
creasing with the increased power of combination. 
In this compound the Ni is regarded by Mond a. 
Nasini as octovalent, and as justifying Men- 
del6eff in placing it in Group VIII. of his system 
of classification. Gladstone, on the other hand, 
is disposed to think that the metal in both com- 
pounds is, as usual, divalent, and that it is the 
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CO which has a greatly increased value. He 
obtained for Fe(CO) a , R A « 67*33, R„ = 69*40. 
These figures show not only a very high refrac- 
tion, but also very great dispersive power. 

Silver iodide, bromide, ^nd chloride. 
Wernicke (A. 142, 560) measured the re- 
fraction and dispersion of light by these salts 
in two different ways: (1) by examining the 
light reflected from glass plates covered with a 
layer of these salts, by means of a spectroscope, 
and noting the position of the dark interference- 
bands ; (2) by direct measurements of small 
prisms made of the fused salts. The portion of 
the spectrum observed ranged from the solar 
line C to G. The dispersion was about 

twenty-seven times that of water in the case of 
the iodide ; that of the other two salts is much 
less, though considerably greater than that of 
flint glass. Agl seems capable of existing in 
two conditions : at temperatures above 138° it 
gives a short spectrum limited to the red, yellow, 
and green, while below that temperature it 
gives a spectrum twice as long, showing all the 
colours. W. believes that Agl is partly disso- 
ciated at the higher temperatures. 

Bromine. Weegmann (Diss. Bonn, 1888) 
determined the refraction-equivalent of Br by Lo- 
renz’s, as well as by the older, formula, for both 
the hydrogen lines, a, and Cauchy’s limit, from a 
series of ethylene and acetylene compounds, 
adopting Briihl’s values for C, H, and the ethyl- 
ene linking. The following are his figures for 
Br compared with those arrived at by Briihl : — 


Bromine 

R» 

R. 

K-oo 

R» 

Weegmann 

14*78 

15*38 

8*56 

8*83 

Briihl 

14*81 

15*39 

8*70 

8*95 


Fluorine. The writer of this article has 
collated the observations made by various ob- 
servers on bodies containing F in order to arrive 
at the refraction-equivalent of this element 
(P. M. 1885. 481). Those of Brewster on cryo- 
lite, of Brewster, Wollaston, Fizeau, Stefan, 
and Kohlrausch on fluorspar, and of Gladstone 
on aqueous solutions of KF, give a refraction- 
equivalent for F varying from 0*29 to 0*32. 
Those of Topsoe and Christiansen on crystalline 
silicofluorides of Cu, Ni, Zn, Mg, and Mn, of 
the formula RSiF fl .6H 2 0, give a refraction- 
equivalent for F varying from 0*02 to 0*84 ; while 
(NH 4 ) 2 SiF 6 gives 0*69 for F. The latter figures 
must be accepted with caution, as a very slight 
difference in the values ascribed to the other 
elements will account for the whole of the dis- 
crepancy. It is evident, however, that in any 
case the refraction-equivalent is of exceedingly 
small amount, and that the specific refraction, 
even if the highest value be taken, can scarcely 
be the half of that of any other element known. 

J. H. and G. Gladstone (P. M. 1891. 1) have 
investigated the optical properties of fluorbenz- 
ene and allied compounds. The molecular re- 
fraction for C ft H 5 F, for six lines of the solar 
spectrum, is given in the following table ; from 
this is deducted the value for benzene less one 
atom of H, leaving a small balance as the atomic 
refraction of fluorine. 

These figures are remarkable as giving a nega- 
tive value for the dispersion R H -R A » namely the 



R A 

R o 


R, | 

R G 

R h 

OJT.P 

CJL 

4? *92 
42*29 

43-33 

42*70 

43-70 

43-17 

44-68 

44-20 

45-61 

45-17 

46*40 

46*05 

r 

0-63 

063 

0-53 

0*48 

0-44 

0*35 


quantity, — 0*28. According to Lorenz’s formula 
R'a = 0*92 and R' H - 0*84, showing in like manner 
a negative dispersion. The observations of 
Bailie, Stefan, and Sarasin on fluorspar, and 
those of the authors on solutions of KF and 
NH,F, all distinctly confirm the foregoing evi- 
dence as to the anomalous dispersion ; while a 
comparison of the refraction of the three lines 
C, D, and F of tho solid silicofluorides measured 
by Topsoe and Christiansen, and the author’s 
observations on aqueous solutions of R,SiF w , 
seem to point in the same direction. 

Liquefied gases. Bleekrode (Pr. 37,339) 
adopted a special apparatus for measuring 
the indices of refraction of liquefied gases, con- 
sisting of a modification of a Faraday tube, 
forming a vessel having two parallel side plates, 
free from leakage even at high pressures. By 
observing, through a microscope provided with 
a graduated scalo and a micrometer screw, test 
objects, such as lepidoptera scales, attached to 
the inner surface of the glass plates of the cell, the 
variation in the focus between the direct obser- 
vation and that through the cell and liquid was 
found, and, with a correction for the effect of 
the glass, he obtained the data from which to 
calculate the index of refraction according to 

the equation in which D represents 

D d 

the thickness of the layer of liquid and d the 
apparent displacement of the test object. The 
observations were taken both with a sodium flame 
and with daylight, and the calculated probable 
error of the result amounted to ± 0*003. The 
first table on p. 238 gives the results of B.’s obser- 
vations compared with those of Dulong, Ketteler, 
Croullebois, and Lorenz on the same substances 
in tho gaseous state; the specific refraction ia 
calculated by both the formulae in common use. 

B. drew attention to the remarkably low 
S.G. of ethylene, as the lightest fluid substance 
known ; his determinations gave 0*335 at 8°, 
0*301 at 6°, and 0*380 at 3°. B. also gave 
determinations of the indices of refraction of the 
following substances taken by the same process ; 
and commented on the high indices of the 
organo-metallic compounds as inconsistent with 
the opinion expressed by early observers that a 
high index of refraction is indicative of a body 
being combustible. 


Substance 

Temp. 


Hydrobromic acid 


• 

10° 

1*325 

Do. 


• 

15° 

1*330 

Hydriodic acid . 


# 

16-5° 

1-466 

Bromine . • 


• 

13° 

1*571 

Methylamine 


• 

17*5° 

1-842 

Dimethylamine . 


• 

17° 

1*350 

Trimethylamine . 

• 

• 

16° 

1*353 

Zinc ethyl . 

• 


12*5° 

1*485 

Zinc methyl 

• 


14° 

1-474 

Aluminium ethyl 



6*5° 

1*480 

Aluminium methyl 



12° 

1*432 



288 


PHYSICAL METHODS USED IN CHEMISTRY. 


Substance 

Liquid 

M-l 

d 

1 

fi‘+2 *d 

S.G. 

*0 

Liquid 

Gas 

Liquid 

Gas 

Sulphurous anhydride . 




1*359 

EH 

0*252 

0*230 


0*157 

Cyanogen . 




0*866 

Bmfl 

0*378 

rsuh 

0*234 

IMi 

Hydrocyanic acid 




0*697 

119 

0*379 

WM 9 

0*238 

R --•-■■S 

Nitrous oxide 




0*870 

BSH 

0*235 

0*255 

0*150 


Carbonic anhydride 




0*863 

1*196 

0*227 

0*221 

0*145 

R 

Hydrochloric acid . 




0*854 

1*257 



0*190 


Chlorine . . • 




1*33 

MEWm 



0*169 


Ammonia . 




0*016 

E v* 

0*528 


0*327 

m . iii 

Ethylene 




0*361 

1*180 

0*498 

0*526 

0*321 

0*350 

Hydrogen phosphide . 




0*622 

1*323 

0*519 

0*500 

0*322 

0*333 

Hydrogen sulphide 




0*91 

1*390 

0*429 

0*413 

0*262 

0*275 


Liveing and Dewar (P. M, 1892. 205) have 
determined the refractions of three liquefied gases, 
at their respective boiling-points, by direct ob- 
servation through a hollow prism. They obtained 
the following results for the sodium line D : — 







Oxygen 

• 

1-2236 

8*182 

2*024 

Nitrous oxide 

• 

1-3346 

11*587 

7*163 

Ethylene 

• 

1-3632 

17*566 

10-752 


Alums. The indices of refraction of some 
of the alums have been measured by several 
observers, amongst them Grailich, Fock, Kohl- 
rausch, Stefan, Tops6e, and Christiansen. The 
most complete Beries of observations on in- 
organic sulphuric alums is that of Soret (Ar. Sc, 
OcrUve , 12, 553 ; 14, 96 ; 20, 617), including those 
containing Rb, Cs, In and Ga. His mode of 
determination was by total reflection, which he 
considered the best adapted for the purpose ; he 
gave indioes which he calculated to be correct 
to two units in the fourth place of decimals. 
His observations were given for eight rays of the 
solar spectrum, viz. the lines a, B, C, D, E, 6, F, 
and G. He remarked on the very low value of 
the index of refraction of the Na — A1 alum. 
He gave the following comparative table for /x D , 
showing that the different series of alums vary 
in general with much regularity. The hori- 
zontal lines contain the same metal, and the 
vertical lines the same metal or alkaline 
radicle. 



nh 4 

K 

Eb 

Os 

T1 

Aluminium 

1*4594 

1*4664 

1*4566 

1*4586 

1*4975 

Indium • 

1*4664 

— 

1*4638 

1*4652 

— 

Gallium . 

1*4688 

1*4658 

1*4658 

1*4649 

1*5068 

Chromium . 

1*4842 

1*4814 

1*4815 

1*4810 

1*5228 

Iron . 

1*4848 

1*4817 

1*4823 

1*4838 

1*5236 


Calculating for each salt the difference between 
its /i D and that of the ammoniacal alum on the 
same horizontal line, Soret obtained 



nh 4 -k 

NH 4 — Rb 

NH 4 -Cs 

NH 4 -T1 

Aluminium 

+0*0080 

+0*0028 

+0*0008 

-0*0881 

Indium . 

— 

0*0026 

0*0012 

— 

•Gallium . 

0*0080 

0*0025 

0*0034 

0*0883 

Chromium • 

0*0028 

0*0027 

0*0082 

0*0386 

Iron . 

0*0031 

0*0025 

0*0010 

0*0388 


These figures show a close accord, except in the 
•case of Cs, in which the Ga and Cr compounds 


appear to be too low. Soret did not consider 
j that the impurity in the specimens, if any existed, 

| could be due to the Cs. 

Gladstone (P. M . 1885. 162) worked out 
the refraction-equivalents from the data given 
in the first named of Soret’s papers, and also 
from those by Topsfie and Christiansen, in order 
to test his former conclusions that a salt has 
the same specific refraction whether it is in a 
solid form or in solution, and that the refrac- 
tion-equivalent of a compound body is the sum 
of the refraction-equivalents of its constituents. 
As to the first point, in the case of the two 
alums given below he found the specific refrac- 
tions, after deducting the amount due to the 
solvent, to be in substantial accord : — 

Dissolved Crystallised 

Ammonium-aluminium alum 0*2780 0*2784 
Sodium-aluminium alum . 0*2613 0*2604 

To test the second point, the alumB were regarded 
as compounds of the sulphates of two metals 
of different kinds with twenty-four molecules of 
water. Taking the R A of water in the uncom- 
bined state at 6*926 — and taking the observations 
of Kanonnikoff , Tops6e, and Christiansen, as well 
as his own, of the several sulphates - Gladstone 
arrived at the results given in the following 
table. The other observers did not take the 
A line, but their observations have been reduced 
to A for purposes of comparison. The agree- 
ment between the calculated and observed re- 
fraction-equivalents is as near as might be ex- 
pected, except in the case of Cs. 


Substance 

Ra 

calcu- 

lated 

Ra ob 
and re 

I 

served 

duced 

*§ § 
as H 

H 

Ammonium-aluminium 

alum 

252*0 

252*2 



Sodium „ 


239-3 

238*5 

— 

Methylamine „ 

*> 

267*2 

267*7 

— 

Potassium „ 


246*1 

246*8 

— 

Rubidium „ 


264*0 

253*7 

— 

Caesium 


268*0 

262*3 

— • 

Ammonium-chromium alum 

264*0 

265*9 

— 

Potassium „ 


267*1 

261*2 

— 

Rubidium „ 


266*0 

266*7 

— 

Cesium „ 


280*0 

275*5 

— 

Ammonium-iron alum 


270*6 

269*1 

268*6 

Potassium „ „ 

* 

263*7 

265*0 

261*4 

Rubidium » „ 


272*6 

273*2 j 

— - 

Caesium „ „ 

* • 

286*6 

276*0 

— 
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Gladstone also sought, by means of Soret’s 
observations, to determine the refraction -equiva- 
lents of In and Ga, and (B. A. 1892) be gave tbe 
following constants : — 





At. W. 


Indium 

• 

• 

113-4 

13-7 

Gallium • 

• 

• 

69-9 

11-6 


These figures, however, can only be looked 
upon as approximate, as all experimental errors 
are accumulated on these residual numbers. 

Perrot ( Ar . Sc. Oendve , 1880) has made a 
series of observations on the refraction and dis- 
persion of an isomorphous series of biaxial 
crystals — the double sulphates of Zn with K„ 
Rb 2 , (NH 4 ) 2 , Cs 2 , K 2 , and of Mg with Bb 2 , and 
in each case 6H 2 0. He has followed the plan 
adopted by Soret in his observations on the 
alums. The results conform satisfactorily to the 
values computed on the same principle as that 
adopted by Gladstone with respect to the alums, 
except in the case of caesium and rubidium, in 
both of which, especially the former, the ob- 
served values are lower than the theoretical. 
The mean ray adopted for this calculation is, 
however, the arithmetical mean of the three in- 
dices observed for each of the lines of the spec- 
trum, and has, therefore, no real physical 
significance. A glance at the tables of observa- 
tions will show at once what a wide scope for 
error there is in arriving at a mean value by 
this process. 

Analogy between refraction and dispersion 
and magnetic rotation. Gladstone and Perkin 
have recently observed an analogy between the 
magnetic rotation and the refraction and dis- 
persion of light. They have tested this in the 
case of organic compounds containing nitrogen 
(C. J. 66, 760), with the result that they have 
found a correspondence that points to some 
connection between the rotation of the polar- 
ised ray under magnetic influence and the 
retardation of the rays of light in passing 
through a material substance. These three 
properties are really comparable with one 
another, for in each case the observed value 
is divided by the density of the substance, and 
it is determined, not for equal weights, but for 
an equal number of molecules. It has been 
found that each property is determined in the 
first instance by the atomic composition of the 
substance, so that it may be laid down as a 
primary law that the molecular magnetic rota- 
tion, like the molecular refraction or dispersion, 
of a compound is the sum of the moleoular mag- 
netic rotation, refraction, or dispersion of its con- 
stituents. The values are, however, subject to 
large modifications dependent upon differences 
in the structures of the compounds. Thus a 
change of valency is attended by a marked 
change of value in these optical properties, and 
they are apparently affected by some circum- 
stances which are not as yet recognised in 
structural formula. 

The following values have been deduced by 
Perkin for the moleoular magnetio rotations of 
oertain elements in the paraffin group of carbon 


compounds ; and against them are placed the re- 
cognised values for their molecular refraotion 
and dispersion : — 



Molecular mag- 
netic rotation 

*A 

*hi-A 

ch 2 . . 

1023 

7-6 

0*34 

C . . . 

0-615 

6*0 

0-26 

H . 

0-254 

1-3 

004 

0, alcoholic . 

0-194 

2-8 

010 

0, aldehydio. 

0-261 

3-4 

0*18 

Cl 

1-733 

9-9 

0*50 

Br 

3-562 

15-3 

1*22 

I . 

7-757 

24*5 

2-62 

N, in amines 

0-717 

5-1 

0-38 


These figures show a certain analogy; and 
when modifications are introduced by changes in 
the mode of combination, the change that occurs 
in the one property is noticeable also in the other 
two, and that in the same direction, though not 
necessarily to the same extent. Thus there are 
in all cases two different values for oxygen in 
alcohol and aldehydes, and a very great increase 
of the values in the case of unsaturated carbon 
compounds. The values also of CH 2 in the first 
and second members of homologous series (such 
as the alcohols, paraflinoid acids, <ftc.) are differ- 
ent from its value in the higher members of the 
same series, and always in the same direction. 

P. also applied the same inquiry to solutions 
of HC1, HBr, and HI, which when dissolved in 
water were known to give higher values for re- 
fraction and dispersion than the normal. The 
same was found to be the case in the magnetio 
rotations. When HOI was dissolved in isoamyl- 
oxide, however, all three values were found closely 
approximating to the normal, as will be seen in 
the following table : — 


Hydrochloric acid 

Molecular 

magnetio 

rotation 

R A 


In water . • 

4*412 

14-45 

1-12 

„ isoamyloxide . 

2-238 

11-36 

0*51 

By calculation for 
free acid . . 

2-187 

11-20 

0*54 


It is, therefore, laid down as generally, if not 
always, true, that where there is a departure 
from the normal values in regard to one or other 
of these properties, it is to be found in the other 
two. The different properties are evidently 
similarly affected by change in chemical consti- 
tution. The investigation seems to indicate 
another close relationship between electro-mag- 
netism and the velocity of light. G. G. 

OPTICAL METHODS.— Section 2: SPEC- 
TROSCOPIC METHODS. 

Historical notes . — Spectrum analysis is an 
optical method of making a diagnosis of the 
chemical composition, and in certain cases the 
chemical constitution, of either (a) a self-luminous 
body, or ( b ) an absorbing medium, whether self- 
luminous or not. Newton first discovered that 
light could be analysed when passed through a 
prism, and, in 1762, Thomas Melvill made an 
optical analysis of alcohol flames coloured with 
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Balt and with nitre. Wollaston, in 1802, observed 
with the prism certain obscure bands in the solar 
light which had traversed a narrow slit in his 
window shutter. Fraunhofer, in 1814-15, was the 
first to employ a very narrow and accurately- 
formed aperture with a prism, telescope, and di- 
vided circles, and he not only observed the dark 
lines in the solar spectrum, but measured their 
indices of refraction or refrangibilities. He ex- 
amined, subsequently, the spectra of the stars, 
of electric light, and of the exterior envelope 
of the flame of a wax candle. The latter 
spectrum he discovered to consist of homo- 
geneous yellow light, composed of two distinct 
rays very close together, and coincident with the 
two dark lines in the solar light which he had 
termed D. Brewster noted the presence of this 
yellow light in the combustion of many sub- 
stances, but it was Fox Talbot who, in 1826, 
clearly proved that the source of this light was 
sodium. He likewise connected a red ray with 
the presence of potassium and an orange ray with 
strontium, and concluded that a glance at the 
prismatic spectrum of a flame may show it to 
contain substances which it would otherwise re- 
quire a laborious chemical analysis to detect. 
Herschel had previously described the spectra of 
a few of the metals and of boracic acid. In 1834 
Fox Talbot described the strontia and lithia 
spectra, and stated that optical analysis could 
distinguish the most minute portions of those 
two substances with as much, if not greater, 
certainty than was afforded by any other known 
method. 

Wheatstone, nearly at the same time, pub- 
lished some experiments similar to those of Fox 
Talbot, and Swan first estimated the amount oi 
sodium which can produce the D lines. At the 
Manchester meeting of the British Association in 
1842, Brewster read a paper On Luminous Lines 
in Certain Flames corresponding to the defective 
Lines in the Sun's Light. He discovered the 
dark lines of absorption in nitrogen peroxide gas 
when white light is directed through it, and he 
observed and mapped a number of atmospheric 
lines in the solar spectrum. In 184S Foucault 
obtained a reversal of the D lines in the electric 
arc. Stokes, about 1850, gave in his lectures the 
true explanation of the coincidence of sodium 
lines with the dark lines D. Angstrdm in 1853 
stated that an incandescent gas emits luminous 
rays of the same refrangibility as those which it 
absorbs, and Balfour Stewart, 1858-9, based the 
following statement on experimental data : The 
radiating power of a body for any ray is equal 
to its absorbing power for the same ray „ 

In 1859, Kirchhoff and Bunsen gave a great 
impetus to spectrum analysis by publishing then 
researches on the constitution of the sun, and 
also by designing an extremely simple spectro- 
scope and describing its use. Chemists were 
further made aware of the new power placed in 
their hands by Bunsen’s discovery of two new 
metals, rubidium and cassium, in 1860, by the 
discovery of thallium by Crookes and by Lamy 
in 1862, of indium by Reich and Richter in 1863, 
and of gallium byLecocq de Boisbaudran in 1875. 

Fundamental laws . Spectrum analysis pri- 
marily depends on the following two laws : — 
1. Every solid and liquid when heated begins by 
emitting rays of longest wave-length, which are 


the result of comparatively slow vibrations, but 
as the temperature rises the vibrations become 
more rapid, and shorter waves are emitted, so 
that at the highest temperatures the sum of the 
radiations is white light, consisting of waves of 
all possible lengths, the effect of which is a 
continuous spectrum. A mass of iron gradually 
raised to its melting-point would be an example 
of this. 2. Every substance vapourised by heat 
emits rays of definite wave-lengths, and these 
rays are characteristic of each substance, because 
it alone can emit them. In other words, every 
substance vapourised by heat has its own definite 
periods of vibration, by which it can be absolutely 
identified, because no other substance can vibrate 
in the same manner and with the same periods. 
All flame and spark spectra furnish examples. 
From this second law it follows that the spec- 
trum of an element is a constant of very great 
importance. The determinations of the spectra 
and of the atomic weights present similar diffi- 
culties, which arise from the necessity for ob- 
taining the elements or their compounds in the 
highest possible degree of purity, and also in 
many cases from the complexity of the spectra, 
and the careful observations which are necessary 
in identifying and measuring the wave-lengths 
of the rays. 

Determinations of the absolute wave-lengths 
of the bright lines in any spectrum are now 
usually made either with a plane or a concave 
diffraction grating ruled on speculum metal. 
When a sufficient number of accurately-measured 
lines is known for any region of the spectrum, 
determinations of the wave-lengths of lines in new 
spectra may be made by observing with a prism- 
spectroscope, and by the use of an interpolation 
curve the wave-lengths corresponding to the 
positions of the lines measured may be found. 
From time to time the curve will require verify- 
ing and correcting. 

There are two classes of spectra, emissio7i 
and absorption spectra. 

Emission spectra consist of : (1) Con- 

tinuous spectra and (2) Interrupted spectra. 
1. Continuous spectra are characteristic of most 
incandescent solids, liquids, and gases at great 
pressures, or of a cloud consisting of solid 
glowing particles. 2. Interrupted spectra consist 
of : (a) Bands of light or * fluted band ’ spectra, 
characteristic of certain vapours, especially the 
vapours of compound substances rendered glowing 
at comparatively low temperatures; (b) bright 
line spectra, characteristic chiefly of transparent 
vapours at high temperatures or at low pres- 
sures ; (c) reversed line spectra, which are dark 
lines seen on a brilliantly -illuminated ground. 
When a bright line spectrum is observed in front 
ol a more brilliant continuous spectrum, the lines 
appear dark on a bright ground of colour, instead 
of bright and coloured on a dark ground, and. 
they are then said to be reversed. 

Absorption spectra. When rays capable of‘ 
giving a continuous spectrum are made to 
traverse (aj transparent solids, ( b ) transparent 
liquids, (c) transparent gases at ordinary tem- 
peratures, it is frequently observed that a definite 
band of rays is absorbed at either end of the 
spectrum . This is called a continuous absorption. 
Quite as frequently a band of rays is out out of 
the middle of the spectrum; this is called a. 
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selective absorption , and the region of the rays 
absorbed is said to be occupied by an absorption 
band. 

The production of emission spectra . Emission 
spectra may be produced in the following ways. 
(a) By flames of low temperature, 'e.g. by a spirit 
lamp or Bunsen burner, acting on solids, or the 
spray of solutions. The flame may be fed with 
chlorine, bromine, or iodine, or with hydro- 
ohlorio acid when salts of the halogens are ex- 
amined. ( b ) By flames of high temperature : 
blow-pipe, and oxyhydrogen flame. ( c ) By sparks 
in vacuum tubes containing residual gases or 
vapours, (d) By sparks of low tension acting on 
solids or solutions, (e) By sparks of high ten- 
sion. (/) By solids in the electric arc. (g) By 
electric discharge on solids in vacuo ; these are 
phosphorescence spectra. 

As a rule, line spectra are the spectra of 
elements, band spectra are the spectra of com- 
pounds. 

Salts of the alkali metals in the Bunsen 
flame emit line spectra characteristic of the 
metals, while the alkaline earth salts emit lines 
and bands which are characteristic of the 
metallic oxides. On the other hand, the burning 
of hydrogen and of hydrogen compounds causes 
the emission of more than 160 lines in the ultra- 
violet region, which can only be assigned to the 
vapour of water at a high temperature. Carbon 
is an element which emits bands in the coloured 
region, in hydrocarbon flames. A list of com- 
pounds which emit characteristic banded flame- 
spectra is given on p. 246. Erbia and erbium 
phosphate emit luminous bands when the solid 
substances are heated in a Bunsen or blow-pipe 
flame. Discharges in vacuum tubes sometimes 
emit a continuous spectrum ; oxygen does so at 
the lowest temperature at which it is luminous. 
Most gases emit a banded spectrum with low 
tension sparks at ordinary pressures ; the speo- 
trum alters with diminution of pressure until 
finally nothing but a line spectrum is visible — for 
example, this is the case with air in the ultra- 
violet region. Sparks of low tension from solids, 
such as metallic electrodes, and from solutions, 
emit lines chiefly in the visible region, while those 
of high tension are generally richest in radiations 
of high refrangibility, chiefly in the ultra-violet 
region. 

Low-tension sparks may be produced in two 
ways from solutions, first by wires of platinum 
moistened by the liquid, secondly by pieces of 
charcoal giving the flaming spark used by 
Bunsen. Many elements have been shown to 
emit a few bands or lines in the infra-red. The 
difference in action of high- and low- tension 
sparks is chiefly, if not entirely, due to tem- 
perature; the highest temperatures cause the 
emission of rays of the highest refrangibility. 
Solid elements, with few exceptions, yield spectra 
in the electric arc. The lines exhibited by some 
of the metals are exceedingly numerous. Be versed 
line spectra are common in the sun, and afford 
evidence of the presence of metals whose bright 
line spectra are coincident therewith. The 
number of bright lines seen reversed in the 
sun’s spectrum indicates the strength of the 
evidence of the existence in the sun of certain 
elements. 

As to the distribution of known kinds of 
Vol. IV. 


matter in space, the following list shows the 
elements observed in the sun with the numbers 
of their reversed lines seen in the solar spec 
trum : Fe 730, Ti 230, Ca 94, Mn 85, Hi 102, 
Co 91, Cr 71, Ba 26, Na 11, Mg 17, Cu 7, H 5, 
Pd 5, V 4, Mo 4, Sr 4, Pb 3, U 3, A1 18, Ce 2, 
Cd 2, Be 2, Sn 1. 

Methods of spectrum analysis . For efficient 
work with the spectroscope an instrument is to 
be preferred which admits plenty of light, has a 
rigid collimator, and immovable prism. Com- 
pound prisms of Grubb’s and of Thollon’s con- 
struction are among the best. The aro should 
be divided on the vertical edge of the prism- 
table or on an edge inclined at an angle of 45°. 
A vernier travelling over the aro and a mounted 
lens, for convenience in reading the scale and 
vernier, should be fitted near the telescope. A 
beautiful instrument made by the SoctiM 
Qinevoise pour la Construction des Instruments 
de Physique has a circle completely divided, and 
fittings for investigating ultra-viplet spectra, 
either by photography or with a fluorescent eye- 
piece of Soret’s design. It is provided with two 
verniers, and an automatic arrangement admitting 
of the prism being placed at the minimum angle 
of deviation for each ray under examination. 
This is necessary in order to secure the best de- 
finition. The instrument, of whatever form, 
should be capable of dividing and measuring the 
lines D' and D 2 of sodium, the first, second, and 
third lines of the yellow band; and in the carbon 
spectrum the first, second, third, and fourth lines 
of the green band, and the first, second, and third 
lines of the blue band, which are seen in the 
green inner cone of a powerful Bunsen burner. 
An instrument with a photographic scale, if it is 
sufficiently delicate, which is seldom the case, is 
of great use. One of these, constructed by 
Duboscq, was employed by Lecocq de Boisbaudran. 
A lens of short focus should be used to concen- 
trate the light, from whatever source, upon the 
slit of the instrument. A test tube about 12 mm. 
diam., supported vertically, if filled with water 
and placed close to the Blit of the instrument, 
answers this purpose. The telescope should be 
capable of easy movement without vibration, and 
be supported for two -thirds of its length from 
the object glass ; neither clamping nor the use 
of the focussing screw should be capable of 
displacing its position. The rays should pass 
straight down the collimator and completely fill 
the lens. Before commencing any serious work, 
the capabilities of the instrument and its use 
for obtaining measurements should be carefully 
studied. 

Supports of platinum wire fused into glass 
tubes are used for examining concentrated solu- 
tions and fused beads of salts in ordinary flames. 
Bunsen burners with steatite tops are particu- 
larly useful. Blow-pipe flames with a vertical 
direction, urged by bellows worked by the foot, 
are useful for examining the alkaline earths. 
Hydrogen gas from a constant generator made 
of lead and of large size is better than coal-gas 
for all flame spectra. Whether coal-gas or 
hydrogen be used, it is advantageous in exami- 
ning salts of the alkaline earths, particularly 
chlorides, to pass the gas through a litre of 
strongest hydroohlorio acid into a Bunsen 
burner, which is made of hard glass tube tipped 
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with platinum. The flame is thus supplied with 
hydrochloric acid, and the chlorides are volatilised 
apparently without decomposition, so that they 
emit rays of great brilliancy which yield simple 
line spectra. For high temperatures a very 
small gas blowpipe may be supplied with oxy- 
gen. In this case the supports of platinum 
would be fused, and it has therefore been found 
convenient to use a wire of iridium, twisted into 
a loop, the compound being placed in the loop. 
In this manner manganese dioxide yields the 
bands of the dioxide, the spectrum of which is 
observed in the Bessemer flame. Calcium fluoride 
and copper oxide readily yield characteristic 
spectra. The alkaline earths yield very brilliant 
spectra, which are due to the metallic oxide in 
each case. When volatile substances, such as 
salts of lithium and the other alkalis, are under 
observation, it frequently happens that a diffi- 
culty in measuring their lines occurs owing to 
the evanescent appearance of their spectra ; more 
lasting spectra may be produced by converting 
the volatile salts into silicates of borates by heat- 
ing in a platinum spoon, or even in a porcelain 
crucible, with crystals of boracic acid. Beads of 
the borates will continue to illumine a flame for 
a lengthened period ; with lithium and thallium, 
measurements have been made for as long as 
twenty minutes without renewing the material. 
Should the alkalis be accompanied by lime, 
etrontia, or baryta, the spectra of these earths 
are suppressed, but towards the end of the ob- 
servation sometimes the green colour of boric 
oxide appears. Sparks, both of low and high 
tension, may be used with Delachanel and Mer- 
met’s fulgurator. This instrument has the ad- 
vantage of using very little solution, and losing 
none. Some solutions, such as salts of yttria, 
do not yield their characteristic spectrum to low- 
tension sparks, and it is necessary to strengthen 
the current by interposing a Leyden jar in the 
circuit, or, what is better, a pane of glass coated 
on either side with 030 square centims. of tinfoil. 
The spark should be 3 to 6 mm. in length. The 
lines of platinum, hydrogen, sodium, and a few 
of chlorine are visible, but these are known and 
are measurable. When the solution becomes 
contaminated with platinum, it may be removed 
and purified to be used over again if necessary. 
For such work it is best to use a coil which can 
yield sparks 170-180 mm. long in air. 

For observations on ultra-violet spectra the 
arrangements described by Soret and by Cornu 
consist of an optical train of quartz and a prism of 
60°, which is composed of two halves each of 30° ; 
one of the two lenses and one half of the prism 
are cut from a right-handed crystal, the other cor- 
responding parts from a left-handed crystal, so 
that the double refraction of one is corrected by 
that of the other. One half of the prism may 
be fixed on the collimator dose to the lens, the 
other in front of the object-glass. For ordinary 
observations a fluorescent eye-piece is neces- 
sary, but generally photography is more con- 
venient. Cornu has used lenses aohromatised 
with oolourless fluorspar, but this is not neces- 
sary, because the peculiarity of the camera em- 
ployed by Hartley enables whole spectra to be 
accurately focussed on one plate if only one 
prism of 60 degrees be used. The camera back 
is sloped at an angle of about 22° to the normal, 


which brings one end of the plate nearest to the 
rays of shortest wave-length, and the locus of 
the foci of all the rays, from the least to the 
most refrangible, lies upon the plate. There is 
thus a saving of time in the observation of com- 
plicated spectra, with the additional advantage 
that angular measurements are abolished and 
linear measurements substituted. Moreover, an 
increased dispersion and separation of the rays 
is obtained. This arrangement is most suitable 
for use with two half-prisms of quartz of 30°. 
Six hundred lines in the spectrum of iron have 
thus been photographed with such excellent de- 
finition that a magnifying power of 25 diameters 
was used in their measurement. A quartz lens 
75 mm. in diameter and of 75 mm. focus is placed 
in front of the slit. The camera back is so con- 
structed that by a rack and pinion motion a 
succession of twelve or fifteen spectra may be 
taken on one plate. The lenses, which are not 
aohromatised, are of 425 mm. focus for yellow 
light, and 50 mm. in diameter, the prisms being 
of corresponding dimensions. 

Sparks of high tension obtained in the 
manner already described are necessary. They 
may be passed between metallic electrodes 3 to 
6 mm. apart. 

For photographing spectra yielded by solu- 
tions electrodes of graphite are used, or wicks of 
fine wire drawn from pure gold. The solution 
is placed in a small J tube ; in the shorter limb 
the electrode is placed, and a platinum wire 
passes down the longer limb to make connection 
with the coil. By means of a pipette the tube is 
easily charged. The graphite electrodes are cut 
from good sound pieces of Ceylon or Siberian 
graphite, and are chisel-shaped, with grooves 
scored along them with the point of a pin. The 
opposite electrode may be of graphite or of any 
suitable metal. In order that the strongest dis- 
charges may pass from below upwards the lower 
should be the negative electrode. The admira- 
ble work of Lecocq de Boisbaudran on flame and 
spark spectra ( Spectres Lumineux, 1874) not 
only gives the practical details, but maps of pris- 
matic spectra, and the same applied to a scale 
of wave-lengths, as well as a complete description 
of the spectra and a description of each line. 
The publication proves to be all that a guide to 
the use of the spectroscope should be, but it 
deals only with the visible region. In photo- 
graphing spark spectra the trouble of making 
drawings is unnecessary, since the photographs 
themselves are better than any reproduction ; all 
that is required is a description and a map of 
the principal lines on the scale of wave-lengths. 
In photographing the spectra of solutions by 
means of graphite electrodes it is, of course, 
necessary to ascertain that the material does 
not yield any of the numerous lines in the 
spectrum of iron, generally speaking four lines 
of magnesium with wave-lengths 2801*1 to 2789*6 
are visible. Although photography has been ap- 
plied almost exclusively to the ultra-violet rays 
and to the infra-red, there is no reason why it 
should not be used for visible rays, since gelatin 
plates stained with cyanine, eosme, erythrosine, 
and some other dyes, render the plates sensitive 
to the orange, red, and yellow rays. Cyanine is 
a dye which is sensitive to most of the spectrum 
as far as the rays of very long wave-lengths- 
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On the sensitiveness of emission spectra . 

The following table gives the sensitiveness of 
■the emission spectra of various elements in 
fractions of a milligram. It will be observed 
that radiations in different regions, and excited 
by different means, greatly vary' in emissive 
|)Ower even with the same element. 

Visible flame spectra . 


Ba 

Mgr. 

1 

2,000 

Kirchhoff a. Bunsen 

Ca 

1 


60 UOU 

»» H 

Cs 

1 

ft 99 

26,000 

€u 

1 

286 

Simmler 

[n 

1 

2,000 

Cappel 

Li 

1 

mm 

Kirchhoff a. Bunsen 

Mn 

1 

83 

Simmler 

K 

1 

3,000 

Kirchhoff a. Bunsen 

Rb 

1 

7,000 

» »• 

Na 

1 


14, 000, 000 

»* »* 

St 

1 

30,000 

»♦ ft 

T1 

1 

60^000 

Lamy 


Visible spark spectra (Cappel). 


Mgr. 

Mgr. 

Ba 

l 

Li 1 

000,000 

40,0U0,000 

Bi 

1 

70,000 

Mg 600,000 

<Cd 

1 

18,000 

200,000 

Ca 

1 

10,000,000 

10,000 

Or 

1 

4,000,000 

Ni «To 

Cs 

3 

4.000 

1 

20.000 

K i 

Cu 

Eb m 

Co 

WOO 

1 

Sr t 

100,000,000 

Au 

T1 1 

4,000 

8u, 000, 000 

In 

1 

Sn 

90,000 

OI 17,000 

Fe 

1 

Zn 1 

26,000 

600,000 

Pb 

1 

20,000 


< Photographed ultra-violet spark spectra 


(Hartley). 


Mg 

Mgr. 

1 

100,000,000 


On ultra-violet spectra . The conditions 
necessary in photographing ult* a- violet spectra, 
are : 1st, a sensitive salt exerting an equality of 
action throughout the whole range of the spec- 
trum ; 2nd, a perfectly diactinic vehicle to hold 
the salt ; 3rd, a process pf development which 
will not exert a preferential action on any portion 
-of the spectrum. These oonditions are fulfilled 
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by the use of silver bromide emulsion, the gelatin 
being of the purest description, and the image 
being developed by pyrogallol, hydroquinol, or 
hydroxylamine hydrochloride and caustic soda. 
The new developer eikonogen is suitable. Ferrous 
oxalate, as usually employed, is not to be recom- 
mended, because strong lines become developed 
much more strongly than weak lines. The ex- 
posure varies slightly with the sensitive nature of 
the plates, the width of the slit, the conducting 
power of the electrodes, the emissive power of 
the rays to be observed, and lastly with the ex- 
cellence of the developer. Having once ascer- 
tained by comparative exposures how to obtain 
the best effect, there is very seldom any necessity 
for altering the exposure. 

The following facts have been established 
regarding ultra-violet spark spectra: 1. When 
carbon or metallic electrodes, which emit short 
lines, are moistened or partially immersed in 
water, the short lines are lengthened. 2. The 
impurities in a metal, or the minute constituents 
of an alloy, generally appear as spectra com- 
posed of short lines. When both electrodes are 
of the same material, the impurities in minute 
proportion appear at the negative pole only , but 
when the proportion of the impurity or alloy is 
increased, the long lines are seen as short lines 
at both poles ; a further increase in proportion 
brings them out as long lines. 3. Of the non- 
metallio elements, boron, carbon, and silicon 
exhibit line spectra. The line spectra of the 
elements are seen in spectra of borates and sili- 
cates, and in boracic and hydrofluosilicic acids. 
4. The spectra of carbon and silicon may nearly 
always be detected in photographs taken from 
electrodes of metallic iron. 6. Insoluble com- 
pounds which are not volatile, such as ferrous 
sulphide, ferric oxide, and ferrous phosphate, do 
not yield spark spectra. Insoluble, though 
somewhat volatile, compounds, such as thallium 
chloride, yield a feeble spectrum of metallic 
lines. 6. With the exception of boron and sili- 
con, the non-metallic constituents of a salt do 
not affect the spark spectra of solutions. 7. The 
spectrum of a metallic chloride, nitrate, or sul- 
phate yields spectral lines identical in number 
and position with the principal lines of the 
metal itself. Some of the short lines become 
long lines, but whether the spectra are produoed 
by metallic electrodes or solutions their 
character is identical. 8. The effect of diluting 
solutions of metallic salts is first to weaken and 
attenuate the metallic lines, then, with a more 
extensive dilution, to shorten them, the length of 
the longest and strongest lines generally decreas- 
ing until they finally disappear. There are two 
lines in the spectrum of copper which disappear 
by attenuation only, and a similar pair of lines 
in the spectrum of silver behaves in like manner. 
Both pairs of lines have been observed as short 
lines in alloys containing very small quantities 
of these metals. 9. Accidental differences in the 
passage of the spark, or in the time of exposure 
of the photographic plate, when the normal 
period varies from half-a-minute to five minutes, 
do not cause sensible variations in spectra ob- 
tained from the same substances, under any 
ordinary circumstances. 10. Spectra of metallic 
electrodes and of solutions are liable to con- 
tain the lines of calcium, with wave-lengtbg 
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2967*3 and 3933, also occasionally those with 
wave-lengths 3736*5 and 3705*3. These calcium 
lines are due to dust when the electrodes are 
dry, and to impurity in the acids when solu- 
tions are prepared therewith and examined. 
11. Five modified spectra have been observed in 
photographs taken from graphite electrodes, 
which apparently belong to no other element 
but carbon. The first and second were pro- 
duced under identical circumstances, and were 
taken from dry points in air. The first contains 
20 lines, the second only 12. The third was 
taken from wet electrodes in air, and consists of 
20 lines, some of which are lengthened. The 
fourth was taken from dry electrodes in oxygen, 
and consists of 17 lines, some being much 
lengthened. The fifth was taken from dry 
electrodes in carbon dioxide, and consists of 
13 lines, all much lengthened and strengthened 
(T. pt. i. 1884). 

The examination of metals and alloys. When 
a metal is to be examined it may be filed or 
hammered into electrodes of a convenient shape, 
and held between screw clips or between the 
points of cheap drawing pens. According to 
circumstances, both electrodes need not be of 
the same metal, but one may be of gold, pla- 
tinum, or a tin-cadmium or lead-cadmium alloy 
containing in either case 20 p.c. of cadmium. 
Such an alloy gives convenient reference lines. 
If it be required to bring out the lines of the 
constituent of an alloy present in the metal in 
minute proportion, or present as an impurity in 
the metal, it is best to partially immerse the 
lower electrode in water contained in a small 
glass J tube, as if a solution were being photo- 
graphed. Under these circumstances the short 
lines become much lengthened and consequently 
more prominent. The best form for electrodes 
is flat with curved edges, or even somewhat 
rounded discs, such aB blow-pipe globules 
flattened. 

The identification of lines in photographed 
spectra . When the spectrum of an alloy, me- 
tallic precipitate, or solution has been photo- 
graphed, it is seldom easy to determine what 
substances are present or absent, partly on ac- 
count of the complexity of the spectra and 
partly from the absence of colour. It is 
necessary in such cases to have recourse to one 
or both of the following methods of identification. 
(a) Method of identifying the elements by lines 
photographed from a known specimen. A series 
of photographs taken from metallio electrodes 
and from solutions should always be kept for 
reference. A substance may then be readily 
identified even when the wave-lengths of its 
lines are unknown, by superposing one photo- 
graph on the other, film to film, since there are 
but very few cases of actual coincidences of 
lineB of similar character belonging to different 
elements. If this examination does not account 
for all the lines, it is necessary to proceed ac- 
cording to the next method, (b) Method of 
identifying lines when comparison-spectra are 
not available . By chemical processes of separa- 
tion it iB easy to ascertain what metalB may be 
looked for. The wave-lengths of the unrecog- 
nised lines may then be ascertained by measure- 
ments and reference to an interpolation curve. 
$he measurements need not be made with a 


micrometer unless great accuracy is required. 
It suffices generally to measure the spectra by 
means of an ivory scale with bevelled edges, the 
divisions on the scale being hundredths of an 
inch. With a strong magnifier we may read by 
judgment to tenths of a division or thousandths 
of an inch. The best form of magnifier is made 
like the compound eyepiece, of a microscope 
with cross hairs or fibres of cocoon silk in the 
field. The lens is placed very close to the sur- 
face of the scale and photograph, so that false 
readings caused by parallax are avoided. When 
all the lines in a photograph which have been 
recognised, or vice versdy have been pricked off, 
the scale is very carefully adjusted so that it 
gives correct readings with lines of known wave- 
lengths at different parts of the spectrum, such 
for instance, with Nos. 9, 10, 11, 12, 17, and 25 
of cadmium. In order to adjust the scale ac- 
curately, it is advisable to rule a line along the 
whole of the spectrum, which may be done when 
photographing by placing a wire at right angles 
to the slit, and one-third or one-fourth the length 
of the spark, above the lower electrode. The 
edge of the scale is applied to this line, and held 
in position by spring clips or screws. The scale 
numbers of the unrecognised lines are then 
read off, and by reference to the interpolation 
curve their oscillation-frequencies or their wave- 
lengths are obtained. From maps, or descrip- 
tions of spectra, accompanying a list of wave- 
lengths, the corresponding lines are selected 
and identified. 

Descriptions of the spectra of the elements. 
Emission spectra. The spectra of non-metallic 
elements, particularly those which are gaseous, 
have been found to vary in character with the 
conditions under which they have been obtained. 
Thus N, O, C, Br, I, S, Se, Te, and P yield band 
spectra or line spectra, according to variations in 
temperature or pressure. The chlorides of B and 
Si likewise give line spectra due to B and Si ; under 
certain conditions they emit spectra of their own. 
The fluted spectrum of carbon has given rise to 
great discussion. Swan, and later Ingstrdm, 
attributed the bands to a hydrocarbon, so also did 
Morren, and Liveing a. Dewar, but they finally 
arrived at the conclusion first enunciated by Att- 
field, that the bands were caused by the element 
carbon. Van der Willingen, Plficker and Hittorf, 
Marshall Watts, Wullner, Lockyer, and Fievez, 
have all adduced evidence of this. It appears, 
however, that a banded spectrum of cyanogen can 
be obtained which is distinct from that of carbon. 
Certain bands in the ultra-violet spark spectrum, 
which have been considered by Liveing and Dewar 
to be caused by cyanogen, have been observed by 
Hartley, and he is led to the conclusion that they 
are in reality carbon bands intensified by the 
| presence of an atmosphere of nitrogen, but not 
cyanogen bands, for the reason that they cannot 
be obtained from various oya*~>gen compounds, 
such as soluble cyanides. They are always 
present when graphite electrodes are used in air, 
they are intensified when the electrodes are 
moistened, and they become particularly strong 
when concentrated solutions of chlorides, Buoh 
as zinc chloride or calcium chloride, surround 
the electrodes ; moreover, the strength of the bands 
increases with the strength of the solutions. 

A review of the facts shows that large mole- 
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oules give banded spectra, as is evident from 
the spectra of compounds, and various other 
considerations lead to the conclusion that the 
elements which give such are capable of exist- 
ence in different molecular conditions; the most 
complex molecules emitting bands of rays, the 
simpler molecules emitting line spectra. 

Hydrogen. When sparks are passed through 
hydrogen, four very well known lines appear. 
Huggins has observed the same in some stars, 
together with a remarkable series of lines in the 
ultra-violet, and it has been surmised that the 
whole series, visible and invisible, belong to the 
one element. Cornu has recently proved this to 
be the case. Fifteen lines in the visible and 
ultra-violet constitute the only true line spec- 
trum of hydrogen. 

The alkali metals, Li, Na, K, Rb, Cs. 
These metals are distinguished by the fact that 
most of their salts are decomposed in the flame, 
and the metal set free, or the metallic oxide 
formed from it, is sufficient to colour the flame in- 
tensely. The spectra are very simple, and all the 
principal lines are in the visible region. Their 
ultra-violet spark spectra are insignificant. 

The alkaline earth metals, Ca, Sr, Ba. 
The spectra of these elements are obtainable by 
flames. When the chlorides are fused and 
heated in a flame supplied with hydrochloric acid, 
lines due to the metallic chlorides are visible. 
Without hydrochloric acid, the spectrum is at 
first a simple line spectrum, but subsequently 
bands, shown by Mitscherlich to be due to the 
oxides, take their place. Feeble sparks give line 
spectra with solutions of salts. In the ultra- 
violet, a series of well-marked groups of doublets 
and triplets is seen. 

The magnesium group, Be, Mg, Zn, Cd. 
The element beryllium stands at the head of 
two families, that of the alkaline earths and the 
magnesium family. It occupies a position simi- 
lar to that of lithium with regard to the alkali 
metals and the copper and silver family. Its 
spectrum is similar in many respects to that of 
lithium, being very simple and composed of iso- 
lated lines. There are two in the blue and five 
in the ultra-violet not visible in the flame, but 
obtainable by the action of condensed sparks. 
Magnesium and the compounds of the other 
metals of this group do not easily yield flame 
spectra, but give characteristic groups of lines 
when solutions are submitted to feeble or con- 
densed sparks. In the ultra-violet these consist 
of well-marked groups of isolated lines, pairs, 
triplets, and groups of four and of five lines. 

The aluminium elements, B, Al, Ga, 
In, Tl. Boron, which stands at the head of this 
group, gives a flame-spectrum only of its oxide, 
but the boron compounds, such as borates, emit 
three lines in the ultra-violet due to this ele- 
ment. Aluminium gives no flame spectrum, but 
gallium, indium, and thallium emit rays in the 
violet and green. Sparks taken from solutions 
of indium and thallium yield characteristic 
speotra in the ultra-violet consisting of many 
isolated lines and pairs of lines. 

The tin elements, C, Sn, Ge,Pb. Carbon 
presents a very simple spectrum when condensed 
sparks are used; most of the lines are in the 
ultra-violet. It is a remarkable fact that under 
the same conditions the number of lines some- 
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times varies, and no satisfactory reason for this 
can be assigned. Four speotra of graphite have 
been mapped from photographs described as 
follows : 1. Dry electrodes in air. 2. Wet elec- 
trodes in air. 3. Dry electrodes in oxygen. 4. Dry 
electrodes in carbon dioxide. The strength and 
length of the lines vary under certain circum- 
stances ; in 1 the lines are all short, in 2 some 
lines are lengthened, in 3 some lines are much 
lengthened, and in 4 all the lines are lengthened 
and strengthened. 

The spark spectra of tin, germanium, and 
lead contain numerous lines which are not 
characterised by any evident speoial grouping. 
The ultra-violet spectrum of germanium has yet 
to be photographed. 

The group of rare earths, Ce, La, Di, 
Sm, Yt, Sc, Er, Tr. These elements give no flame 
spectra, and but weak spectra with feeble sparks. 
Ce, Di, Yt, Sm, Sc, Tr yield very complicated 
spectra to powerful sparks, the speotrum of 
cerium in the ultra-violet being remarkable for 
the immense crowd of lines. Yttrium and scan- 
dium chlorides give spectra composed of bands 
which are very characteristic in the visible re- 
gion. Didymium, samarium, erbium, and thallium 
will be dealt with under the head of Absorption 
spectra . Lanthanum gives a large number of 
lines in the visible region, but very few in the 
ultra-violet. 

The nitrogen elements, N, P, As, Sb,Bi, 
V. Nitrogen gives a large number of lines under 
the action of condensed sparks. The ultra-violet 
portion of the spectrum has been photographed. 
Nothing of the same kind is known of phos- 
phorus. Phosphorus in a current of hydrogen 
gives a beautiful banded flame spectrum, espe- 
cially when the flame is cooled. This reaction 
is exceedingly sensitive. The spectra of arsenic, 
antimony, and bismuth in the ultra-violet are 
very well marked, and they each contain a large 
number of lines, some of which are nebulous, 
others are mere dots, and there is a charao* 
teristic background of continuous rays. Vana- 
dium yields spark spectra, with a large number 
of lines. 

The chromium elements, Te, Cr, Mn. 
The line spectrum of tellurium obtained from the 
element is very complex, and by far the greater 
number of lines are in the ultra-violet; the 
character of the spectrum resembles those of 
arsenic, antimony, and bismuth. The chromium 
and manganese spectra are very complex and 
similar to those of the iron group. 

The iron, nickel, and cobalt group. 
These metals present very complicated spectra 
when condensed sparks are employed in the 
visible, and more particularly the ultra-violet, 
regions. The grouping of the lines in the dif- 
ferent spectra is similar. 

The palladium, gold, and platinum 
group. These elements present complicated 
spectra, though less so than the foregoing. The 
strong lines of gold are few in number. These 
metals do not excel in emissive power. Feeble 
sparks with them give feeble spectra. Iridium 
gives a spectrum only with condensed sparks, 
which in the ultra-violet consists of a great 
crowd of lines. 

The spectra of many elements, such as tung- 
sten and uranium, have yet to* be examined 
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thoroughly. It may here be remarked that ele- 
ments usually associated by their natural occur- 
rence, or by classification according to their 
chemical properties, exhibit spectra with charac- 
ters in common. 

A very important paper by Mitscherlich 
(A, 121, 459) first drew attention to the fact 
that a number of compounds emit distinct 
spectra, for the most part band spectra. A list 
of such compounds here follows, most of the 
spectra of which were originally described by 
Mitscherlich. Diacon also (Th&ses de Physique 
et de Cherme , Montpelier, 1864), using a flame the 
interior of which was fed with chlorine, obtained 
distinct spectra of chlorides, such as those of the 
alkaline earths, gold, lead, iron, cobalt, and nickel ; 
the alkalis gave no spectra excepting where they 
became converted into oxides or metal, as in the 
mantle of the flame. 

Compounds emitting distinct spectra 
(Mitscherlich). 4 Venetian-blind or degraded 
band spectra. Flame. BaO; BiCl s , BiBr s , Bil 3 ; 
B 2 0 8 ; CuCl 2 ,CuBr 2 , Cu.^, CuO ; AuCl a ; Fe 2 0 3 ; 
MgO ; Mn0 2 ; PbCl* PbO ; MgCl 2 . 

Plain band spectra . BaF 2 , BaCl 2 , BaBr 2 ; 
Bil 3 ; CaF 2 , CaO; CuF 3 ; SrO. 

Line spectra , or lines with bands. BaCl 2 , 
BaBr 2 , Bal 2 ; Ca01 2 , CaBr 2 , Cal 2 ; SrF 2 , SrCl 2 , 
SrBr 2 , Srl 2 . 

Other observers have discovered and de- 
scribed specific spectra emitted by the following 
compounds: — A1 2 0 3 ; feeble sparks (Wiillner and 
others). NH S ; flame (Dibbits). CO ; spark 
(Pliicker and others). CN ; flame (Fox Talbot, 
Draper, Dibbits, and others). Er 2 0 3 and ErP0 4 ; 
flame (Bunsen a. Bahr). MgO and hydride of 
Mg; flame and spark (Liveing a. Dewar). PH a ; 
flame cooled (Christofle a. Beilstein). SiCl 4 , 
SiBr 4 , Sil 4 ; spark (Pliicker, also Salet). H 2 0 ; 
flame (Liveing a. Dewar ; Huggins). 

Harmonic relations between the lines of a 
spectrum. The self-luminous nature of a mole- 
cule is connected with the vibrations of those 
parts of the molecule which are called atoms. 
The number of vibrations is indicated by the in- 
verse wave-lengths of the lines in the spectra. 
The spectrum of iron contains more than 1,200 
distinct lines, and it follows, therefore, that the 
molecule or its atoms must simultaneously ex- 
cite as many different vibrations. We are 
acquainted with similar relations in acoustics. 
For instance, it has been observed by Hipkins 
that the simplest vibration of a pianoforte 
string will cause it to emit its own proper note, 
and as 'many as twenty-four overtones or har- 
monics. Johnstone Stoney first discovered such 
harmonics in spectra. The visible spectrum 
of hydrogen contains the three lines Ha wave- 
length 6563-9, H0 . 4862-1, H5 - 4102-4, these are 
the 20th, 27th and 32nd overtones of a vibration, 
of which the wave-length « 0013127714 mm. 
But the fourth line H7=*4341, and the lines in 
the ultra-violet do not fall in with this system. 
Sotet has calculated the harmonics of the three 
groups of triplets in the magnesium spectrum 
to be the 20th, 27th, and 31st harmonics of the 
fundamental vibration. Similar groups occur 
in the cadmium spectrum, which are the 20th, 
23rd, 27th, and 31st of a fundamental vibration. 
Schuster has observed several harmonics in the 
Spectrum of strontium ; also in the spectra of 


bismuth, calcium, thallium, and gold. Aooording 
to Mascart, sodium has five series of doublets 
which are the 132nd, 138th, 143rd, 158th, and 
163rd harmonics. One of the most remarkable 
spectra is the absorption caused by chromyl 
chloride. Johnstone Stoney and Emerson Rey- 
nolds have shown that under great dispersion 
and lime-light illumination it gives a series of 
harmonics which are similar to those of a violin 
string, and of which the order lies between 628 
and 788. Liveing and Dewar have observed that 
many ultra-violet spectra contain lines which 
are harmonically related, not so simply related 
perhaps as the harmonics of a uniform stretched 
string, but like the overtones of a string which is 
not of uniform thickness, or is loaded at different 
points, similarly related in origin though not 
exact harmonics. Lithium, potassium, calcium, 
magnesium, and zinc are such elements. The 
alkali metals have each one series in the visible 
spectrum, and another in the ultra-violet. It 
may happen in other cases that two or more such 
series overlap, and it may be very difficult to 
distinguish and separate them. There is a re- 
markable fact to be noted with regard to ultra- 
violet spectra, namely, that similar groups of 
lines, evidently harmonically related, are alter- 
nately sharp and nebulous in character. 

Huggins discovered that the four hydrogen 
lines in the solar spectrum are part of a much 
longer series of lines which occur in the spectra 
of white stars. Cornu discovered the whole series 
in the spectrum of pure hydrogen, and Balmer 
showed that the whole Beries of lines can be 
expressed by the following formula : 



in which k is a constant 


for the whole series, and by substituting the 
whole numbers 3, 4, 5, 6, &c., for m, we obtain 
values for N which are the oscillation-fre- 
quencies of the successive lines. 

Relations between the spectra of different 
elements. Lecocq de Boisbaudran has observed 
such a relationship between the lines in the dif- 
ferent spectra of the alkali metals and their 
atomic weights, that he has been able to calcu- 
late the atomic weight of gallium from its spec- 
trum. It may be stated that the atoms of greater 
mass vibrate more slowly, and therefore emit 
rays of proportionally greater wave-lengths. 
Ciamician made an extended series of observa- 
tions on the speotra of elements usually classed 
together on account of their chemical properties, 
and he described several of these spectra as 
being homologous, that is to say, similarly con- 
stituted. A. Griinwald observed mathematical 
relations between the spectrum of water vapour 
and the line speotra of H and O, which led him to 
predict the existence of many lines in the spectrum 
of water vapour which had not been photo- 
graphed. By prolonged exposures, Liveing and 
Dewar obtained photographs of a number of 
lines approximating very closely to those calcu- 
lated by Griinwald. 

Hartley, in 1883, observed the law of homo- 
logy in the visible and ultra-violet speotra of the 
magnesium, zinc, and cadmium group. Elements 
with properties in common exhibit speotra with 
similar groupings of lines, but the dispersion of 
the lines and the refrangibility of the strong lines 
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In each group vary with the atomic weights of 
the elements. In each spectrum the differences 
between the oscillation-frequencies of the indi- 
vidual lines of each triplet is a constant quantity. 
The law also applies to the series of doublets. The 
differences between the oscillation-frequencies of 
individual rays in the series of triplets increases 
with the atomic weights of the elements to tfhich 


who it appears recognised it independently in 
1885. J. 8. Ames, in 1890, proved the perfeot 
homology, line for line, of the arc spectra of zinc 
and cadmium. Kayser and Bunge have shown 
that the series of triplets referred to in the 
magnesium, zinc, and cadmium speotra are in 
reality three series of harmonic vibrations, a 
principal series and two subordinate series over- 



the triplets belong. A survey of these facts led 
to the conclusion that as the molecules of these 
elements contain but one atom, the atoms have a 
complex constitution, and that those elements the 
spectra of which are homologous are composed 
of the same kind of matter in different states 
of condensation, the molecules having similar 
modes, but different rates, of vibration. The law 
of homology has been studied by J. R. Rydberg, 


lying each other. The magnesium aeries they 
place along with those belonging to the calcium, 
strontium, and barium family, but according to 
the periodic law, the magnesium spectrum might 
be expected also to stand at the head of the spectra 
of the family which includes zinc and cadmium* 
The series of lines in the alkali and alkaline earth 
metals do not fall in with Balmer’s law for the 
hydrogen lines. Homology has been observed 
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in the spectra of the following groups : lithium, 
sodium, potassium, rubidium, caesium, also in 
aluminium, indium, thallium. Runge announces 
that doublets and triplets existing in the spec- 
trum of an element can be arranged in series 
which show an appearance of great regularity, 
and are seemingly analogous to the overtones of a 
vibrating body (see figs. 1, 2, and 3). In fig. I 
the spectrum of sodium is shown with a scale of 
unequal parts, A corresponding to wave-lengths, 



oscillation-frequencies. The lines forming the 
entire spectrum are arranged in three series. 
Each line in the maps indicates a closely-placed 
pair of lines. Series P is the principal series, 
series D is the subordinate series of diffuse 
lines, series S the subordinate series of Bharp 
lines. The three series are regular, the intervals 
between the lines decrease as the wave-lengths 
of the lines diminish from right .to left. In 
fig. 2 we have similar maps, but the scales run 
the reverse way, from left to right. The principal 
and subordinate series of lines are shown in the 
spectra of Mg, Ca, Zn, Cd, and Hg. Correspond- 
ing lines in two different series of the same 
spectrum are numbered alike. The homology 
of the spectra is evidenced, and also variations 
following increase of atomic mass in elements 
of the same group. In fig. 3 the homology of 


determined the composition of some homogeneous 
alloys of gold and silver, also of lead and cad- 
mium, by comparison of their spectra with check 
pieces of known composition. Sir J. G. Alleyno 
estimated phosphorus in iron and steel, and Ball- 
man attempted the estimation of lithium by the 
spectroscope. Liveing and Dewar made observa- 
tions on a spectroscopic method of estimating 
sodium by measuring the width of the sodium 
lines. Hartley determined the different Bpectra 
emitted by solutions of different strengths, and 
found these constant when the ultra-violet lines 
were photographed. Accordingly, by comparison, 
the metals may be determined in solutions made 
from determinate weights of material, diluted to 
a definite volume. Quantitative determinations 
of the basic constituents of limestones, of copper 
in pyrites cinder, and of lead, silver, and copper 
in zinc blende, have been made with quantities 
of matter so small that no other method could 
have dealt with them. It will be seen later on, 
that absorption spectra are serviceable in quanti 
tative analysis. 

Spectra of the infra-red region and spec- 
tra of solids in vacuo. There are three 
methods of spectroscopy which have not yet 
been much employed. 1. The method of E. 
Becquerel for observing the infra-red rays. 
This is accomplished by the use of an eyepieco 
covered with Balmain’s phosphorescent paint. 
When it is excited by exposure to ft brilliant 



the spectra of copper and silver is well shown. 
The difference of two consecutive oscillation- 
frequencies decreases as these values increase, 
and there seems to be a finite limit to the 
oscillation-frequencies of a series. If n repre- 
sent whole numbers, the oscillation-frequencies 
of a series may, with great accuracy, be repre- 
sented by the formula A— B?r" 2 — C/r“ 4 , where A, 
B, C, are positive constants. B has nearly the 
same value for all the series of the different 
spectra. A is the limit towards which the oscil- 
lation-frequency tends when n increases. For 
elements that are chemically related the series 
are distinctly homologous, both in appearance 
of the lines and the values of A, B, C, and with 
increasing atomic weight they shift towards 
the less refrangible end of the spectrum. The 
spectra show relationships between the elements 
similar to those between their chemical proper- 
ties. 

Quantitative analysis by the spectroscope. 
In 1862 W. A. Miller first attempted to apply the 
spectroscope to the quantitative estimation of 
the constituents of an alloy. Jansen, in 1870, 
proposed two methods of quantitative analysis. 
Champion, Pellet, and Grenier successfully ap- 
plied a spectro-photometrical method to the esti- 
mation of alkalis. Lockyer and Roberts-Austen 


light, it glows, but as soon as any radiation of 
very low refrangibility falls upon it the phos- 
phorescence is destroyed. 2. Abney observes 
the same rays by means of specially-prepared 
photographic plates, sensitive to exceedingly 
slow vibrations. Even the radiations from a 
kettle of boiling water can impress themselves 
permanently on his preparation of silver 
bromide. V. Schumann and also Waterhouse 
have used photographic plates prepared with 
cyanine, erythrosine, and other dyes for the 
same purpose with some success. 3. Crookes 
has made much use of the phosphorescent 
spectrum obtained by the action of an electric 
discharge in high vacua, and has made a most 
interesting series of observations on the rare 
earths by this means. Among other results he 
has proved the wide distribution of yttria, its 
occurrence in strontianite, coral, oyster shells, 
and limestones. He considers that there are 
several kinds of yttria with different phos- 
phorescent spectra, but as they all give the same 
spectrum when excited by the spark in the usual 
manner, they must be considered as being de- 
rived from the same elementary yttrium. 

Absorption spectra. In dealing with absorp- 
tion spectra, we may observe the effect on a 
continuous spectrum of (a) erases, ( b ) liquids, (c) 
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solids. When rays enter a transparent medium — 
either gaseous, liquid, or solid— they do not leave 
it in a condition identical with that in which 
they entered it. They may be either partially 
absorbed or altered in refrangibiUty, « No known 
substance is capable of transmitting radiations 
of all known wave-lengths ; those media which do 
not absorb appreciably any of the coloured rays, 
or any of the rays in the ultra-violet which are 
capable of being photographed, absorb a portion 
of the infra-red spectrum. It may be remarked 
that substances like air and water which in thin 
layers do not appear to absorb the rays in the 
visible spectrum, in thicker layers are seen to 
absorb the rays of a limited region. The A and 
B groups of lines in the solar spectrum have 
been shown to be due to oxygen in the atmo- 
sphere, while nine lines lying between the two 
D lines in the solar spectrum were observed, and 
proved by Josiah P. Cooke, in 1866, to be caused 
by water, vapour in the atmosphere amounting 
to not more than 1*5 g. in 100 litres of air. With 
0*18 g. only one lino was visible, and with 0*55 g. 
two lines. The successful application by Piazzi 
Smyth of the spectroscope to weather forecasts 
is based upon such facts. 

Many cases of absorption are known in the 
infra-red and in the ultra-violet, when no visible 
rays are absorbed. Colours may be either visible 
or invisible, since we must regard every substance 
which absorbs rays as coloured. The eye cannot 
always distinguish colour, because the most 
sensitive eye cannot observe the rays which are 
absorbed by its own aqueous humour, and are 
thus prevented from affecting the optic nerve. 
Hence the infra-red rays have no effeot upon the 
retina, and most of the ultra-violet cannot affect 
it. The colour of a substance is determined by 
the combined effect of the rays which are not 
absorbed. Cobalt glass, which absorbs the 
yellow and green rays, transmits the red, blue, 
and violet, but as it transmits comparatively 
little of the red its colour appears blue. The 
purity of the light by which the substance is 
examined is of importance. Chromium solutions 
which are green by daylight are red by gaslight, 
because the yellow and red raye are predominant 
in gaslight, and as the red rays and the green 
are transmitted by pure white light, the dominant 
colour is red by light of less purity. There is but 
little importance to be attached to the general 
absorption of rays, but well-defined absorption 
bands afford evidence both of the composition 
and the constitution of substances. 

The theory of absorption spectra It is a 
well-known fact in acoustics that a vibrating 
musical instrument, a tuning-fork, or a stretched 
string, will communicate its vibrations to any 
similar instrument near to it which is oapable 
of similar vibrations, and a sufficient number of 
strings or tuning-forks can entirely absorb the 
vibrations of a similar string or fork. In like 
manner when a molecule of a substance is 
capable of vibrating synchronously with a radia- 
tion, the rays received on the substance are ab- 
sorbed by reason of the molecules being put in 
motion by the waves which Btrike them. The 
absorption is complete if the direction of vibra- 
tion of the rays and of the molecule is the same, 
but the phase is opposite. A general absorption 
appears (in the ultra-violet at any rate) to be due 


to the vibration of the molecule, while selective 
absorption appears to be caused by the vibra- 
tions of atoms within the molecule. When a 
substance in solution absorbs all the rays of a 
certain region of the spectrum which fall upon 
it, it is because the molecules are vibrating 
synchronously with these rays, and the number 
of molecules present is sufficient to damp all the 
vibrations. When the rays traverse a smaller 
quantity of substance — as, for instance, when a 
solution is diluted — the number of moleoules pre- 
sent is not sufficient to damp all the vibrations, 
and some rays pass through. If, however, cer- 
tain atoms within the molecule are vibrating 
synchronously with certain rays, we shall have 
a selective absorption of these rays after the 
general absorption has been so weakened by dilu- 
tion as to allow them to pass. It haB been 
shown by Hartley that the vibrations of the 
atoms depend upon the rate of vibration of the 
molecule, or in other words, the rate of vibra- 
tion of the moleoule determines the rate of 
vibration of its parts. Four absorption bands 
in the three hydrocarbons benzene, naphthalene, 
and anthracene are evidence of this. The mean 
rate of vibration of the rays absorbed by naph- 
thalene and anthracene is less than that of the rays 
absorbed by benzene, and tho vibrations of the 
carbon atoms within the molecule are not inde- 
pendent of, but are a oonsequence of, the mole- 
cular vibrations ; they must, in fact, be regarded 
as overtones or harmonics of the fundamental 
or molecular vibrations. When the rate of the 
fundamental vibration is reduced by an increase 
in the mass of the molecule, the rate of vibra- 
tion of the carbon atoms is reduced in a similar 
ratio. Greater amplitude of vibration means a 
louder note, or in the case of luminous radia- 
tions a brighter light. Consequently the con- 
verse of this may be considered to nold good, 
that a greater intensity of absorption is caused 
by a greater amplitude of vibration in the mole- 
cules of the absorbing medium, the number of 
atoms or molecules remaining constant. 

An examination of the three hydrocarbons 
benzene, naphthalene, and anthracene shows 
that the mean rate of vibration of the rays ab- 
sorbed by benzene is greatest, naphthalene comes 
next, and anthracene is least; but the absorptive 
power is in the reverse order, that of anthracene 
being greatest. Hence we conclude that the 
amplitude of vibration is greater as the rate of 
vibration is slower ( C . J. 1881). The approxi- 
mate rates of vibrations of the three hydrocarbons 
are given as follows : — 

Mean wave-length Molecular vibra- Molecular 

of rays absorbed, tlona per second, weights. 

Benzene 2526 1,248 billions 78 

Naphthalene 2687 1,177 „ 128 

Anthracene 3439 910 „ 178 

The various absorption spectra may be referred 
to in no better order than that of the refrangi- 
bility of the rays absorbed. 

Infra-red absorption spectra . Abney and 
Festing have photographed rays extending down 
to \ 12000 ; the visible region ends about A 7600. 
They studied the absorption spectra of water, 
hydrochloric acid, chloroform, carbon tetra- 
chloride, cyanogen, and a number of hydro- 
carbons and their derivatives. ,The compounds 
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containing hydrogen show the same group of 
lines, which, however, do not appear in carbon 
compounds containing no hydrogen; they do 
not all appear in some hydrogen compounds. 
The inference is that they belong to hydrogen. 
When oxygen is present as a part of hydroxyl it 
obliterates the rays between two of those lines 
which are due to hydrogen. When it forms part 
of the carbon nuoleus of a compound, as it does 
in aldehyde, the spectrum is inclined to be linear, 
or the bands are bounded by well-defined lines. 
There appear to be characteristic bands which 
indicate the carbon nucleus of a series of sub- 
stances. Certain radicles have a distinctive ab- 
sorption lying near A 7000 and others about 
A 9000 ; thus in the three compounds C tf H 0 , 
C„H 5 .H 2 N, C 8 H 4 (C a H a ).H,N we have the following 
coincident bands probably due to the benzene 
nucleus ; the line A 8670 is the principal one ; 
A 8670, A 8670 to 8720, A 8720 to 8880, a fourth 
band about A 9300, a fifth about A 10400-10660. 
In benzene and ethyl-aniline there occurs a 
band also at A 10970 to 11050. If the line A 8670 
is associated with a band, it is almost certain to 
be caused by the benzene nucleus. Ethyl com- 
pounds are indicated by absorption at A 7410, 
a 8950 to 9030, 9040 to 9070, 9130 to 9180,9270 
to 9300-6, 9320 to 9420. The solar spectrum 
shows an absorption at A 8660, and, with the ex- 
ception of the line at 7410, the absorptions noted 
above have been observed to be coincident with 
bands or lines in the solar spectrum. 

Visible and ultra-violet absorption spectra . 
The absorption spectra of the coloured region 
were long since carefully studied by Gladstone. 
These spectra pass gradually into the extreme 
violet and ultra-violet. In dealing with the sub- 
ject it will be convenient first to consider the 
absorption caused by gases and vapours, ele- 
mentary or compound, then the absorption by 
inorganic salts, and lastly the spectra of organic 
substances. 


Elements which exhibit absorption spectra. 


Gases and vapours. 


Metals, the salts of which 
show banded spectra. 


Br, Cl, I, O, ozone, K, 
Na. 


Cr, Er, Sm, U, dyspro- 
sium, holmium, neo- 
dymium, praseody- 
mium, thulium. 


Compounds which exhibit absorption spectra . 


Gases and vapours. 

IC1, IBr, N0 2 , HO 
vapour, oxide? of Cl. 


Salts the adds of which 
show banded Bpeotra. 

Chromates 1 Ultra- 
Nitrates / violet. 
Nitrites (some); per- 
manganates. 


Organic suostances which exhibit absorption 
spectra . All benzenoid hydrocarbons and ter- 
tiary bases derived from the same. All haloid, 
hydroxyl, carboxyl, and amide, derivatives of 
benzenoid hydrocarbons. Cyanuric and uric 
acids, with colouring matters derived there- 
from. Albumens and allied substances. Organic 
colouring matters of unknown constitution, such 
as chlorophyll and haemoglobin. Many alkaloids 
and their derivatives, e.g . ; Aconitine, pseud- 
aconitine, japaconitine, morphine, narcotine, 
codeine, papaverine, oxynarcotine, apomorphine 
hydrochloride, tetracetylmorphine, diacetyl- 


codeine, quinine, quinine sulphate, cinchonine 
sulphate, quinidine sulphate, cinchonidine sul- 
phate, veratrine, piperine, bruoine, strychnine. 

The relation of absorption spectra to the 
chemical constitution of carbon compounds . 
1. Substances with a nucleus consisting of an 
open chain of carbon atoms transmit continuous 
spectra and are highly diactinio. Examples: 
the alcohols, acids, ethereal salts, haloid ethers, 
and the carbohydrates. 2. In homologous 
series the greater the number of carbon atoms 
the shorter the transmitted spectrum. 8. In sub- 
stances with the same carbon nucleus that con- 
taining the most oxygen transmits the shortest 
spectrum, as, for instance, in acids the spec- 
trum is shorter than in alcohols, and in dibasic 
shorter than in monobasic acids. 4. Substances 
with a closed chain nucleus when not more Ifcan 
two atoms of carbon are doubly linked transmit 
continuous spectra, but their absorptive power 
is much greater than that of open chain com- 
pounds ; e.g. camphor, benzene hexachloride, and 
the terpenes, also hexahydropyridine. 6. The 
more closely the carbons in a closed chain are 
linked, the greater is the absorptive power of the 
molecule; e.g . the terpenes withstand dilution 
more strongly than benzene hexachloride, and 
camphor. 6. The carbon nuclei of benzenoid 
hydrocarbons possess strong absorptive power, 
and after great dilution exhibit absorption 
bands ; e.g. four bands are seen in the spectrum 
transmitted by benzene when 1 part is diluted 
with 2,400 parts of alcohol, three bands in naph- 
thalene with a dilution of 1 in 100,000 parts, one 
band in phenanthrene with 1 in 500,000 parts, 
and one band in anthracene with 1 in 5,000,000 
parts of alcohol. 7. The introduction of radicles 
in place of hydrogen and of side-chains into 
the benzenoid nuclei diminishes the number of 
absorption bands, but increases their width and 
intensity. 8. The simple union of carbon to ni- 
trogen does not cause selective absorption ; e.g. in 
hydrocyanic acid and cyanides. 9. When a ben- 
zenoid nucleus contains an atom of nitrogen in 
place of an atom of carbon, the molecule exhibits 
absorption bands, and its absorptive power is 
generally not impaired, but is sometimes in- 
creased, e.g. picoline, pyridine, quinoline, and 
their derivatives. 10. Isomerides exhibit dif- 
ferent spectra, e.g. the terpenes and isomeric 
benzene derivatives. 11. When the condensa- 
tion of the carbon atoms in the quinoline 
nucleus is modified by the combination there- 
with of four atoms of hydrogen, the intensity of 
the absorption bands is reduced but is not de- 
stroyed. 12. Nitrogen combined with oxygen — 
as in nitroxyl, nitrites, and nitrateB— exhibits 
absorption bands. 13. When several carbon 
atoms are united by oxygen and nitrogen atoms, 
the resulting compounds exhibit intense absorp- 
tion bands, e.g. cyanuric acid, urio acid, and de- 
rivatives, including murexide. 14. Molecules of 
compounds — that is to say, molecules composed 
of dissimilar atoms — vibrate as wholes or units, 
and the fundamental vibrations give rise to 
secondary vibrations which stand in no visible 
relation to the chemical constituents of the 
molecule, whether these be atoms or groups of 
atoms. Hence it appears that a molecule is a 
distinct and individual particle which is not fully 
represented by our usual chemical formulas. 
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since these only symbolise certain ohemical re- compounds which exhibit selective absorption of 
actions and fail to express any relation between the ultra-violet rays are coloured. The subtlety of 
physioal and chemical properties. As certain the colour, however, is such that the eye cannot 
molecular groupings are characterised by the perceive it without the aid of photography or a 
absorption of rays of particular w&ve -lengths fluorescent screen. 

(absorption bands), it is evidently possible to That which in the ordinary acceptation of 
draw conclusions as to the constitution of sub- the term is a coloured substance is merely one 
stances from their absorption spectra. Many of in which the absorption of rays extends into a 
the foregoing statements may be usefully and region limited by the red and violet ends of the 
clearly summarised by means of formulas. These spectrum, or between wave-lengths 7000 and 
render evident how the optical properties of a 4000. According to this view, the colour of a 
compound are determined by the skeleton of substance may be invisible to the unaided eye. 
carbon atoms. As bands of selective absorption appear to be the 

Typical carbon nuclei , transmitting continuous spectra. 
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Typical carbon nuclei , exhibiting absorption bands. 
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Nuclei containing oxygen and nitrogen , exhibiting absorption bands. R representing any 
radicle. 
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On the cause of colour in organic compounds. 
According to O. Witt, the tinctorial character of 
aromatic compounds is conditional upon the 
simultaneous presence of a colour-producing 
group and a salt-forming group in the molecule. 
A group of atoms of the former kind he terms a 
chromogen , and of the latter a chromophor. He 
says: 4 For instance, N0 2 is the chromophor of 
nitraniline and nitrophenol, but nitrobenzene is 
the chromogen of these bodies. The different 
nitrodiphenylamines are all acids and dye-stuffs, 
and their tinctorial power increases with the 
number of nitroxyls. , In this connexion it is of 
interest to study the relation of the hydrocarbons 
to the more complex compounds which are 
colouring matters derived from them. 

If a source of light emits all luminous and 
invisible vibrations capable of being transmitted 
through 3 feet of air, a perfectly colourless sub- 
stance will transmit these rays without impairing 
their intensity. A coloured substance is one 
whioh absorbs rays at either end of the spectrum, 
or selects rays of a definite wave-length from the 
middle of the Bpectrum. Every fluorescent sub- 
stance is therefore coloured, and benzene, ben- 
aenoid hydrocarbons, phenols, and other derived 


effect of vibrations taking place within the mole- 
cules of a substance, and these are dependent 
upon the rate of vibration of the molecules 
themselves, they are called in general ‘molecular 
vibrations.’ If, then, it be desired to convert a 
substance such as benzene, the colour of which 
is invisible, into a compound with a visible 
colour, it is necessary to slacken its rate of 
vibration so that the molecule will absorb rays 
with oscillation-frequencies (inverse wave- 
lengths) occurring within the limits of visibility. 
That whioh is called a chromogen is an in- 
visibly-coloured Bubstance, and that termed a 
chromophor is an atom or group of atoms capable 
of so affecting the molecule as to reduce its rate 
of vibration, so that it absorbs rays within the 
limits of visibility. Under certain conditions of 
combination, nitrogen and oxygen are chromo- 
phors, hence also nitroxyl and hydroxyl ; that is 
to say, they are themselves coloured either 
visibly or invisibly. When two benzene mole- 
cules are doubly linked by two nitrogen atoms, 
as in azobenzene, their mode of vibration is pro- 
foundly modified, and a brilliant colour as low 
down in the scale as the yellow rays is the result. 
A similar modification takes , place when two 
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atoms of oxygen replace two of hydrogen, as in 
quinone, which is of a golden-yellow colour. 
The effect of linking two or more benzene nuclei 
by carbon atoms has been already dealt with ; the 
colours are not rendered visible, but the mole- 
cular vibrations are greatly reduced in rapidity, 
and the amplitude of the vibrations is much in- 
creased. That is to say, the absorption bands 
are transferred to less refrangible rays, and with- 
stand a much larger amount of dilution. These 
modifications are both observed in the curve of 
benzene as modified in triphenylmethane. The 
vibrations of this radicle are reduced in rapidity 
in rosaniline hydrochloride, Hofmann’s violet, 
iodine green, and other such derivatives in which 
the carbon nucleus remains intact. 

There is a family likeness in the curves of 
azo-benzene, azo-naphthalene, chrysoidine, and 
other derivatives of these substances, which is 
quite in accordance with these observations. In 
short, in a general way, the change of colour 
effected by any given series of reactions may be 
predicted from an inspection of the curve of mole- 
cular vibrations of any benzenoid hydrocarbon. 

W. N. H. 
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OPTICAL METHODS.— Section 3 : ROTA- 
TION OF THE PLANE OF POLARISATION 
OF LIGHT. — When a ray of plane polarised 
light is passed through a plate of quartz out at 
right angles to its optical axis, it is found that 
the plane of polarisation of the emergent ray is 
not coincident with that of the incident ray ; the 
angle through which the plane has been rotated 
is called the angle of rotation. If the rotation 
takes place in the same direction as that in 
which the hands of a watch move when the face 
of the watch is looked at, the quartz is said to 
show dextrorotatory power ; if the rotation is in 
the opposite direction, the quartz is said to show 
Icevorotatory power. The symbol + is used to 
express dextrorotation, and the symbol — to ex- 
press lfflvorotation. Substances which rotate the 
plane of polarisation of a ray of light passed 
through them are said to be optically active. 

The polarimeter is an instrument wherein a 
ray of light can be polarised, the position of the 
plane determined, the ray passed through a de- 
terminate quantity of an optically active sub- 
stance, and the position of the plane of the 
emergent ray determined. 

The angle of rotation depends upon (I) the 
nature of the active substance, (2) the thickness 
of the layer of the substance through which the 
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light passes, (3) the wave-length of the light 
used, and in most cases (4) the temperature. 

The composition of tne substance examined 
must then be known ; the length of the column 
of liquid used if the substance be liquid, or 
the thickness of the layer if the substance be a 
solid, must be measured ; the temperature must 
be noted — observations ought to be made at a 
common temperature ; and monochromatic light 
should be employed. 

Suppose we are dealing with a liquid carbon 
compound. Let l * length of column of liquid in 
decimetres, d - sp.gr. of liquid (referred to water), 
and a = angle of rotation of the plane of polari- 
sation of light of stated wave-length ; then 



The value of [a] is usually called the specific 
rotatory power of the substance. It is customary 
to indicate the light employed by placing a letter 
to express the wave-length below the bracket; 
thus [a] i, means spec. rot. power for light of 
wave-length d. The spec. rot. power of a liquid 
as -thus defined is the angle through which the 
plane of polarisation of a ray of light of stated 
wave-length is rotated by passing through a 
column one decimetre long of the liquid contain- 
ing one g. of the substance in 1 c.c. 

If a solid compound is to be examined, it 
must be dissolved in an optically inactive sol- 
vent. In this case l » length of column of 
solution in decimetres, d = sp. gr. of solution, 
p =* g. of optically active substance in 100 g. of 
solution; then, assuming that the solvent is 
without influence on the rotatory power of the 

dissolved substance, [a] * < * ues ’ 

tion as to the effect of an inactive solvent on 
the rotatory power of an active substance in 
solution will be examined later (p. 257). 

Connections between optical activity and 
constitution. Landolt (Handbook of the Polari - 
scope, English trans.) has divided substances 
which rotate the plane of polarisation of a ray 
of light into three classes : (1) those which are 
active only when in the form of crystals ; (2) those 
which are active only when liquid or in solution ; 
(8) those which are active both as crystals and 
also in solution or in the liquid state. The only 
substance at present known to belong to the 
third class is strychnine sulphate. The liquid 
crystals examined by Lehmann ( Z . P. C. 4, 462 ; 
5, 427) probably belong to the first class. 

The optical activity of carbon compounds. 
All compounds which exhibit optical activity un- 
connected with crystalline form — in other words, 
all compounds which are optically active when 
liquid or in solution— are compounds of carbon. 
Le Bel (Bl. [2] 22, 337) was the first (1874) to 
trace a definite connection between the optical 
activity and the constitution of carbon com- 
pounds. He was followed by van’t Hoff (Bl, 
[2] 23, 295 [1875]). The subject has been much 
advanoed by van’t Hoff in his pamphlet, La 
Chimie dans VEspace t and more especially by a 
small book published in 1887, Dix Annies dans 
VHistovre d’une Thiorie (translated into English 

§ 7 Marsh, and published in 1891, entitled 
hemistry m Space). 

The hypothesis of Le Bel and van’t Hoff 


connects optical activity with the presence of one 
or more asymmetric atoms of carbon in the 
molecule of the active compound. An asym - 
metric atom of carbon is one which is in direct 
combination with four different atoms or radicles, 
these atoms or radicles being arranged so that 
any three are similarly situated with regard to 
the fourth. The conception of the asymmetric 
atom carries with it the conception of the ar- 
rangement in space of the parts of the molecule. 
The asymmetric atom of carbon is supposed by 
van’t Hoff to be placed in the centre of a 
regular tetrahedron, and a different radicle is 
supposed to be held by the carbon atom at each 
summit of the tetrahedron. Two forms of this 
arrangement may exist, and these forms are 
geometrically different. Neither is superposable 
on the other. They bear to one another the re- 
lation of an object to its image, or of the right 
hand to the left, as shown in the figure. 




This arrangement corresponds to the cnantio- 
morphous (non- superposable) form of crystals. 
Ammonium malate, for instance, crystallises in 
two non-superposable forms, which differ in 
exactly the same way as the molecules of two 
geometrical isomerides, each containing an 
asymmetric carbon atom and both having the 
composition CR,R 2 R :< R 4 i are supposed to differ* 
If one of the isomerides CR,R 2 R S R 4 rotates the 
plane of polarisation to the right, the other 
rotates to the left. If this hypothesis is to be 
accepted, every compound of carbon which is 
optically active must contain at least one asym- 
metric carbon atom. So far as investigation has 
gone, this deduction from the hypothesis has 
been confirmed (v. v&n’t Hoff, Dix Annies &c. r 
31 ; Landolt, Handbook , 25 et seq.). Further, it 
has been found that compounds which do not 
themselves contain asymmetric carbon atoms are 
inactive, although they are derived from optically 
active compounds. 

There is no doubt that compounds exist 
which contain asymmetric carbon atoms but do 
not affect the plane of polarisation of a ray of 
light. At first sight this fact might be supposed 
to be irreconcileable with the hypothesis; but 
the recognition of the existence of inactive com- 
pounds containing asymmetric carbon atoms 
has led to a most ingenious and interesting de- 
velopment of the hypothesis. 

Some inactive compounds containing asym- 
metric carbon atoms can be separated each into 
two optically active isomerides, one of which is 
dextrorotatory and the other is lfflvorotatory. 
Some inactive compounds which contain asym- 
metric carbon atoms cannot be separated into 
active isomerides. Racemic acid, which can be 
resolved into dextrorotatory and laavorotatory 
tartario acid, is an example of the first of these 
classes, called inactive resolvable compounds \ 
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mesotartaric acid, which cannot resolved into 
active isomerides, is an example of the second 
class, called inactive non-resolvable com- 
pounds. 

Inactive resolvable compounds are said, in 
the language of van’t Hoff’s hypothesis, to be in- 
active by external compensation ; inactive non- 
resolvable compounds are said to be inactive by 
internal compensation. 

To understand these expressions consider 
the formulae (RaR-jR^C.G^R^Rg) and 
(BaR 3 R,)C.C(R,R 8 R 2 ); an italicised C represents 
an asymmetrical atom of carbon. Each formula 
contains two asymmetric carbon atoms, and both 
carbon atoms in either formula are united to the 
same radicles; in the first formula each C is 
united to the radicles R„ R 2 , R s , and C(R,R,,R 3 ) ; in 
the second formula each C is united to the radicles 
R„ R s , R 2 , and C(R,R 8 R 2 ). The structure repre- 
sented by one of these formula) is the reflected 
image of that represented by the other : hence if 
one of these geometrically isomeric compounds is 
dextrorotatory, the other will be ltevorotatory, and 
both will rotate the plane of polarisation to the 
same degree. But if a compound were formed by 
the combination of equal numbers of molecules of 
these two geometrical isomerides, that compound 
would be inactive, for the tendency to right- 
handed rotation of one part of the compound 
molecule would be exactly neutralised by the 
equal tendency to left-handed rotation of the 
other part. Moreover, if the inactive compound 
were split into two compounds, one consisting of 
molecules of the form represented by the first of 
the above formula), and the other of molecules of 
the form represented by the second formula, then 
each of these compounds would be optically ac- 
tive, and the compounds would be active in 
opposite directions. The hypothetical inactive 

compound would be 8aid 

to be inactive by external compensation. 

Racemic acid, which is optically inactive, can 
be resolved into dextrorotatory and leevorotatory 
tartaric acids. Both tartaric acids have the for- 
mula 0 2 H 2 (0H) 2 (C0 2 H) 2 ; the hypothesis we are 
considering represents one of these acids as 
(H.OH.HOOC) C.C(COOH.OH.H) ; and the other 
acid as (H.COOH.OH)C.C(OH.COOH.H) ; and 
the hypothesis represents racemic acid as made 
up of an equal number of molecules of the two 
active acids, and therefore as a substance which 
is inactive by external compensation. 

But suppose the molecule of a compound 
contained two asymmetric carbon atoms, both 
•united to the same radicles but having one half 
of the molecule the reflected image of the other, 
-then the tendency to right-handed rotation be- 
longing to one part of this molecule would be 
-neutralised by the tendency to left-handed rota- 
tion belonging to the other part of the molecule ; 
-the molecule as a whole would be incapable of 
rotating the plane of polarised light, and the 
compound would be inactive by internal com- 
pensation. The general formula of such an in- 
active compound is (R 2 R a R,)C.C(R,R 2 R 8 ). 

A compound of this type cannot be resolved 
into active isomerides, because a resolution into 
parts is only possible by splitting the molecule, 
removing one of the radicles, and so destroying 
ihe asymmetry of one, or both, of the atoms of 


carbon. Mesotartaric acid, which is non-resolv- 
able, probably belongs to this class of com- 
pounds ; it may have the formula 

(H.COOH.OH)C.C(COOH.OH.H). 

The hypothesis therefore provides for the exis- 
tence of two classes of optically inactive com- 
pounds, both containing asymmetrio carbon 
atoms ; the members of one class are resolvable 
into active isomerides, the members of the other 
class cannot be so resolved. 

Those compounds which contain in their 
molecules more than one asymmetrio carbon 
atom, each of which atoms is united to the same 
radicles, whether these radicles are arranged in 
space in exactly the same way, relatively to each 
carbon atom, or not, are called by van’t Hoff 
symmetrical compounds ; and the term unsym- 
metrical compounds is used to designate those 
which contain more than one asymmetric carbon 
atom each of which is united to different radi- 
cles. The typical formula) for symmetrical com- 
pounds containing two asymmetric carbon atoms 
are 

(R , R^) C. C (R„R 2 R , ) , (R 1 R 3 R 2 )O.C(R 3 R 2 R 1 ), &c . 

The typical formula for an unsymmetrical 
compound containing two asymmetric carbon 
atoms is (R,R3JC.C(R 4 R ft R<i). 

Unsymmetrical compounds may be either 
active or inactive ; if inactive, they must be in- 
active by external compensation, and therefore 
they must be resolvable into pairs of active 
isomerides. Symmetrical compounds may be 
active or inactive; if inactive, they may be in- 
active by external, or by internal, compensation, 
and therefore they may be either resolvable or 
not resolvable. 

An unsymmetrical compound containing n 
asymmetric carbon atoms may exist in 2" iso- 
meric forms, which will always be grouped in 
pairs, one being dextrorotatory and the other 
laevorotatory. A symmetrical compound con- 
taining n asymmetric carbon atoms may exhibit 
£2 n active isomeric forms, grouped in pairs of 
opposite rotatory power, and may also exist in 

^ non-resolvable inactive modifications (van’t 
Hoff ; Dix AnnCes &c., 54-5). 

There are three general methods for sepa- 
rating inactive resolvable bodies into their dex- 
trorotatory and lfflvorotatory isomerides. 

In the first method advantage is taken of the 
differences between the actions of certain minute 
organisms on the two active isomerides. The 
second method proceeds by treating the inactive 
compound with an active body with which one 
of the isomeric constituents of the inactive com- 
pound combines more readily than the other. 
The third method consists in separating the 
inactive body into two active isomerides by crys- 
tallisation at a definite temperature (van’t Hoff, 
l.c. (53-69). 

Racemic acid, which is an inactive compound, 
can be resolved into equal quantities of right- 
and left-handed tartaric aoid by each of the 
three methods. When penicillium is allowed to 
act on a dilute solution of ammonium racemate, 
laBVorotatory ammonium tartrate is found in the 
solution after a time, the dextrorotatory tartrate 
having been destroyed by the action of the or- 
ganism. When a quantity of active cinchonine 
sufficient to neutralise half of a determinate 
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quantity of racemic acid is added to a solution centre of figure of the tetrahedron. When the 
of the racemic acid, crystals of lfflvorotatory cin- molecule is asymmetric, the centre of gravity 
chonine tartrate are obtained, and dextrorota- will not be situated on any one of the six planes 
tory tartaric acid remains in solution. When a of symmetry of the tetrahedron. So long as the 
solution of racemic acid is neutralised by soda, substitution of one radicle by another does not 
and another equal quantity is neutralised by move the centre of gravity of the molecule to the 
ammonia, and the solutions are mixed, and other side of one of the planes of symmetry of 
evaporated at a temperature slightly below 28°, the tetrahedron, Guye supposes that the rotatory 
crystals of two forms are obtained ; one set of power is increased or diminished, but is not 
crystals is dextrorotatory, and the other is lfievo- changed in sign, by such substitution ; but that 
rotatory, sodium-ammonium tartrate. Van’t a change of sign of the rotatory power accom- 
Hoff (l.c. 69) has shown that sodium -ammonium panies a substitution which results in moving 
racemate is changed to a mixture of the active the centre of gravity of the molecule from one 
isomeric tartrates by heating the dry salt with side to the other side of one of the planes of 
water, in the ratio NaNH 4 .H 4 C 4 0 <J .H 2 0:3H 2 0 (the symmetry of the tetrahedron. Guye gives about 
salt crystallises with H 2 0), to a little under 27°, fifty cases to which he has applied his hypothesis 
and that the reverse change is effected by heat- successfully. The derivatives of tartaric acid 
ing the mixed tartrates to a little above 27°. afford the most complete example. 

The changes may be represented thus — Replacement of the acidic hydrogen of tar- 

2(NaNH 4 .H 4 C 4 0 fl .4H 2 0)^2(NaNH 4 .H 4 C 4 0 6 .H 2 0) + 6H 2 0. 

The racemate crystallises with H 2 0, and the taric acid by alcoholic radicles is accompanied 
tartrates with 4H 2 0. Slight variations of tern- by increase of rotatory power, and the greater 
perature above or below 27° determine the direc- the molecular weight of the replacing alkyl the 
tion in which the change shall occur. greater is the increase of rotatory power ; thus — 

The change of inactive sodium-ammonium Methyl tartrate [o] D =+2T4 

racemate to a mixture of the active tartrates, Ethyl „ 7*66 

and vice versd , is very similar to some changes Propyl „ 12*44 

which occur among inorganic compounds ; Isobutyl „ 19*87 

for instance, when a mixture of MgS0 4 .7H 2 0 Replacement of the hydroxylic hydrogen of 
and Na 2 SO 4 .10H 2 O is heated to a little above the acid by benzoyl moves the centre of gravity 
21°, it is changed to the double sulphate to the other side of the plane of symmetry which 
MgNa 2 (S0 4 ) 2 .4H 2 0, and water, and this double is situated between the COOH and OH groups ; 
sulphate is resolved into the two single sulphates this replacement is accompanied by a change of 
at a little under 21° ; these changes may be sign of the rotatory power. But if the H of the 
represented thus : — COOH group is now replaced by one alkyl group, 

MgS0 4 .7H 2 0 + Na 2 SO 4 .10H 2 O“^MgNa 2 (SO 4 ) 2 .4H 2 O + 13H 2 0. 

Yan’t Hoff calls the temperature at which the centre of gravity is moved back towards the 
such a chemico-physical change as this occurs plane of symmetry already mentioned, and the 
the transition-point of the system ( v . Z . P. C. rotatory power is diminished. Thus — 
1,165,227). Dibenzoyl tartaric acid [a] D =» —117*7 

Extension of the hypothesis of van't Hoff Methyl salt of „ 88*8 

and Le Bel. The hypothesis of van’t Hoff and Ethyl „ „ 60*0 

Le Bel connects the power of rotating the plane Isobutyl* „ „ 42*0 

of polarisation of a ray of light primarily with If acetyl is used in place of benzoyl the rota- 
the configuration of the parts of molecules, but tory power changes its sign, but the value of the 
it points to the formation of molecular aggregates, lffivorotation of diacetyl tartaric acid is less than 
without change of molecular structure, as a cause that of dibenzoyl tartaric acid ; the replacement 
of the disappearance of optical activity. Although of aoidic hydrogen in the diacetyl acid by alkyl 
optical activity is primarily dependent on the radicles decreases the rotatory power, and, as the 
arrangement of the parts of certain molecules, alkyl radicles of large molecular weight exert a 
and although we cannot assign a definite part of greater effect than the acetyl group, and an effect 
the total rotatory power of a molecule to each in the opposite direction, the rotatory power 
atom, or to each group of atoms which together again changes its sign. Thus — 
form the molecule, nevertheless a consideration Diacetyl tartaric acid [a]*,®— 23T 

_ M M 1! _ ^ 1 _ TUT _ A 1 1 1 t 1*1 


of the constitution of optically active compounds Methyl salt of „ 14*3 

shows that the amount of the activity of any Ethyl „ „ + 1*0 

compound is dependent on the greater or less Propyl „ „ 6*5 

differences between the four radicles which are Isobutyl „ „ 10*3 


in direct union with the asymmetric carbon Crum Brown ( Pr . E. 17, 181) has tried to 
atom or atoms in the molecule of that compound, connect the greater or less rotatory powers of 
The greater the differences between the radicles different active compounds with differences 
the greater will be the asymmetry of the mole- between the constitutions of the substituting 
cule, and, therefore, the greater will be the rota- radicles. Crum Brown admits the influence of 
tory power. An attempt has be en made by the masses of the radicles, but he tries to show 
P. A. Guye (C. B. 110, 714) to connect the degree that their constitution must also be taken into 
of asymmetry of the molecule of an optically account. If two methyl groups are introduced 
active compound with the mass of each radicle, into dextrorotatory tartaric acid, the salt thus 
and the distanos of its centre of jgravity from the obtained is still dextrorotatory ; in this change 
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two CO.OH radicles have been changed into two 
radicles OO.O.CH,. If now this dimethyl tar- 
trate is treated with acetyl chloride, a strongly 
l»vorotatory dimethyl diacetyl-tartrate is ob- 
tained; in this change the OO.O.CH s groups 
remain, and two OH groups have been changed 
to two groups O.CO.CHj. In the first change, 
the introduction of the group CO.O.CH 3 for H 
altered the rotatory power but did not change its 
sign, in the second change the introduction of 
the group O.CO.CH 3 changed the sign of the 
rotatory power ; therefore, Crum Brown argues, 
the effect of the radicle O.CO.CH 3 on the rotatory 
power is greater than the effect of the isomeric 
radicle CO.O.CH 3 . As the masses of these two 
radicles are the same, it is evident that the con- 
stitution of the substituting radicle affects the 
rotatory power of the compound. 

The specific rotatory pow ers of compounds often 
change more or less with small changes in certain 
physical conditions. Some active bodies become 
inactive by heating, and at another temperature 
the change is sometimes reversed. The values of 
the rotatory powers of active bodies dissolved in 
inactive solvents are dependent on the nature 
and the quantity of the solvent used (v. post, 
p. 257) ; the rotatory power of a solution some- 
times changes on keeping until a constant value 
is attained (v. Landolt’s Handbook of the Polari- 
scope , 62). This readiness to change shown by 
the rotatory powers of carbon compounds finds 
some explanation in van’t Hoff’s hypothesis, and 
especially in the development of it made by 
Wislicenus. According to Wislicenus (Kbn. 
Sdchsischen Oes. der #iss. 14, 1) the arrange- 
ment of the four radicles attached to an asym- 
metric carbon atom is conditioned chiefly by the 
affinities of these radicles for one another in the 
sense that those radicles which have the greatest 
mutual affinity will tend to get as near as possible 
to one another ; but besides those configurations 
which are conditioned by the affinities of the 
radicles, and which will be comparatively stable, 
other configurations will probably exist con- 
ditioned by the temperature and by the collisions 
of other molecules— for instance, the molecules 
of the solvent — and these arrangements will be 
relatively unstable. These unstable forms may 
be optically active, as they are only geometrically 
different from the stable forms, but their rotatory 
powers will probably differ from those of the 
stable forms. This way of looking at the ques- 
tion of optical activity enables us to connect the 
fact that active compounds easily undergo 
changes in the values of their rotatory powers 
with the conception which the hypothesis of 
van’t Hoff and Le Bel furnishes of the cause of 
optical activity. 

Molecular rotatory power. The notion of 
molecular rotation, as the product of the specific 
rotation into the molecular weight of a substance, 
was introduced by Wilhelmy (P. 81, 527). Krecke 
(«T. jpr. [2] 6, 12) proposed to define molecular 

rotatory power as [m] = x — , where m- 
100 l, a 

molecular weight of compound, and a, Z, and d 
have the same meaning as before (p. 253) ; m 
is divided by 100 to obviate the use of incon- 
veniently large numbers. 

Krecke endeavoured to generalise the rela- 


tions between the values of [m] for certain com- 
pounds and bodies derived from, or closely con- 
nected with, these compounds. Some years 
before Krecke’s attempt, Mulder ( Z . 1868. 58) 
put forward a statement to the effect that opti- 
cally active compounds contain certain active 
radicles, which may be transferred to other active 
atomic aggregations, and the rotatory powers of 
the new bodies bear a simple relation to those of 
the original radicles. Krecke, on the basis of 
further experimental results, modified and ex- 
tended Mulder’s statement. Krecke announced 
two generalisations : 

(i.) ‘ When an optically active body forms a 
compound with an inactive body, or when it is 
altered by the action of chemical reagents, either 
the molecular rotatory power of the body is un- 
changed, or the molecular rotatory power of the 
new substance is a simple multiple of that of the 
parent substance.’ 

(ii.) ‘ The molecular rotatory powers of iso- 
merides are multiples of one and the same value.’ 

Most of Krecke’s values were obtained from 
measurements of substances in solution, and, as 
we shall see in another paragraph, the results of 
such measurements are trustworthy only in a 
few cases. Landolt ( B . 6, 1073) made a careful 
examination of the rotatory powers of tartrates 
in solution ; he came to the conclusion that the 
value of [ m ] for tartrates containing a single 
atom of a monovalent metal is double the value 
of [m] for free tartaric acid, and that [m] for tar- 
trates containing two atoms of a monovalent 
metal is three times [m] for the free acid. In 
this case, Krecke’s first statement was confirmed. 

In 1885, Oudemans (v. P. B. 9, 635) arrived 
at the conclusion that the compounds of active 
bases with inactive acids, and also the com- 
pounds of active acids with inactive bases, follow 
the simple law that * the molecular rotatory 
power of a salt, in fairly dilute solution, is inde- 
pendent of the nature of the inactive paxt of the 
salt.* This result has been confirmed by the 
measurements of camphorates and tartrates 
made by Landolt, of salts of cholic acid by 
Hoppe-Seyler, of malates by Schneider (A. 207, 
286), and of camphorates by Hartmann (B. 21, 
221). 

This result indicates that the rotatory powers 
of salts in solution are not affected, to anything 
like the extent that the rotatory powers of liquid 
compounds are affected, by the nature of the 
radicles which compose them. The rotatory 
power of a salt in solution approaches to being 
an additive property, whereas the rotatory power 
of a liquid compound is a constitutive property 
(c/. Ostwald, Lehrbuch, 1, 499 [2nd ed.B. 

Optical activities of bodies in solution. The 
specific rotatory power of an active substance in 
an inactive solvent has been defined (p. 253) as 

[a] = * where Z » length of column of solu- 

l • p • ffl# 

tion in decimetres, d = spec. grav. of the solution, 
and p- g. of active substance in 100 g. of 
the solution. This formula is expressed in more 

general terms as [a] « TV* , where n ■■ g. of 

l .Q .dm 

solution containing g g. of the substance; 
in this case, 1 c.o. of the solution weighs d g, 

and contains ?-^g. of the active substance. 
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This formula assumes that the rotatory power 
of the dissolved active substance is not affected 
by the inactive solvent. In 1838 Biot (A. Ch. 
[3] 36, 257 ; cf. 59, 206) found that the rotatory 
power of tartaric acid in aqueous solution in- 
creased with increasing dilution ; that solutions, 
of equal concentration, of the same active sub- 
stance in different inactive solvents had differ- 
ent rotatory powers ; and that the same inactive 
solvent raised the rotatory powers of some active 
substances, and decreased the rotatory powers of 
others. Besults similar to those of Biot were 
obtained by Oudemans (A. 166, 65; 182, 33), 
Hoorweg (Maanblad voor Naturwet,S % 12 [1873]), 
and Hesse (A. 176, 89, 189). 

Landolt (A, 189,241; B. 21, 191 ; Handbook 
of the Polariscope , 80-94) made many observa- 
tions on the effect of inactive solvents on the 
rotatory powers of active substances ; he came 
to the conclusion that the specific rotatory 
powers of such solutions are expressed by equa- 
tions of the following forms; [a] = A + Bg, or 

[a] - A 4 - liq + Cg 2 , or [a] = A + -?- 2 , where A, B, 
C + q 

and C are constants, and q is weight of active 
substance in 100 pts. of the solution. Which 
formula must be employed is discovered from 
the results of several observations made with 
solutions of different concentrations in different 
solvents. In some cases the observed values of 
[o] for liquid compounds agree with the values 
calculated from series of observations of a for 
solutions of the same compounds. Thus Landolt 
got the following results : — I 


on the solubility in water of the salt used ; the 
greater the atomic weight of the metal, the 
greater was the concentration whereat the change 
began, and the 'greater was the difference from 
the normal state of the salt. Schneider (A. 207, 
257) found that the rotation of an aqueous solu- 
tion of malic acid was right-handed in concen- 
trated solutions, left-handed in dilute solutions, 
and at 34 p.c. was equal to zero. These observa- 
tions, and others of a similar character, seem to 
me to show that observations of the rotatory 
powers of solutions of solid compounds cannot 
be applied, at least not in all cases,^ to draw con- 
clusions concerning the connections between the 
rotatory powers and the chemical constitutions 
of the compounds themselves. There is un- 
doubtedly an action of some kind between the 
molecules of the active dissolved substance and 
the molecules of the inactive solvent. Molecular 
aggregates of the Bolid substance may be broken 
down by the solvent, or the solvent may form a 
series of unstable compounds with the dissolved 
substance, or the solvent may bring about changes 
in the configuration of the atoms which form the 
molecule of the dissolved body, or the dissolved 
compound may be electrolytically dissociated into- 
ions by the solvent. Some of these actions may 
occur in certain cases, and others in other cases. 
The action of much water on active salts dis- 
solved therein Beems to consist in the electro- 
lytic dissociation of the salts into their ions. 

Magnetic rotatory power. Following ob- 
servations made in 1871 by A. de la Rive (A, Ch . 
[4] 15, 57), Becquerel in 1877 (A. Ch. [4] 22, ft> 
made a number of measurements of the rota- 


[a] D calculated from observations on solutions in 


Active substance 

W D 

obsoived 

(1) 

EtOH 

(2) 

MeOH 

(3) 

H a O 

(4) 

c.n. 

(&> 

AcOH 

Max. diff. 

Dextro- ethyl tartrate 
Dextro- turpentine 
Ltevo- turpentine 
Laevo- nicotine 

8-31 
1415 
i 37*01 
161*55 

8-27 

14-87 

36-97 

160-83 

8-42 

8-09 

101-29 

36-97 

36-89 

— '22 
+ •72 
-•12 
-•72 


It is not possible to determine with certainty 
whether the true values of [a] for solid com- 
pounds can be determined from observations on 
solutions of such compounds. In some cases the 
values obtained seem to approach constancy 
when the solutions become very dilute ; but ac- 
cording to Pribram ( B . B. 1887. 505; B. 20, 
1840), who used a very delicate method of 
measuring, [a] does not certainly attain final 
constant values in aqueous solutions of tartaric 
acid, nicotin, and cane sugar, even with very 
great dilution. R. von Sonnenthal (Z. P. C. 9, 
656) determined [a] for dilute aqueous solutions of 
normal and acid tartrates of K, Na, Li, and NH 4 ; 
he found that [«] decreased as dilution increased, 
but that when the solutions became very dilute 
(c. *4 to *2 p.c. salt in solution) [a] began to in- 
crease as dilution still further increased. The 
conclusion come to by von Sonnenthal was, that 
a change in the state of the dissolved tartrates 
occurred when more water was added to the very 
dilute solutions; this change was supposed to 
be of the nature of dissociation. The dilution 
whereat the change occurred was found to depend 
on the nature of the metal of the tartrate, and 
Von. IV 


i tory powers of liquid substances, and of salts in 
solution. The subject was taken up by Perkin 
in 1882, since which time a series of memoirs 
by this investigator has appeared ( C . J. 45, 421 ; 
49, 777 ; 51, 808 ; 53, 561 ; 55, 680 ; 59, 981 ; 61, 
800). The methods employed in the measure- 
ments are based on the discovery which Faraday 
made in 1846 ( T . 1846. 1), that most transparent 
bodies acquire the power of rotating the plane of 
polarisation of a ray of light when they are brought 
within the action of a magnet, or of an electric 
current which is made to pass round the body 
so that its plane is at right angles to the direc- 
tion of the ray of light. Faraday showed that 
the amount of rotation is proportional to the 
strength of the current, or the intensity of the 
magnetic action, and to the length of the layer 
through which the light passes, and that it is 
dependent on the temperature and on the nature 
of the substance examined. Perkin has worked 
with liquid compounds and with solutions. The 
fluid to be examined was placed in a glass tube 
about 103 mm. long, and 9 mm. diameter, the 
ends of which were dosed by circles of glass 
cemented on; the ends of the tub$ were let fyto 

8 
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the pole-pieces of a large electro-magnet. Sodium 
light was employed by Perkin. (For a descrip- 
tion of the apparatus, and the various precautions 
and corrections, v. Perkin, C. J. 45, 421-445.) 
Perkin calculates his results so that the ob- 
served rotations of liquid compounds are referred 
to lengths of the liquids related to one another 
in the same proportion as the molecular weights 
of the gaseous compounds obtained by vapour- 
ising the liquids ; the results when thus cal- 
culated represent the magnetic rotatory powers 
of quantities of the various compounds propor- 
tional to the weights of the gaseous molecules of 
these compounds. 

The molecular rotation of water is taken as 
unity. If r is the rotation of unit-length of liquid, 
and r' is the rotation of the same length of 

r 

water under the same conditions, then y is the 
specific rotation of the liquid ; and 
M 

sp. rot. x is the molecular rotation, where 


is not constant; the change from a normal 
paraffin, CH,.nCH 2 .CH„ to the next higher iso- 
paraffin, CH(CH 8 ) 2 .wCH 2 .CH 3 , raises Mol. R. by 
1-028 + *105 ; in the change from a normal acid 
to the next higher iso- acid of the same series, 
CH 2 has a different value ; and so on. When 01 
is substituted for H in a hydrocarbon the mol. 
rotatory power increases, but each Cl atom has 
a different value from the others. So with the 
replacement of H in a hydrocarbon by OH ; each 
OH group has its own value, the effect on Mol. 
R. of the second OH being less than that of the 
first. So again with the group NO., ; the second 
N0 8 does not increase Mol. R. so much as the 
first. 

The molecular rotatory powers of various 
homologous series of carbon compounds may be 
expressed by the general formula 
(Mol. R.) = c + wl-023, where n- number of 
atoms of C in the molecule of any stated com- 
pound in the series, and c is a constant for each 
series. Perkin gives the following table (C. •/. 
45, 574) 


Mol . Ii. of members of homologous series. 


Paraffins .... 



•508 4-nl*023 

„ iso- . 

Alcohols .... 


• >> 

•621 

i* 


. C n H 2 , lt2 0 

•699 

„ 

,, iso- and sec. 


•844 


Oxides .... 


• M 

•642 


„ iso- 


• i, 

•932 

ft 

Aldehydes .... 



•261 

M 

„ iso- and ketones 


• c n H 2 „o 2 

•375 


Acids .... 


•393 

»* 

„ iso- .... 


• >» 

•509 

»• 

Formic ethereal salts (Et, and higher) . „ 

•495 

»* 

Acetic ,, , 


. „ 

•370 


>> »* y 


iso- „ 

•485 

»» 

Methyl salts 


• >» 

•273 

„ 

Ethyl „ and higher salts 


* „ 

•337 

»» 


iso- 

. „ 

•449 

„ 

Succinic methyl salts 


• C„ll 2rt . 2 0 4 

•093 

»» 

„ ethyl „ 


. ,, 

•196 

»» 

„ „ iso- 



•422 

ff 

Chlorides .... 


• C„H.„ tl Cl 

1*988 

»» 

„ iso- and sec. 


• C, ( H 2 , l+1 Br 

2-068 


Bromides .... 

• 

3-816 

»* 

„ iso- and sec. • 

Iodides .... 

• 

• »» 

» ^nH 2 n + jI 

3-924 

ft 

• 

8-011 

ft 

„ iso- and sec. . 



8-099 

>t 

Ethyl salts, unsaturated . 


. c u h 21 _ 2 o 2 

1-451 

ft 


M «■ molecular weight of substance, M' = molecular 
weight of water, and relative density of 
substance. The calculation may be expressed by 

r M 

one equation, thus : (Mol. R.) 

About 200 compounds have been examined 
by Perkin, the observation of r being repeated five 
to ten times for each compound, and the specific 
gravity of each being determined with great 
care. 

Magnetic molecular rotatory powers of liquid 
carbon compounds. In striotly homologous 
normal series of carbon compounds, each in- 
crement of CH 2 produces a constant increase 
in -molecular rotatory power, amounting to 
1*028. But when the addition of CH 3 is ac- 
companied by a change in the distribution of 
the atomic interactions the change of Mol. R. 


These results indioate that the molecular 
rotatory power of a liquid carbon compound is 
not the sum of certain constant values belonging 
to each atom or atomic group, but that it 
depends, to some extent, on the arrangement of 
the atoms whioh form the molecule. This result 
is confirmed by the outcome of attempts to 
assign values to the atomic rotatory powers of 
oxygen and carbon. The following data are 
given as examples of suoh attempts. 

The atomic rotatory power of hydrogen may 
be deduced thus: 

1. Mol. R. O n H 2nT2 = Mol. R. nCH 2 + H 2 ; but 
Mol. R. nOH 2 « nl-023. 

The value thus deduoed for At. R. of H - 
•254. 

2. Mol. R. OnH^+ji minus Mol. R. C n H 2 „„ » 
At. R. of H. 
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Thus, Mol.R. 0^, = 3-577 

Mol. li. C 3 H 7 = 3*323 = Mol. R. C 4 J H h 
A t. R. of H - *254 2 

Now, At. R. of C- Mol. R. CH 2 minus At. R. of 
H x 2 = 1*023 — *508 - *515. 

By applying similar methods to the data for 
compounds of 0, tho following results are 
obtained : 

At. R. of 0 in alcoholic OH - *194 
„ ,, carboxylic OH = *137 

„ „ „ CO = *201 

Tho At. R. of Cl varies according to the series 
of compounds considered, and also as one or 
two atoms of H are replaced by one or two atoms 
of Cl, according as the H replaced is in one part 
of the molecule or in another part, and so on. 
Two values are obtained for At. R. of N, accord- 
ing as the atom of N is directly connected with 
3 or 5 other atoms or groups. Tho general con- 
clusion is that changes in the magnetic molecular 
rotatory powers of liquid carbon compounds are 
intimately connected with changes in molecular 
structure, so that any cause which alters this 
structure also alters the rotatory power. 

In C. *T. 61, 800, Perkin gives an elaborate 
study of the constitution of ethyl acetoacetate 
and allied compounds, which elucidates very 
clearly the connections between the constitution 
and the magnetic rotatory powers of carbon 
compounds. 

Mol. R. of compounds in presence of water. 
Perkin has used determinations of Mol. R. of 
certain compounds before and after addition of 
water, to throw light on the question whether 
hydrates are formed by the action of water on 
these compounds (C.J. 49,777; 51,808; 55,680). 
In all measurements of Mol. R. the molecular 
rotatory power of water is taken as unity ; if 
therefore a compound is formed by the addition 
of water to another compound, the Mol. R. of 
the new compound might be expected to be 
nearly equal to that of the original compound, 
plus one unit for each molecule of water added ; 
if the observed Mol. R. is distinctly less than that 
calculated in this way, the difference may be 
explained by supposing that the formation of 
the new compound has been accompanied by a 
rearrangement of the atoms of the reacting mole- 
cules. 

The following are examples of the application 
cf this method. In each case the compound and 


formic, acetic, and propionic acids in the ratio 
of equal molecules of water and acid, either a 
hydrate or a mixture is formed in each case ; but 
that when H,,S0 4 and H 2 0 react in about the 
ratio H 2 S0 4 :H 2 0 (or a little more H 2 0 than 
this), a rearrangement of atoms occurs with 
formation of a new compound of S, O, and H 
(perhaps SO (OH),,) ; and that reactions of this 
nature, involving rearrangements of atoms, also 
occur between HNO a and H 2 0, and CCl a .CHO 
and H ? 0. 

The following data are interpreted by Perkin 
to mean that a solution of NH ; , in water, or in 
alcohol, ‘ simply consists of the solvent and 
ammonia’ : 

Mol. R. NIL + 2*1H,0 = 3*91 
„ 2TH. z O = 2*1 

„ NH 3 1*81 

Mol. R. NHj + 2*18C 2 H ( ,0 = 7*886 
„ 2*18C 2 H 6 0 - 6*00 

1*820 

Mol. R. of acids and salts in aqueous solu- 
tions. Perkin ( C . J. 55, 680 ; 69, 981) gives 
Mol. R. for HC1 as 2*187. This is arrived at by 
finding values for At. R. of H and Cl from ob- 
servations of Mol. R. of various chlorides of 
alcoholic radicles. By similar methods of cal- 
culation values for Mol. R. of HBr and HI were 
obtained. The three results are : 

Mol. R. HC1 -2*187 
„ HBr = 4*016 

„ HI =8*211 

The value for HC1 was confirmed by measu- 
ring Mol. R. of HC1 dissolved in isoamyl oxide ; 
the result was Mol. R. HC1 = 2*24. 

Values were then obtained for the three acids 
in aqueous solutions. The numbers increased as 
dilution increased ; in any case they were much 
larger than the values obtained by the method 
stated above. The following table gives the 
minimum and maximum values for each acid : 


Mol. R in aqueous Wo 

solutions. Maximum. 

Minimum. 

HC1 

4*419 

4*045 


(15*63 p.c. HC1) 

(41*7 p.c. HO 1) 

HBr 

8*519 

7-009 


(15*47 p.c. HBr) 

(65-99 p.c. HBr) 

HI 

18*451 

17-769 


(31*77 p.c. HI) 

(6702 p.c. HI) 


Compound and water 1 

MoL R observed 

Mol. R calculated for 

Diff. 

HCO.,H.H.p 

2*666 

H.COjH + 1 = 2*671 

- *005 

GH 3 C0 2 H.H,0 

3*554 

CH^COjfH + 1 = 3*525 

+ *029 

C s H t CO s H.H,0 

4*512 

C 2 H 5 C0 2 H+ 1-4*462 

+ ‘05 

H 2 S0 4 .H 2 0 

3*188 

H 2 S0 4 + 1 = 3*315 

- *127 

H 2 S0 4 .2H 2 0 

4*113 

H 2 S0 4 + 2 » 6*188 

- 1*075 

H 2 S0 4 .3H.,0 


HJ30 4 -f 3 = 6*188 

- 1*124 

HNO r 2*67H a O 

3*656 

HNO s + 2*67 = 3*85 

- *194 

cci 3 .cho.h 2 o 

7*037 

CCl 3 .CHO + 1 = 7*591 

- *554 


water were mixed in the ratio shown by the 
formula given, and the Mol. R. of the product 
was determined ; the Mol. R. of the product was 
then calculated by adding one unit for each 
molecule H,0 to the observed Mol. R. of the 
original compound without water. 

Perkin thinks that when water is added to 


It is evident that the magnetic mol. rotatory 
powers of HC1, HBr, and HI in aqueous solu- 
tions are much greater than the values ealeu 
lated from those obtained for the same three 
acids from observations made with compound* 
of them with 0 and H ; in the case of HC1, the 
value of Mol. R. in aqueous solution is much 

8 2 
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greater than the value lor the same compound 
in solution in isoamyl oxide. There must be an 
notion of some kind between water and these 
three compounds. 

It has been shown already that addition of 
water to H 2 S0 4 results in a value for the Mol. R. 
of the acid different from that observed for the 
pure acid itself; but in this case addition of 
water reduces the Mol. R. of the acid. A similar 
reducing effect was noticed as accompanying the 
addition of water to HN0 3 . 

Perkin was unable to explain these results. 
Ostwald, however, has shown that they are in 
keeping with the electrolytic dissociation hypo- 
thesis (C7. J . 69, 198). According to this hypo- 
thesis strong acids are dissociated in aqueous 
solutions into their ions. Aqueous solutions of 

+ — 

HC1, HBr, and HI, contain the ions H and Cl, 
+ — + — 

H and Br, and H and I, each with its electric 
charge. The observed rotatory powers of these 
solutions, minus the value for the water con- 
tained in them, therefore represent the rotatory 
powers of these ions, and not of the compounds 
themselves ; and the rotatory powers of these 
ions are considerably greater than those of the 
non-dissociated compounds. An aqueous solu- 
tion of HjSO^ or HNO s , must also contain dis- 
sociated, electrically charged, ions— according to 
the hypothesis ; but Perkin’s observations 
(ante, p. 259) show that the rotatory powers of 
the ions of tnese acids are slightly smaller than 
those of the acids themselves. 

Now, the hypothesis of electrolytic dissocia- 
tion asserts that the metallic salts of acids 
are dissociated into electrically charged ions in 
dilute aqueous solutions ; hence determinations 
of Mol. R. for aqueous solutions of metallic salts 
of HOI, HBr, HI, HjSO^ and HNO a ought to 
give results different from the values obtained 
for these salts themselves. But the values ob- 
tained for aqueous solutions of salts of HCl,HBi, 
and HI ought, on the whole, to be greater than 
the calculated values, whereas the values ob- 
tained for salts of H 2 S0 4 and HNO a ought, 
generally, to be slightly smaller than the calcu- 
lated valueB. This deduction is partly confirmed 
by Perkin’s results. 

The values of Mol.R. for NH 4 C1 is calculated 
by Perkin as follows (0. /. 66, 743). The value 
for HOI is found from determinations of Mol. R. of 
alcoholio chlorides, which enable values to be 
found for H and Cl in combination ; the value 
for NH S is taken as 1*818, which is the mean of 
the values found from observations on NH 3 in 
water and alcohol (ante, p. 269) ; the sum of the 
values for HC1 and NH S , with the subtraction 
of *5, gives the calculated Mol. R. of NH 4 C1. The 
number *6 is taken from the sum of the values 
for HC1 and NH 3 because observation has Bhown 
that this is about the difference between the 
values for N IU and N v , and in NH S the N atom 
is trivalent, while in NH 4 C1 it is supposed to 
be penta valent. The values for the other salts of 
NH 4 are calculated in a similar way. Perkin’s 
results for Mol. R. of NH 4 I, NH 4 Br, and NH 4 I 
show that practically the same values are ob- 
tained for solutions containing from c. 80 to c. 60 
p.c. of the salts. The results with the six salts 
were as follows ; 


— 1 

Calculated 

Observed, in 
aqueous solu- 
tions 

Differences 

NH 4 C1 

4*305 

6-096 

+ 1*791 

NH 4 Br 

6096 

7*997 

+ 1*901 

NH 4 I 

8*149 

9*896 

-t 1*747 

nh 4 no, 

2*298 

2*320 

+ *022 

nh 4 hso 4 I 

8*433 

3*455 

+ *022 

(NH 4 ) 2 S0 4 

4*551 

4*980 

+ *439 


With regard to NH,NO s and the two sulphates, it 
is to be observed that the calculated values are 
found by adding the values for the acid and the 
base (NH 3 ), then deducting *5 for the change of 
N 111 to N v , and then deducting *2 for the change 
from the free acid and base to the combination 
of these compounds ; now, *5 is merely an ap- 
proximate value for the change from N IM to N v , 
and 2 is also merely a rough approximation 
for the value of the process of combination of 
acid and base. As the differences between the 
observed and calculated values for NH 4 C1, 
NH,Br, and NH 4 I are large, small errors in the 
method of calculating Mol. R, for these com- 
pounds do not materially affect the differences in 
question ; but as the differences are small in the 
cases of the nitrate and sulphates, small errors in 
the method of calculating Mol. R. for these com- 
pounds do materially affect those differences. 
Moreover, the observations of Mol. R. of the 
nitrate and the Bulphates of ammonium in 
aqueous solutions were made with a single solu- 
tion in each case (59*7 p.c. NH,NO s , 60*6 p.c. 
NH 4 HS0 4 , and 40 p.c. (NH 4 ) 2 S0 4 ) ; hence it is 
not certain that the numbers set down as the 
values of Mol. R. of these compounds in aqueous 
solutions are the true values. 

Perkin has also (C. J. 69, 981) made mea- 
surements of the magnetic mol. rotatory powers 
of the ammonium salts of formic, acetic, and 
propionic acids in aqueous solutions, and com- 
pared the results with the values calculated. 
He gives the results as follows : 


— 

Observed, 
in aqueous 
solution 

Calcu- 

lated 

Dif- 

ferences 

Ammonium formate 

3*363 

8*489 

1 -*126 

„ acetate 

4*247 

4*343 

-*096 

„ propionate 

5*259 

5*280 

-•021 


The interpretation which the electrolytic dis- 
sociation hypothesis gives of these results is that, 
as in their aqueous solutions the salts examined 
are dissociated into their ions, and as the observed 
results are smaller than the calculated values, 
therefore the magnetic mol. rotations of the ions 
of HCO.^H, CH 3 C0 2 H, and C 2 H 5 C0 2 H are slightly 
less than the rotations of the acids themselves 
( v . Ostwald, Z. P. C. 9, 613 ; cf. Ostwald, C. J. 
69, 201). 

But it seems to me that the numbers given 
by Perkin as the calculated values of Mol. R. for 
the three salts cannot be accepted as oorrect. 
For these values were found by adding the values 
of Mol. R. for the free acids to the value for free 
NH S ; no deduction was made for the change of 
rotation accompanying the combination of the 
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acid and the base, and no deduction was made 
lor the change of N 111 to N v . Either these 
values cannot be accepted as the true values, or 
the values calculated for the salts of NH 4 with 
the halogen acids, and with HNO s and ILS0 4 , 
are not correct (< ante , p. 260). If the values of 
Mol. R. for the salts of formic acid <fcc. are cal- 
culated by the same method as was used in the 
eases of the other salts of ammonium, then the 
results of this investigation are as follows : 


— 

! Observed 
| in aqueous 
solution 

1 Calcu- 
lated 

* Dif- 
; fercuces 

Ammonium formate 

3*363 

2-789 

+ •574 

,, acetate 

4-247 

3-643 

| +-604 

„ propionate 

5-259 

i 

4-580 

+ •670 


If these results are accepted, then the differ- 
ences are much greater than those given by 
Perkin, and they are in the opposite direction. 

Measurements of the Mol. B. of formic, acetic, 
and propionic acid in aqueous solution would 
enable the question to be settled as to the effect 
of water on these acids ; at present it seems that 
the magnetic rotations of the ions of these acids 
would be found to be greater than the rotations 
of the acids themselves. 

This conclusion is confirmed by combining 
the results obtained by Perkin (C. J. 59, 986) for 
Mol. It. of sodium salts of formic and other acids 
with the value calculated by him for sodium 
{ G . J. Proc. 1890. 141). In the following table 
I have calculated the values for the salts as Per- 
kin calculated the values for NH 4 C1, NH 4 NO g 
by deducting *2 from the sum of Mol. R. of 
acid and At. R. of Na, and then further deduct- 
ing *254 for the loss of H : 



Observed 
in aque- 
ous solu- 
tion 

Calcu- 

lated 

Differ- 

enccs 

♦Sodium formate . 

2-347 

1775 

+ •572 

,, acetate • . 

3-281 

2-629 

+ •652 

„ propionate 

4*308 

3-566 

+ •742 

„ butyrate. 

5*332 

4-576 

+ -756 


In a more recent communication (0. J . 06, 57 ) 
Perkin gives the Mol. R.s of aqueous solutions of 
H 2 S0 4 , HNO s , Na 2 S0 4 , and LiNO a of varying 
degrees of concentration. His results show that 
the Mol. R.s of these solutions do not vary with 
dilution in the same way as the electrical con- 
ductivities vary. The most dilute solution of 
H 2 S0 4 examined by P. contained c. 9*2 p.c. 
H„S0 4 , and the most dilute solution of HNO a 
contained c. 22-5 p.c. HNO„. Now it has been 
shown repeatedly, by Ostwald and others, that 
measurements of the conductivities of fairly cone, 
eolutions of acids and salts cannot lead to just 
conclusions regarding the amount of electrolytic 
dissociation of the compounds in solution ; hence 
it is not to be expected that the amount of dis- 
sociation of H 2 S0 4 and HNO* should be calculable 
from the Mol. R.s of these compounds as deduced 
from observations on solutions so concentrated 
as those used by Perkin. What the observations 
of P. show is that the magnetic rotations of 
certain compounds diverge from the calcu- 


lated results in all cases wherein electrolytic 
dissociation occurs. The laws which express 
the electric dissociation of compounds are to be 
deduced from the study of very dilute solutions, 
and as no measurements of magnetic rotations 
have yet been made for such solutions, it is not 
justifiable to draw detailed quantitative conclu- 
sions concerning the electrolytic dissociations of 
compounds from the measurements of the mag- 
netic rotations of those compounds which P. 
has made. M. M. P. M. 

VIII. OSMOTIC PRESSURE, METHODS 
RASED ON ; v . Molecular weights, vol. iii. 
p. 418 ; and Electrical methods, this vol. 
p. 185. 

IX. PHOTOGRAPHIC METHODS; v. 
Photographic chemistry, this vol. p. 154. 

X. SPECIFIC HEATS OE SOLIDS, 
METHODS BASED ON ; v. Atomic and Mole- 
cular weights, vol. i. p. 342. 

XI. THERMAL METHODS. Determina- 
tions of the quantities of heat which are pro- 
duced, or which disappear, in chemical reactions 
help to elucidate the nature of these reactions. 
There are two sides to every chemical operation ; 
there is a change in the form or distribution of 
matter, and a change in the form or distribution 
of energy. Light is thrown on the second of 
these changes by thermo-chemical investigations, 
and the connections between the two parts of the 
complete occurrence, and the mutual dependence 
of both, are thus made clearer. Thermo-chemical 
methods rest on the principle of the conservation 
of energy. When a chemical reaction occurs, heat 
may be produced, electricity generated, mechani- 
cal work done by expansion, and sound or radiant 
heat may leave the system; the sum of these 
forms of energy, added to the energy remaining 
in the system at the close of the reaction, must 
equal the energy originally present in the system 
at the moment when the change began. As a 
large part of the energy set free during any 
chemical reaction usually takes the form of heat, 
it follows that measurements of the heat pro- 
duced during the reaction must give information 
regarding the differences between the initial and 
final energies of the system. The primary aim 
of thermo-chemical measurements is to deter- 
mine such energy-differences ; the secondary 
aim is to connect these differences with the dif- 
ferences of composition, constitution, and pro- 
perties which the reacting systems undergo. 

The loss or gain of energy which accom- 
panies the passage of a system from one defined 
state to another is independent of any inter- 
mediate states through which the system may 
pass. This generalisation was proved experi- 
mentally for several cases, so far as heat energy 
was concerned, by Hess in 1840 (P. 50, 385) ; 
the generalisation may be deduced from the 
principles of energy. On this statement rest 
the methods for determining the thermal values 
of chemical changes when these values cannot 
be observed directly. 

Notation used in thermo-chemistry . Thom 
sen’s notation is followed in this Dictionary; the 
formulas of the reacting substances are taken to 
represent grams of these substances— thns HG1 
means 36*5 g. of hydrogen chloride ; the formula! 
are inclosed in a square bracket, and the figures 
representing the number ol atoms of each ele- 
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rnent are placed above the symbols ; the react- 
ing substances are separated by a comma. The 
unit of heat is that quantity which raises the 
temperature of 1 g. of water at c. 18° through 1°. 
Ostwald, in his Lehrbuch der Allgemeinen 
Chenvie , employs a unit almost exactly 100 
times greater than this, viz. the quantity of heat 
given out by 1 g. of water in cooling from 100° 
to 0°. The symbol Aq means that a large quan- 
tity of water is present. Thus [H,C1] = 22,000 
means that 22,000 gram-units of heat are pro- 
duced when 1 g. H combines with 85*6 g. Cl; 
[H, Cl, Aq] « 30,660 means that 80,660 gram- 
units of heat are produced when 1 g. of H com- 
bines with 85*6 g. of Cl in presence of a large 
quantity of water in which the HC1 dissolves ; 
[HCl,Aq] = 17,320 means that 17,320 gram- 
units of heat are produced when 36*5 g. of HC1 
dissolve in a large quantity of water ; and 
[HClAq.KOHAq] = 13,750 means that the neu- 
tralisation of 36 6 g. HC1, dissolved in much 
water, by 56 g. KOH, dissolved in much water, 
the products of neutralisation being allowed to 
remain in solution, is accompanied by the pro- 
duction of 18,750 gram-units of heat. The 
symbol H 2 0 is used as in ordinary notation to 
represent 18 g. of water ; thus [As 2 0\3H-0] 
= 6,800 means that 6,800 gram-units of heat are 
produced during the formation of 284 g. HgAsO, 
by the combination of 230 g. As 2 O s with 64 g. 
water ; and [As 2 0\3H 2 0,Aq] = — 800 means that 
800 gram-units of heat disappear during the 
solution of 284 g. ELjAs0 4 in a large quantity of 
water, Thomsen’s notation does not indicate 
the products of the reaction, the thermal value 
of which is set down; nor does it show the 
physical states of the reacting substances, or of 
the products of the reaction, except in the one 
case when the substances are dissolved in much 
water, Ostwald ( Lehrbuch ) uses the ordinary 
notation, and adds figures to express the quan- 
tities of heat which are produced or disappear in 
the reactions; he employs ordinary type for 
liquids, thick type for solids, and italics for 
gases. Thus, H. z + Cl t = 2 If Cl -f 44,000 means 
that 44,000 gram-units of heat are produced 
when 2 g. gaseous hydrogen combine with 
2 x 35*5 g. gaseous chlorine to form 2 x 36*5 g. 
gaseous hydrogen chloride ; 2 H^S +2 1 2 
= 413T+ 2S - 34,000 means that 34,000 gram- 
units of heat disappear when 2 x 34 g. gaseous 
hydrogen sulphide react with 2 x 254 g. solid 
iodine to form 4 x 128 g. gaseous hydrogen iodide 
and 2 x 82 g. solid sulphur; and 2H 2 SAq 4 2I 2 Aq 
-- 4HIAq + 2S 4 34,000 means that 34,000 gram- 
units of hpat are produced when 2 x 34 g. hydro- 
gen sulphide dissolved in much water react with 
2 x 254 g. iodine dissolved in much water, to form 
a dilute aqueous solution of 4 x 128 g. hydrogen 
iodide, and 2 x 32 g. solid sulphur. Ostwald 
sometimes indicates the temperature by figures 
in brackets placed after the formuhe of the sub- 
stances : thus, H 2 0 (0) = H ,0 (o) + 1440 means that 

1440 gram-units of heat are produced when 18 g. 
liquid water at 0° become 18 g. solid water at the 
same temperature. 

Measurements of thermal values of chemical 
changes . The quantities of heat produced during 
chemical processes are measured by causing the 
processes to take place in vessels arranged so 


that the whole of the heat is used in raising the 
temperature of known masses of water, or of 
water and a solution the specific heat of which 
is known. When the process consists in a reaction 
between substances in aqueous solutions, the 
calorimeter employed usually consists of a vessel 
of platinum holding 500 to 1000 c c. placed inside 
another vessel of silver, or thin sheet iron, with 
water between the two vessels. The reacting 
liquids are brought to the same temperature, and 
are then mixed in the platinum vessel, and the 
rise of temperature of the contents of this vessel 
is noted, any change in the temperature of the 
outside water being also measured. When the 
thermal value of a process of combustion is to 
be determined, the combustion is caused to pro- 
ceed in a vessel, usually made of platinum, sur- 
rounded by a determinate quantity of water ; if 
the products of combustion are gases, an appa- 
ratus is attached wherein these gases areabsorbed, 
and thus the quantity of substance burnt is 
determined. 1 

To calculate the thermal value of a reaction, 
it is necessary to know the initial temperatures of 
the reacting bodies, the final temperatures of the 
products of reaction, the masses of the reacting 
substances, the specific heat of water, the specific 
heat of the liquid formed by the reaction if the 
reaction be one wherein a solution is produced, 
and the water-equivalent of the calorimeter. 
The water-equivalent of the calorimeter must be 
determined ; it is equal to the number of unit- 
weights of water which would bo raised to the 
same temperature as that to which the calori- 
j meter and its accessories— thermometer, stirrer, 
Ac. — are raised by the heat produced in the pro- 
cess. When dilute solutions of acids and alkalis, 
or similar compounds, react, the specific heat of 
the dilute salt-solutions produced may be taken 
as equal to the specific heat of the water they 
contain, without appreciable errors. 

Let Q be the quantity of heat produced in a 
reaction between two solutions ; let t be the 
initial temperature of one solution, t' the initial 
temperature of the other solution, and T the 
final temperature of the solution produced ; 
further, let a be the calorimetric equivalent of 
one solution, i.e. mass x spec, heat, b the calori- 
metric equivalent of the other solution, and c the 
water-equivalent of the calorimeter ; then 
Q~(T-f)a + (T-* # )(& + c). 

In the cases of dilute aqueous solutions, a and 
b represent the masses of water in the solutions 
mixed. If a change occurs in the state of aggre- 
gation of some of the constituents of the reacting 
system, e.g. if liquid water is formed from gaseous 
hydrogen and oxygen, the quantity of heat which 
is produced or disappears in this change must be 
taken into account in the calculation of the 
thermal value of the reaction. If contraction or 
expansion occurs, without change of state, the 
thermal value of such contraction or expansion 
must be determined and allowed for. 3 

Meats of combustion, and of formation , of com- 
pounds. The heat of combustion of an element 
or compound is the thermal value of the reaction 
which takes place when that element or com- 

1 For references to descriptions of calorimetrioal appa- 

ratus v. Reference*, p. 268. 

• For methods of calculating Q at one temperature when 
It is known at another temperature, v. Th. 1, 60-78. 
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pound is completely oxidised to those masses of 
the product, or products, of oxidation which are re- 
presented by the formula) of these products. Thus 
[H*,0] = 68,360 ; [CO,OJ = 67,960. In this Dic- 
tionary the quantities represented by formulas 
are taken in grams. 

The heat of formation of a compound is the 
thermal value of the reaction whereby the for- 
mula-weight of the compound is produced from 
the formula- weights of its constituents. Thus, 
the heat of formation of H 2 S0 4 varies according 
to the constituents from which it is produced ; 
we have the following statements: [SCPJLO] 
- 21,320 ; [S0*,0,H'0] - 63,480 ; [S0 2 ,0 2 ,H 2 ] 
« 121,840 ; [8,0*, H*0] = 124,560 ; [8, OSH 2 ] 

- 192,920. 

It is often practicable to measure heats of 
combustion directly; but in very many cases it 

(1) f KOHAq, HClAq] = -[K,0,H,Aq] 

(2) [KOHAq, HBrAq] = — [K,0,H,Aq] 

is necessary to determine heats of formation by 
indirect methods. These indirect methods rest 
on the principle, deduced from the laws of energy, 
that the total change of energy, and therefore 
the total thermal change, which accompanies the 
passage of any system from a definite initial 
composition to a definite final composition is in- 
dependent of the intermediate states. Suppose 
that a system changes from a certain arrangement 
or configuration A to another configuration B, and 
that x units of heat are produced in this change. 
Suppose also that the same initial system then 
passes from the state A to a new state a, from 
that to b , from that to c, and, lastly, from that to 
B, and that there are x 9 units of heat produced 
in the first of those intermediate changes, x " 
units produced in the second, and x f " units in the 
third ; then x - (x' + x" + x ,u ) gives the thermal 
value of the change from the state c to the state 
B. If then the thermal value of a chemical pro- 
cess, whether the formation of a compound, or 
other process, cannot be determined by direct 
measurement, it may be determined if the process 
can be made a portion of a series of changes, the 
total thermal value of which is measurable, and 
the thermal values of all the portions of which 
are measurable with the exception of the value 
of that portion which is sought. 

For instance, formic acid, CH 2 0 2 , cannot be 
directly produced from C, H, and O, and, there- 
fore, the heat of formation of this acid cannot 
be determined by direct measurement ; but G 
and H can be burnt to C0 2 and H 2 0, and CH,0 2 
can also be burnt to C0 2 and H 2 0 ; hence we 
can acquire the data needed for calculating the 
value of [C,H 2 ,0*]. The data are these : [C,0 2 ] 
« 96,960 ; [H-,0] = 68,360 ; sum = 165,320 ; 

[CH 2 0',0] = 65,900. Now, suppose that the first 
stage of the combustion of C and H 2 consists in 
the formation of CH 2 0 2 , and that this is then 
burnt to CO., and H 2 0, we should have the state- 
ment : [C,0 2 ] ♦ [H-,0] - [C.HV^ 2 ] + [CH-O-,0] 

= 165,320. But [CH0 2 ,0] = 65,900; and also 
[C,0] + [H,0] - [CH J 0 2 ,0] = [CJffSO*]. Hence 
[C,H 2 ,0-] - 165,320 - 65,900 * 99,420. 

Another example will show the application 
of the principle to a more complicated case. It 
is required to find the heat of formation of gaseous 
hydrogen bromide from gaseous H and Br, i.e. 
the thermal value of the reaction H + Br = HBr. 


2G3 

To begin with : let [H,Br,Aq]-c, and let [H,Br] 
= x ' ; direct measurement gives [HBr,Aq] = 19,900. 

— 19,900 = a;' = heat of formation of HBr, 
Hence it is necessary to determine x. 

Now, the thermal values of the neutralisation 
of HClAq and HBrAq respectively by KOHAq 
are found to be the same, i.e . [KOHAq, HClAq] 
= [KOHAq, HBrAq]. If these reactions are 
analysed, the first is seen to consist in (1) the 
splitting of HClAq into H and Cl in presence 
of water ; (2) the separation of KOHAq into K, 
O, and H in presence of water; (3) the com- 
bination of K and Cl, in presence of water, to 
form KClAq ; (4) the combination of H, H, and 
O, in presence of water, to form water ; and the 
second is similar to this, only putting Br in 
place of Cl. These reactions may be stated in 
thermo-chemical notation thus : 

- [H,Cl,Aq] + [K,Cl,Aq] + [H,H,0,Aq]; 

- [H,Br,Aq] + [K,Br,Aq] + [H,H,0,Aq]. 

The first and fourth terms on the right side are 
the same, and the total thermal values are the 
same. Are the values of the second and third 
terms the same ? To answer this question we 
pass Cl into KBrAq, forming KClAq and BrAq, 
and measure the thermal disturbance ; we then 
analyse the reaction, and see what information 
it has afforded. These are the results : 

[KBrAq, Cl] = 11,500, 

i.e. - [K,Br,Aq] + [K,Cl,Aq] + [Br,Aq] = 11,500. 
Now, [Br,Aq] * 500, by direct measurement, 

[K,Br,Aq] + [K, Cl, Aq] = 11,000, i.e. to form 
KC1, in solution, from K and Cl produces 11,000 
units of heat more than to form KBr, in solu- 
tion, from K and Br. 

Now, turning back to equations (1) and (2) 
above, and remembering that the thermal values 
of these are the same, it is evident that, since 
11,000 more heat-units are produced in forming 
KClAq than in forming KBrAq, each from its 
elements, 11,000 more heat-units must disap- 
pear in splitting up HC1, in presence of water 
into H and Cl, in presence of water, than in 
similarly separating HBr into H and Br in pre- 
sence of water ; and therefore, since the heat 
energy required to decompose a stated mass of a 
compound is equal to the heat energy that is 
produced when the same mass of that compound 
is formed, 11,000 more heat-units will be pro- 
duced in the formation of HClAq from H, Cl, 
and Aq than in the formation of HBrAq from 
H, Br, and Aq ; or, stated in thermo- chemical 
notation: [H,Cl,Aq] — 11,000 = [H,Br,Aq]. Now 
[H, Cl, Aq] = 39,300 by direct measurement, 
[H,Br,Aq] - 39,300 - 11,000 = 28,300. 

At the beginning of this calculation we had 
[H,Br,Aq]- 19,900 *[H,Br]. We can now sub- 
stitute the value of [H,Br,Aq], and write 
[H,Br] = 28,300 - 19,900 - 8,400. That is to say, 
8,400 gram-units of heat are produced when 81 
g. gaseous hydrogen bromide are formed from 1 
g. gaseous hydrogen and 80 g. gaseous bromine. 

Exothermic and endothermic reactions • 
Chemical changes which are accompanied by pro- 
duction of heat are sometimes classed together 
as exothermic reactions, and are distinguished 
from changes accompanied by disappearance of 
heat, which changes are called endothermic re- 
actions. The terms endothermic and exothermic 
are sometimes useful. It shouldmot be forgotten 
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that most chemical reactions consist of portions 
which are exothermic and portions which are 
endothermic. Substances which are formed with 
the disappearance of heat are generally more 
readily decomposed by the application of out- 
side forces than substances which are formed 
with the production of heat. 

Interpretation of thermo-chemical measure- 
ments. Thermo-chemical measurements aim at 
determining the quantities of heat which are 
produced or disappear during definite and defined 
chemical changes. But every chemical change is 
inextricably bound up with more or less exten- 
sive physical changes ; hence some portion of the 
thermal value of a chemical occurrence is always 
due to a process which is not, strictly speak- 
ing, chemical. A purely chemical change is a 
change in the distributions, configurations, and 
motions of atoms. But in only some cases are 
we able to form clear conceptions as to the con- 
figurations and motions of atoms ; therefore, 
even if it were possible always to disentangle the 
purely chemical from the accompanying physical 
parts of a change, we should still very frequently 
be unable to connect the thermal values of 
purely chemical processes, in a clear and definite 
way, with measurable changes in the distribu- 
tions, configurations, and motions of atoms. 

The heats of formation of HC1, HBr, and HI 
are said to be 22,000, 8,440, and —6,050 gram- 
units respectively. But these thermal values 
are not strictly comparable, because the first re- 
presents the heat produced in forming gaseous 
HC1 from gaseous H and Cl ; the second repre- 
sents the heat produced in forming gaseous HBr 
from gaseous H and liquid Br, and the third re- 
presents the heat which disappears when gaseous 
HI is formed from gaseous H and solid I. In 
other words, more heat is used in the second 
change than in the first, and still more in the 
third than in the second, in accomplishing sub- 
sidiary physical changes. Steam is decomposed 
by chlorine, with formation of hydrogen chloride 
and oxygen. All the reacting substances are 
gases. This change, which is stated in formulas 
as 2H 2 0 + 2C1 2 - 4HC1 + 0 2 , when analysed 
thermo-chemically, is found to consist of four 
parts, thus : [2H*0,2C1 2 J 

- — 2[H,H,0] - 2[C1,C1] + [0,0] + 4[H,C1]. 

We measure the thermal value of this complete 
change, but we cannot at present separate the 
portions of the change and assign to each its 
proper thermal equivalent; hence we cannot 
give a complete explanation of the thermo- 
chemical measurement we have made. 

Notwithstanding these difficulties, attempts 
have been made to generalise from thermo- 
chemical measurements to statements of uni- 
versal applicability. The most widely known of 
such attempts is that which finds expression in 
Berthelot’s 4 law of maximum work' 1 This so- 
called law asserts that * Every chemical change 
accomplished without the addition of energy 
from without tends to the formation of that body , 
or system of bodies , the production of which is 
accompanied by the development of the maximum 
quantity of heat ' In another place Berthelot 
states the law more rigidly, thus : ‘ Every che- 
mical change which cam be accomplished without 

Mkattique Chimique , 1 . xxix. 


the aid of a preliminary action , or the addition 
of energy from without the system , necessarily 
occurs if it is accompanied by disengagement of 
heat.' 

The same generalisation was stated by 
Thomsen {v. Th. 1, 12-16) some years before it 
was enunciated by Berthelot. Thomsen’s state- 
ment took this form : 4 Every simple or complex 
reaction of a purely chemical kind is accompanied 
by production of heat.' None of these state- 
ments is strictly applicable to actually occurring 
chemical changes, because we never have to deal 
with reactions of a purely chemical kind, but 
with reactions that are partly chemical and 
partly physical— that is, with reactions which 
consist in part in changes in the arrangement 
and motions of atoms, and partly in changes in 
the arrangement and motions of molecules. A 
consideration of the way in which the so-called 
law is applied, especially by Berthelot and his 
school, shows that it is taken to 'mean that 
measurements of the thermal values of various 
possible chemical changes enable us to predict 
which of these will occur. Thus, suppose we 
start with a system A + B+ O, and suppose that 
from this may be formed AB + C, AC + B, or 
ABC ; suppose also that x thermal units are 
produced in the first of these changes, x’ thermal 
units in the second, and x" thermal units in the 
third ; finally, suppose that x" > x' > z; then the 
law of maximum work is taken as asserting that 
the reaction A+B+C=ABC will occur, and 
will occur to the complete, or almost complete, 
exclusion of the two other possible reactions. 

It is easy to show that many reactions are 
known to oocur which would be impossible were 
this 4 law ’ a true generalisation. But it is better 
to treat the law as a deduction from the prin- 
ciples of energy, and to show that it is not a 
warrantable deduction. 

The statements made by Thomsen and Ber- 
thelot are true only when an arbitrary separa- 
tion is made of chemical changes into two parts, 
and one of these parts is alone called chemical. 
Every chemical change, however simple, consists 
of at least two parts, the first of which is the 
necessary antecedent of the second ; the 4 law of 
maximum work ’ ignores this duality, or, it 
might be more accurate to say, the law assumes 
that the second part of a chemical process may 
occur without the first. A process of chemical 
change may be compared to the flight of a stone 
from, and its return to, the surface of the earth. 
During the first part of this process there is a 
continual transference of kinetic energy from 
the moving stone to the surrounding medium 
and during the second part there is a continual 
transference from the medium to the stone, until 
the stone comes to rest, when its energy becomes 
a part of the total energy of the system earth 
plus stone. If the final resting-place of the stone 
is nearer the oentre of the earth than the spot 
from which it was projected in its upward flight, 
then the stone contains less energy, relatively to 
surrounding systems, at the close of the trans- 
action than at the beginning. On the other 
hand, if the starting-point is nearer the earth’s 
oentre than the final point of rest, then the 
transaction has resulted in a gain of energy to 
the Btone. In both oases the Beeond part of the 
transaction, that which occurs between the turn- 



THERMAL METHODS. 


206 


ing- point and the coming to rest of the stone, is 
attended with loss of energy to the stone ; but 
this second part does not represent the complete 
transaction. The ‘law of maximum work,’ if 
applicable at all, is applicable only to’the second 
part. And, moreover, this law ignores the fact 
that the stone, or chemical system, does not 
leave its initial resting-place of its own accord ; 
the law assumes that no work need be done, no 
energy need be expended, in the passage of the 
stone, or chemical system, from its original posi- 
tion to that whereat the energy-relations between 
it and surrounding systems come within the 
cognisance of the law. 

The * law of maximum work ’ asserts a certain 


condition of equilibrium for a chemical system, 
for the law states that equilibrium results when 
that change has occurred which is attended with 
the maximum production of heat. But the true 
condition of equilibrium of a material system 
undergoing a reversible change is laid down in 
the statement that equilibrium results when the 
entropy of the system has attained the maximum 
value under the conditions which prevail. 

Let Q - quantity of heat added to a body at 


constant temperature T, then 9 = gain of entropy 


to the body; let Q, = quantity of heat lost by a 
body at constant temperature T„ then 9 =* loss 

-M 

of entropy to the body. All chemical and physi- 
cal changes which occur spontaneously increase 
the entropy of the system. This statement holds 
good for non-reversible changes; and as no 
actually occurring change is completely rever- 
sible, the statement holds for all changes. 

Suppose that one of two bodies is hotter than 
the other and loses heat to the colder body ; the 
hotter body at temperature Tj loses heat Q, 

therefore its entropy is diminished by 9. ; the 

1 | 

colder body at temperature T 2 gains heat Q, 
therefore its entropy is increased by 9 ; but as 

T, > T 2 , it follows that 9 < -9 ; in other words, 
T, T 2 

the entropy of the system is increased by the 
passage of heat from the hotter to the colder 
body. 

Now, a system is in equilibrium when its 
entropy has attained the maximum value possible 
under the conditions. But, inasmuch as entropy 
is measured by a quantity of heat divided by a 
temperature, it is only at the absolute zero of 
temperature that dS = dQ (S = entropy, Q=* 
quantity of heat) ; hence it is only at the abso- 
lute zero that thermal changes directly measure 
changes of entropy. When a chemical change 
is accompanied by the production of much heat, 
and the change ocours at a low temperature, the 
thermal change will roughly measure the change 
of entropy ; therefore, if such a change be pos- 
sible, it will occur. But if the quantity of heat 
produced in a chemical process is small, the 
change of entropy may be conditioned, to a large 
extent, by ohanges other than the thermal 
change. Indeed, in some cases, heat may dis- 


appear from the system, and yet the total change 
of entropy may be positive ; in such cases, 
chemical change will occur with the disappear- 


ance of heat, because the decrease in the entropy 
of the system caused by the loss of heat will be 
more than balanced by the increase in the 
entropy caused by the changes of state which 
the system undergoes. 

The general conception of chemical change 
which is given by applying the law of entropy is 
that of a system attaining equilibrium as the 
result of processes taking place in opposite 
directions. According to van’t Hoff (Dynamique 
Chimique , 153), the directions of chemical pro- 
cesses which result in equilibrium vary with 
variations of temperature in such a way that the 
lower the temperature the more is equilibrium 
established with the production of heat, but the 
changes can take place wholly in one direction 
only at the absolute zero. The 4 law of maximum 
work ’ would then hold good for the limiting 
case that the change should occur at -273°. 

| As the temperatures at which most chemical 
changes occur are not very high, many chemi- 
cal processes are accompanied by production of 
heat. 

The 4 law of maximum work ’ is not, then, 
a law of nature. But it is true that most 
chemical processes which occur without the 
expenditure of much energy from without, and 
which take place at moderate temperatures, are 
accompanied by the disengagement of heat. If 
it is known that a certain chemical change would 
be attended by the disappearance of much heat, 
we may conclude that this change will be difficult 
to accomplish ; that it will be brought about only 
by the expenditure of a considerable quantity of 
energy, and that the most successful way of 
accomplishing the change will be to make it 
one part of a series of changes the sum of which 
is attended with the disengagement of heat. 

Applications of thermo-chemical methods. 
The applications of thermo-chemical methods are 
many and varied. A few of the more important 
will be briefly dealt with here. 

Neutralisation of acids and bases. In 1842 
Hess stated the principle of the thermo-neutrality 
of salts in solutions (P. 52,79). He said that when 
aqueous solutions of two normal salts are mixed 
the thermal disturbance is nil ; in other words, 
that the thermal value of the reactions consist- 
ing in the exchange of the acids and bases is 
equal to zero. Hess supposed that the heats of 
neutralisation of acids were independent of the 
nature of the bases used. Andrews (P. 54, 208 ; 
59, 428) thought that the heats of neutralisation 
were dependent only on the bases, and were 
independent of the nature of the acid employed. 
Favre a. Silbermann ( A . Ch. [3] 34, 357 ; 36, 1 ; 
37, 406) put the law of thermo-neutrality in its 
proper form by showing that the differences be- 
tween the heats of neutralisation of any two 
bases by any acid have a constant value, and the 
differences between the heatB of neutralisation 
of two acids by any base are constant. Let the 
composition of various salts be represented by 
the scheme : 


A + B 

A'-fB 

A" + B 

A'" 

+ B 

A + B' 

A' + B' 

A" + B' 

A'" 

+ B' 

A + B" 

A' + B" 

A" + B" 

A"' 

•+B" 

A + B'" 

A' + B'" 

A" + B" 

A'" 

+ B" 


And let /( A + B), /( A' + B), <fcc., represent the 
quantities of heat produced by the union of the 
acid A with the base B, the acid A' with the base 
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13, &c. Then the law of thermo-neutrality asserts 
that 

/( A + B) +/(A' + B') —/(A + B') -/(A' + B) = 0 
or / A + B) ~/(A + B') -/ A' + B) -/(A' + B') 
and /(A + B) -/(A' + B) =/( A + B') -/(A' + B') 

Exceptions have been found to this law, but 
these exceptions have all proved to be connected 
with some abnormality in the behaviour of the 
salts formed. The law may be stated by saying 
that, in the normal formation of a salt, in solu- 
tion, by the reaction between an acid and a base, 
the acid contributes a definite portion of the total 
heat of neutralisation, independently of the 
nature of the base, and the base contributes a 
definite portion of the total heat of neutralisa- 
tion, independently of the nature of the acid. 
If the statement is correct, then the heat of 
neutralisation of an acid, in solution, must be 
independent of the nature of the base, and the 
heat of neutralisation of a base, in solution, must 
be independent of the nature of the acid, unless 
there be some divergence from tho normal con- 
dition of affairs. By the heat of neutralisation 
of an acid is meant the quantity of heat produced 
when an equivalent weight of the acid reacts 
with an equivalent weight of a base, both being 
in dilute aqueous solution. If A' represents a 
formula-weight of a monobasic acid, A" a 
formula-weight of a dibasic, and A'" a formula- 
weight of a tribasie, acid ; and if B represents a 
formula-weight of a mono-acid base ; then the 
heats of neutralisation of these three acids are 
the thermal values of the reactions, 

[A'Aq,BAq] ; [*A"Aq,BAq] ; and 
[JA"'Aq,B \q]. Sometimes it is more con- 
venient to take the thermal values of the 
reactions [A"Aq,2BAq] and [A"'Aq,3BAq] to 
represent the heats of neutralisation of the 
dibasic and tribasie acids respectively. 

The following table, taken chiefly from 
Thomsen’s results, shows that the heats of 
neutralisation of the strong acids are prac- 
tically independent of the base, provided the 
base used is strong ; the numbers all refer to 
reactions between dilute solutions of the acids 
and bases : — 


Acid 

nh 3 

| NMe, 

NH a OH 

HC1 

hno 3 

12,200 

12,300 

8,700 

9,200 


When weak acids neutralise strong bases, 
the thermal values differ from those obtained 
for strong acids ; and when weak acids neutralise 
weak bases the reactions have different values 
from any of the preceding cases. The following 
numbers illustrate this : 


Acid 

NaOH JBaO a H„ 

strong bases 

nh 3 

weak base 

M 
§ , 

1 C0 2 Aq 

10,100 

10,900 

8,400 


IH.,S 

7,700 

7,800 

6,200 


The electrolytic dissociation hypothesis gives 
an explanation of the facts concerning the 
thermo-chemical reactions between acids anr 
bases. According to this hypothesis, a dilute 
aqueous solution of a salt contains tho ions oi 
the salt each with its electric charge *, the sail 
is dissociated into its ions; when two diluh 
salt solutions are mixed, the ions remain as the} 
were, there is no change, and therefore heat is 
neither produced nor consumed. The law oi 
thermo-neutrality holds. The hypothesis looks 
on a dilute aqueous solution of a strong acid, oi 
a strong base, as containing the ions of the acic 
or the ions of the base ; when the solutions of th< 
strong acid and strong base are mixed, a salt is 
not formed in the solution, because in dilute 
solutions salts are wholly dissociated, but wate] 
is formed by the unibn of the ion H of the acic 
with the ion OH of the base. Thus, the com 
position of dilute solutions of HC1 and NaOH 
before and after mixing, are represented by the 
hypothesis as follows : 

+ — -I- — + 

Na-f OH + H + C1 and Na-f-Cl + HOH. 

before mixing after mixing 


Acid 

NaOH 

KOH 

Li OH 

non 

iBaO a H a 

£CaO a H a 

iSrO a H a 

iPt(Nff a ) 4 (0H) a 

S(O a H a ),OH 

N(CH s ) 4 On 

HC1 

13,300 

13,300 

13,300 

13,300 

18,300 

13,300 

13,300 

13,600 

13,700 

13,600 

HBr 

13,300 

13,300 

— 

— 

— 









HI 

13,300 

13,300 

— 

— 

— 







, 


HNO, 

13,500 

15,500 

— 

13,500 

14,000 

13,900 









HCIO. 

13,600 

13,600 

— 

— 

14,000 







__ 1 


HBrO. 

13,600 

13,600 

— 

— 







__ 




HIO, 

13,600 

13,600 

— 

— 









_ _ 


H010 4 

14,000 

14,000 

— 

— 












1HAO. 

| 13,500 

— . 

— 

— 

13,800 









fcH # PtCl. 

13,600 

— 

— 1 

— 

— 










ll.0,H..S0 4 

1 13,500 

— 


— 

13,000 

— 

— 

— 

1 ~ 

- 


If concentrated solutions are employed, the 
heats of neutralisation, even of the strong acids, 
Bhow considerable differences with different 
bases. If the salt which is formed by neutral-,, 
ising an acid by a base is allowed to precipitate, 
then the apparent heat of neutralisation as thus 
determined is not the true heat of neutralisation 
(v. Th . 1, 440). The following numbers represent 
the heatB of neutralisation of two strong acids 
by weak bases ; these numbers differ from one 
another, and also from the values given in the 
preceding tables in which strong acids and strong 
bases only were included ; 


Or, generally, if M represent the positive ion o! 
a strong base, and A the negative ion of a strong 
acid; we have the composition of the dilute 
aqueous solutions, before and after mixing, re- 
presented by the two schemes : 

M-f OH + H+A and M + A + HOH 
before mixing after mixing 

Hence, as the only process wherein heat ear 
be produced consists in all cases in the union 
of H with OH, the quantity of heat produced ii 
always the same. 
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The hypothesis asserts that HOH is pro- 
duced because water is a non-dissociable, or 
nearly a non-dissociable, compound ; pure water 
is, approximately, a non-electrolyte. 

But when a weak acid is mixed,, in dilute 
aqueous solution, with a strong base, or when 
dilute solutions of a weak acid and a weak base 
are mixed, the processes are more complex ; for, 
according to the hypothesis, only a portion of 
the weak acid is dissociated into ions, and only 
a portion of the base is dissociated if the base 
is weak. In such cases the state of matters, 
before and after mixing, would be represented 
thus (supposing both acid and base to be 
weak) — 

HA + H + A + MOH + M + OII 

^ 

before mixing 

and HA 4- MOH + M + A + IIOII . 

after mixing 

But the process does not necessarily stop here; 
there is a striving towards the formation of the 
comparatively non-electrolytic compound HOH, 
therefore more of the acid and more of the base 
become dissociated, so that we have, as a final 
condition, less or more of the acid HA, and less 
or more of the base MOH, remaining in the 
solution. The dissociation of the acid and the 
base, when these are mixed, is accompanied by 
a thermal change ; and as the degree to which 
this dissociation proceeds depends on the nature 
of the acid and the base, the values of the heats 
of neutralisation of weak acids and weak bases 
differ one from another (c/. Electrical methods, 
p. 189 in this vol.). 

If this treatment of the heats of neutralisa- 
tion of acids and bases is accepted, it is evi- 
dent that the thermal values of the neutral- 
isations of acids by a base do not necessarily 
measure the affinities of these acids for that 
base. If the acids were all equally dissociated 
in solution, they would all be equally strong — 
or their affinities would be equal — and their 
heats of neutralisation would be equal. The 
statement Q = about 13,500 + A + B expresses 
the heat of neutralisation of any acid by any base 
in dilute aqueous solution. A represents the heat 
of dissociation of the acid, and B is the heat of 
dissociation of the base, into their ions ; A and 
B may be positive or negative at any specified 
temperature. Under the conditions of the ex- 
periment only a portion of the acid, or of the 
base, may be dissociated ; therefore the observed 
heat of neutralisation cannot measure the affi- 
nity of the acid for the base. But at the same 
time, it is evident that there is a connection be- 
tween the heats of neutralisation and the affini- 
ties of acids and bases. On the one hand, 
measurements of the thermal values of the re- 
actions between acids and bases enable conclu- 
sions to be drawn as to the distribution of two 
acids between one base, or two bases between 
one acid, and such measurements therefore lead 
to determinations of the affinities of acids and 
bases (v. infra) ; on the other hand, although 
the affinity of an acid for a base probably con- 
sists in a striving towards electrical equilibrium 
among the ions, yet, as electrical and thermal 
phenomena are closely connected, measurements 


of the heats of dissociation of aoids and bases, in 
aqueous solutions, must help us to understand 
the relative affinities of acids and bases, to 
classify acids and bases in accordance with their 
affinities, and to connect the affinities of these 
substances with their constitution (cf. Electrical 
methods, especially pp. 208 and 209). 

Monobasic arid polybasic acids. When an 
equivalent of a monobasic acid is added to an 
equivalent of a base, both in dilute solutions, a 
certain quantity of heat is produced, and there 
is no further thermal disturbance on adding 
more of the acid to the neutral solution; but 
heat is either produced or disappears when a 
polybasic acid is added to a solution of the same 
acid which has been neutralised by an equiva- 
lent quantity of a base. This behaviour enables 
a thermo-chemical distinction to be drawn be- 
tween monobasic and polybasic acids (cf. Acids, 
Basicity of, vol. i. p. 51). 

Distribution of an acid between two bases. 
Thomsen found the following data : 

[H*S0 4 Aq,2Na0HAq] = 31,380 ; 

[2HN0 3 Aq,2Na0HAq] - 27,230 ; 

[N a 2 S0 4 Aq,2HN O a Aq] = - 3,500. 

Now, supposing that the reaction of equivalent 
quantities of Na 2 S0 4 and HNO„ in dilute solu- 
tion, produced NaNO a and H,S0 4 , and theso 
compounds only, this reaction would be attended 
by the disappearance of 31,380-27,230 = 4,150 
thermal units ; but as only 3,500 thermal units 
disappear in the reaction, it is evident that some 
change has occurred wherein heat has been pro- 
duced, or that the whole of the Na 2 S0 4 has not 
been changed to NaNO s by the reaction of the 
equivalent quantity of HNO a . If we suppose 
that the discrepancy in tho quantity of heat 
consumed is due to the partial decomposition 
of the Na 2 S0 4 by the HNO, ; in other words, if 
we suppose that when equivalent quantities of 
Na.BO, and HNO h react in solution, some of the 
base remains united with the HBO, and some 
goes into combination with the HN0 3 , and that 
no other reaction occurs, it is easy to calculate 
the distribution of the base between the two 
acids. For it is evident that, on this supposition, 
3500 

4150 23 quantity of Na 2 S0 4 present 

has been decomposed. Thomsen found that 
H,S0 4 reacts with Na 2 S0 4 to form NaHS0 4 , with 
disappearance of heat. He also found that this 
reaction is expressed thermo-chemically by the 
statement [nH*S0 4 Aq,Na 2 S0 4 Aq] 

= 31,380 — 3,300. These data give a means 

for calculating the distribution of the base be- 
tween the two acids. The complete reaction be- 
tween equivalent quantities of Na 2 S0 4 and 
HNO a will consist of three parts : (1) the decom- 
position of a equivalents of Na 2 SO„ attended 
with the disappearance of a . 31,380 thermal 
units ; (2) the formation of a equivalents of 
NaN0 9 , attended with the production of a . 27,230 
units of heat ; (3) the reaction of a equivalents 
of H 2 S0 4 with 1— a equivalents of Na 2 S0 4 , 
attended with the disappearance of 
a 

1 - a . 3 300 units of heat. 
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The complete thermo-chemical change may be 
stated thus : 

[NaWAq,2HN(PAq]= -3,500 

a 

1 -a 

* a(27,230 — 31,380) — (1 — a) 3,300. 


Thomsen found that if a is taken as §, the 
number —3550 is obtained, which is almost iden- 
tical with the observed value. Hence Thomsen 
concluded that $ of the base, NaOH, went to the 
nitric acid, and I to the sulphuric acid ; or, that 
the affinity of nitric acid for soda (Thomsen used 
the term avidity) is twice as great as the affinity 
of sulphuric acid for the same base. 

The relative affinities of various acids for 
different bases have been measured by Thomsen 
by this method (v. Affinity, vol. i. pp. 74-75). 

Allotropy and isomerism. The generally 
accepted views regarding the allotropy of ele- 
ments and the isomerism of compounds would 
lead us to expect that the formation of one 
allotropic form of an element from another 
form, or the formation of one isomeride from 
another, should be accompanied by changes of 
energy, and, therefore, probably by the produc- 
tion or disappearance of heat. This expectation 
is confirmed by thermo-chemical measurements. 
The following tables present some typical data : — 

Combustion of allotropic forms of sulphur , 
phosphorus , and carbon. 

[S,0-] to form gaseous SO* 

71,220 for S crystallised from CS 2 

71,720 „ rhombic S 

72,300 „ native opaque 8 

[P,O a ] to form solid P 2 0 4 

309,900 for ordinary P 

362,800 „ red P 

[0,0*] to form gaseous C0 2 

96,900 for amorphous O 

93,200 „ diamond 

Combustion of isomeric carbon compounds . 

[C H 8 ,0* 5 ] to form 6CO a + 3H,0 

787,900 for benzene 

883.200 „ dipropargyl 

[O’H 6 0,0®] to form 2CO* + 3H 2 0 

330,400 for ethylic alcohol 

344.200 „ methylic ether 

[C 3 H*0,0 8 ] to form 3CO, + 3H 2 0 

442,600 for allyl alcohol 

424.000 „ acetone 

420.000 „ propaldehyde 

These values, and many more might be given, 
show that the quantity of heat produced in the 
change from the combination of a certain 
number of atoms to certain other combina- 
tions of these atoms is dependent, in part, on 
the arrangement of the atoms in the initial com- 
bination. Isomeric molecules differ in the ar- 
rangements of their parts ; and they also differ 
in the quantities of energy which are associated 
with the different atomic arrangements. 

The attempts whioh have been made, chiefly 
by Thomsen \v. Th. vol. iv.),- to connect in a 
definite way the thermal values of the combus- 
tion and formation of carbon compounds with 


the constitutions of these compounds have not 
led, as yet, to any very satisfactory results (v. 
also Armstrong’s critioism of some of Thomsen’s 
conclusions ; P. M. Feb. 1887. 73). 

Dissociation. — This very important branch 
of the subject is fully discussed in the article 
Dissociation in vol. ii. pp. 385-410. 
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XII. VAPOUR-PRESSURES OF SOLU- 
TIONS, METHODS BASED ON,t>. Molecular 
weights, vol. iii. p. 420 ; Electrical methods, 
this vol. p. 185 ; and Solutions, this vol. 

XIII. VISCOSITY OF LIQUIDS. A per 
feet fluid, if such existed, would offer no resist- 
ance to a change of shape, and if its parts were 
set in motion relatively to each other by the 
action of any forces, the work done would be 
exactly equal to the kinetic energy produced. 
Moreover, this energy of motion would continue 
unchanged in amount if the fluid were then left 
to itself, and would not die away by being con- 
verted into heat as is the case with every known 
fluid. The property which causes thiB subsidence 
of relative motion is called viscosity. In con- 
sequence of the existence of viscosity a continual 
expenditure of energy is required to maintain 
the parts of a fluid in a state of steady motion 
relatively to each other, just as the existence of 
friction makes it necessary to apply a constant 
force to a body to keep it moving uniformly over 
another. From this resemblance in the two 
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oases the viscosity of a substance is often called 
its internal friction. 

Imagine a layer o! a liquid one cm. thick, 
contained between two flat plates, one of which 
is at rest and the other is moving parallel to the 
first. The liquid in contact with the plate which 
is at rest is at rest also, and the successive layers 
have velocities which increase uniformly as we 
go towards the moving plate, so that the liquid 
is being sheared, and this requires a continual 
supply of work; which is proportional to tho 
area and velocity of the moving plate. If this 
.velocity is one cm. per second, the coefficient of 
viscosity is defined as the tangential force which 
must be applied per sq. cm. to the moving plato 
to maintain the motion, or if the relative velocity 
of the two surfaces is v , and their distance apart 
is Z, the tangential force T per unit area required 

v 

to maintain the motion is given by T = 77 j where 
77 is the coefficient of viscosity. 

From this definition it can be proved that if 
a circular plate or other solid of revolution be 
set vibrating about its axis of figure in a liquid, 
the amplitudes of successive vibrations will bear 
a constant ratio to each other, and the experi- 
mental verification of this is the best proof we 
have of the proportionality of the viscous forces 
to the relative velocity of the parts of the fluid. 

The coefficient of viscosity is regarded by 
Maxwell (P. M. [4] 35, 133) as being the product 
of two factors, a coefficient of elasticity and a 
time of relaxation. If between the parallel 
plates spoken of above we have an elastic solid 
without viscosity, instead of a liquid, the result 
of moving one of the plates parallel to the other 
will be to distort the solid, and give rise to a 
force or stress tending to restore it to its original 
shape, and this force will be proportional to the 
amount of distortion and to the coefficient of 
rigidity of the body. Now, if the body is a 
viscous substance like pitch, the stress will soon 
die away, even though the surfaces be held in 
the new position, the molecules rearranging 
themselves so that this position becomes one of 
equilibrium. The time required for this to take 
place is what Maxwell called the time of relaxa- 
tion. For solids it may be very large, extending 
to several hours or even days, but for ordinary 
liquids it is a small fraction of a second, while 
for a gas, such as air, Maxwell estimated it at 
the fifty thousand millionth of a second. The 
rate at which this internal stress is disappear- 
ing at any moment is proportional to the strain 
at that moment. If the upper surface is moved 
uniformly, relatively to the lower one, the strain 
will never disappear entirely, for, although the 
rearrangement of the molecules is continually 
going on andthe substance is tending towards 
its equilibrium state, the strain is being con- 
tinually set up again by the relative motion of 
the two surfaces we are considering, and the 
body will soon get into a steady state in which 
the rate whereat the strain is being produced is 
equal to the rate whereat it is dying away. The 
stress produced by this constant strain is the 
tangential force required to maintain the motion, 
and Maxwell proved that this stress is propor- 
tional to the coefficient of rigidity of the substance 
and to the time of relaxation. 


For the determination of coefficients of 
viscosity, Coulomb and others allowed some 
solid of revolution, such as a circular plate or a 
sphere immersed in the fluid, to vibrate about 
its axis of figure, and observed the ratios of the 
amplitudes of consecutive vibrations, from which 
the coefficient can be calculated. 0. E. Meyer 
(W. 43, 1) modified the method by hanging a flat 
cylindrical box by a bifilar suspension, filling it 
with liquid, and observing the rate at which the 
vibrations died away. This method has been 
used by Miitzel (W. 43, 15), and is capable of 
considerable accuracy. For absolute measure- 
ments it has some advantages in the fact that 
the lengths to be measured are not very small ; 
but in most cases only relative values are re- 
quired, and for obtaining these the transpiration 
method described below is preferable, as it is 
more readily applied, requires a smaller quantity 
of material, and lends itself better to accurate 
adjustment of temperature. 

In the common form of the experiment the 
liquid is caused to flow through a capillary tube 
in consequence of a constant difference of pres- 
sure, P, between the ends, and the time, Z , is ob- 
served which is required for a volume, v , to flow 
through the tube ; then the coefficient of vis- 

7T Pf 1 / 

cosity, 77, is given by the equation 77 = - — 

8 IV r 

whero r is the radius and Z is the length of the- 
tube. Hence the coefficients for two liquids will 
be in the ratio of the times required for the out- 
flow of the same volume with the same difference 
of pressure. If the liquid flows through the 
tube in consequence of its own weight, P will be 
proportional to its specific gravity, and the co- 
efficients of viscosity will be proportional to the 
product of specific gravity and time of flow. 

The formula given above assumes that the 
work done by the pressure is entirely converted 
into heat inside the tube, or, in other words, that 
the liquid flows out without any appreciable 
kinetic energy. If the tube is very long and 
narrow this may be taken to be the case, but 
generally a small correction has to be applied 
for the energy of the issuing fluid. The form of 
this correction is doubtful. Hagenbach (P. 109, 
385) has given a formula which has been largely 
used, but Wilberforce (P. M. 1891. 407) has 
pointed out an error in nis assumptions which 
makes the correction probably too small. 

The coefficient of viscosity falls off very 
| rapidly with rise of temperature, the average 
rate of fall for water between 0° and 10° being 
nearly 3 p.c. per degree, which shows the neces- 
sity for very accurate adjustment of the tempera- 
ture during an experiment. 

Using Maxwell’s conception of the nature of 
viscosity, and making certain assumptions as to 
the way in which the rigidity and the time of 
relaxation vary with the temperature, Graetz (IF. 

24, 25) deduced the formula 77* A A where 

f — Z, 

Z, is some low temperature at which 77 is infinite, 
and Z 0 is the critical temperature. The formula, 
expresses the facts very well over a moderate 
range, but, as we might as reasonably assume 
the connection between 77 and Z as between the* 
time of relaxation and Z, it can only be regarded, 
as empirical. v 
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PHYSICAL METHODS USED IN CHEMISTRY. 


' Extensive observations of the viscosity-co- 
efficients of organic liquids have been made by 
Graham (T. 1861), Rellstab (Inaug. Diss. Bonn, 
1868}, Guerout (G. R. 81, 1025 ; 83, 1201), Pri- 
bram a. Handl (Site, W. 1878 and 1879), and 
Gartenmeister (Z. P. G. 6, 524) ; but few laws 
have been observed beyond qualitative relations 
applicable to small classes of compounds. In 
general the viscosity increases with the molecular 
weight, but formic acid is an exception, as it is 
more viscous than acetic acid. Isomeric esters 
have nearly the same viscosities, that with the 
higher alcohol radicle having the greater. Normal 
compounds are generally more viscous than the 
corresponding iso- compounds, but the propyl 
halogen compounds, and a few others, form ex- 
ceptions. At high temperatures these differences 
are less marked than at lower ones, rise of tem- 
perature tending to efface the distinction between 
normal and iso- compounds. Pribram a. Handl 
endeavoured to find the conditions of tempera- 
ture under which the results are comparable, by 
determining the coefficients of viscosity of a 
number of liquids at various temperatures up to 
50°. Taking the series PrCl, EtBr, PrBr, EtI, 
and PrI, they plotted the curve connecting vis- 
cosity with molecular weight, and found that 
while at the lower temperatures it was distinctly 
curved it got gradually flatter with rise of tem- 
perature, till at 50° it was almost a straight line, 
showing that at this temperature the increase of 
viscosity is proportional to the increase of mole- 
cular weight, whether this be due to the intro- 
duction of CH 2 or of a halogen. 

Though sulphuric acid is much more viscous 
than water, the first effect of adding water to it 
is, as Graham showed, to increase its viscosity, 
and this continues till 18 p.o. of water has been 
added, when a maximum is reached, and further 
addition of water causes a rapid diminution of 
viscosity. The mixture with maximum vis- 
cosity corresponds to the proportions given by 
the formula H 2 S0 4 .H 2 0, and there is a maximum 
in the electrical resistance near the same point. 
Similar relations are shown by nitric and acetic 
acids. For mixtures of alcohol and water Gra- 
ham showed that the particular proportion of 
the constituents which gives the greatest con- 
traction has maximum viscosity, and Traube ( B . 
19, 871) showed further that aqueous solutions 
■of most alcohols and acids of the fatty series 
have maxima which occur at different concen- 
trations according to temperature. 

Arrhenius (Z. P. C. 1, 285) has investigated 
the relation between the concentration of a solu- 
tion and its viscosity ; he finds that for indif- 
ferent substances the exponential formula 

y = A}~ X B X expresses the results, where v is the 
viscosity, x the proportion by volume of the dis- 
solved substance, and 1 — ® that of the solvent, so 
that A is the viscosity of the pure solvent, and 
B is a constant for the dissolved substance which 
is independent of the concentration up to about 
10 p.c. As the solvent is usually water, and its 
viscosity is taken as the unit in comparative 
measurements, the formula can be written in the 
form 7) = B*. In every case investigated by 
Arrhenius B proved to be greater than unity, 
showing that the viscosity of water is increased 
t>y the addition pf a small quantity of an indif- 


ferent substance. The same is generally true of 
salts, but not quite invariably so. A viscous fluid 
like glycerin has less effect than ether has ; there 
seems, in fact, to be no relation between the 
value of B and the viscosity of the dissolved 
substance alone. 

The latest and most comprehensive deter- 
minations of the viscosities of salt solutions are 
by Beyher (Z. P. C. 2, 744), Wagner (Z. P. G . 
5, 31), and Lauonstein (Z. P. O. 9, 417). The 

formula of Arrhenius in the form rj =» A x , where 

x is now the number of gram-molecules in a litre 
of solution, or A is the viscosity of a normal 
solution, is found to hold moderately well, but 
for many salts of acids of the aromatic series it 
shows divergences if the strengths of the solu- 
tions are greater than half normal. 

Wagner worked with sulphates, nitrates, and 
chlorides of metals, and found that the viscosities 
of solutions of equivalent quantities of the various 
salts are additive quantities, the part whiqh the 
base or the acid contributes being approximately 
constant. A further relation is shown by tabu- 
lating the viscosities of normal solutions of the 
chlorides arranged according to the periodic law, 
when the coefficients are found to diminish in 
any group as the molecular weight inoreases. 
From this arrangement it would seem that copper 
and manganese should be put in the eighth group, 
for their coefficients are almost exactly equal to 
those of nickel and cobalt. 

Beyher determined the viscosities of a number 
of acids and their sodium salts, and found they 
could be divided into two classes. The strong 
mineral acids have viscosities about 3 p.c. less 
than those of the sodium salts, while the weaker 
mineral acids and organic acids have coefficients 
from 20 to 30 p.c. less. 

Lauenstein has found the viscosity-coefficients 
of solutions of the sodium salts of many organic 
acids. In the fatty series he found that substitu- 
tion of CH* for H increases the viscosity, while 
the replacement of H by COOH or OH diminishes 
it. The change from sucoinic to maleic acid 
diminishes the viscosity, but if we remove two 
more atoms of hydrogen, giving acetylene di- 
carboxylic acid, we get a large increase. 

In the aromatic series the results are less 
regular. Introduction of a carboxyl group into 
the ring still diminishes the viscosity, and this 
diminution is greater in the para- position than 
in the meta-, and greater in the meta- than in 
the ortho- ; thus the viscosity diminishes regularly 
in the series shown by the formula) at the top 
of p. 271. 

According to the usual theory, the electricity 
which constitutes the current in an electrolyte 
is carried by charged ions, and it might be ex- 
pected that the conductivity would be greater 
the more easily these ions were able to move 
along under the influence of the electromotive 
force— that is to say, the less the frictional re- 
sistance they had to overcome. On this account 
Wiedemann thought there would prove to be a 
connection between the viscosities and conduc- 
tivities of solutions. Some experiments which he 
made seemed to point to the conductivity being 
inversely proportional to the viscosity, but though 
this was found at a later time to hoid only in a 
few special cases, it has been shown that there is 
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0,H s .COONa, C,H t <COONa 1;2 0 H < Cl 


lOONa 

■COONa’ 


1:4. 


With other replacing groups we have the following series, 
each being arranged in order of diminishing viscosity : - 

1:2 C.H^ 00 ^, 1:3 C.H ( <°°° Na , CJI.COONa, 1:4 C e H,< C ^ a 

1:4 CJI,< C< ^ a , CjHjCOONa, 1:3 C„II 1 <; C< ^ Na > 1:2 C„H J < C °^ a . 

l:2C # H 4 < C ^ a , 1:4 C 0 H 1 < C< ^ Na , C u H r COONa, 1:3 C„H t < CC ^ Ia . 


undoubtedly a close connection between the two 
properties. 

This connection is shown very clearly by the 
work of Grotrian (P. 157, 130, 237 ; 100, 238), 
who determined the proportional rate of change 
with temperature of the viscosity and conduc- 
tivity of salt solutions for various concentrations — 
that is, he calculated from his observations the 


values of and J where / is the coefft- 
fdt hdt J 

cient of viscosity and k is the electrical conduc- 
tivity, and found that though not equal they 
always vary in the same way with the concen- 
tration. If curves be drawn with the values of 
these coefficients at a fixed temperature for 
ordinates, and the concentrations for absciss®, 
W. N. Shaw ( Gamb . Phil. Proc. 7, 21) has shown 
that the two curves run almost exactly parallel, 
any peculiarities in the shape of one being re- 
peated in the other. 

That the conductivity is not dependent on 
the, viscosity alone is shown by the fact that if 
we add to an electrolyte such quantities of dif- 
ferent non-conductors, as alcohol, sugar, gly- 
cerin, Ac., as increase the viscosity by the same 
amount, the conductivity will generally be affected 
differently by the different substances. Arrhenius 
(Z, P. C . 9, 495) has investigated this effect at 
some length. He finds that the conductivity can 


be expressed by the equation : l = 



where l 0 is the conductivity of the electrolyte 
alone, and l that which it has when x p.c. of the 
water is replaced by a non-conductor. Thus a 
may be taken as defining the change in the con- 
ductivity. The change in the viscosity of the 
electrolyte on the addition of 1 p.o. of non-con- 
ductor is the same as the change would be with 
water alone, and is hence equal to A — 1, where 
A is the constant of the formula p » A*. 

On tabulating the values of 1000a and 
1000 (A — 1) for a number of different salt solu- 
tions and non-conductors, it appears that the 
equation, 1000 a- c + 1000 c'(A-l| holds as a 
first approximation, and the electrolytes fall into 
four classes, for the members of any one of 
which the constants c and c' are the same. 
These classes are : 


(1) Solutions of strong acids and bases ; 

(2) Solutions of salts of the type KC1 ; 

(3 „ ii n KjSO*; 

(4) „ ,, I, BaClj. 

Arrhenius considers the relation not to be exact, 
but thinks it should include a term depending on 
the degree of dissociation, which can be neglected 
only in the cases of the more completely dis- 
sociated salts. J. W. G. 


XIV. VOLUME-CHANGES, METHODS 
BASED ON, v. Volumes, specific ; this vol. 

PHYSODIN C.oH^O,. [125°]. Extracted by 
ether from the dried lichen Parmelia phyaodes 
(or Ceratophylla\ and crystallised from alcohol 
(Gerding, N. Br. Arch. 87, 1). Mass of riinute 
prisms, insol. water. Forms a yellow solution 
in KOHAq. 

PHYSOSTIGMINE v . Eserine. 

PHYTO-ALBUMOSES v. Proteids. 

PHYTOLACCIC ACID. Occurs as K salt in 

the Poke Berry, the fruit of Phytolacca decandra 
(Terreil, C. R. 91, 856 ; cf. Claesson, Ph. [3] 10, 
566). Extracted by dilute alcohol. Yellowish- 
brown resin. 

PHYTOSTERIN v. vol. ii. p. 149. 

PHYT0-V1TELLIN v. Proteids. 

PIAZTHIOLE C,H,<Jj>S. [44°]. (206°). 

Formed by heating o-phenylene-diamine with 
aqueous S0 2 at 190° (Hinsberg, B. 22, 2899). 
Colourless crystals, si. sol. hot water. Feeble 
base. Reduced by tin and HC1 to o-phenylene- 
diamine. 

Reference . — Methyl-piaztiiiole. 

PICENE C 2 ,H n . [345° cor.]. (520°). V.D. 
9'8 (obs.). Occurs in the highest boiling por- 
tions of brown-coal tar (Burg, B. 13, 1834), and 
in the residues of Californian petroleum (Gracbe 
a. Walter, B. 14, 175). Appears also to be 
formed by the action of ethylene bromide and 
A1C1 8 on naphthalene (Lespeau, Bl. [3] 6, 238). 
White plates with blue fluorescence, insol. alco- 
hol and ether, sol. boiling solvent naphtha 
(150°-170°). On oxidation with CrO s it yields 
picoquinone C 22 H, 2 0 2 , which crystallises from 
HO Ac as a dark orange-red powder, sublimes in 
red needles, and forms a green solution in pure 
H 2 S0 4 . 

Di-bromo-picene *C 12 H, 2 Br 2 . [206°]. Needles, 
(from xylene), insol. alcohol. 

Picene hydrides C rt H„ (over 3(10°) and 
C, 2 H m [175°] (over 360°) are got by heating 
picene with HIAq and red P at 250° (Lieber- 
mann a. Spiegel, J3. 22, 781). is liquid. 

PICHURIN OIL contains the glyceryl ether 
of lauric acid (Sthamer, A . 53, 390). 

PICOLINE v. Methyl-pyridine. 

PICOLINIC ACID v. Pyridine carboxylic 

ACID. 

Dipicolinic acid v. Pyridine dicarboxylic 
acid. 

DIPICOLYL v. Di-methyl- dipyridyl. 

PICE ACONITINE v . Aconite alkaloids. 

FICRAMIC ACID v. Di-nitro-amido-phenol. 

PICBAMIDE v. Tri-nitbo-aniline. 

PICRASMIN O w H 4# O 10 . [204°]. A bitter 

substanoe which, together with C w H w O u [209®- 
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212°], may be extracted by dilute alcohol from 
Picrcena excelsa (Massute, Ar. Ph. [3] 28, 147 ; 
C. J. 58, 791). HOlAq converts it into picras- 
mio acid C 31 H 40 O„(CO. 2 H) a , while fuming HIAq 
displaces three methyls. 

PXCBIC ACID v. Tri-nitro-phenol. 

PICRO-ACONITINE v. Aconite alkaloids. 

PICROCROCIN [75°]. Obtained by 

extracting saffron with ether (Kayser, B. 17, 
2233). Colourless prisms. V. sol. water and 
alcohol, si. sol. ether. Bitter taste. By heating 
with baryta-water or with dilute acids it is split 
up into crocose and the ethereal-oil of saffron 
0 H 

p'lCROERYTHBIN v. Ebythbite. 

PICKOLICHENIN O 14 H 20 O,. [100°] (A.). 

S.G. 1*176. Extracted by alcohol from the 
lichen Variolaria amara (Alms, A. 1, Cl ; Vogel, 
J. 1867, 516). Trimetric octahedra, si. sol. hot 
water, v. sol. alcohol and ether. Tastes very 
bitter. Its alkaline solutions turn red in air. 

PICROROCCELLIN C 2r H 39 N 3 0 6 . [194°]. 

Occurs in a variety of the lichen Roccella fuci- 
formis (Stenhouse a. Groves, A. 185, 14). Prisms, 
insol. water, m. sol. boiling alcohol, si. sol. 
ether. Yields benzoic acid when oxidised by 
chromic acid mixture. Converted by boiling 
with HOAc and HC1 into xanthoroccellin 
C,H 1S NA, which crystallises from alcohol in 
yellow needles [183°]. Boiling dilute (1£ p.c.) 
NaOHAq converts picroroccellin into C. 21 H 2ti N 2 0 3 
crystallising from alcohol in prisms [154°]. 

PICROSCLEROTIN. Occurs in ergot of rye 
(Dragendorff, C. C. 1878, 125, 141 ; Blumberg, 
Ph. [3] 9, 23, 66, 147). Dissolved in acids and 
is reppd. by ammonia. It is an active poison 
with bitter taste. V. Ergotinine. 

PICROTOXIN C 3() H 34 0 13 (P. a. 0.; S.) ; 

C, 3 H lfl 0 6 (B. a. K.). Occurs in Cocculus Indicus, 
the seeds of Menispermum cocculus (Boullay, 
A. Oh. [1] 30, 209 ; Casaseca, A. Ch. [2] 30, 
307 ; Oppermann, Mag. Pharm. 35, 233 ; Pelle- 
tier a. Couerbe, A. Ch. [2] 64, 181 ; Liebig, A. 
10,203; Regnault, A. Ch. [2] 68,160; Barth, 
J . pr. [1] 91, 155 ; Paterno a. Oglialoro, Q. 6, 
521; 7, 193). It is accompanied by anamirtin 
and picrotin (Barth a. Kretachy, M. 1, 99, 
2,796). 

Preparation.— 1. The grains are exhausted 
with boiling alcohol, the extract evaporated, and 
the residue boiled with water. The aqueous 
solution is ppd. by lead acetate and the filtrate, 
freed from lead by H. 2 S, evaporated. The resi- 
due is crystallised from benzene and water suc- 
cessively (B. a. K.).-> 2. The powdered seeds 
are boiled with water, the filtrate treated with 
lead acetate and H 2 S successively, and evapo- 
rated to crystallisation. The product is re- 
crystallised from water and alcohol successively 
(Schmidt, A. 222, 313). 

Properties.— Colourless needles, v. si. sol. 
cold water, si. sol. ether and chloroform, v. sol. 
alcohol. Very poisonous and very bitter. Sol. 
alkalis. Reduces Fehling’s solution and am- 
raoniacal AgNO s . 

Reactions. — 1. When boiled with benzene 
for some time it is split up into picrotin and 
picrotoxinin (Schmidt). Probably the picro-^ 
toxin employed was a mixture of these two' 
bodies.— 2. HC1 passed into an ethereal solu- 
tion forms piejotoxide.— 3. Cold AcCl also forms 


picrotoxide, but on boiling it yields a crystalline 
acetyl derivative [185°].— 4. NaOAo and Ae 2 0 
form C^O, [227°]. 

Picrotoxinin C 15 H lfl 0 6 aq. [201°]. S. *14 at 
15° ; S. (benzene) *84 at 21°. Obtained from picro- 
toxin by treatment with benzene, CHC1 3 , HC1, or 
AcCl. It constitutes about 30 p.c. of crude 
picrotoxin (Barth a. Kretschy). Colourless 
needles or plates. Very bitter and very poison- 
ous. V. sol. hot water. Colours H 2 S0 4 orange- 
red. Mixed with dry KN0 3 (3 pts.), moistened 
with H 2 S0 4 , and saturated with cono. NaOHAq 
it gives a red colour (Langley, Am. S. [2] 84, 
109). After heating with milk of magnesia, the 
cold filtrate is coloured red by FeCl s , the colour 
being destroyed by HC1. Bromine forms 
C, 6 H, 5 Br0 8 [250°-255°]. BzCl gives a crystal- 
line compound (not the benzoyl derivative) 
[238°]. 

Picrotoxide (C,,>H, „()„)*. [above 310°]. 
Formed by the action of AcCl on picrotoxin, 
j and by passing HC1 into its ethereal solution 
I (P. a. O.). Crystalline, insol. ordinary solvents. 

| According to Schmidt, picrotoxide obtained by 
| means of AcCl crystallises in needles [225°], si. 

I sol. cold water and alcohol. 

! Picrotin C^H^O,,. [c. 247°]. S. *16 at 17° ; 
S. (benzene) *023 at 22° (Schmidt). Constitutes 
60 p.c. of crude picrotoxin (B. a. K.). Crystal- 
i lises with 2£ aq, 3Jaq, and 4^ aq. It is very 
! bitter, but not poisonous. Reduces hot Feh- 
I ling’s solution and ammoniacal AgNO s . H 2 S0 4 
I forms a yellow solution. BzCl forms a benzoyl 
j derivative [245°] (S.). 

j Anamirtin C^H.,,0,,,. Constitutes 2 p.c. of 
I crude picrotoxin (Barth a. Kretschy, M. 3, 131). 

| Short needles (from water), v. si. sol. benzene. 

! Neither bitter nor poisonous. Turns brown at 
260° and black at 280° without melting. 

Coccnlin G^H.^Ojo. Occurs in small quantity 
in Cocculus Indicus (Lowenhardt, A. 222, 353). 
Slender needles, si. sol. hot water, nearly insol. 
alcohol and ether. Does not give Langley’s 
reaction. Is perhaps identical with anamirtin. 

PICRYL. The radicle tri-nitro-phenyl. 

PICRYL CHLORIDE v . Chloro -tri-nitro- 
benzene. 

PIGMENTS, ANIMAL. 

Bile pigments. Bile contains bilirubin, bili- 
fuscin, biliprasin, and probably also biliverdin, 
which is a product of oxidation of bilirubin. 
Nitric acid changes the colour of the bile pig- 
ments through green, blue, and red to yellow 
(Gmelin). These colours may be observed by 
adding nitric acid to a dilute solution of the bile 
pigments in aqueous alkali, or by gently pouring 
H. 2 S0 4 into a solution of the pigments mixed 
with NaN0 3 (Fleischl, Fr. 15, 5021. The 
ohanges in the absorption spectra produced by 
nitric acid have been studied by Jaff6 (Z. [2] 5, 
666). An alcoholic solution of bromine also 
produces a play of colours with bile pigments 
| (Capranica, G . 11, 430). The absorption spectra 
I of the bile pigments have been studied by Heyn- 
I sius a. Campbell {Pf. 4, 497) and McMunn (Pr. 
35, 388). Biliruoin, haemoglobin, and chloro- 
phyll all absorb the violet end of the spectrum , 
giving an abrupt edge : biliverdin transmits more 
green; biliprasin, bilifusoin,and biiihumin absorb 
up to between D and E. The colouring matters 
of bile are probably got by reduction of hsematine* 
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Itself formed by the action of bile acids on haemo- 
globin (McMunn, Pr. 81, 206). According to 
Latschenberger (AT. 9, 52), haemoglobin yields 
simultaneously melanin and bile pigments. All 
the colouring matters of bile, including heema- 
tine, urobilin (in bile), and bilirubin, are oxidised 
to choletelin, which body apparently passes into 
blood serum, and is then excreted by the kidneys. 
The absorption bands of bile are due to chole- 
telin and urobilin. 

Bilirubin (Stadeler, A. 182, 323 ; 

Maly, A, 181, 106), or C lfl H 18 N 2 0 8 by Eaoult’s 
method (Nencki a. Rotschy, M. 10, 568). S. 
(ohloroform) *17 (Thudiohum, Z. [2] 4, 654). Ox 
gall stones are often largely composed of the 
lime compound of bilirubin (Maly, A. 175, 76). 

Preparation. — Brown human gall stones are 
powdered and extracted with ether ; the residue 
is boiled with water, and treated with dilute HC1. 
The mass is washed, dried, and extracted with 
chloroform ; the chloroform is distilled off, and 
the residue treated with absolute alcohol. It is 
then treated with ether and alcohol repeatedly, 
again dissolved in chloroform, and precipitated 
by absolute alcohol (Burdon- Sanderson). 

Properties. — Orange powder, in sol. water, 
nearly insol. ether, v. si. sol. alcohol, sol. benzene 
and chloroform. The colour of the skin in 
jaundice is probably due to bilirubin. Bilirubin 
dissolves in alkalis, forming an orange solution, 
which gradually absorbs oxygen from the air, 
and then gives a green pp. of biliverdin on add- 
ing an acid. An alkaline solution of bilirubin 
mixed with an equal bulk of alcohol gives, on 
adding HNO, containing nitrous acid, a green 
colour changing through blue to red. Sodium- 
amalgam forms hydrobilirubin. Bromine-vapour 
yield s various brominated products (Thudichum, 
C. J. 28, 389 ; 30, 27). Br in chloroform gives 
C K H 3 S Br 8 N 4 0 6 , a dark bluiBh-green powder, 
forming a dark-blue solution in alcohol or ether 
(Maly, A . 181, 106). Chlorine passed into a 
solution of bilirubin in CHC1 S forms several 
chlorinated bodieB (Thudichum). A solution of 
p-diazobenzene sulphonic acid added to a solu- 
tion of bilirubin in chloroform mixed with alco- 
hol gives a red colour changing to blue on adding 
cone. HClAq, and turned red again on adding 
an alkali (difference from other bile-pigments) 
(Ehrlich, Fr . 23, 275). — CaC w H 84 N 4 0 6 . Occurs 
in gall stones. Obtained also by ppg. an am- 
moniacal solution by CaCl*, as brown flakes 
drying to a lustrous dark-green mass, which 
yields a dark-blue powder. 

Hydrobilirubin C 82 H 40 N 4 0 7 . Obtained by 
reducing bilirubin in alkaline solution with 
sodium-amalgam (Maly, A. 163, 77). According 
to McMunn it is not, as had been stated, identical 
with the urobilin which is found in normal urine, 
in the urine of febrile patients (Jaffd, Virchow's 
ArchiVy 47 ; Disqud, H. 2, 271), and in excrement 
( Vaulair a. Masius, Cmtralbl.f. d. Med. Wissensch . 
1871, No. 24). A similar substance is formed by 
reducing haemoglobin, haematine, or haemato- 
porphyrm in alcoholic solution with tin and HC1 
(Hoppe-Seyler, B. 7 , 1065; Le Nobel, C . O. 
1887, 538; McMunn, Proe. Physiol. Soc. 1888, 
1), and by the action of BLjSO* on a solution of 
albumen in HOAc (Michailoff, J. E . 16, 269). 
Reddish-brown powder with green lustre, si. sol. 
water, v. sol. alcohol, m. sol. ether. Its alkaline 
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solutions are brown, its solution in chloroform 
is yellowish -red. The alcoholic solution shows 
an absorption-band near F. Does not give 
Gmelin’s reaction with HNO s . May be reduced 
by sodium -amalgam or by tin and HC1 to a 
colourless product, which in acid solutions is re- 
oxidised by air to hydrobilirubin. 

Choletelin 0 Ia H lg N 2 O a . Occurs in normal 
urine, and is obtained by passing nitrous vapours 
into a solution of bilirubin in alcohol (Heyn- 
sius a. Campbell ; McMunn, J. Th. 1881, 213). 
Brown amorphous powder, sol. alkalis and 
alkaline carbonates, alcohol, ether, and chloro- 
form. Ammoniacal AgNO s ppts. reddish-brown 
C^H^Ag.^NjjO,,. Does not give Gmelin’a reaction. 
Its absorption spectrum contains a broad band 
from b to P. 

Biliverdin Formed by oxidation 

of a solution of bilirubin by air or by Pb0 2 . 
Dark-green powder, insol. water and chloroform, 
si. sol. ether, v. sol. alcohol, CS 2 , and benzene. 
Its solutions are green. Its alcoholic solution 
gives dark -green pps. with baryta- water, am- 
moniacal CaCl 2 , and AgNO,. Ag ? 0 added to its 
alcoholic solution ppts. bilipurpin, sol. NH*Aq 
and reppd. by HC1 as a purple powder. Pro- 
longed treatment with Ag 2 0 converts bilipurpin 
into yellow biliflavin. HNO s added to an alco- 
holic solution of biliverdin gives a bluish-violet, 
red, and, finally, yellow colour (Thudichum). 

Bilifuscin G, 8 H, 0 N 2 0 4 . Prepared by wasning 
gall stones with ether, hot water, and chloroform, 
adding dilute HClAq, and extracting with hot 
chloroform. The extract is evaporated and the 
bilifuscin dissolved in alcohol, which leaves 
bilirubin undissolved (Briicke, J. pr. 77, 72; 
Stadeler, A. 132, 326). Almost black mass, 
which yields a dark-brown powder. Forms a 
brown solution in alcohol and alkalis, nearly 
insol. water, ether, and chloroform. Gives 
Gmelin’s colour-reaction. Ppd. by ammoniacal 
CaCl 2 . Simony (Sitz. W. [3J 73, 181) obtained 
from the bile of a corpse a bilifuscin which did 
not give Gmelin’s reaction, and which formed 
an olive-brown solution in alcohol, HOAc, and 
alkalis. 

Biliprasin C^H^N^. Extracted by alcohol 
from the residue of gall stones from which bili- 
rubin and bilifuscin have been removed by 
chloroform (Stadeler). Nearly black mass, yield- 
ing a greenish-black powder, insol. water, ether, 
and chloroform, v. e. sol. alcohol, forming a green 
solution which, unlike one of biliverdin, is turned 
brown by ammonia. Gives Gmelin’s reacticn. 

Bilihumin. Left after extracting biliprasin 
with alcohol (8.). Black powder, m. sol. warm 
NaOHAq. Exhibits Gmelin’s reaction. 

Bilicyanin. A product of partial oxidation 
of bilirubin and other bile pigments (Maly, Sitz . 
W. [2] 59, 597). Prepared by adding an alco- 
holic solution of Br to a solution of bilirubin in 
chloroform. Occurs in gall stones. Its alcoholic 
solution is blue, but turned dingy green by al- 
kalis, the blue colour being restored by acids. 
Bile also contains a blue substance strongly re- 
sembling indigo, forming a yellowish solution in 
alkalis (Ritter, Bl. [2] 18, 212 ; Andouard, Bl . 
[2] 31, 139). 

Urinary Pigments. Urine usually contains 
urobilin (t?. supra). After urine, containing uro- 
bilin, has been mixed with it a own bulk of 
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HClAq and heated to boiling, and then allowed 
to oool, the urobilin may be extracted by ether 
and recognised by its absorption band (Grimbert, 
J. Ph. [6] 18, 481). According to McMunn 
(Proc. Physiol . Soc . 1888, 5), there are two kinds 
of urobilin, one in normal urine and the other in 
pathological urine, and neither is identical with 
hydrobilirubin. Normal urobilin is identical with 
a pigment got from acid hamatin by successive 
treatment with Hp. 2 and sodium-amalgam. By 
the action of oxidising agents indigo-blue and 
indirubin can be obtained from urine (y. Indigo). 
Pigments can also be obtained by boiling urine 
with HClAq. 

Uromelauin. Prepared by evaporating urine 
to one-sixth of its bulk at 60°, adding *10 p.c. 
HC1, and, after two days, removing uric acid by 
filtration. The filtrate is then boiled for 18 hours, 
and the ppd. pigment washed with water, alco- 
hol, and ether, dissolved in NaOHAq, and reppd. 
by H 2 S0 4 (TJdranski, JET. 11, 537 ; 12, 33 ; cf. 
Plosz, H . 8, 89). Brownish-black plates, insol. 
cold water, ether, and chloroform, si. sol. alcohol 
and HClAq, v. sol. isoamyl alcohol and alkalis. 
Not decomposed at 115°. Potash-fusion yields 
NH 3 , formic, acetic, butyric, and protocatechuic 
acids and pyrocatechin. Urine contains *03 p.c. 
of this substance, which appeal 3 to be a humous 
body formed by decomposition of the reducing 
substance of normal urine. 

TJrofuscohaematin C 84 H 64 N 4 O l3 ( ') and uroru- 
brohsematin C 31 H 48 N 4 FeO I8 (?) were obtained by 
Baumstark (B. 7, 1170) from the urine ? a patient 
suffering from Lepra. Urofuscohaomatin is a 
black pitchy substance, insol. water, alcohol, 
ether, chloroform, acids, and NaClAq, sol. alkalis, 
alkaline carbonates, and alkaline phosphates, 
forming brown solutions. Urorubrohsematin is 
a light blue-black mass, which differs from uro- 
fuscohasmatin in not being ppd. when HC1 is 
added to its solution in NaOHAq. 

Black pigment in Melanuria , v. vol. iii. 
p. 199. 

Urorosein. An unstable substance which 
can sometimes be extracted from acidified patho- 
logical urine by isoamyl alcohol, to which it im- 
parts a rose colour. The solution shows an 
absorption band in the green (Nencki a. Sieber, 
J.pr. [2] 26, 333). A similar substance (uro- 
rubin) was extracted by ether from urine that 
had been boiled 15 minutes with 7 p.c. HC1, 
exposed to air (Plosz, H. 8, 85). It was left 
on evaporation as a dark oherry-red mass. 
Apparently the same pigment, or rather its 
leuco- compound, occurs in urine of dogs after 
administration of skatole (Mester, JET. 12, 130). 
The pigment itself is then got by adding HOI to 
an alcoholic, ethereal, or aqueous extract of the 
evaporated urine. 

Otheb pigments. 

Blood pigments v. Hemoglobin. 

Muscle pigments v. Muscle. 

Eye pigment v. Melanin. A purple pigment 
occurs in the retina of animals. It is insol. 
ordinary solvents, but dissolves in bile, and in 
an aqueous solution of the bile acids. It loses 
its colour in daylight, but recovers it in the dark 
(Boll, J ; Th. 1877, 813 ; Kfihne, J. Th. 1877, 
818 ; 1878, 279 ; Ayres, /. Th. 1879, 259). 

Yellow pigment of animals v. Lutein. 


AJNIMAL. 

Tetronerythrin. A red pigment extracted by 
chloroform from the red spot in the eye of the 
blackcock and red grouse (Wurm, J. 1872, 842 ; 
1875, 885; Merejkowski, J. Th. 1881, 371). 
RjS 0 4 gives a blue colour changing to black. 

Pyocyanin. Occurs in blue pus (Fordos, J. 
1860, 596; Liicke,*!. 1863, 658; Gessard, J. Th. 
1882, 65). It is formed, together with other 
pigments, by Bacillus pyocyanictis in peptonised 
gelatin (Bab^s, C. R. Soc. Biol. [9] 1, 438). Blue 
trimetric prisms or needles (from CHC1 3 ) which 
become green on keeping, v. sol. chloroform, 
alcohol, and water. Turned red by acids, but 
beoomes blue again on adding alkalis. It shows 
two absorption bands, one being in the ultra- 
violet. 

, Pigments of Purpura lapillus. The pigments 
are furnished by a yellowish-white fascia which 
extends along the rectum (Letellier, C. R. 109, 
82). This contains two green substances, apple- 
green monoclmic crystals turned dark blue by 
light, and dull-green trimetric crystals turned 
violet or crimson by light. The green substances 
are sol. ether and chloroform, but become in- 
soluble on exposure to light. The change to 
purple (punicin) is accompanied by absorption 
of oxygen (Schunck, B. 12, 1359). 

Pigments of sea-anemones. Actinia mesem- 
bryanthemum contains a pigment allied to 
hremo-chromogen and heemato-porphyrin, and to 
; hiematine. It also contains biliverdin. Actinia 
cereus , Bunodcs ballii , and Sagartia bellis con- 
tain a green pigment resembling chloro-fucin, but 
not identical with any animal or plant chloro- 
phyll (McMunn, Pr. 38, 85). 

PIGMENTS, VEGETABLE, v . Chlorophyll, 
Alkanet, Beth-a-barra colour, Bixin, Brazilein, 
Chioa, Colein, Curcumin, Dragon’s blood, He- 
matoxylin, Lithospermum erythrorhizon, Lit- 
mus, Luteio acid, Palmellin, and Santalin. 

Anthocyanin. The blue pigment of flowers 
is sol. water and alcohol, insol. ether. It is free 
from N, and is turned red by acids and green by 
alkalis (Fremy a. Cloez, J. Ph. [3] 25, 249 ; Filhol, 
C.R. 39, 194; 60, 345, 1132; Schonn, Fr. 9, 
828). 

Antboxanthin. Yellow flowers contain an- 
thoxanthin, which is in3ol. water, and anthoxan- 
thein, which is sol. water. Both are sol. alcohol 
and ether. The petals of Rosa gallica contain 
a pigment sol. alcohol, insol. ether, which forms 
amorphous Pb 2 O 21 H 30 O 30 (?) (H. Senier, Ph. [3] 7, 
650). The colouring matter of the berries of 
Phytolacca decandrah&s been examined byHilger 
and Bischoff, L. V. 23, 456 ; B. C. 1879, 875). 

PIUGANINE. A very poisonous alkaloid 
occurring in piligan, a Brazilian lycopod (Adrian, 
C. R. 102, 1322). Soft mass, with alkaline re- 
action, fuming with HC1. Sol. water, alcohol, 
and chloroform, si. sol. ether. Emeto-cathartic 
in action. Its hydrochloride forms minute deli- 
quescent crystals. 

PILOCABPENE C 10 H le . (178°). S.G.*«*852. 
V.D. 4*0. [o] d = 1*21. Obtained by steam dis- 
tillation from jaborandi leaves (Hardy, Bl. [2] 
24, 498). Fragrant oiL Dextrorotatory. Yields 
C 10 H Ig 2HCl [49*5°]. 

PHOCAEPHTE O n H 18 N,O s U. 

CH <o£ra> aOM <&e t >°- 

(Blyth). [«]„ « 101*6 in a 7*24 p.c. solution* 
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Occurs in the leaves and bark of jaborandi 
(Pilocarpus) (Gerrard, Ph. [8] 5, 865, 965; 
Hardy, Bl. [2] 24, 497 ; Kingzett, C. J. 30, 367 ; 
Harnack a. Meyer, A. 204, 67). Prepared syn- 
thetically from a-oxy-a-pyridyl-propipnio acid 
CH 3 .C(0H)(C 5 H i N).C 0 2 H by treatment with 
phosphorus tribromide and heating the resulting 
CH 3 .CBr(C A H 4 N)C0 2 H with NMe, at 150°. In 
this way pilocarpidine C 10 H, 4 N 2 O 2 is formed, and 
this is converted into pilocarpine by heating 
with Mel and MeOH, and oxidising the product 
with aqueous KMn0 4 (Hardy a. Calmels, C . B. 
105, 68 ; Bl. [2] 48, 233). 

Preparation . — Jaborandi leaves are digested 
with 1 p.c. HClAq, the extract treated with 
Pb(OAc) 2 , filtered, and the filtrate ppd. by phos- 
phomolybdio acid. The pp. is decomposed by 
baryta- water at 100° (Pohl, Bl. [2] 34, 340). 

Properties. — Crystalline; begins to sublime 
at 153° ; at 160°-170° the sublimate consists of 
yellow drops (Blyth). Dextrorotatory. Pilo- 
carpine may be estimated by means of the 
aurochloride (Christensen, Ph. [3] 12, 400). 
Poisonous, being diaphoretic. Forms resinous 
compounds with potash, NaOH, and baryta ; 
these compounds are v. sol. water, v. si. sol. 
alcohol, and are decomposed by acids, even by 
C0 2 . They may be considered to be salts of 
pilocarpic aoid C n H lfl N 2 0 3 . 

Reactions.— 1. Fuming HNO g (300 pts.) con- 
verts it into pilocarpidine nitrate (Chastaing, 
C. R. 94, 968).— 2. Boiling ibith water for twelve 
hours splits it up into trimethylamine and oxy- 
pyridyl-propionic acid (Hardy a. Calmels, C. R. 
102, 1562). — 3. Boiling HClAq forms MeOH and 
pilocarpidine. — 4. KMn0 4 forms NMe a , oxy- 
pyridyl-malonic acid, and finally pyridine (0)- 
carboxylic acid.— 5. Bromvne added to a chloro- 
form solution forms C„H 15 N 2 0 2 Br 6 , crystallising 
in minute prisms, converted by moist Ag 2 0 into 
di-bromo-pilocarpine C n H 14 Br 2 N 2 0 2 (Chastaing, 
C. R. 97, 1435). Chlorine forms C n H I4 N 2 0 2 Cl 5 , 
which is amorphous, and slowly forms crystal- 
line C n H l5 N 2 0 2 Cl 8 .— 6. Yields NMe 3 when dis- 
tilled with potash (Harnack a. Meyer ; cf. Chas- 
taing, C. R. 94, 223). — 7. The barium compound 
on distillation yields jabonine C„H 14 N 2 , an oil 
with foetid odour, yielding the amorphous salts 
B'AuClg, B'HAuC 1 4 , B'..PtCl 4 , and B' 2 H 2 PtCl*. 

Salts. — B'HCl: needles, v. sol. alcohol. — 
B'HNOjj : trimetric lamell®. — B' 2 H 2 PtCl fl : golden 
tablets (from hot water). — B'PtCl 4 : crystals.— 
B'HAuC 1 4 : minute needles.— B'AuCl s [88°]: 
slender needles. — B'2AuCl, ; small needles. — 
B'HAUfCl* : minute needles. — B'AgNOg : minute 
radiating needles. — B'2AgNO a : needles. — 
B'CrNaH^SCNh ; red silky needles, boI. alcohol 
(Christensen, J. pr, [2] 45, 368).— B' 2 Gu0 2 H 2 : 
green powder, ppd. by adding CuCl* to a solution 
of pilocarpine in baryta- water.— B'AgOH : curdy 
pp.— B'Me^C^ : crystals.— B'Etl. [c. 30°].— 
B'EtBr. [o. 60°]. Very hygroscopio (Chastaing, 
C. R. 101, 507). 

Pilocarpidine C 10 H J4 N 2 O 2 i.e. 
We^CMefCaH^J.COjEL Occurs in jaborandi 
leaves (Harnack, A . 238, 230). Formed by the 
action of HClAq or fuming HNO, on pilocarpine, 
by heating dry pilocarpine for twenty-four hours 
at 120°, by boiling pilocarpine or its baryta com- 
pound with water for forty eight hours, and by 
•heating the baryta compound for thirty minutes 


at 150°. Prepared synthetically by heating 
CH 3 .CBr(C 4 H 4 N).CO a H with trimethylamine at 
150° (H. a. C.). Very deliquescent, m. sol. water, 
v. sol. alcohol. Acts physiologically like pilo- 
carpine, but not so strongly. Its alkaline salts 
are gummy, sol. water, insol. alcohol, and de- 
composed by C0 2 . — B'HCl : radiating needles, v. 
soluble in water.— B'HAuC 1 4 aq. Rectangular 
prisms. — B'AuCl s . [145°]. Yellow plates. — 
B'.H PtClg aq : small red prisms. — B'Mel. — 
B'MeAuCl 4 [153°]. Prismatio needles. Changes 
when fused into MeCl and B'AuCl s . 

PIMABIC ACID CaoHjoOa. [211°]. [a]* -72*5 
in a 3*8 p.c. (saturated) alcoholic solution at 15°. 
Occurs in galipot, the hardened resin of Pinus 
maritima (Laurent, A. Ch. [2] 72, 384 ; [3] 22, 
459 ; Sievert, Z. f. d. g. Naturwiss. 14, 311 ; 
Maly, A. 129, 94 ; 132, 253 ; Strecker a. Duver- 
noy, A. 148, 143 ; 150, 131 ; Cailliot, Bl. [2] 21, 
387; Bruylants, B. 11, 447; Haller, B. 18, 
2165; Vesterberg, B. 18, 3331; 19, 2167; 20, 
3248). 

Preparation . — Finely-divided galipot is stirred 
with half its weight of dilute (70 p.c.) alcohol, 
left for some days, and squeezed in a cloth. 
The press-cake is treated several times in this 
way, finally with 80 p.c. alcohol. The residue 
is dissolved in somewhat more than the calcu- 
lated quantity of hot dilute (3 p.c.) NaOHAq. 
The mixture of Na salts that separates after 
some days is reorystallised from water, decom- 
posed by HC1, and the free acids crystallised 
from alcohol or HOAc. (/3)-Pimaric acid re- 
mains in the mother-liquor. 

Properties. — Rectangular plates, insol. water, 
v. si. sol. alcohol, ether, and HOAc, m. sol. hot 
ligroin, m. sol. hot NaOHAq, si. sol. NH a Aq. 
On shaking the ethereal solution with a drop of 
ammonia the NH 4 salt separates in slender 
needles. Not reduced by sodium-amalgam. May 
be distilled in vacuo. Dextrorotatory. HIAq 
(S.G. 1-96) forms (320°-330° uncor.). By 
distillation of the (crude) Ca salt Bruylants ob- 
tained ethylene, propylene, amylene, acetone, 
methyl ethyl ketone, di-ethyl ketone, toluene, 
xylene, ethyl -toluene, terebene, and diterebene. 

Salts. — All the salts are insol. ether. KA' 
(dried at 100°). Soapy mass of pliant needles. — 
NaA' 5aq. Slender needles (from 80 p.o. alcohol), 
si. sol. oold water. — CaA', aq : needles. — 
BaA' 2 9aq : pliant needles. — CuA' 2 . — PbA'*. 
— AgA' ; amorphous pp., becoming crystalline. 

Ethers.— Me A.'. [69°].— EtA. [52°J. 

Chloride C 20 Hjh,OC 1. [66°]. Got by adding 
PC1 5 to a solution of the acid in OS*. Small 
prisms, v. e. sol. ether and CS r 

(0)-Pimaric acid C^H^O*. [140°-150°]. S. 
9*26 in 98 p.c. alcohol at 15°. Wd— —272° in ft 
8*17 p.c. alooholio solution. Obtained as above 
(Vesterberg, B. 20, 3248). Trimetric prisms; 
a:b:c = *810:1: *614, insoL water, v. sol. NH»Aq. 
Lfflvorotatory. — NaA' : m. sol. ether.— PbA' 2 : 
needles, insol. alcohol and ether. Haller (B. 18* 
2165) obtained an inactive pimario acid [o. 149°], 
whicn was perhaps a mixture of the dextro- and 
lfiBvo- varieties. 

PIMELIC ACID C 7 H 12 0 4 i.e. 
GOoH.OHFr.CH 2 .COfH, IsopropyUsuccinic acid * 
Mol. w. 160. [114*]. Electrical conductivity*. 
Walden, B. 24, 2037. Formed by fusing cam- 
phoric aoid with potash (Hlasiwitz a. Grabowski* 

T2 



276 


PIMELIO ACID. 


A . 145, 205; Kachler, A. 169, 168). Formed 
also by heating either of the following isopent- 
ane tricarboxylic acids : (C0 2 H) 2 CPr.CH 2 .C0 2 H or 
C0 2 H.0HPr.GH(G0 2 H) 2 (Waltz, B. 15, 609 ; A, 
214,60; Hjelt, B. 16, 2622 ; Schleicher, 4.267, 
128). Obtained also by the action of KOHAq 
on isopropyl-acetyl-succinic ether (Roser, A. 220, 
276). According to Arppe ( J . 1864, 377) it is 
not formed, as stated by Laurent (4. Ch. [2] 66, 
163), by oxidation of oleic acid. Nodules (from 
water) or triclinio crystals ; a:b:c = *497:1: *599 ; 
a*« 81° 50'; /8 = 100° 2'; 7 = 85° 6' (Wreden, 4. 
163, 328 ; Von Zepharovitch, Sitz. W. [1] 73,7). 
Y. sol. water, alcohol, and ether. Yields butyric 
acid when fused with potash. 

Salts .— (NH^jA". Hygroscopic leaflets. — 
NajA" (dried at 130°). — CaA"aq: sandy crystal- 
line powder. S. *47 at 9° ; *25 at 100° (Bauer a. 
Schuler, J. 1878, 734 ; B. 10, 2031 ; M. 4, 345) ; 
*30 at 13° (Roser). — Sr A": nearly insol. hot 
water, v. e. sol. cold water. — AggA" : pp. 

Ethyl ether Et*A". (236°-240°). 

Chloride (210°). 

Anhydride C 7 H )0 O 8 . (245°-250°). Got by 
distilling the acid. Reconverted into the acid 
by alkalis. 

Imide C 7 H n N0 2 . [60°]. Got by heating 
the ammonium salt. Tables (from water) or 
small needles (from aleohol-ligroin). Insol. 
ligroin, v. sol. alcohol and ether. 

n-Pimelic acid CH 2 (CH 2 .CH 2 .G0 2 H) 2 . [103°]. 
(272° at 100 mm.) (Krafft a. Noerdlinger, B. 22, 
818). S. 4*2 at 20°. H.C.p. 828,900. H.F. 
243,100 (Stohmann, J.pr. [2] 45, 480). 

Formation. — 1. By heating suberone with 
HNOg (Dale a. Schorlemmer, G. J. 35, 686 ; 4. 
199, 147). — 2. By heating furonic acid with 
HIAq and P at 200° (Baeyer, B. 10, 1358). — 
3. By heating pentane w-tetra-carboxylic acid 
(Perkin, jun., O. J. 51, 242 ; 59, 825 ; B. 18, 
3249).— 4. By oxidation of myristio acid with 
HNOWNoerdlinger, B. 19, 1898). — 5. By reducing 
00(CH 2 .GH 2 .OH 2 H) 2 (cf. Furfuryl-acrylig acid) 
(Marckwald, B. 21, 1398). 

Properties. — Rectangular trimetric plates 
(from water), v. sol. alcohol, ether, and hot 
benzene. May be sublimed. NaOEt forms 
G^H^NaaOB, a white powder, insol. ether, sol. 
water. Not converted into anhydride by AcCl 
or by PCl a (Volhard, 4. 267, 82). 

Salts. — BaA" aq. — CaA". Deposited as 
granular powder when a cold saturated solution 
is heated.— Ag 2 A" ; white pp. 

Ethyl ether Et^". S.G. J 1*0080; U 
*9988; |f *9920. M.M. 11*424. Oil with pene- 
trating odour (Perkin, C . J. 69, 826). 

Pimelio acid C 7 H 12 0 4 . [103° cor.]. Got by 
heating chelidonio acid with HIAq at 205° 
(Haitinger a. Lieben, M. 5, 358). Monoolinio 
tables, v. sol. hot benzene. Perhaps identical 
with w-pimelic acid. 

(jS)-Pimelio acid G 5 H l0 (CO 2 H) 2 . [106°]. Oc- 
curs among the products of oxidation of castor 
oil and earth-nut oil with nitric acid (Gantter 
a. Hell, B. 17, 2212). Large tables (from water). 
Readily forms supersaturated solutions. — 
BaA"aq: plates.— PbA".— CuA".— Ag 2 A" : pp. 

Iso - pimelio acid C a H 10 (C0 2 H) 2 . [104°]. 

Formed from amylene bromide by successive 
treatment with alcoholic KOy and HOlAq at 170° 
(Bauer, Jkf. 4* 345 ; Hell, B. 24, 1389). Prisms, ; 


v. sol. water and alcohol. Begins to form an 
anhydride at 135°. — (NHJ^". — BaA" l|aq : 
sandy powder. — CaA". S. *2 at 22° ; *14 at 100°. 
— Sr A" 4aq. — NiA" 2|aq.— ZnA".-PbA". S. * 01 
at 100°.— CuA"aq. S. *04 at 16°; *07 at 100°. 
Bluish-green plates.— CdA"2aq: needles. S. *12 
at 15° ; *13 at 100°. — Ag*A". 

An amorphous pimelic acid was got by 
Bauer, as well as the preceding acid, from 
amylene bromide. Its Ca salt was more soluble 
(S. 4*7). 

Pimelio acidC 7 H, 2 0 4 . [87°]. Got by oxidising 
menthol with KMn0 4 in acid solution (Arth, 
4. Ch. [6] 7, 455 ; C. B. 107, 107). Needles, v. 
sol. water. Can be extracted by ether from its 
aqueous solution. — Ag 2 V'. 

Isomerides — v. Di-methyl-glutaric acid, 
Methyl-ethyl-suocinic acid, Tri-methyl-suc- 
cinic acid, and Propyl-succinic acid. 

PIMENTO. The volatile oil obtained from 
the pods and seeds of Myrtus Pimenta contains 
eugenol and a terpene (255°) S.G. 15 *98 
(Bonastre, J. Ph. 11, 187; Oeser, 4. 131, 277). 

PINACOLIC ALCOHOL v . Sec - hexyl 

ALCOHOL. 

PINAC0LIN v. Methyl tcrt- butyl ketone. 

Benzpinacolin v. vol. i. p. 488. 

PINACONE C u H 14 0 2 i.e. CMe 2 (OH).CMe 2 (OH). 
Hexylene glycol. [38°J. (170° cor.). S.G. If 
*9672 ; *9609. M.M. 7*245 (Perkin, C. J. 45, 

506). H.C. 897,697 (Louguinine, 4. Ch. [6] 25, 
143). Formed by tne action ofNa or sodium - 
amalgam on aqueous acetone (Fittig, 4. 110, 25 ; 
114, 54 ; Stadeler, 4. Ill, 277 ; Friedel, 4. 124, 
324 ; Bl. [2] 19, 289 ; Linnemann, 4. Suppl . 3, 
374). Formed also from CMe 2 Br.CMe 2 Br by 
successive treatment with AgOAc and baryta 
(Pawl off, 4. 196, 122). Small needles (from 
CS 2 ), v. sol. cold alcohol and ether, si. sol. cold 
CS 2 . SI. sol. cold water, but v. sol. hot water, 
separating on cooling as a hydrate 
C tt H 14 0 2 6aq [46*5°], crystallising in four-sided 
tables, decomposed by distillation into water and 
pinacone. 

Reactions. — 1. Chromic acid mixture recon- 
verts it into acetone. — 2. Gaseous HI yields PrI 
and some hexane (Linnemann, Sitz. W. [2] 63, 
255). HIAq at 100° forms C„H n I (Bouchardat, 
Z. 1871, 699). — 3. Boiling dilute H^SOf converts it 
into pinacolin. Heating with HOAc has the same 
effect. — 4. POCl s forms di-chloro-hexane [160°] 
(Friedel a. Silva, B. 6, 35). — 5. Does not form 
an acetal when heated with aldehyde (Lochert, 
4. Ch. [6] 16, 60). — 6. When passed through a 
red-hot tube it yields acetone and isopropyl 
alcohol (Thorner a. Zincke, B. 13, 645). 

PINACONES. Compounds of the form 
HO.CRR'.CRR'.OH, where R and R' are alkyls. 
They are obtained by reduction of ketones. On 
treatment with dehydrating agents they yield 
(£)-pinaoolins CRR' 2 .CO.R or isomeric (a)-pina- 

n /QRR' M CRR'.O.ORR' T . . 
colins 0<^ CRR , or CRR'.O.ORR'* If m tl se 

formulas R = H, the (&) -pinacolin will be an alde- 
hyde ; while if at the same time R'®H, we find 
that glycol is the simplest pinacone, aldehyde the 
simplest (8) -pinacolin, and ethylene oxide the 
simplest (a) -pinacolin (Zincke, 4. 216, 296). 
Some (8)-pinacolins are decomposed by heat- 
ing with soda-lime or alcoholio potash, thus; 
PhOXg.COPh + H*0 - PhOX a H + HOBz (Zincke* 
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a. ThOmer, B. IX, 65; Zagumenny, J. R. 12, 
429) ; but phenyl (a). naphthyl (£)-pinacolin 
reacts with alcoholic potash, thus : 

PhC(C, 0 H,) a COPh+ H a O = PhC(0 lo H,) a 0H + Ph.CO.H 
(Elbs, J.jpr. [2] 35, 506). 

FINE-APPLE OIL. Artificial pine-apple oil 
may be made by dissolving butyric ether in alco- 
hol (Hofmann, A. 81, 87). 

FINENE v . Terpenes. 

PINEY TALLOW. A fat obtained by boiling 
the fruits of Valeria indica (of Malabar). Melts 
at 30° to 38°. Its fatty acids consist of palmitic 
acid (75 p.c.) and oleic acid (25 p.c.) (Dal-Sie, 
G. 8, 107). 

FINIFICRIN O^HagO,!. Occurs in the 
needles and bark of the Scotch fir (Pinus syl - 
vestris) and in the green parts of Thuja occi- 
dentale (Kawalier, Sitz. W. 11, 350; 13, 515). 
Bright-yellow amorphous powder, beginning to 
soften at 55°, and quite liquid at 100°. Hygro- 
scopic. Tastes bitter. Y. sol. water, sol. alco- 
hol, insol. ether. Boiling dilute H 2 S0 4 yields 
glucose (2 mols.) and ericinol C, 0 H 1B O (1 mol.), 
v. vol. ii. p. 458. 

PINITANNIC ACID C h H 16 0 8 ? Occurs in 
the needles of the Scotch fir and in the green 
parts of the Arbor vitce (Thuja occidentale) (Ka- 
walier, Sitz. W. 11, 357 ; 29, 19). Reddish-yel- 
low powder, v. sol. water, alcohol, and ether. 
FeCl s colours its aqueous solution brown. Gives 
yellow pps. with lead acetate and subacetate. 
Not ppd. by gelatin. 

FINITE C 7 H 14 0 6 . Methyl ether of dextro- 
rotatory inosite. [186°]. [a] D = 65° 51'. Sup- 
posed to be extracted by water from the hardened 
sap of Pinus lambcrtiana of California (Berthe- 
lot, A. Ch . [3] 46, 76 ; Johnson, Am. S. [2] 22, 
6 ; Combes, C. R. 110, 46 ; Maquenne, A. Gh. 
[6] 22, 264). Crystalline crusts, v. e. sol. water, 
almost insol. alcohol. Tastes sweet. Dextro- 
rotatory. Non-fermentable. Does not reduce 
Fehling’s solution. HIAq splits it up into Mel 
and dextrorotatory inosite [248°]. Pinite is 
identical with matezite and sennite. 

FINOL C I0 H l8 O i.c. C B H 8 0MePr. (184°). 
S.G. ££ *953 ; = 1*469. Formed, together with 

pinene nitroso-chloride when oil of turpentine is 
treated with HOAc, nitrous ether, and HOlAq 
(Wallach, A. 253, 251 ; 259, 322 ; 268, 222 ; B. 
24, 1552). Purified by conversion into the di- 
bromide C 10 H lfl Br 2 O [94°], which is dissolved in 
dry benzene and treated with sodium-wire. 
Liquid, smelling like cineol. 

Reactions . — 1. Oxidised by KMn0 4 to CO,,, 
oxalic acid, and terebicacid [176°]. — 2. Br forms 
C, 0 H la Br 2 O and C 10 H 15 Br 8 O [160°]. -- 3. HBr 
forms an addition product converted by water 
into the hydrate C, 0 N lfl OH 2 0 [131°] which is not 
attacked by Ac/), but is reconverted into pinol 
by warming with dilute H 2 S0 4 , and yields ter- 
penylic acid [57°] on oxidation by KMn0 4 . 

Dibromide C 10 H Je Br 2 O. [94°]. (144° at 
Ilmm.). Trimetric crystals; = *570:1:1*555. 
Insol. water, volatile with steam. Converted by 
alcoholic potash into ‘ pinol glycollic ether ’ 
C 10 H lg (OEt) 2 O [53°] (c. 115° at 14 mm.). AgOAc 
forms O^.fOAc^O [98°] (127° at 13 mm.), 
which on saponification by hot dilute H 2 S0 4 
yields * pinol-glycol * C, 0 H J# (OH) 2 O [125°], crys- 
tallising in matted needles, v. e. sol. chloroform. 
Boiling with water and Pb(OH) 2 also converts 


the dibromide into the glycol. Silver propionate 
yields C 10 H) 6 (O.COEt) 2 [106°]. Formio acid at 
100° reduces the dibromide to cymene. 

Nitroso-chloride C, 0 H la ONOCl. [103°]. 
Formed by the action of amyl nitrite and HOI 
on pinol in HOAc (Wallach, A. 253, 261). Con- 
verted by alcoholic NH S into the nitrolamine 
C^HjgONONHj (130° at 14 mm.), a viscid mass 
which yields a crystalline hydrochloride, B'HCl. 
Aniline, piperidine, and benzylamine form the 
three analogous bodies C 10 H, 6 O.NO.NHPh [175°], 
C 10 H lb O.NO.NC ft H, 0 [154°], and the compound 
C, 0 H, 8 O.NO.NHC 7 H 7 [136°], each of which forms 
a crystalline hydrochloride. (j3) -N aphthylamine 
forms, in like manner, pinol-nitrol-naphthyl- 
amine C, 0 H, (i O.NO.NHC l0 H 7 [195°]. 

FINYL AMINE C 10 H 14 NH 2 . (208°). S.G. 41 
*943. Formed by reducing with zinc-dust and 
HOAc nitroso-pinene C, 0 H 15 NO [132°], which is 
got from C 10 H 16 NOC1 and alcoholic NaOH (Wal- 
lach a. Lorenz, A. 268, 197 ; B. 24, 1550). Oil, 
turning yellow in air, and giving off NH„. Ab- 
sorbs C0 2 from air, forming a solid carbonate 
Benzoic aldehyde forms C, 0 H„N:CHPh [68°] 
furfuraldehyde gives C, 0 H la N:CH.C 4 H g O [81°l 
whilst salicylic aldehyde forms the compound 
C 10 H, 5 N:CH.C fi H 4 .OH [109°].— B'HCl. [230°]. 
Needles (from water). Yields cymene on distilla- 
tion. — B'gKjPtClg. Yellow plates or needles. — 
B'HNO s . Crystals, si. sol. cold water.— B' jHjSOv 
— B'HC yS. [136°]. Prisms (from water). — 
B' 2 HA0 4 . [248°]. Scales. 

Acetyl derivative C 10 H ls NHAc. [109°] 

Benzoyl derivative. [125°]. Needles. 

PINYL-TJREA NH r CO.NHC 10 H lv [156°]. 
Formed from pinylamine hydrochloride and 
potassium cyanate (Wallach, A. 268, 204). 
Needles, v. boI. alcohol. 

PIPEC0LINE y . Methyl-pyridine hexa 

n YD RIDE. 

PIPERAZINE v . Pyrazine hexahydridk. 

PIPERHYDRONIC ACID o. Methylene den- 
vative of Di-oxy-phenyl- valeric aoh>. 

PIPERIC ACID C j2 H 10 O 4 i.e. 
OH 2 <q>C.H s .CH:CH.CH:CH.CO s H. Mol. w. 

218. [217°]. S. (alcohol) *37 in the cold ; 2 at 
78°. Formed, together with piperidine, by boil- 
ing piperine with alcoholic potash (Von Babo ; 
Strecker, A. 105, 317 ; 118, 280 ; G. C. Foster, 
O. 15, 17 ; Fittig a. Mielk, A. 152, 25 ; 172, 
134). Yellowish needles (from alcohol). After 
fusion it melts at 213°. Nearly insol. water, 
m. sol. hot alcohol and ether. 

Reactions. — 1. Reduced by sodium-amalgam 
to two hydropiperic acids, which are the methyl- 
ene derivatives of di-oxy-phenyl-angelio acids 
CH 2 0 2 :C fl H 8 .CH 2 .CH:CH.CH 2 .C0 2 H [78°] and 
CH A'.C u H 3 .CH 2 .CH 2 .CH:OH.C0 2 H [131°] (Regel, 
B. 20, 414).— 2. Dilute alkaline potassium per- 
manganate at 4° oxidises piperic acid to piperonal 
CH 2 0 2 :C tf H a .CH0 and racemic acid (Doebner, B, 
23, 2375).— 3. Potash-fusion yields protocafce- 
chuic, oxalic, and acetic acids. — 4. Bromine in 
CC 2 forms a tetrabromide which decomposes at 
160°-165°. 

Salts. — NH 4 A'. Satiny scales. — KA\ — 
B&A'*. S. *02 in the cold. — AgA' : powder. 

Ethyl ether EtA'. [78°). Plates. 

Reference.— Bbomo-pipebic asm. 
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PIPEBIDElNE. A name for Pyridine tetra- 

HYDRIDE. 

Dipiperideine O )0 H, 8 N 2 i.e. 
<?H ! .CH 2 .CH.QH.CH 2 .QH 2 Formed b 

CH^NH. CH.CH. NH.CH 2 ‘ J ‘ J?ormea Dy 
slowly adding v-cMoro-piperidine to a boiling 
10 p.o. solution of potash in alcohol (Lellmann 
a. Schwaderer, B. 22, 1000, 1318). Monoclinic 
crystals, si. sol. water, v. sol. alcohol and ether. 
Between 200° and 230° it begins to dissociate 
into (2 mole, of) pyridine tetrahydride ; hence it 
has no constant boiling-point. Slightly volatile 
with steam. Ac a O forms an acetyl derivative 
(220°). S.G. 1*0531. Tin and cone. HClAq 
reduoe it to piperidine. Phenyl thiocarbimide 
gives C 10 H l7 N 2 .CS.NHPh [144°]. CS 2 forms 
O jo H, 8 N 2 CS 2 , crystallising in needles, and melt- 
ing at 150° with evolution of gas. 

Salt. — B"H 2 Cl 2 2aq. [150°]. Plates, lique- 
fies c. 80° when quickly heated. 

Isodipiperideine C, 0 H 19 N 2 . Formed by heat- 
ing diazobenzene piperidide at 250° (Heusler, A 
260, 239). Thickish liquid, miscible with water, 
but can be extracted therefrom by ether. Re- 
duces Fehling’s solution and ammoniacal AgNO„. 
Its salts are hygroscopic. 

PIPERIDIC ACID C 4 H 9 N0 2 [184°], which is 
got by oxidising piperidine p-carboxylic ether 
with fuming HNO* and heating the product with 
HClAq at 140°, is 7-amido-butyric acid (Schot- 
ten, B. 16, 643; Gabriel, B. 23, 1770). 
PIPERIDINE C 4 H n N i.e. 

/'CH 2 .CH 2 , v 


oh «<ch^^> nh - 


Pyridine hexahydride. 

Mol. w. 85. (106°). S.G. 1? -8664 ; ff *8591. 
M.M. 5*810 (Perkin, G. J. 55, 700). S.V. 108*76. 
S.H. *533 (Colson, Bl. [3] 3, 8). H.F.v. 24,090. 
H.F.p. 26,990 (Thomsen, Th. 4, 145). Appears 
to occur in the husks of pepper (Johnstone, G. N. 
68, 235 ; An. 14, 41). 

Formation. — 1. By distilling piperine with 
potash-lime or soda-lime, or by boiling it with 
alcoholic potash (Wertheim, A. 127, 75; Ander- 
son, A. 75, 82 ; 84, 345 ; Cahours, A. Ch. [3] 
38, 76; Von Babo a. Keller, J. pr. 72, 53). — 
2. By reduction of pyridine in alcoholic solution 
by sodium-amalgam ; the yield being 75 p.c. of 
the theoretical (Ladenburg a. Roth, A. 247, 51). 
8. By heating pentamethylene-diamine hydro- 
chloride (Ladenburg, B. 18, 3100). — 4. By heat- 
ing hygric acid C fl H n N0 2 with H 2 S0 4 for a few 
minutes at 300° (Liebermann a. Kuhling, B. 24, 
413). 

Properties. — Liquid, with ammoniacal and 
peppery Bmell, miscible with water. Alkaline 
in reaction. Caustic taste. Ppts. salts of zinc 
and copper, but does not redissolve the ppd. hy- 
drates. Not attacked by fuming HClAq at 300° 
or by boiling HNO s (S.G. 1*5). Piperidine acts 
as an anaesthetic (B. 14, 713). Oxidised by H 2 0 2 
to glutario acid and its imide and 5-amido-valeric 
aldehyde (Wolff enstein, B. 25, 2777). 

Reactions. — 1, Bromine and water at 200° 
yield di-bromo-oxy-pyridine and some CHBr 3 
(Hofmann, B . 12, 984). Piperidine hydro- 
chloride, heated with dry Br at 180, yields di- 
bromo-pyridine (Schotten, B. 15, 427). Bromine 
and NaOHAq give crystalline C 5 H 7 Br 2 NO (Hof- 
mann, B. 16, 560). Bromine and lime-water 
ywld bromo-piperidiae C»H 10 BrN [234°] (Lell- 


mann, B. 22, 1327). -2. Chlorine acts with ex- 
plosive violence on dry piperidine. In presence 
of water or chloroform it yields v-chloro-piper- 
idine, which may also be got by using bleaching- 
powder. It is an unstable, heavy oil (52° at 25 
mm.), with pungent odour, and deposits piper- 
idine hydrochloride when kept for some time 
(Bally, B. 21, 1772).— 3. Cone. H 2 S0 4 at 300° 
forms pyridine (Koenigs, B. 12, 2341). Nitro- 
benzene at 260° also oxidises it to pyridine (L.). 
4. Chloroform , on boiling for some days, yields 
CH(C 5 H 10 N) 8 aq (98° at 15 mm.) (Busz a. Kekuld, 
B. 20, 3246). — 5. GHjCCl, forms, on boiling, 
ethenyl-tripiperidine GH 3 .C(C fi H, ft N) 3 , a liquid 
(262°) yielding B^Cl* and B'" 2 3H 2 PtCl fl (B. a. 
K.). — 6. Boiling oxalic ether (1 mol.) yields 
piperidyl-oxamie ether C 4 H, 0 N.CO.CO 2 Et (289°) 
(Wallach, A. 214, 278; 237, 247). The corre- 
sponding acid [129°] splits up on fusion into CO a 
and the formyl derivative of piperidine. PC1 4 
yields C0 2 and C S H, 0 N.COC1 (238°), which acts 
upon piperidine forming (C 5 H 10 N) 2 CO [43°] (298°). 
NH 3 Aq converts the ether into piperidyl-oxamide 
C 4 H 10 N.CO.CO.NH2 [127°], crystallising in mono- 
clinic prisms, converted by P 2 O a into 
C 5 H 10 N.CO.CN, a heavy oil (264°). When piper- 
idine (2 mols.) is distilled with oxalic ether 
(1 mol.) there is formed oxalyl-piperidine 
C a H 10 N.CO.CO.C 5 H 10 N [89°] (above 350°). - 
7. By heating with phthalic acid (2 mols.) as 
long as phthalic anhydride sublimes there is 
formed ‘ piperilene-amine-phthalein ’ C I8 H 24 N 2 0 2 

or C fl H 4 <^ NC&H ^ 0 ^>, an oil which yields crys- 
talline C, 8 H 24 Br 2 N 2 0 2 (Piutti, G. 13, 535 ; A. 
227, 197).— 8. Phthalic anhydride unites in the 
cold with piperidine, forming a mixture of * piper- 
ilene-phthalamic acid ’ C 5 H J0 N.CO.C a H 4 .CO 2 H 
and its piperidine salt (P.). On shaking with 
ether and water the acid goes into ethereal solu- 
tion, and the salt into aqueous solution. Piper- 
ilene-phthalamic acid is a heavy oil, v. sol. 
alcohol. It yields AgA', C ? H n NHA' [c. 150°], 
and C^BLjgBr^Os, crystallising in long needles. 
9. Alloxan and aqueous sulphurous acid give 
(C 4 H 2 N 2 0 4 )0 a H n NH 2 S0 3 , crystallising in plates 
(Pellizzari, A. 248, 150).— 10. On heating with 
isatin and alcohol on the water-bath there is 
formed the compound C 8 H 5 NO(C ft H 10 N) 2 or 

<W<Sg. < SS>, cr y sta ^ s i n 8 in oolour- 
less prisms, m. sol. hot alcohol, turned red by 
HC1, and yielding a blue dye (indigo?) when 
treated with Ac 2 0, or when rapidly heated to 
125°-160°. Bromo-isatin forms, in like manner, 
C s H 4 BrN0(C.H, fl N) 2 , crystallising in needles, 
while di-bromo-isatin reacts with production of 
C () H 2 Br 2 (NH 2 ).CO.CO.NC ft H 10 [152°] (Schotten, 
B. 24, 1367, 2605). — 11. A solution of diazo- 
benzene chloride and sodium acetate forms 
Ph.N:N.NC 3 H I0 , which yields phenol and piper- 
idine when treated with dilute H 2 S0 4 , and 
phenyl-hydrazine and piperidine when reduced 
by SnGl* and HC1 (NOlting a. Binder, B. 20, 
3016). Other diazo- compounds act in like man- 
ner/ Diazobenzene piperidide is decomposed 
on heating to 250°, yielding benzene, N, and 
isopiperidein (Heusler, A. 260, 239).— 12. Potas- 
sium cyanate converts piperidine sulphate into 
NH 2 .CO.NO 5 H 10 , crystallising from alcohol in 
needles (Cahours). Methyl and ethyl cyanates 
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yield corresponding ureas. Phenyl cyanate forms 
NHPh.CO.NC a H 10 , crystallising from alcohol in 
prisms [172°]. C 7 H 7 NH.C0G1 gives rise to 
C 7 H 7 NH.CO.NC 4 H, 0 [102°], crystallising from 
dilute alcohol in needles (Kiihn a. Riesenfeld, 

B. 24, 3818). — 13. Methyl thio-carHmide forms 
NHMe.CS.NC a H 10 [129°] (Heoht, B. 23, 287 ; 25, 
815) i while ethyl-, propyl-, and phenyl- thiocarb- 
imides form corresponding thio-ureas [46°], [7 5°], 
and [99°] respectively. Phenyl-, o -, and p-tolyl- 
thiocarbimides form C a H l0 N.CS.NHPh [98°] (G.) ; 
[104°] (Skinner a. Ruhemann, C. J. 53, 558) and 
C a H I0 N.CS.NHC 7 H 7 [98°] and [132°] respectively. 
Potassium sulphocyanide reacts with piperidine 
sulphate, forming C a H, 0 N.CS.NH 2 [92°] Geb- 
hardt, B. 17, 3039). AUyl-thiocarbimide forms 
oily O 6 H 10 N.CS.NHC 3 H 5 , which is oonvcrted by 

cone. HClAq at 100° into O s H 10 N.O^| ^. Me , a 

liquid (277°) yielding B'C 8 H 3 N 3 0 7 [112°/ and 
B'Mel [67°] (Avenarius, B. 24, 262). — 14. Benz- 
oyl-thiocarbimide added to a solution of piperid- 
ine in dry benzene forms C a H 10 N.CS.NHBz [123°], 
crystallising in needles, sol. alcohol and ether 
(Dixon, C. J. 55, 624). Benzyl-thiocarbimidc 
gives C 5 H 10 N.CS.NHCH 2 Ph [88°] (Dixon, G. J. 
59, 568). — 15. Tri-methyl-trithiocyanurate at 
200° forms 0 14 H^N a S [107°], which gives 
Bya^PtCl* (Hofmann, B. 18, 2779).-16. Quin- 
one forms red needles [178°], which are probably 
C 8 H 2 O 2 (NC 6 H 10 ) 2 (Lachovitch, M. 9, 506).— 
17. Benzoic aldehyde in presence of K 2 C0 3 forms 
CHPh(NC a H, 0 ) 2 [80°] crystallising from alcohol 
in flat needles (Ehrenberg, J. pr. [2] 36, 130 ; 
Lachovitch, M. 9, 695). — 18. Tri-oxy -methylene 
forms CH 2 (NC 3 H I0 ) 2 (230°), which unites with 
CS 2 giving CuH^NsjCSj* [58°J. — 19. Pinene 
nilroso-chloride in alcoholic or aqueous solution 
yields crystalline C 10 H 18 NONC 6 H, 0 [119°] which 
forms B'HCl. The corresponding terpine and 
dipontinene derivatives melt at 154° (Wallach, 
A . 241, 320 ; 245, 253). —20. Amylene nitroso- 
nitrate in boiling alcoholic solution forms 
CMe 2 (NC fl H 10 ).CMe:NOH, which crystallises from 
ether in prisms [96°j, and is converted by boiling 
dilute HaSC^ into CMe 2 (NC a H 10 ).CO.CH 3 , an oil 
(220°), Md® 1*934, volatile with steam, yielding 
a very hygroscopic hydrochloride (Wallach, A. 
248, 172). — 21. Fluorescein chloride at 220° forms 

C. H 4 :C s O a <ggjNCAj >0 which yield9 

B''H 2 PtCl 6 and B"H 2 C1 2 which is purple in dilute 
solution and yellow in cone. HClAq (Lellmann 
a: Biittner, B . 23, 1387). — 22. Bromo-phen - 
anthrene at 260° forms crystalline C u H 1> NC a H 10 
[113°] which yields B'gHjPtCl,, 6aq (L. a. B.). — 

23. Bromo-anthracene at 260° reaots forming 
C u H 8 NC 6 H, 0 crystallising from ether in yellow 
prisms and giving B'jRjPtCl,, 2aq (L. a. B.). — 

24. Chloro-acetic acid forms C s H, 0 N.CH 2 .CO 2 H, 
which forms hemihedral prisms (containing aq) 
and yields GuA' 2 4aq, HA'HCl, HA'HBil*, 
(HA'),3HAuCl 4 , and HA'BaCl 2 (Kraut, A . 157, 
66). — 25. a-Chloro-propionic ether produces 
CjH^N.CHMe.COjjH crystallising from water and 
alcohol in prisms and yielding HA'HAuC 1 4 
(Briihl, B. 9, 84). — 26. Benzene sulpHochloride 
and NaOHAqform C 6 H ft .SO 2 .NC 6 H, 0 [93°] (Hins- 
berg, A. 265, 182 ; Schotten a. Schlomann, B. 
24, 3689). This body is oxidised by KMn0 4 
to 0 4 H 4 .S0 2 NH.CH 2 .CH 2 .CH,.CH 4 .G0 2 H. — 


27. Picryl chloride forms O a H 10 N.O 8 H 2 (NO t ) t 
[106°] (S. a. S.). — 28. Glycerin dichlorhydrin 
forms liquid C^R^NaO (280°-290°) which yields 
B"H 2 PtCl 8 (Ladenburg, B. 14, 1879). — 29. CS 2 
forms (0 5 H n N) 2 CS 2 or C,H I0 N.OS.SNO 5 H 12 crys- 
tallising in slender monoclinio needles [174°], 
converted by an alcoholic solution of iodine to 
(C a H I0 N.CS) 2 S 2 [130°].— 30. Dicyandiamide reacts 
on ‘ piperyl-biguanide ’ with formation of C 7 H I5 N M 
i.e. C ft H 10 N.C(NH).NH.C(NH).NH 2 [163°?] crys- 
tallising in silky needles, and yielding the salts 
B'H 2 C1 2 [217°], B'R 2 S0 4 [173°],B' 2 H 2 S0 4 [219°J, 
B'RPtCl, [252°], B'HaAuCl,, and the copper 
compound Cu(C 7 H, 4 N 5 ) 2 H 2 S0 4 crystallising in 
rose-red needles (Bamberger, B. 24, 605, 904). 
Piperyl-biguanide is converted by 0HG1 S and 
caustic potash into ‘ piperyl-formoguanamine ’ 

C 5 H I0 N.C<^;££^^N [194-5°] which yield* 

the salts B'HCl [201°], B' J H 2 S0 1 aq [222°], 
B'2C 0 HjN s O, [188°], B' 2 HPtCl, [219°], B'HAuCl, 
[90°] and [158°], and B' 2 AgNO, [229°-238°] 
(Hjelt, B. 25, 529). Piperyl-biguanide sulphate 
heated with NaOAo at 200° yields piperyl-aceto- 
guanamine C 5 H 1( ,N.C<N-C(NH S )^ N [179 oj 

(Hjelt, B. 25, 533). The acetyl derivative of 
piperyl-biguanideC a H 1? N.C(NAc).NRC(NH).NH 2 
[193°] is got by heating the copper salt with 
HOAc. 

Salts.— B'HCl. [237°]. M.M. 10034 in a 
53 p.c. solution (Perkin, C. J ’. 55, 716). Needles, 
v. sol. water and alcohol.— B'HAuCl 4 [206°]. Not 
decomposed by boiling water (De Coninok, Bl. [2] 
45, 131). — B' 2 H 2 PtCl a . [196°) (Ladenburg, B. 18, 
3100) ; [200°] (Wallach a. Lehmann, A. 237, 241). 
Bed needles. Not decomposed by boiling water 
(De Coninck, Bl. [2] 45, 131). Crystallises also 
with EtOH in orange needles [191°]. — B'aPtCl*. — 
B'Zn 2 OCl 2 : amorphous pp. got by adding piper- 
idine to a solution of ZnClj (Lachovitch, M. 9, 
517). — B'HBr. Plates (Lellmann, B. 20, 680). — 
B'HI. Long needles.— -TB'HI) 3 2BiI,. Scarlet 
plates (from alcohol) (Kraut, A. 210, 819). — 
B'lCl. [143°]. White needles. — BTC1HC1. 
[90°]. Yellow crystals (from water) (Pictet a. 
Krafft, Bl. [3] 7, 72)— B'HNO,. Small needles— 
B' 2 H 2 C 2 0 4 : needles.— B'^FeCy,, 3aq. Yellow 
triclinic crystals. — Pipe rate B'G 12 H 10 O 4 . Silky 
laminaB [100°] (Babo a. Keller). — B' 2 H 2 S0 4 . 

Nitrosamine C 5 H, 0 N.NO. (218°). S.G. 
*.23 1*066. Formed from piperidine and nitrous 
acid (Wertheim, A. 127, 75 ; Schotten, B. 15, 
425 ; Knorr, A. 221, 298). Pale-yellow liquid, 
si. sol. water, v. sol. cone. HClAq, but reppd. on 
dilution. Zinc and HClAq reduce it to piperidine 
and NH,. Heated in a current of HC1 at 100° 
it gives piperidine and NOC1. Sodium-amalgam 
forms CjHjoN.NHj and piperidine. — B'^Clj, : 
syrupy. — X B"HC1 : crystalline mass. 

Hydrazine G a H 10 N.NH ‘ Piperyl-hydraz- 
ine: (146°) at 728 mm. S.G. Ill *928. Got by 
reducing the nitrosamine with zinc-dust and 
HOAc (Knorr, B.15, 859 ; A. 221, 299). Liquid, 
with ammoniacal odour, miscible with water, 
alcohol, and ether. Volatile with steam. Oxidised 
by HgO in the cold to the tetrazone C^H^N. 
[45°], which yields B'jRjPtGl*. Reduces cold 
ammoniacal AgNO, and hot Fehling’s solution. 
Nitrous acid converts it into piperidine. CS 2 gives 
rise to (C a H 10 N.NH) 2 CS [181°]. # The compound 
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C # H, 0 N.NH.CS .N O s H 10 [86°] may also be obtained. 
BzCl in ether forms O ft H 10 N.NHBz [196°]. 
Benzoic aldehyde forms C a H 10 N.N:CHPh [63°]. 
Salt. — B'HCl. [162°]. Tables (from alco- 
hol), Reacts with potassium cyanate forming 
C 4 H I0 N.NH.CO.NH 2 [136°] and with potassium 
sulphocyanide forming C a H 10 N.NH.CS.NH 2 
[167°]. — Methylo-iodideB'Mel. [215°]. Begins 
to decompose at 150°. 

Formyl derivative O 8 H 10 N.CHO. (222°). 
S.G. 1*0193. Formed by the distillation of 
O4Hj0N.CO.COJS (v. Reaction 6) (Wallach a. 
Lehmann, A. 228, 251 ; 237, 252). Got also by 
heating piperidine with formamide (Lachovitch, 
M. 9, 699). Liquid, miscible with water, alcohol, 
and ether. PCl ft yields a base C n H 20 N 2 .— B'HCl : 
deliquescent needles. — B' 4 H 2 PtCl 6 . [172°]. 

Plates.— B'HgCl*. [149°]. Needles. 

Acetyl derivative C a H 10 NAc. (227°). 

S.G. 1*011 (Wallach a. Kamensky, A. 214, 238 ; 
cf. Schotten, B. 15, 426). Liquid, miscible with 
water. When heated with BzCl it gives AcCl 
and benzoyl-piperidine (Pictet, B. 23, 8014). 
On heating with bromine it gives pyridine, 
bromo-pyridine, and di-bromo -pyridine (Hof- 
mann, B. 16, 587). When Cl is passed into 
cooled acetyl-piperidine and the product is 
warmed with water, there is formed C 7 H n Cl2N0 2 
£122°] (Bally, B . 21, 1772). 

Benzoyl derivative C 6 H l0 NBz. [48°]. 
(above 360°). Formed from piperidine, BzCl, 
and NaOHAq (Cahours ; Schotten, 2?. 17, 2544 ; 
21, 2288). Triclinic prisms (from alcohol). Oxi- 
dised by KMn0 4 to benzoyl-5-amido-valeric acid 
£94°]. Benzoic aldehyde forms the oompound 

NH <C(CHPh);CH^> CH2 £ 89 ° ]l whioh y‘ eldB 
B'HCl [166°] 'and B'HNO, [98°], both being 
crystalline (Riigheimer, B. 24, 2186). 

Bromo-benzoyl derivative 
C.HjoN.CO.CJB^Br. The o- compound is an oil, 
while the p- compound crystallises from alcohol 
in rectangular monoclinic tables [96°] (Schotten, 
B. 21, 2248). 

m-Nitro-benzoyl derivative 
C 4 H I0 N.CO.C«H 4 NO 2 . [34°]. (184° at 54 mm.). 
S. (alcohol) 83 in the cold, 50 at 78°. Dark- 
yellow monoclinic crystals. Crystallises from 
water with about 5aq, and then melts at 84°. 
Yields, on reduction, the w-amido-benzoyl de- 
rivative [126°]. 

Oxy -benzoyl derivative v. Pipcridide 

of OXY -BENZOIC ACID. 

Cuminyl derivative C 15 H 2l NO. Tables. 

Cinnamyl derivative CgHjCO.NCjHjo. 
[122°]. Formed from the anhydride and piper- 
idine paerstein, B. 22, 2265). Stellate needles. 

Alkyl-piperidines. On heating the alkylo- 
iodides of pyridine, a pair of alkyl-pyridines is 
produoed, that of lower boiling-point being 
(a)-alkyl-pyridine, and the other (7) -alkyl-pyr- 
idine. On reduction these give the correspond- 
ing alkyl - piperidineB. The same isopropyl- 
pyri dines are obtained both from pyridine 
isopropylo-iodide, and pyridine n-propylo-iodide, 
an intramolecular change taking place in the 
propyl group in the latter case. Conyrine is 
(o) -propyl-pyridine, coniine is (a) -propyl-piper- 
idine (Ladenburg, B. 18, 1587). By adding 
potash to piperidine alkylo-iodides, y-alkyl- 
piperidines oan be obtained. 


Methyl -, Ethyl-, Propyl-, Phenyl-, and Tolyb 
Piperidines v. Methyl, Ethyl, Propyl, Phenyl, 
and Tolyl Pyridine hexahydrides. 

PIPERIDINE y-CARBOXYLIC ACID 

CH a < ^ -^>N.OO,H. Methyl ether MeA'. 

(201°). Formed from piperidine, GlGOJMe, and 
KOHAq (Schotten, B. 15, 425; 16, 647). Heavy 
oil. Converted by HNO s , containing urea, into 
C a H 7 (N0 2 )N.C0 2 Me [103°], whence Br forms a 
compound [180 5 ]. 

Ethyl ether EtA'. Piperyl - urethane, 
(211°). Formed from piperidine and ClCO-jEt. 
Oil. Br in HOAc forms C a H 7 BrN.C0 2 Et [140°], 
while HNO a free from N0 2 forms ‘ nitrodehydro- 
piperyl urethane * C 6 H 7 (N0 2 )N.C0 2 Et [52°], 
whence Br in HOAc forms C 8 U J3 BrN 2 0. [157°]. 

Chloride C fi H 10 N.COCl. (238°). Formed 
from C 6 H 10 N.CO.CO 2 H and PC1 4 (v. Piperidine, 
Reaction 6). Liquid, slowly decomposed by cold 
water into piperidine, C0 2 , and HC1. 

Amide C 4 H, 0 N.OO.NH 2 . [106°]. Got from 
piperidine sulphate and potassium cyanate. 
Needles. Yields B'HNO s . [67°] (Franchimont 
a. Klobbie, R. T. C. 8, 302). 

Anilide. [172°]. Formed from piperidine 
and phenyl cyanate, or from the chloride and 
aniline (Gebhardt, B . 17, 3040; Wallach, A. 
228, 250 ; 237, 250). 

Piperidide (C a Hj 0 N) 2 CO. [43°]. 

Isomeride v. Hcxahijdride of Pyridine 

CARBOXYLIC ACID. 

DI-PIPERIDYL v. Dipyridyl dodccahy- 
dride. 

PIPERIDYL-CYANURAMIDE u. Cyanur- 
amide in article Cyanic acids. 

PIPERIDYL-MEL AMINE v. Cyanic acids. 

PIPERILENE v. vol. iii. p. 807. 

PIPERINE C 17 H 19 NO s i.e. 
O4H, 0 N.CO.CH:CH.CH:CH.C fl H 8 :O 2 CH 2 . Piperyl- 
piperidine. Mol. w. 285. [128°]. Occurs in 
black pepper (Piper nigrum), long pepper (P. 
longum), and in the black pepper of Western 
Africa (Cubeba Clusii) (Oersted, S. 29, 80; 
Pelletier, A. Ch. [2] 16, 844 ; 51, 199 ; Merck, 
N. J. T. 20, 1, 34 ; Wackenroder, Br. Arch. 37, 
347 ; Duflos, S. 61, 22 ; Warrentrapp a. Will, A. 
39, 283 ; Wertheim, A. 70, 58 ; Gerhardt, Ccnnpt. 
Chim. 1849, 37 5 ; A. Ch. [3] 7, 253 ; Anderson, 
A. 75, 82 ; 84, 345 ; Cahours, A. Ch. [3] 88, 76 ; 
Stenhouse, A. 95, 106 ; Von Babo a. Keller, J.pr. 
72, 53 ; Strecker, A. 105, 317). 

Formation. — By heating piperidine with the 
chloride of piperio acid (Riigheimer, B. 15, 1390). 

Preparation.— Ground pepper (1 pt.) is boiled 
with slaked lime (2 pts.) and water, the filtrate 
evaporated to dryness at 100°, and the piperine 
extracted with ether and recrystallised from alco- 
hol (Cazeneuve a. Caillot, Bl. [2] 27, 290). 

Properties . — Monoclinic prisms, v. si. sol. hot 
water, m. sol. alcohol and ether. Inactive to 
light. Insol. dilute acids and alkalis. Decom- 
posed by alcoholic potash into piperic acid and 
piperidine. Cone. RjSC^ forms a blood-red solu- 
tion. HN0 8 gives a greenish-yellow colour 
changing to red. Phosphomolybdic acid gives a 
flocCulent pp. 

Salts. — The hydrochloride is crystalline, 
but decomposed by water. — B^HJPtCl* : roseate 
monoclinic crystals. Not decomposed by hot 
water (De Ooninck, Bl. [2] 45, 131).— B'sHHgCl* : 
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triolimio crystals. — B'jH^. [145°]. Steel-blue 
needles (JSrgensen, J.pr. [2] 8, 328). 

PIPEROKETONIC ACID v. Di-oxy-benzyl 

ETHYL KETONE CARBOXYLIC ACID. 

PIPERONAL v. Methylene derivative of 

PrOTOCATECHUIO ALDEHYDE. 

PIPERONYL-ACRYLIC ACID v. Methylene 

ether of Oaffeio acid. 

PIPERONYL ALCOHOL v . Methylene deri- 
vative of Di-oxy-benzyl alcohol. 

PIPERONYLIC ACID v. Methylene deriva- 
tive Of PrOTOCATECHUIO ACID. 

PIPEROPROPIONIC ACID v. Di-oxy-phenyl- 
propionic acid. 

PIPER-PROPYL-ALKINE *. Oxy-propyl- 

riPERIDINE. 

PIPERYL. This name is given to radicle 
CH 2 0 2 :C a H 8 .CH:CH.CH:CH.CO. Piperyl has 
also been used to denote C 5 H l0 , the divalent 
radicle which is united to NH in piperidine ; 
many of the derivatives of this divalent ‘piperyl* 
are described under Piperidine. 

PIPERYLENE v . Pentinenk. 

PIPERYLENE TETRABROMIDE v. Tktra- 

BROMO-PENTANE. 

PIPITZAHOlC ACID O 13 H 20 O s . Perezvne. 
[104°] (A. a. L.) ; [107°] (Mylius, B. 18, 480). 
May be extracted by alcohol from Pipitzahuao 
root or Radix Perezice (De la Sagra, C. R. 42, 
873, 1072 ; Weldt, A. 95, 188 ; Anschutz a. 
Leather, 0 . J. 49, 715; B. 18, 709, 715). Flat 
golden plates (from alcohol), nearly insol. 
water, v. sol. alcohol and ether. May be sub- 
limed. Volatile with steam. Aqueous alkalis 
form a violet solution. Aqueous methylamine 
forms methyl - amido - pipitzaho'io acid 
C ia H, 9 (NHMe)0 8 [114°], crystallising in blue 
needles, while aniline forms C, a H, 9 (NHPh)0 8 
[139°], o-toluidine gives C u H l9 (NH0 7 H 7 )0 g 
[110°], jp-toluidine yields ^?-tolyl-amido-pipitza- 
hoic acid [134°]. Bromine forms O^H^BrjO, 
[109°]. 

Salt s . — Pb0 15 H|gO a . — CuA' 2 . — AgA' : purple 

pp. 

Ethyl ether EtA'. [141°]. 

Acetyl derivative O 16 H 10 AcO 8 . [115°]. 

Trimetrio plates ; a:b:c~ *629:1: *845. 

Oxim ? C la H 2l N0 8 . AmidopipitzahoXc acid. 
[154°]. Flat violet-brown needles. Formed from 
the acid and alcoholic hydroxylamine (Mylius, 
B. 18, 936). The same body is got by boiling 
phenyl-amido-pipitzahoic acid (v. supra) with 
NH 3 Aq (A. a. L.). 

Oxypipitzahoic acid C, 5 H, 8 (0H) 2 0 2 . [129°] 
(A. a. L.) ; [184°] (M.). Formed by warming 
phenyl-amido-pipitzahoic acid ( v . supra) with 
alcoholic E^S0 4 . Orange plates, nearly insol. 
water. Its alkaline solutions are violet. Bromine 
forms an unstable dibromide [140°-146°]. On 
warming with H 2 S 0 4 it is converted into pere- 
zinone C, a H 18 0„ [144°], which crystallises in 
yellow needles or prisms, and yields C Ia H 17 Na0 3 , 
crystallising in easily soluble yellow tables. 

PIBYLEHE O.H, i.e. (60°). 

Formed by distilling with solid NaOH the 
methylo-iodide of the base obtained by the action 
of Ag a O on the iodide formed from di-methyl- 
pyridine hexahydride and iodine (Ladenburg, 
A. 247, 60). Oil* Does not ppt. ammoniaoal 
Qxxfilr 


PISCIDIN 0 M Hj 4 0 8 . [192°]. The poisonous 
principle of Jamaica dogwood (Piscidia 
Erythrina) } from which it can be extracted by 
lime-water (Hart, Am. 5, 39). Six-sided prisms 
(from alcohol), insol. water, si. sol. cold alcohol, 
sol. benzene, GH01 S , and cone. HClAq. Sedative 
and narcotic. 

PITTA KAL v. Eupittonic acid. 

PITURINE is Nicotine. 

PLASMINE v. Proteids. 

PLATINAMMINES v. Platinum- ammonium 
compounds, p. 292. 

PLATINATES. Pt0 4 H 4 aots as an acidic 
hydroxide towards strong bases, forming com- 
pounds of the type a;Pt0 2 .2/M0. These platin - 
ates are generally obtained by reacting on 
PtCl 4 Aq with caustic or carbonated alkalis, and 
sometimes by fusing PtCl 4 with bases and then 
washing with water. 

Barium platinates. The compound 
2Pt0 2 .3Ba0 was obtained, in hexagonal crystals, 
by Rousseau (C. R. 109, 144) by heating PtCl 4 
with BaO for some time, then adding BaCl 2 
equal to the quantity of BaO used, and heating 
to c. 1100° (m.p. of Cu) in a Pt dish for some 
hours, and washing with water. The crystals 
are insol. acetic acid, but sol. HClAq. The salt 
decomposes at an orange-red heat, in presence 
of BaCl 2 , with separation of Pt. Tops5e (B. 3, 
462) obtained PtBa0 8 .4H 2 0 by decomposing 
H^PtClgAq by excess of Ba0 2 H 2 in sunlight ; to 
the pp. thus obtained Johannsen (A. 155, 204) 
gave the composition 

3PtBa0 r BaCl 2 .Pt0Cl 2 .llH 2 0. 

Calcium platinates. According to Herschel 
(A. 3, 317), CaOAq added to PtCl 4 Aq in sunlight 
produces a white pp. of 

PtCa0 8 .Ca0.Pt0Cl 2 .7H 2 0. 

Sodium platinates. When a mixture of 
Na 2 C0 3 Aq and KjPtClgAq stands for some days 
in a warm place, a pp. of 3Pt0 2 .Na 2 0.6H 2 0 sepa- 
rates (Ddbereiner a. Weiss, A. 14, 21). Rousseau 
(C. R. 109, 144) obtained crystals of Na platinate 
by heating a mixture of equal weights of NaOH 
and NaCl with some Pt black, in a Pt crucible, 
to c. 1100 for two or three hours. 

For descriptions of the bromoplaUnates t 
chloroplatinates , iodoplatinates , <fcc., v. Platini- 

BROMIDES, PlATINI-CHLORIDES, PLATINI -IODIDES, 

<&c. 

THIOPLATINATES. PtS 2 combines with 
some more basic sulphides to form salts which 
may be called thioplatinates ; some salts are 
also known containing Pt and Sn combined with 
alkali metal and S, these may be called thio- 
stannoplatinates. The alkali thioplatinates are 
obtained by fusing together Bpongy Pt, S, and 
alkali carbonate, and washing with water, wherein 
the thioplatinates are insoluble. Other thin* 
platinates— of Cd, Cu, Fe, Pb, Mn, Hg, Ag, Tl, 
Sr, and Zn— are obtained by double decomposi- 
tion from the alkali salts. The thioplatinates 
belong to the forms M I 2 Pt 4 S e and M^Pt^S* ; the 
corresponding thioplatinic acids H 2 Pt 4 S a and 
H 4 Pt*S a are obtained by decomposing KjPt^ 
and Na 4 Pt s S a respectively by dilute HClAq. 

Potassium thioplatinate 
K 2 Pt 4 S g = K 2 S.3PtS.PtS 2 (Potassium platin- thio- 
platinate). Blue-grey, metal-like crystals ; S.& 
6 44 at 15°. Glows like tinder when heated in 
air, forming £^804 and Pt ; reduced in H with 
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evolution of H^S and formation of Pfc. Obtained 
by fusing an intimate mixture of 1-2 parts Pt 
black with 12 parts of a mixture of equal parts 
of 8 and KjCOj in a porcelain crucible, keeping 
the molten mass over the blowpipe for a few 
minutes and extracting with water when cold. 

Sodium thioplatinate 

Na 4 Pt 3 S« » 2Na2S.2PtS.PtS3 (Disodium platin - 
thioplatinate). Copper-red, rhombic needles ; 
decomposed in air. Obtained similarly to the 
K compound mentioned above. 

For details regarding thioplatinates, and also 
thiostannoplatinates, v. Schneider, P. 136, 105 ; 
138, 604; 139, 661; 141, 519; 148, 633; 149, 
881 (cf. E. von Meyer, J.pr. [2] 15, 1). 

M. M. P. M. 

PLATINITES, derivatives of; v. Platino- 
bromides, Platin 0- chlorides, Platino-nitrites, 
<fcc. 

PLATINI- and PLATINO- COMPOUNDS. 

Such compounds as platini-bromides, called also 
bromoplatinate$ f and platino-nitrites -will be de- 
scribed here. 

PLATINI- COMPOUNDS. These compounds 
are derived from platinic compounds, especially 
from PtCl 4 , PtBr 4 , and Ptl 4 ; they generally 
react as salts of acids containing tetravalent 
atoms of Pt in their acidic radioles. 

Platini-bromhydric acid H 2 PtBr 6 .9H 2 0 
( Bromoplatmic acid). Formed by heating spongy 
Pt with Br, and HBrAq (b.p. 126°), in a sealed 
tube, to 180° (Meyer a. Ziiblin, B. 18, 404 ; Hal- 
berstadt, B. 17, 2962). Also by dissolving Pt 
black in HNO $ Aq mixed with HBrAq, heating 
with repeated additions of HBrAq, evapora- 
ting over CaO, and washing the crystals, on an 
asbestos filter, with CS 2 (H., l.c.). Large, clear, 
carmine-red, monoclinic crystals ; v. sol. water, 
alcohol, ether, acetic acid, and CHC1,. Melts at 
100° with partial decomposition (Topsde, Ar. Sc . 
85, 58 ; 46, 223). 

Platini-bromides M^tB^ (Bromoplatin- 
ates). Thomsen (Th. 8, 430) gives [Pt,Br 4 ,2KBr Aq] 
« 57,160 and [Pt,0 2 ,6RBrAq] = 80,360, where 
R«H, Na, K, Am, £Ca, £Ba, £Sr, £Mg. These 
salts are generally formed by evaporating 
HjPtB^Aq, or a solution of Pt in Br and 
HBrAq, with metallic bromides. They are red 
crystalline solids, isomorphous with the corre- 
sponding Cl salts. As solutions of these salts 
give a pp. of Ag^tBr*, and not AgBr, with a 
limited quantity of cold AgNO s Aq, and on 
electrolysis of their solutions the Pt goes with 
the Br to the positive electrode, they are better 
regarded as ordinary salts than as double salts 
2MBr.PtBr 4 . 

Ammonium platini-bromide AmjPtBrg. Red 
octahedra ; S.G. 4*2 ; si. sol. cold water. S. at 
20° ■> *69 (Halberstadt, B. 17, 2962). Formed 
by evaporating H 2 PtBr 4t Aq + NH 4 Br. 

Potassium platini-bromide K-jPtBr,,. Red 
octahedra ; S.G. 4*54 (Topsde, Ar. Sc. 35, 58 ; 
46, 223). S. 2*07 at 20°, 10 at 100° (H., l.c.). 
Obtained by ppg. H,PtBr e Aq by KBr, or by eva- 
porating H 2 PtCl*Aq with KBr. Thomsen (Th. 
8, 480) gives 

[Pt,Br 4 ,2KBr] « 69,260; [K*PtBr«,Aq] - - 12,260. 

Double compounds with KgPtGl, are 
described by Pitkin (C. N. 41, 118). 

Sodium platini-bromide Na 1 PtBr 6 .6H 2 0. 
Dark-red, triclinic prisms ; S.G. 3*328 ; very sol. 


water and aloohol. Obtained by evaporating 
PtCl 4 Aq with HBr till the Cl is turned out, 
adding NaBrAq, evaporating to dryness, dis- 
solving in a little water, and crystallising 
(Thomsen, J . pr . [2] 15, 294). Thomsen (Th. 
3, 430) gives [Pt,Br 4 ,2NaBr,6H O] = 65,330 ; 
[Na 2 PtBr®,6H 2 0] = 18,540 ; [Na 2 PtBr fi .6H z O,Aq] 
= —8,550. Platini-bromides of Ba with 10aq, 
Ca with 12aq, Co with 12aq, Cu with 8aq, Pb, 
Mg with 12aq, Mn with 12aq, Ni with 6aq, Sr 
with lOaq, and Zn with 12aq, are described by 
Topsoe (Ar. Sc. 35, 58 ; 45, 223) ; von Bons- 
dorff (P. 19, 343) describes a Mn salt with 6aq. 

Platini-bromonitrites ( Nitro-bromoplatin - 
ates. Platini-nitrobromides). Salts derived from 
the platini-bromides by replacing Br by N0 2 . 
By gently heating K2Pt (N0 2 ) 4 (u. Platino-nitrites, 
p. 284) with Br, potassium platini-dibromo- 
nitrite , K 2 PtBr 2 (NO.J 4 , is obtained as a yellow 
powder, si. sol. cold, more sol. hot, water (Vdzes, 
C. R. 112, 616). When an aqueous solution of 
this salt is concentrated at a gentle heat, it yields 
crystals of potassium platini-tribromonitrite, 
K 2 PtBr 3 (N0 2 ) 3 (V., G. R . 115, 44). Potassium 
platini-tetrabromonitrite , KjPtBr 4 (N0 2 ) 2 , is ob- 
tained by the regulated action of Br on 
KjPtfNOj^ ; it forms red prisms, sol. water with 
partial decomposition (V., C. R. 115, 44). 

Platini-chlorhydric acid H 2 PtCl a .6H 2 0 
(Chloroplatinic acid). A solution of this com- 
pound is the starting-point for the preparation 
of very many Pt compounds. Formed by dis- 
solving Pt in aqua regia , repeatedly evaporating 
with cone. HClAq till every trace of HNO s is 
expelled, and allowing to crystallise (Weber, P. 
181, 441 ; JSrgensen, J.pr. [2] 16, 345 ; Topsde, 
Ar. Sc. 35, 58). Red-brown, very deliquescent 
crystals ; S.G. 2*431. Easily sol. alcohol, forming 
H 2 PtCl 4 (OEt) 2 (Schiitzenberger, A. Gh. [4] 21, 
862). Heated to 230°, gives PtCl 2 (v. Platinum 
dichloride, Preparation , p. 289). Heated in Cl 
to above 350° gives PtCl 4 (v. Platinum tetra- 
chloride, Formation , p. 289). By adding much 
H 2 S0 4 to RjPtClg.6H.jO in a little water, Pigeon 
(C. R. 112, 1218) obtained the hydrate with 
4H 2 0 ; and by heating in vacuo at 100°, over 
fused KOH, he obtained HPtCl 5 .2H 2 0. Thomsen 
(Th. 3, 430) gives [2HClAq, Pt, Cl 2 ] - 84,620 ; 
[eHOlAqjPtjO 2 ] « 64,060. Pigeon (G. R. 110, 77) 
gives [H 2 PtCl°.6H a O, Aq] = 4,340. HJPtCleAq re- 
acts as a dibasic acid ; the platini-chlorides are 
numerous and important ; the Am and K salts 
are only si. sol. water and insol. alcohol, and are 
much used as forms for estimating K and am- 
monia. Very many organic baseB replace H and 
form salts analogous with the metallic platini- 
chlorides. 

Platini-chlorides M^PtClg (Chloroplatinates). 
Thomsen (Th. 8, 430) gives [Pt,Cl\2RClAq] 
= 84,620; and [Pt,0*,6RClAq] = 64,060; where 
R = H, Am, K, Na, |Ba, |Ca, 4Sr, 4Mg. Pigeon 
(G. R. 110, 77) gives [PtCl 4 ,2HClAq] - 24,800. 
These salts are generally obtained by evaporating 
H 2 PtCl fl Aq with metallic chlorides. Most of 
them are yellow-red, crystalline solids ; usually 
e. sol. water and alcohol. They are better 
regarded as ordinary salts than as double chlor- 
ides (cf. Platini-bromides, supra). The platini- 
chlorides were investigated by von Bonsdorff 
(P. 17, 250) ; later by Cleve (Bl. [2] 21 f 118, 197, 
247, 345) ; also by Topsde (Ar. Sc. 35, 58) ; and 
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by Nilson (B. 9, 3056, 1142). Crystallographi- 
cally considered, these salts fall into four 
groups : — (1) MgPtCl fl , where M = Am, Cs, K, Rb, 
T1 (and Pt may be replaced by Pd, Ir, or Sn) ; 
regular, isomorphous with Am 2 (or«K 2 )PtBr 0 , 
Am 2 (or ByPtle, fluosilicates, fluostannates, 
and fluoziroonates of similar composition. 
(2) MPtCl*.6aq, where M=*Cd, Co, Cu, Fe, 
Mg, Mn, Ni, Zn (and Pt may be replaced by 
Pd or Sn) ; hexagonal. (3) MPt01 6 .12aq, 
where M * Mg or Mn ; hexagonal ; isomor- 
phous with corresponding platini-bromides. 
(4) M(PtCl a ) r 24aq, where M * Ce a or La 2 ; hexa- 
gonal. 

Ammonium platini-chloride Am 2 PtCl fl (Am- 
monium chloroplatinate. Platinsalammoniac ). 
Ppd. on adding NH 4 C1 to H,PtCl 0 Aq, PtCl 4 Aq, or 
a solution of Pt in cone. HClAq with a little 
HNO*. Yellow, regular, octahedral crystals. 
S.G. 3-065 (Tops6e, l.c.). S. *665 at 20°, 1-25 at 
100° (Michaelis, G.-O. 1, 1187). Scarcely sol. 
alcohol or ether. Decomposed at red heat, 
leaving Pt black. For reactions with NH 8 v. 
Platinum- ammonium compounds, p. 292. 

Potassium platini - chloride KjPtCla 
(Potassium chloroplatinate). Ppd. by adding 
KOI, or other K salt, to cone. HjPtClgAq, or to a 
solution containing Pt which has been evaporated 
with excess of HClAq. Reddish-yellow regular 
octahedra. S.G. 3*586 (Bodeker). S. *74 at 0°, 
1-12 at 20°, 2-17 at 50°, 3-79 at 80°, 5-13 at 100° 
(Michaelis, lx.). Almost insol. alcohol, or alco- 
hol and ether. Slightly sol. dilute acids; sol. 
KOHAq. Reduced to Pt and KC1 by heating to 
redness ; more quickly by heating with reducing 
agents such as oxalic acid or sulphurous acid, 
or by heating in a stream of hydrogen. V&zes 
( C . B. 110, 757) describes a nitroso - derivative , 
EJPtfNOJCl.. Pigeon ( G . B. 110, 77; 112, 791) 
gives [Pt,Cl\2KClAq] =■ 83,330 ; [PtCl\2KClAq] 
= 25,330 ; [PtCl 4 ,2K01] » 29,700. Thomsen (Th. 
3, 480) gives [Pt,Cl 4 ,2KCl] - 89,500. 

Potassium platini-bromochloride 
KjtPtBrjCli ; by ppg. H^PtCl^Aq by KBr (Pitkin, 
C. N. 41, 118). 

The following plalini-chlorides have also 
been isolated: AlGf s .PtCl 4 .15aq (Welkow, B. 7, 
304 ; Salm-Horstmar, P. 99, 638) ; Ba, with 4aq 
(TopsSe; Bomsdorff, Precht, Fr. 1879. 509); 
Be, with 8aq (Welkow, B. 6, 1288; Thomsen, B. 
3, 827) ; Cd, with 6aq (Topsde) ; Cs (Crookes, 
C. N. 9, 87 ; Bunsen, P. 119, 371) ; Ca, with 9aq 
(Topsde ; Precht) ; Ce, various salts (Cleve, Ma- 
rignac, Holzmannj/.pr. 84, 80) ; CrCl 3 .PtCl 4 .10aq 
(Nilson, B. 9, 1056, 1142) ; Co, with 6aq (Topsde) ; 
Cu, with 6aq (T.) ; Di, various salts (Frerichs a. 
Smith, A. 191, 831) ; 2InCl r 5PtCl 4 .36aq (Crookes, 
J”. 1864. 256) ; Fe, various salts (T. ; Bonsdorff ; 
Nilson) ; La, various salts (Cleve, Marignac, 
Jolin, B. 11, 910) ; Pb, with 3 or4aq (Birnbaum, 
J. 1867. 319 ; Topsde) ; Li, with 6aq (Scheibler, 
J. pr. 67, 485 ; Jdrgensen a. Topsde, Qm.-K. 3, 
1174) ; Mg, with 6aq (T.) ; Mn, with 6aq (T.) ; 
Ni, with 6aq (T.) ; Rb (Crookes ; Bunsen) ; Ag 
(Birnbaum); Na, with 6aq (Marignac, Topsde, 
Precht; for thermal data v. Thomsen, and 
Pigeon, lx.) ; Sr, with 8aq (Bonsdorff); T1 
(Crookes) ; Th, with 12aq (Cleve) ; Sn, with 12aq 
(Nilson). Compounds of PtCl 4 with chlorides of 
Er (Nilson), Hg (Birnbaum), VO (Brauner, M. 3, 
58), and ZrO (Nilson) probably exist. No com- 


pounds are formed with PtCl 4 and chloride ol 
Sb, As, or Bi. 

Platini-chloronitrites (Platini-nitrochlor- 
ides. Nitrochloroplatinates). Salts derived 
from the platini-chlorides by replacing Cl by 
N0 2 . A few of these salts are described 
by Vdzes (G. B. 115, 44) ; the principal 
are dichloronitrite K 2 PtCl 2 (N0 2 ) 4 , trichloro- 
nitrite KjjPtCl^NOa),, and pentachloronitrite 
KjPtCUNOAHjO ( v . also Blomstrand, J.pr. [2] 
3, 214). 

Platini-iodhydrio aoid H 2 PtI 6 .9H 2 0 ( Iodo • 
platinic acid). Brown doliquescent crystals ; 
probably monoolinic ; by dissolving Ptl 4 in HIAq, 
and evaporating. Easily decomposed, even in 
solution, rapidly at 100°, with separation of 
Ptl 4 (Topsde, Ar. Sc. 38, 297 ; Clementi, J. 
1855. 420 ; Lassaigne, A. Ch. [2] 51, 113). 

Platini-iodides M^Ptlg ( Iodoplatinates ). 
Reddish-brown, metal-like salts ; generally 
formed by evaporating H 2 PtCl 8 Aq with excess of 
metallic iodides, or by adding iodideB to PtI 4 Aq. 
The following have been described (v. Topsde, 
Clementi, Lassaigne, lx .) : Am ; Ca, with 12aq ; 
Co ; Fe ; Mg, with 9aq ; Mn ; Ni, with 6aq ; K ; 
Na, with />aq ; Zn, with 9aq. 

Platini-iodonitrites (Platini-nitro-iodides. 
Nitro-iodoplatinates ). M I 2 PtI 8 _ I (N0 2 ) x . A few 
of these salts are described by Vdzes ( C . B. 113, 
696). A nitroso-platini-iodide , KjPtfNOJLj, is 
also described. 

Platini-molybdates. By boiling Pt(OH,) 
with an acidified solution of Na molybdate, Gibbs 
(Am. S. [3] 14, 61) obtained a complex com- 
pound which may provisionally be olassed as a 
platini -molybdate, 4N a 2 0. 10MoO 3 .PtO 2 .29H 2 O . 

Platini-nitrobromides ; v. Pl^tini-bromo- 
nitrites, p. 282. 

Platini-nitrochlorides ; v. Platini- ghloro- 
nitrites, supra. 

Platini - nitro - iodides ; v. Platini - iodo- 

nitrites, supra. 

Platini-tungstatea. Complex compounds of 
Pt0 2 , W0 3 , and strong bases (v. Gibbs, Am. S. [3] 
14, 61 ; Rosenheim, B. 24, 2397). 

PLATINO- COMPOUNDS. These com- 
pounds are derived from platinous compounds, 
especially from PtClj, PtBr 2 , and Ptl 2 ; they 
generally react as salts of acids of the form 
H;jPtX 4 , where X is a monovalent negative 
radicle, generally Cl, Br, or I. 

Platino-bromhydric acid H^tB^ (Bromo- 
platinous acid). This compound is probably 
contained in a solution of PtBr a in HBrAq. 

Platino-bromides M^PtB^ (Bromoplati- 
nites). Only one of these salts, £JPtBr 4 , has 
been isolated. Potassium platino-bromlde is 
obtained by adding a very little water to a mix- 
ture of the corresponding Cl salt and NaBr, in 
the ratio KjjPtC^ ; 4NaBr, boiling, sucking up 
the clear liquid from ppd. NaCl, and allowing to 
cool, when the salt crystallises in dark-brown 
octahedra, or brown-red needles, which are very 
sol. water (Thomsen, J . pr. [2] 15, 294). Thom- 
sen (Th. 3, 430) gives [2KBr,Pt,Br*] - 32,310. 

Platimo-bromonitrites v. Platino -nitrites, 
p. 284. t 

Platino-chlorhydric acid H^PtClj (Chloro- 
platinous acid). This acid has not been isolated ; 
out It almost certainly exists in a solution of 
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PtCl 2 in HCIAq, in the liquid obtained by decom- 
posing BaPtCl 4 by the equivalent quantity of 
H^SOtAq (Nilson, J. pr. [2] 15, 260), and in the 
solution formed when cone. ILJPtCleAq is added 
to hot cono-iyPtC^Aq (Thomsen, J. pr. [2J 15, 
294). When these liquids are evaporated in vacuo, 
a residue is obtained agreeing in composition 
with the formula HPtCl 3 .2H 2 0 ( — HCl.PtCl 2 .2H 2 0 
« H 2 Pt01 8 (0H).H 2 0) ; at 100° this loses Rfi and 
HC1 and leaves PtCl 2 (Nilson, l.c.). 

Platino-chlorides M^PtCl^ (Chloroplatinites). 
These salts are obtained by evaporating metallic 
chlorides with PtCl 2 Aq, or in many cases by re- 
ducing platini-chlorides. Most of the platino- 
chlorides are very soluble in water, and crystal- 
lise only from very cone, solutions, generally 
forming dark-red crystals. Many of them are 
described by Nilson (J. pr. [2] 15, 260). Thomsen 
(Th. 8, 480) gives [Pt,Cl 2 ,2MClAq] « 41,830 ; and 
[Pt,0,4MClAq] = 31,550 ; where M - H, K, Na, 
Am, £Ba, ^Ca, |Sr, or £Mg. 

Ammonium platino-chlorioe. Am 2 PtCl 4 
(Ammonium chloroplatinite). Obtained, in 
four-sided prisms, by adding AmCl to PtCl 2 in 
HCIAq, and evaporating ; also by reducing hot 
Am^tClflAq by S0 2 , or hot H^tC^Aq by S0 2 
and then adding AmCl (Peyrone, A. 55, 205 ; 
Thomsen, B. 2, 668 ; Grimm, A. 99, 95). 
[Pt,CP,2AmCl]« 43,550 (Th. 3, 430). 

Potassium platino-cklobide KgPtCl., (Po- 
tassium chloroplatinite). Large, ruby-red, four- 
sided prisms; S.G. 8*2909 at 21°; easily sol. 
Srater, insol. alcohol (Nilson). An aqueous solu- 
tion is not ppd. by soda or potash when cold ; 
on boiling, all the Pt is thrown down as Pt(OH) 2 
(Thomsen, J. pr. [2] 15, 295). [Pt,Cl 2 ,2KCl] 
- 45,170 (Th. 3, 430). Obtained by adding KC1 
to PtCl 2 in HCIAq, and evaporating (Magnus, P. 
14, 241) ; also by reducing K 2 PtCl„Aq by R 2 S 
(Bottger, J. pr. 91, 251), or better by Ou 2 Cl 2 
(Thomsen, J.pr . [2] 15, 294). K 2 PtCl e is made 
into a paste with water, warmed, and moist 
Cu 2 Cl s is added, little by little, until a small 
excess is present; the liquid, whioh is nearly 
black, is filtered, the red crystals which separate 
on cooling are washed with alcohol and re-crys- 
tallised. 

The following platino-chlorides have been 
isolated and described : Ba, with 8aq ; Be, with 
5aq ; Ca, with 8aq ; Cs (Bottger, J. pr. 91, 251) ; 
Co, with 6aq; Cu, with 6aq (Thomsen, l.c. ; 
Millon a. Commaille, C . B. 57, 822) ; Fe 0UI , with 
6aq; Pb; Li, with 6aq; Mg, with 6aq; Mn, 
with 6aq ; Ni, with 6aq ; Bb ; Ag ; Na, with 4aq ; 
Sr, with 6aq ; T1 ; Zn, with 6aq (Hunefeld, S. 
60, 197). Compounds of PtCl 2 with the chlorides 
of the following metals are also described by 
Nilson (l.c.) ; Al, Ce, Or, Di, Er, La, Th, and Y. 

Platino-chloronitrites ; v . Platino-nitbites, 
infra. 

Platino-chlorophosphates ( Phospho-platino - 
chlorides). Several salts, and a few acids, con- 
taining Pt, 01, and P have been isolated by 
Schiitzenberger (Bl. [2] 17, 482; 18, 101, 148). 
The classification of these compounds is very in- 
complete. The following scheme is accepted as 
provisional (cf. Seubert, hadenburg' 1 s Hand - 
w&rterbuch der Chemie , 9, 814) : 

Platino-chlorophosphoric acid Cl a Pt:P(OH) 1 ; 
by dissolving £l*Pt.PCl s in water and crystal- 


lising; (CLjPt:PO a ) 2 Pb r 8aq, and various esters, 
isolated. 

Platino-chlarodiphosphoric acid 
P(OH) s 


ClgPt: I 

P(OH) s 


by the action of moist air on 


CLjPtiPCljj.PClj ; ethyl ester also isolated. 
Platino-chloropyrophosphoHc acid 

mm), 

CIPt: 0 * by warming a solution of 

IWH), 

Cl 2 Pt:PCl 3 .PCl 3 . 

Platino-chloro-anhydropyrophosphork acid 
P(OH) 2 

CIPt: O ; by heating the foregoing acid to 

P(OH) 

150°. 


Ethyl diplatino-chloro-phosphate 
°}g>P(OEt),; by dissolving ^'>PC1 3 in 

alcohol ; corresponding acid not isolated (Cochin, 
C. B. 86, 1402). 

Platino-cyanides and derivatives ; v. vol. ii. 
p. 344. 

Platino-iodhydric acid H 2 PtI 4 (Iodoplatin- 
ous acid). This acid probably exists in a solu- 
tion of Ptlj in HIAq. 

Platino-iodonitrites ; v. Platino-nitrites. 

Platino-nitrites, and derivatives. Platinous 
nitrite [P^NOJJ has not been isolated; but 
several compounds are known in whioh the group 
Pt(N02) 2 forms part of the acidic radicle. These 
platino-nitrites belong to the form M 2 Pt(N0 2 ) 4 ; 
they are not to be regarded as double salts, but 
as derivatives of the acid H 2 Pt(N0 2 ) 4 ; the or- 
dinary reagents for Pt do not Bhow the presence 
of this metal in solutions of these salts, nor do 
these solutions give the reactions of nitrites ; 
their solutions doubtless contain the ions M and 
Pt(N0 2 ) 4 . Most of the platino-nitrites are ob- 
tained from the potassium salt K 2 Pt(N0 2 ) 4 , which 
is formed by the reaction of equivalent weights 
of K 2 PtCl 4 and KN0 2 . 

Platino-nitbous acid H 2 Pt(N0 2 ) 4 has not 
been obtained pure, but it doubtless exists 
in the solution obtained by decomposing 
BaPt(N0 2 ) 4 by H 2 S0 4 Aq; on evaporation, this 
solution gives red crystals (Lang, J. pr. 83, 415), 
but the process causes partial decomposition to 
triplatino-octonitrous acid H 4 Pt 3 0(N0 2 ) 8 .2H 1 0 
(Nilson, B. 10, 934). 

Potassium platino-nitrite K 2 Pt(N0 2 ) 4 
(Potassium nitroplatinite). Small, lustrous, 
colourless, monoclinic prisms ; by mixing solu- 
tions of equivalent weights of &jPtCl 4 and KN0 2f 
and evaporating (Topsoe, J. 1879. 307). S. 3*8 
at 15°; more sol. hot water. Combines with 
Br and Cl to form potassium platini-dibromo- 
[ dichloro -] nitrites , K 2 PtBr 2 [Cl 2 ](N0 2 ) 4 . Most of 
the other platino-nitrites are obtained from 
this salt, by adding AgNO s Aq, separating 
Ag 2 Pt(N0 2 ) 4 , and decomposing this by metallic 
chlorides ; or making BaPt(N0 2 ) 4 , by the actipn 
of BaOlsAq on the silver salt, and decomposing 
this by sulphates (Nilson, B. 9, 1722; 10, 930; 
11, 879 ; v. also Blomstrand, [2] 3, 186). 

The other platino-nitrites which have been 
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Isolated are : Al, Am, Cd, Ce, Or, Co, Di, Sr, Fe, 
La, Pb, Li, Mg, Mn, Hg, Ni, Ag, Na, Tl, Y, and 
Zn. 

Platino-bromonitrites M^PtfNOjL-JBr,. 
A few of these salts have been obtained by 
V5zes ( 0 . R. 113, 696 ; 115, 44). Potassium 
platino-bromonitrite K2PtBr(N0 2 ) 8 and di- 
bromo-nitrite lyPtBr^NO^ are described. 

Platino-chloronitrites M r 2 Pt (N0 2 ) 4 _*C1 z . 
V&zes ( l.c .) has described the potassium mono - 
'chloro-salt KjPtClfNOjL, and the dichloro-salt 
K 2 Pt01 2 (N0 2 ) 2 . 

Platino-iodo-nitrites M 2 Pt(N0 2 ) 4 _ z I x (Nil- 
son, B. 10, 930 ; 11, 879 ; Groth, Z. K. 4, 469 ; 
V&zes, C, R . 115, 44). Potassium platino-di-iodo- 
nitrite KjPtI 2 (N0 2 ) 2 .2H 2 0 is obtained, in small, 
black crystals, by the action of an alcoholic 
solution of I on KjP^NO^. The other salts 
isolated are those of Al, Am, Ba, Be, Cd, Os, Ca, 
Ce, Co, Cu, Di, Fe, La, Pb, Li, Mg, Mn, Ni, lib, 
Ag, Na, Sr, Tl, Y, and Zn. 

Platino-nitrobromides ; v . Platino-bromo- 
nitrites, supra. 

Platino-nitrochlorides ; v . Platino-chloro- 
nitrites, supra . 

Platino-nitro-iodides ; v. Platino-iodo- 
nitrites, supra . 

Flatino-oxalic acid and platino-oxalates 
H 2 Pt(C 2 0 4 ) 2 and M I 2 Pt(C 2 0 4 ) 2 (Soderbaum, Bl. [2] 
45, 188). The sodium salt Na 2 Pt(C 2 0 4 ) 2 .4H 2 0 
is obtained, in copper-coloured crystals, by 
heating Na 2 0.3Pt0 2 .6H 2 0, with 1£ parts 
crystallised oxalic acid, cooling the blue- 
coloured liquid, treating the brown needles 
which separate with hot water, and crys- 
tallising; sometimes the salt separates with 
5H 2 0 as golden-coloured crystals. The other 
salts are obtained by double decomposition from 
the Na salt ; they seem to exist in two forms 
corresponding with the two sodium salts. Pla- 
tino-oxalic acid H 2 Pt(C 2 0 4 ) 2 .2H 2 0 is obtained 
as red, lustrous, metal-like orystals by decom- 
posing the Bilver salt with the equivalent weight 
of HClAq, filtering, and concentrating the blue 
solution in vacuo. Salts of the following metals 
are described by Sdderbaum (l.c.) : Am, Ba, Ca, 
Mg, Mn, Ni, K, Ag, Na, Sr, and Zn. 

Platino-phosphochlorides v. Platino-chloro- 
phosphates, p. 284. 

Platino-seleno-stannates. Schneider ( J.pr . j 
[2] 44, 507) has described two salts, K 2 Pt 3 SnSe 6 j 
and Na^tgSnSeg, which may be called platino- j 
seleno-stannates. They are formed by heating 
together Pt black, SnSe 4 , K 2 C0 8 or Na 2 CO s , and j 
Se. j 

Platino-stannates. This name may be given 
to some compounds derived from the acids 
H 2 Pt 2 Sn 2 0<, and H 2 Pt 2 Sn30 4 , described by 
Schneider (P. 136, 105) and Schiitzenberger 
(C. R. 98, 985) ; cf. also L6vy a. Bourgeois ( C.R . 
94, 1365). 

Pl&tino-sulphocyanhydric acid, and salts t>. 
vol. ii. p. 357. 

Platino-sulphonates, and derivatives (Liebig, 
A. 23, 23 ; Litton a. Schnedermann, A. 42, 316 ; 
Bimbaum, A. 189, 164 ; 152, 137 ; 159, 116 ; 
Ddbereiner, J.pr. 15, 315 ; Lang, J. pr. 88, 415). 
(Platino-sulphites. Sulpho-platinites.) When 
K 2 PtCl 4 is nested with KHSO,Aq, or S0 8 is 
passed into K^SOjAq holding Pt(OH) 4 in sus- 
pension, the liquid is neutralised by E^CO, and 


evaporated, yellow, microscopic crystals are ob- 
tained of K 2 Pt(KS0 3 ) 4 .2H 2 0. From this potas- 
sium platino-sulphonate other similar salts are 
obtained. These salts are better regarded as 
derived from platino-sulplionicacid H 2 Pt(HSO„) 4 
than as double compounds of PtSO a and 
K 2 S0 8 [K 2 Pt(KS0 4 ) 4 = PtS0 3 .3K 2 S0J ; they are 
analogous to the platino-chlorideB M 2 PtCl 4 and 
the platino-nitrites MaPtfNO^. The ammo- 
nium , sodium , and silver salts have been 
isolated. Sodium-platino-oxy-sulphonic acid 
Na2pt(HS0 8 ) 2 0 ana ammonium-platino-oxy - 
sulphonic acid Am 2 Pt(HS0 8 ) 2 0 have also been 
isolated. 

Platino - ohlorosulphonates (Platino- 
chlorosulphites. Sulpho - chloroplatinitcs). 
M I 2 Pt.Cl 8 .M*S0 3 . The potassium salt 
K 2 Pt.Cl 3 .KS0 8 is obtained by warming K^PtCl,, 
with S0 2 Aq, evaporating, and adding KC1. 
Ammonium platino - chlorosulphowic acid 
Am2Pt.Cl3.HSO3 crystallises from a solution of 
Am 2 PtCl 8 , or Am^PtOL, in warm cono. SOjAq ; 

, the potassium and sodium salts of this acid are 
known. A complex acid, AmH.Pfc.Cl.SO t .HSO s , 

| and the salts AmK.Pt.Cl.S0 3 .KS0 8 and 
| Am 2 .Pt.Cl.S0 3 .S0 3 Am have been isolated. 

[ Platino-thiosulphates. A few salts have been 
j obtained which may be regarded as compounds 
of hypothetical platinous thiosulphate and 
sodium thiosulphate PtS 2 0 3 .aNa 2 S 2 0 3 .2/H 2 0, 
where x is 3, 4, 6, and 7. They may also be 
looked on as derivatives of the hypothetical 
acid HjPt^OgH)*, where H is replaced by Na 
(Schottlander, A. 140, 200 ; Jochum, C. G. 1885. 
642). M. M. P. M. 

PLATINUM. Pfc. At. w. 194-3. Mol. w. 
unknown. Melts at c. 1775° (Violle, C. R. 89, 
702) ; older determinations generally gave m.p. 

O. 2000° (for references v. Carnelley’s Melting and 
Boiling Point Tables t p. 10), although Becquerel 
(G. R. 67, 855) gave 1460°-1480°. S.G. 21*48 
to 21-5 at 17*6°, after melting in H (Deville a. 
Debray, C. R. 81, 839 ; for other values v. Clarke’s 
Specific Gravity Tables , 2nd edit. p. 15). S.H. 
•03248 (Regnault) ; *0314 (Dulong a. Petit) ; 
•0317 + -OOOOm at t° (Violle, P. M. [5] 4 , 318). 
C.E. (linear at 40°) *00000899 (Fizeau, G . R. 68, 
1125, for Pt that had been melted) ; from 0° to 
100°, *00000881 (Calvert a. Johnson,!?. A. 1858. 
for hammered Pt). T.C. (Ag = 1000) 379 (C. a. 
J., l.c.) ; c. 84 (Wiedemann a. Franz, J. 1855. 91). 
Heat of fusion c. 5276 (for 194 g.) (Violle, l.c.). 
E.C. (Ag = 100) 8*042 at 12°-18 0 (Becquerel, 
A. Ch. [3] 17,242); 10-53 at 20*7° (Matthiessen, 

P. 103, 428). For electrical resistance of Pt wire 
v. Arndtsen (P. 104, 1). Crystallises in the regular 
system (v. infra, Properties). For chief lines in 

, emission-spectrum v. B. A. 1884. 436. 

I Occurrence. — Alloyed with Ir, Pd, Rh, Au, 

Cu, and Fe in the sands of many rivers, often 
associated with titaniferous iron and chrome- 
iron, and in the older rocks in different parts of 
the world. The quantity of Pt in ‘platinum 
ores,’ varies from c. 60 to c. 90 p.c. A Canadian 
Ni ore was found by Clarke a. Catlett to contain 
from -008 to *02 p.c. Pt (Am. S. 37, 572). In 
1741 Watson received some particles of a metal- 
like substance from the gold-bearing sand of the 
river Pinto in New Granada ; the shining silvery 
particles were called in the district where they 
occurred platina del Pinto (platina = diminutive 
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of Spanish plata** silver) . Watson extracted a 
new metal from the substance sent him, and 
called it platinum (T. 1750. 585). For a short 
account of the history of the Pt metals, v. Noble 
metals, iv. 628. 

Formation. — 1. By decomposition of PtCl 4 or 
(NHJgPtCltf by heat.— 2. By heating an alloy of 
Pt and Pb in a current of air, whereby the Pb is 
oxidised and the Pt remains.— 3. By reducing 
many Pt salts by Zn, Fe, NaOHAq and 
FeS0 4 Aq, Na 2 COjAq and sugar, alcohol added to 
an alkaline solution, <ftc. 

Preparation. — 1. The Pt ore is obtained as a 
fine powder by fusing with 2 or 3 times its 
weight of Zn, powdering the brittle alloy so 
formed, and removing the Zn by dilute H 2 S0 4 Aq 
(Descotils, Q. A . 27, 231 ; Hess, J. pr. 40, 498). 
The residue is heated to redness, then warmed 
with HClAq (to remove portions of the baser 
metals), and then treated with cold aqua regia 
which dissolves Au. The residuo is heated, in 
retorts, with aqua regia ; the solution contains 
most of the Pt, along with Eh, Pd, and a little 
Jr; in the residue are found osm-iridium ( v . 
vol. iii. p. 47), Ku, and a little Pt. The acid is 
distilled off, carrying with it most of the Os as 
- 0s0 4 ; the concentrated solution is neutralised 
by Na 2 C0 3 , and the Pd is ppd. as PdCy 2 by 
HgCy 2 ; NH 4 C1 is added to the filtrate, and 
^NH 4 ) 2 PtCl 6 is thus ppd. mixed with some 
(NH 4 ) 2 IrCl 6 . The Ir salt may be removed by 
.digesting with slightly warm KCNAq until the 
undissolved portion is light yellow; the salt 
JrCl„.3NH 4 Cl is thus formed and dissolved, while 
(NH 4 ) 2 PtCl 6 remains (Wohler a. Muckl6, A. 104, 

368) . Or the NH 4 .Pt and NH 4 .Ir chlorides may 
he dissolved in hot water, and the Ir salt reduced 
to IrCl 8 .3NH 4 Cl, which dissolves, by S0 2 ( cf . 
Iridium, vol. iii. p. 46). The residual ammonium 
platinichloride is then heated until all NH, and 
Cl are volatilised.— 2. Finely-divided Pt ore is 
dissolved in aqua regia diluted with 2 pts. water, 
under increased pressure (which aids the solu- 
tion) ; the solution is evaporated, and the residue 
is heated to 125°, whereby the chlorides of Pd 
and Ir are reduced to the lower chlorides ; treat- 
ment with HClAq dissolves PtCl 4 , whioh is ppd. 
as (NHJjPtCl,, by addition of NH 4 C1 (Heraeus, v. 
Hofmann’s Chem. Industrie auf der Wiener 
Weltausstellung , 2, 999 ; v. also Dullo, J. pr. 78, 

369) .— 8. Commercial Pt is melted with 6 times 
its weight of Pb, the granulated alloy is treated 
with dilute HN0 8 Aq (1:8 by volume), which 
dissolves most of the Pb, Cu, Pd, and Bh ; the 
.black residue is dissolved in diluted aqua regia — 
Ir remains undissolved — the solution is eva- 
porated with HjS0 4 Aq, whereby Pb is removed 
as PbS0 4 , the filtrate and washings are mixed 
with excess of NH 4 C1 and some Nad, heated tc 
80°, and allowed to stand for some days ; the 
,pp. is washed repeatedly with saturated 
NH 4 ClAq, and then with very dilute HClAq ; it 
is then dried, heated to dull redness in a Pt 
vessel with KHS0 4 and a little NH 4 HS0 4 , and 
washed with boiling water— Rh goes into solution 
.as Rh-K disulphate, and finely-divided Pt remains 
(Matthey, Pr. 28, 463). For other methods v. 
Deville a. Debray, A. Ch. [3] 56, 385; 61, 5.— 
4. Pure Pt is obtained by evaporating a solution 
-of the ore in aqua regia with HClAq tiU HNO s 
is nearly removed, adding NaOHAq till strongly 


alkaline, boiling for a long time (the alkalinity 
gradually disappears, owing to formation of 
NaClOAq), adding alcohol, and then making the 
turbid liquid acid by HClAq, filtering from olive- 
green IrCl 3 , and ppg. by oonc. NH 4 ClAq (W. von 
Schneider, A. Suppl. 6, 261). The Pt obtained 
by strongly heating the ppd. (NH 4 ) 2 PtCl a should 
be dissolved in diluted aqua regia , and re-ppd. 
by addition of NH,C1 ; on heating this pp. pure 
Pt remains (Seubert, A. 207, 8). For another 
method of obtaining pure Pt, v. Mylius a. F6rs- 
ter, B. 25, 665. 

The finely-divided Pt obtained by the above 
methods may be fused into a lump by the use of 
the O-H flame. The metal is placed in a cavity 
made in a block of lime (made by strongly heat- 
ing marble), which is covered by another block, 
through the top of which a hole is pierced to 
admit the flame (v. Deville a. Debray, A. Ch. [3] 
56, 385 ; cf. Platinum in Dictionary op Applied 
Chemistry). 

Platinum blacky which is extremely finely- 
divided Pt, is obtained by reducing solutions of 
some Pt salts by certain organic reducing com- 
pounds, or by Zn or Mg, &c. PtCl 4 Aq may be 
reduced by Mg (Bottger, J. pr. [2] 2, 137), zinc- 
dust or Fe in powder (Brunner, A. 109, 253), 
FeS0 4 Aq and NaOHAq (Hempel, A. 107, 97), 
sugar and NaoCOjAq, or by alcohol. Pt black 
is also formed by fusing Pt with twice its weight 
of Zn, powdering the alloy, dissolving out Zn by 
H 2 S0 4 Aq, and washing with very dilute HNO a Aq 
(Dobereiner, A. 17, 67). Loew (B. 23, 289) 
recommends to dissolve 50 g. PtCl 4 in 50-60 c.c. 
water, to add c. 70 c.c. formic aldehyde solution 
of 40 to 45 p.c., to cool, and then to add gradually 
50 g. NaOH in 50 c.c. water, to set aside for 
12 hours, and then to filter and wash until the 
washings pass through black, when the washing 
should be stopped for some hours, and continued 
when the washings again pass through colourless 
(O is absorbed and temperature rises) ; the residue 
is washed until quite free from NaCl, and dried 
over HjjSC^. Liebig (P. 17, 101) dissolved PtCl 2 
in warm cone. KOHAq, added alcohol to the hot 
liquid till C0 2 came off freely, decanted, washed 
the ppd. Pt, successively, with alcohol, HClAq, 
KOHAq, and finally, several times, with boiling 
water. 

Crystals of platinum are obtained by 
heating Pt to redness, in a glass or porcelain 
tube, in a stream of dry Cl, for twenty-four 
hours (Hodgkinson a. Lowndes, C . N. 58, 158, 
223 ; Seelheim, B. 12, 2066 ; Joly, N. 43, 541 ; 
cf. Troost a. Hautefeuille, C. B. 84, 94). Joly 
(N. 43, 541) . obtained cubical crystals of Pt, 
about •lmm. in length, by sprinkling Borne finely- 
powdered topaz on a ribbon of Pt, and heating to 
bright redness by an electric ourrent for c. two 
hours. Moissan (C. B. 109, 807) obtained crys- 
talline Pt by heating dry PtF 4 , in a Pt tube, to 
bright redness. Pt that has been melted shows a 
crystalline structure when touched with aqua 
regia (cf. Koettig, J. pr. 71, 190 ; Nogu&s, C. JR. 
47, 832 ; Kalischer, B. 15, 706 ; Mallet, Am. 8 . 
[2] 20, 340 ; Phipson, C. N. 5, 144). 

Treatment of platinum residues . — Pt resi- 
dues accumulated in the laboratory generally 
contain Pt as (NHJ^PtCl* ; the liquid portion 
usually contains alcohol. The solid part is 
wanned, in a water-bath, with K^CO^Aq, KOHAq, 
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or NaOHAq, and the alcoholic liquid is added 
little by little, or HCOjjNa is added (Duvillier, 
C. B. 84, 444), till the salt is reduced to Pt. 
The black residue is washed, dried, boiled with 
HClAq, and again washed and dried (Knosel, B. 
6, 1159). 

Properties . — Compact platinum is a 
white metal with a greyish tinge; it is easily 
polished, thereby acquiring a very high lustre. 
Much softer than Ag, rather softer than Cu ; 
thin plates or wire can be cut easily with scissors. 
Without taste or smell. Very malleable and 
ductile ; a wire 2 mm. diameter breaks with a 
weight of 124 kilos ; tenacity is, therefore, c. 
same as Fe. Pure Pt can be drawn into very 
thin wire; by fusing into Ag wire, drawing 
out, and dissolving away the Ag, a wire of Pt 
*0009 mm. diameter is said to have been ob- 
tained (Gaiffe, 0. B. 1877. G25). Most easily 
fused of Pt metals except Pd; very thin wire 
melts in the outer blow-pipe flame ; larger 
masses require the O-H flame. Becomes soft 
and workable much below its m.p. Melts in an 
ordinary fire, owing to combination with C or 
Si (Heraeus, D. P. J. 167, 182 ; Deville, A. Ch. 

[3] 46, 182; Boussingault.C. 12.82,691; Schiitzen- 
berger a. Colson, C. R. 94, 1710). Crystallises 
in the regular system, chiefly in octahedral and 
dodecahedral forms (v. Seelheim, B. 12, 2066). 
Said to volatilise to some considerable extent 
when kept molten (Deville a. Debray, C. R. 44, 
1101). By heating in certain gases, especially 
in Cl, volatile compounds are formed and again 
decomposed. Molten Pt absorbs O, and ‘ spits * 
when cooled rapidly. 

Pt occludes II. According to Graham (P. M. 

[4] 36, 68), Pt foil absorbs five to six times its 
own volume of H at a dull -red heat ; Berthelot 
(G. R. 94, 1883) says that Pt absorbs from 80 
to 120 times its volume of H, probably with 
formation of definite compounds. Berliner ( W. 
35, 791; cf. Neumann, M. 13, 40) found that 
ordinary Pt foil absorbed 127 volumes of H ; 
foil that had been quite freed from gases and 
cleaned absorbed 200 vols. of H and 80 vols. of 
O or CO. The whole of the occluded gas is re- 
moved, with difficulty, by strongly heating in 
vacuo ; under ordinary conditions about 80 vols. 
of H are retained. O is also occluded by Pt 
foil, and the condensed O brings about oxida- 
tions, e.g. electrolytic gas (H 2 + 0) explodes 
when exposed to Pt foil at c. 180° (Berliner, 
Ac.). Pt is pervious to H at a bright-red heat ; 
Graham (P. M. [4] 32, 401, 503) found that 
489*2 c.c. H passed, per minute, through Pt foil 
1*1 mm. thick and having a surface of 1 square 
metre. Gases other than H scarcely diffused 
through at all. 

Pt is not acted on by pure HClAq, HNO ? Aq, 
or H^SC^Aq, nor is it attacked by O ; various 
mixtures of acids dissolve it. Pt is acted on by 
Cl and by substances which evolve Cl ; also, at 
high temperatures, by molten alkalis, nitrates, 
KGN, a mixture of alkali carbonates with S, 
*>yP and Si, and by most of the metals. 

Platinum black is a porous, heavy, very 
finely-divided black powder, which becomes 
metal-like, grey, and lustrous when rubbed; 
S.G. 15*8 to 17*6. Pt black absorbs large quan- 
tities of certain gases, especially O ; according 
J)6bereiner {A. 17, 67), from 173 to 253 vols. 


O are ocoluded by 1 vol. Pt black. The O con- 
densed in Pt black is able to bring about many 
processes of rapid oxidation; H, CO, C 2 H„ 
CJEI k O gas, Et 2 0 vapour, <fcc., are rapidly oxi- 
dised, generally with ignition (v. von Mulder, 
R. T. G. 2, 44; Schfinbein, J. pr. 98, 76; P. 
105, 258 ; von Mulder a. van der Meulen, R. T . C. 

I, 167) ; alcohol is oxidised to acetic acid, formic 
and oxalic acids to C0 2 and H a O, As 2 0, to As 2 0, 
(von Mulder, B. T. C . 2, 44). Pt black charged 
with H acts as a reducer ; water is formed when 
the hydrogenised Pt black is brought into O (Wilm, 
B. 14, 878 ; Berthelot, C. R. 94, 1377) ; aqueous 
solutions of KC10 a , KNO„ K<FeCy 0 , also C tf H ft N0 2 , 
&c., are reduced (Gladstone a. Tribe, O. AT. 37, 
24.5) ; ozone is reduced to O (von M. a. van der 
M., l.c.). One cause of these actions is probably 
the heat produced during the condensation of 
the gases in the porous Pt (cf. Berthelot, A Ch. 
[5] 30, 519) ; it is not probable that an oxide 
of Pt is formed and then reduced (v. V. Meyer, 

J. pr. [2] 14, 124 ; cf. Tommasi, B. 11, 8111. 

The at. w. of Pt has been determined (1) by 
strongly heating PtCl 2 (Berzelius, P. 8, 179 
[1813]) ; (2) by determining Pt in K,PtCl a , and 
by finding tho ratio of Pt:KCl in the same salt 
(B., P. 13, 469 [1826] ; Andrews, Chem. Gazette , 
1852. 379) ; (3) by analyses of KPtCl,, and 
(NH^PtCl,, (Seubert, A. 207, 29 [18“00] ; Hal- 
berstadt, B. 17, 2962 [1884]; cf. Dittmar a. 
McArthur, E. Tr. 33, 561 [1888], and criticism 
thereon by Seubert, B. 21, 2179) ; (4) by deter- 
mining S.H. of solid Pt (Violle, P. M. [5] 4, 
318). As no V.D. of a Pt compound has yet 
been determined, the at. w. cannot be found by 
the direct application of the law of Avogadro. 
j The older determinations gave 196 to 197 ; Seu- 
bert proved that the true value is c. 194*5, which 
is between the values for Ir (192*5) and Au 
(196-8). No compound of Pt has been gasified 
from which the valency of the atom of Pt in 
gaseous molecules can be determined. Pt is 
closely allied to Ir, and less closely to Os, in its 
chemical properties. It is distinctly metallic 
physically, and, on the whole, chemically also. 
Pt0 2 is both basic and acidic ; Pt forms nume- 
rous acids by combining with H and negative 
radicles such as Cl tt , (NO^CL,, (CN) 4 , (SCN) fl , &c. 
For a fuller account of the chemical relations of 
Pt v. Noble metals, vol. iii. p. 628, and cf. Iron 
group of elements, vol. iii. p. 67. 

Pt is used for making crucibles &c. for labora- 
tory use, and vessels for evaporating cone, oil of 
vitriol, &c. Apparatus is sometimes platinised 
by placing in hot PtCl 4 Aq containing KOH and 
some organic reducing compound. 

Reactions and Combinations. — 1. Is not 
acted on by oxygen ; concerning absorption of O 
by Pt v. Properties. — 2. Heated to redness with 
sulphur , in presence of borax, PtS is formed 
(Deville a. Debray, C. R. 89, 587).— 8. Said to 
form a compound by heating Pt black with sele - 
nion.— 4. With chlorine , bromine , and iodine Pt 
reacts at temperatures above o. 300° (Danger a. 
Meyer, Pyrochemische Untersuchungen [Braun- 
schweig, 1885] 44, 57). Cl and Br attack Pt in 
presence of water. — 5. Scarcely acted on by 
fluorine below 100° (Moissan, A. Ch. 1892. 125). 
6. Hydrogen is occluded by Pt ; a considerable 
quantity of heat is produced, and perhaps com- 
pounds are formed (v. Platinum hydridb, p. 
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290).— 7. Heated with arsenic , a compound 
PtAB a is'said to be formed (v. Qm.-K. 3, 1192- 
1193). — 8. Phosphorus combines when heated 
with finely-divided Pt (Schrotter, J. 1849. 246). 
9. A boride is formed by heating Pt black with 
amorphous boron (Descotils, A. Ch. [3] 67, 88 ; 
Deville a. WOhler, J. 1856. 279). — 10. Heated 
to whiteness with silicon , Pt forms several com- 
pounds ; also combines with Si when heated 
with silica and carbon (v. Platinum silicides, 
p. 291).— 11. Softens when heated with carbon 
\v. Platinum carbide, p. 289).— 12. Alloys with 
many of the more easily fusible metals ( v . 
Platinum alloys, infra). — 13. Pt is not acted 
on by pure hydrochloric , nitric, or sulphuric 
acid (Scheurer-Kestner, C. R . 86, 1082; 91, 
59). It dissolves in warm aqua regia , form- 
ing PtCl 4 ( v . Dullo, J. pr. 78, 369). Alloying 
modifies the solubility in acids; alloys of Pt 
with small quantities of Ir or Rh are scarcely 
sol. in aqua regia , while an alloy with much Ag 
dissolves in cone. HN0 3 Aq; Pt ppd. by zinc 
dissolves in cone. HNO s Aq (v. Winkler, Fr . 13, 
369 ; van Riemsdyk, B. 16, 387 ; Wilm, B. 13, 
1198). — 14. Cone, sulphuric acid containing a 
little nitrous acid dissolves small quantities of 
Pt (Scheurer-Kestner, C. R. 86, 1082 ; 91, 59). 
Nitric acid , containing bromine or bromhydric 
acid , and also hydrochloric acid , into which 
chlorine is passed , dissolve Pt, forming PtBr 4 
and PtCl 4 respectively (Wagner, W. J. 1876. 149 ; 
Seubert, A. 207, 16). — 15. Pt is acted on, at red 
heat, by molten alkalis , baryta , nitrates., potas- 
sium cyanide , and by a mixture of alkali car- 
bonate and sulphur.— 16. PtCl 2 or PtBr 2 and 
Ptl 2 are formed when Pt wire is heated in iodine 
mono - or tri- chloride , or in chlorine mixed with 
iodine or iodine bromide ; with phosphorus 
pentachloride Pt phosphide is formed; with 
carbon tetrachloride O, C 2 01 6 , and 01 are pro- 
duced ; hydrogen chloride forms PfcCL,; hydrogen 
fluoride produces a soluble Pt salt ; and with 
mercurous chloride Hg and PtCl 2 are obtained 
(Hodgkinson a. Lowndes, C. N. 58, 223). 

Platinum, acids of. The hydroxide Pt(OH) 4 
reacts with strong bases as an acid. Several 
acids have been isolated containing Pt in 
combination with more or less complex 
negative radicles; these are ELPtCL, ELPtCL, 
ByPtBr,, HjPtla ; H 2 Pt(N0 2 ) 4 , H 4 Pt 8 0(N0 2 ) 8 ; 
H*PtCy 4 , H 2 PtCy 4 Cl 2 , B^PtfSCN)*; HJ>t 4 S a ; 
Pt(NH,) z .Cl.S0 8 H; PtCl^OH),. These acids 
are described as platino- and platini- chlorhydric 
acid,&c. (pp. 283 and 282) ; platino-nitrous acid , 
&c. (p. 284) ; platino-cyanhydric acid, <fcc. (vol. ii. 
pp. 844-5) ; thiqplatinic acid (p. 281) ; platos- 
ammine-chloro-sulphonic acid (p. 293) ; platino - 
chloro-phosphoric acid (p. 284). 

Platinum, alloys of. Pt alloys with many 
metals by fusing it with them ; with Sb, As, Pb, 
Sn, and Zn heat and light are produced. Alloys 
which seem to be definite compounds have been 
obtained with arsenic (PtAs 2 , Gehlen, Qm.-K. 
3, 1192) ; antimony (PtSb ?l Ohristofle) ; cad- 
mium (PtCd*, Deville a. Debray, A. Ch. [3] 56, 
385) ; lead (PtPb, Bauer, B. 3, 836 ; 4, 449 ; D. 
a. D., C. R. 90, 1195) ; tin (Pt 2 Sn„ PtSn 4 , and 
Pt 4 Sn 5 , D. a. D., A. Ch . [3] 56,885; Debray, 
C. R. 104, 1470) ; and zinc (Pt 2 Zn„ D. a. D., l.c.). 
Alloys have also been formed with bismuth 
(Gehlen, Gw.-|T. 3, 1192) ; copper (D. a. D., A. Oh. 


1859. 611 ; H61onis, B. 6, 42) ; gold (Dod6, B. 6, 
1273) ; iridium (D. a. D., A. Ch. [8] 56, 385 ; 
Pelouze, C. R. 49, 896 ; Matthey, Pr. 28, 463 ; 
D. a. D., C. R. 81, 839 ; Morin, O. R. 78, 1502) ; 
iron (D. a. D., C. R . 89, 587 ; Daubr6e, C. R. 80, 
526); nickel (H61onis, B. 6, n 42); potassium 
(V. Meyer, B. 13, 392) ; silver (D. a. D., A . Ch. 
1859. 611 ; H., l.c .) ; sodium (Y. M., l.c.). 

Amalgams of platinum. According to 
Crafts (Bl. [2] 49, 856), Hg has no action on Pt 
at the ordinary temperature, but Pt dissolves to 
a very small extent in boiling Hg, air being ex- 
cluded. When acid is present Hg alloys with Pt 
(Casamajor, Am. 6, 540 ; Skey, C. N. 22, 282 ; 
Krouchkoll, J. de Ph. [3] 3, 139). The amalgams 
are most easily formed by adding sodium-amal- 
gam to PtCl 4 Aq ; with 13*5 p.c. Pt the amalgam 
is a thiok liquid ; with 25*8 p.c. Pt it is solid ; 
an amalgam with c. 30 p.c. Pt has also been ob- 
tained (Joule, C. J. [2] 1, 378). 

Platinum, antimonide of. An alloy of Pt 
and Sb, approximating to the composition PtSb 2 , 
is obtained by melting the elements together in 
the ratio Pt : 2Sb ; also by passing SbH 3 into 
HgPtClgAq, and removing ppd. Sb and PtCIa by 
washing with K 2 SAq and KCNAq mixed (Chris- 
tofle, Recherches sur les Combin . de V Antimoine, 
Gottingen, 1863). 

Platinum, arsenides of. An alloy PtAs, is 
said to be formed by heating Pt black with* As 
(Gehlen, Qm.-K. 3, 1192). By passing AsH, 
into PtCl 4 Aq, and heating the pp. in dry C0 2 , 
Pt 8 As 2 is said to be formed (Tivoli, Q. 1885. 
487). 

Platinum-arsenic hydroxide. According to 
Tivoli (Q. 1885. 487) a compound PtABOH is 
produced by passing AsH 3 , containing H but no 
other impurity, into PtCl 4 Aq (corresponding 
with 2 g. Pt in 60 c.c. water), and drying the 
black flocculent pp. at 120°-130°. The compound 
is decomposed by washing with alcohol or 
water; hot cone. H 2 S0 4 at once separates Pt; 
heating in dry C0 2 produces As 2 O s , Pt 3 As 2 , and 
H 2 0. Gibbs (Am. 8, 289) described some com- 
pounds of Pt and As 2 0 3 . 

Platinum, boride of. Pt and B combine 
when melted together (Descotils, A. Ch. [3] 67, 
88). It is best to heat Pt black and amorphous B 
under borax (WOhler a. Debray, A. 101, 113). 
When excess of B is used, a crystalline compound 
containing 91*8 p.c. Pt., S.G. 17*3, is formed 
(Martius, A. 109, 79). 

Platinum, bromides of. Pt and Br com* 
bine when heated together to above 300° 
(Danger a. Meyer, Pyrochemische XJntersuchun - 
gen [Braunschweig, 1885], pp. 44, 57). Two< 
bromides are known, PtBr 2 and PtBr 4 ; the Y. D. 
of neither has been determined. 

Platinum dibromede PtBr 2 (Platinous 
bromide.) Formed by heating HBrAq, b.p. 
126°, with Br and spongy Pt to 180° in a sealed 
tube — HjPtBra.ajH/) is thus formed — evapora- 
ting to dryness, heating to o. 200°, and washing 
the residue with boiling water (Topsoe, J. 1868. 
273). Pullinger (C. J. 59, 602) heats spongy Pt 
with Br and HBrAq in a flask with a reflux- 
condenser, evaporates to dryness, and heats the 
residue to c. 280°. PtBr 2 is a brown powder; 
decomposes slowly at o. 800° in an air-current 
(P., l.c.) ; insol. water, boI. HBrAq and KBrAq. 
With KBr forms K^PtB^ (v. Platino-bromides^ 
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p. 282). Combines with CO at o. 180° to form 
PtBr 2 .CO, a bright red, crystalline solid ; melts at 
177- 7° ; not very hygroscopic ; sol. alcohol ; de- 
composed by water (Pullinger, l.c.). This com- 
pound is called by P. carbonyl-bromopdatinite. 

Platinum tetrabromide PtBr 4 (Platinic 
bromide ). Formed by heating spongy Pt with 
Br and HBrAq in a sealed tube to 180° — or 
by boiling Br, Pt, and HBrAq in flask with 
reflux-condenser (Pullinger, G. <7. 59, 602) — 
filtering, evaporating, heating residue at 180° 
till HBr ceases to come off ; treating with boiling 
water, filtering from traces of PtBr 2 , evaporating, 
and drying at 180° (H. Meyer a. Ziiblin, B. 13, 
404 ; Halberstadt, B. 17, 2963). A dark-brown, 
non-hygroscopic powder ; sol. aqueous alcohol, 
more sol. absolute alcohol or ether, v. si. sol. 
water (S. at 20° = *41) (H. lx.); somewhat sol. 
glycerin. Pt black separates when solution in 
alcohol, ether, or glycerin is heated. With HBr 
forms H 2 PtBr a ( v . Platini-bromhydric acid, 
p. 282). With many metallic bromides forms 
salts M 2 x PtBr a (v. Platini-bromides, p. 282). 
When spongy Pt is heated with HBrAq and 
excess of HNO a , small, dark-brown, very hygro- 
scopic crystals of platinum nitrosyl bromide , 
PtBr 4 .2NOBr, are obtained (Topsoe, J. 1868. j 
273). 1 

Platinum, carbide of. Pt becomes brittle 
and more friable when heated to redness with 
charcoal. By heating the compound which PtCl 4 
forms with acetone, Zeise (J. pr. 20, 209) ob- 
tained a black solid, to which he gave the com- 
position PtC 2 . 

Platinum, chlorides of. Two chlorides of 
Pt are known, PtCl 2 and PtCl 4 . When Pt black 
is heated in dry Cl at 240°-250°, PtCLj is formed, 
according to Schiitzenberger ( G . B. 70, 1134, 
1287). Pigeon ( C . B. 108, 1009) says that at 
360° PtCl 2 and PtCl 4 are formed, but the action 
is incomplete. Troost a. Hautefeuille (O. B. 84, 
94) found that PtCl 2 was formed when Pt was 
heated in Cl to 1400°, and the tube was suddenly 
cooled. 

Platinum dichloride PtCl 2 ( Platinous 
chloride. Platinochloride). V.D. not deter- 
mined. 

Formation.— 1. By heating H 2 PtCl a to c. 230° 
(Berzelius, Gm.-K. 3, 1081).— 2. By heating Pt 
black in Cl at 240°-250° till no more Cl is taken 
up (Schiitzenberger, G. B. 70, 1134, 1287). — 
3. By decomposing NaJPt(NaSO a ) 4 by HClAq 
(Liebig, A. 23, 23 ; for formation of Na 2 Pt(NaSO s ) 4 
v. Platinosulphonates, p.285). — 4. A solution of 
PtCl 3 is obtained by passing S0 2 into PtCl 4 Aq till 
the liquid beoomes red. 

Preparation. — 1. H^PtClgAq is evaporated to 
dryness, and the residue is heated in a bath of 
molten tin, i.e. at c. 230°, with constant stirring 
as long as Cl is given off (Berzelius, Gm.-K. 3, 
1081). Or the heating is stopped before much 
of the solid is decomposed, the residue is dis- 
solved in water, the dark-brown opaque liquid is 
evaporated, and the PtCl a which separates is 
dried at o. 150° (c/. Magnus, P. 14, 239). — 
2. H,PtCl fi .6H 2 0 is heated in vacuo , in presenoe 
of molten KOH, at 100° for 2 or 3 days ; the 
temperature is then raised to 360°, and main- 
tained thereat so long as Cl is given off (Pigeon, 
C. R. 112, 1218). Shenstone a. Beck (C> J. 61 t 
445) say that PtGl* prepared as directed above, 

Von. IV. 


always contains small quantities of some basic 
compound ; and that when the salt is strongly 
heated small quantities of HC1 and O are ob- 
tained, as well as Cl. Shenstone (G. J. Proc . 
1892 93. 38) finds that PtCl 2 almost free from 
basic compounds can be prepared by heating PtCl , 
in a stream of dry HC1 ; a sample prepared in 
this way gave only *15 p.o. of HC1 and O when 
decomposed by heat. 

Properties and Beactions. — A brown powder ; 
S.G. 5*87 at 11° (Bbdeker). H.F. [Pt.Cl 5 *]- 
22,600 (Berthelot, G. B. 87, 615). Insol. water, 
sol. HClAq in absence of air. Decomposed by 
heating to redness, giving off all Cl, and leaving 
Pt. According to Shenstone a. Beck (v. Pre- 
paration ), the Cl thus obtained contains a little 
HC1 and O, and H 2 0 is also given off. Not acted 
on by HNO a Aq or dilute H 2 S0 4 Aq ; decomposed 
by KOHAq, giving Pt(OH) 2 ; by heating with 
cone. R 2 S0 4 , and then with water, Kane ob- 
tained a black powder to which he gave the 
composition PtCl 2 .3PtO (B. J. 24, 238). 

Combinations. — PtCl 2 combines with many 
metallio chlorides ; the compounds are described 
as platino-chlorides (p. 284). With HC1 an acid 
H 2 PtCl 4 is formed ( v . Platino-chlorhydrio acid, 
p. 283). With CO the compounds PtCl 2 .CO, 
PtCl 2 .2CO, and 2PtCI a .3CO are formed. These 
compounds are produced by passing alternate 
currents of Cl and CO over spongy Pt at 250° 
Schiitzenberger, A. Gh. [4] 21, 350). Pullinger 
C. J. 59, 598) found that a fourth compound 
is also formed — PtCl 2 .2COCl 2 (or PtCl a .2CO). 
Carbonyl chloroplatinite (PtCl 2 .CO) combines 
with HC1, and with various hydrochlorides of 
organic bases (v. Mylius a. Forster, B. 24, 2424). 
PtCl 2 combines with PC1 3 to form PtCl 2 .PCl a 
and PtCl 2 .2PCl 3 ; and from these is derived a 
number of complex bodies. By treating 
PtCl r PCl 9 with H 2 0 an acid PtCl 2 .P(OH) 3 is ob- 
tained, from which various salt-like compounds 
are derived ; similarly PtCl 2 .2PCL, yields an acid 
PtCl 2 .P 2 (OH) a , and this gives many salt-like 
derivatives (Schiitzenberger, A. Ch . [4] 16, 100 ; 
21, 350 ; Baudrimont, O . B. 63, 637 : cf. 
Platino-chlorophosphateb, p. 284). By heating 
PtCl 2 .PCl s with PtCl 2 Colchin (G. B. 86, 1402) 
obtained 2PtCl 2 .PCl s . For ammoniacal deriva- 
tives of the platino-phosphorus chlorides v. 
Colchin (lx.) and Quesneville (M.S. [3] 6, 659), 
also Schiitzenberger ( Bl . [2] 14, 97 ; 17, 482 ; 
18, 101, 148). 

Platinum tetrachloride PtCl 4 (Platinic 
chloride. Platimchloride). V.D. not determined. 

Formation. — 1. By heating Pt in Cl to o. 
1700° (Langer a. Meyer, l.c. 44, 57) ; if a thin 
wire of Pt is heated by an electric current nearly 
to melting, in a stream of Cl, PtCl 4 is formed 
(Hodgkinson a. Lowndes, O. N. 58, 158, 228).— 
2. By allowing HjPtCl^HjO to remain ovei 
KOH, when it loses 4^0, and then heating in 
Cl to c. 350° (Pigeon, O. R. 110, 77).— 8. By 
heating Pt and Se, mixed with AsCl a , in Cl ( v . 
Preparation). — 4. PtCl^SH^O is obtained by 
adding AgNO :r Aq to H 2 PtCl 6 Aq in the ratio of 
H 2 PtCl a :2AgN 0„ heating, filtering from Ag01 t 
and evaporating finally over HjS 0 4 (Norton,/, pr. 
[2] 2, 469; 5, 865; Engel, Bl. [2] 50, 100; 
Quesneville, M. 8. [8] 6, 669). 

Preparation.— 1. Spongy Pt is mixed with 
rather less than its own weight of 8a* the mix* 

U 
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ture is plaoed in a tube of hard glass filled to 
one-third with AsCl„ and heated in a stream of 
Cl till the mass liquefies and boils, when the 
tube is sealed and heated for some hours at 
250°; on cooling, the colourless crystals are 
separated from the pale-yellow crystals and the 
yellow liquid, and are heated in vacuo at 110°, 
whereby PtCl 4 and SeCl 4 remain ; this residue 
is then heated at 360° in a stream of Cl, when 
SeCl 4 sublimes and PtCl 4 remains \Pigeon, C. R. 
108, 1009). — 2. Dry H^PfcCl. is placed in a 
porcelain boat which is heated, in a tube of hard 
glass, to 165° for about 15 hours in a stream of 
dry HC1 (Pullinger, C. J. 61, 422). 

Properties and Reactions . — H.F. [Pt,Cl 4 ] 
= 59,800 ; [Pt,Cl 4 ,Aq] ■» 79,400 (Pigeon, C. R . 
110, 77 ; 112, 791). A brown solid, said by 
Pigeon to be deliquescent; described by Pul- 
linger as very soluble in water, but not deli- 
quescent. The hydrate ( v . Formation, No. 4) 
forms large, red, monoclinic crystals ; according 
to Norton this compound has 5H a O, according 
to Engel 4H a O ; all H 2 0 except one molecule is 
removed at 100°, but the last molecule is not 
removable without decomposition. Decomposed 
by heating to dull redness (Pigeon, G. R. 110, 
77) ; in presence of Cl, may be heated to o. 360° ; 
in dry HC1 slight decomposition occurs at c. 200° 
(Pullinger,, l.c.). HClAq produces R^PtClyAq ; 
NH 4 C1 ppts. (NH 4 ),PtCl 6 . AgNOjAq ppts. 
Ag 2 PtCl 4 from cold PtCl 4 Aq, but on heating 
AgCl is formed and PtCl 4 goes into solution 
(JGrgensen, J. pr. [2] 16, 345). Pigeon (G. R, 
112, 791) gives [Ag 2 PtCl B ,Aq] - 12,160, to form 
PtCl 4 Aq and 2AgCl ; PtCl 4 Aq is decomposed by 
light, for some measurements v . Foussereau 
(C. R. 103, 248). 

Combinations . — 1. With water ( v . Formation , 
No. 4, and Properties). — 2. With hydrogen 
chloride to form H^PtCl^HljO ; the compound 
HPtCl 5 .2H 2 0 was obtained by Pigeon by heating 
ELjPtClg.eHjO in vacuo at 100° (v. Platini- 
chloehydeic acid, p. 282). Pigeon (C. R. 110, 
77) gives [PtCl\2HClAq] » 24,800. — 8. With 
many metallic chlorides to form platini - 
chlorides (q. v ., p. 282).— 4. A compound with 
phosphorous chloride PtCl 4 .PCl s is formed by 
treating PtCl^PCl, with Cl (Schiitzenberger, Bl . 
[2] 14, 97; 17, 482; 18, 101, 148; cf. Baudri- 
mont, C . R. 53, 637). — 5. A compound with 
nilrosyl chloride , PtCl 4 .2N0Cl.H 2 0, is one of 
the products of the action of fuming HNO s on 
HpPtClgAq (Weber, P. 131, 441). — 6. Combines 
with alcohol , and with ethyl sulphide, to form 
PtCl^CjHaO and PtCl 4 .2(Et) 2 8 respectively 
(Schiitzenberger, (7. R. 70, 1134; Blomstrand, 
/. pr. [2] 17, 189). — 7. Compounds with various 
organic bases and metallic chlorides , EtNH*, 
&c., are described by Jdrgensen (J. pr. [2] 83, 
409). 

Platinum, chloro-iodides of; v. Platinum 
iodochlortdes, infra . 

Platinum, cyanides of ; and derivatives : 
v. voL ii. p. 343. 

Platinum, fluoride of. Only one fluoride of 
Pt has been isolated, PtF 4 . Prepared by heating 
Pt wire in F, in a Pt or fluorspar tube, to c. 500°; 
if HF is mixed with the F combination occurs 
at the ordinary temperature (Moissan, O . R. 
109, 807). Small buff -coloured crystals, or fused 
masses of a deep red odour. Dissolves in a little \ 


! water, forming fawn-coloured solution, which 
almost at once decomposes, with rise of tempera- 
ture and production of PtO^xH.O and HFAq. 
Heated to bright redness in Pt tube, PtF 4 is 
decomposed to F, and Pt which separates 
in crystals. A compound with PF a , viz. 
PtF 4 .2PF„ is formed by passing PF a over spongy 
Pt heated to dull redness (M., Bl. [3] 5, 454). 
The decomposing action of H fi on PtF 4 explains 
the failure of former attempts to prepare a 
fluoride of Pt in the wet way. 

Platinum-iridium, or platin-iridmm. An 
alloy of Pt and Ir which remains, mixed with 
osm-iridium, when many samples of Pt ore are 
heated with aqua regia (cf. Iuidium, vol. iii. p. 
46). 

Platinum, hydride of. Pt black absorbs 
considerable quantities of H. According to 
Berthelot (A. Ch. [5] 30, 519), the relative 
weights of Pt and H are approximately 15:1 and 
10:1 ; a considerable quantity of heat is pro- 
duced. No certain evidence of the formation of 
hydrides has been obtained; but Thoma’s re- 
sult (Z. P. C. 3, 69), that the excess of H, above 
a definite quantity, absorbed by Pt when Pt is 
the negative electrode during the electrolysis of 
dilute sulphuric acid, is not easily given up, in- 
dicates the probable existence of a compound or 
compounds (cf. Palladium, vol. ii. p. 720). 

Platinum, hydroxides of ; v. Platinum, 
OXIDES AND HYDROXIDES OF, p. 291. 

Platinum, iodides of. Pt and I combine 
directly to form Ptl 4 ; the lower iodide Ptl 2 has 
also been obtained, but not pure. 

Platinum di-iodide PtL, (Platinous iodide. 
Platino-iodide). This compound is described as 
a black, heavy powder, insol. water, alcohol, and 
acids; giving Pt and I at 300°-350°; decom- 
posed by NaOHAq to PtO-ft. It is produced by 
boiling PtClj with fairly cone. KIAq (Lassaigne, 
A. Ch. [2] 51, 113) ; but it has not been obtained 
pure (Clementi, J. 1858. 420 ; TopsoS, Ar. Sc. 
38, 297). The compound PtI 2 .CO, carbonyl iodo- 
platinite , is described by Mylius a. Forster (B. 
24, 2424). 

Platinum tetra-iodide Ptl 4 (Platinic iodide. 
Platini-iodide). V.D. not determined. Prepared 
by heating Pt0 2 with HlAq (Clementi, J. 1855. 
420) ; also by the action of cold HIAq on 
RJPtCl a .6H 2 0 (Topsofi, Ar. Sc. 38, 297), and 
evaporating. Pullinger (C. J. 59, 602) obtained 
Ptl 4 by dissolving spongy Pt in a hot solution of 
I in HIAq, evaporating to dryness, heating to 
180°, and washing with water. A brown-black 
amorphous powder, insol. water ; sol. HIAq and 
metallio iodide solutions (TopsoS, l.c.) ; not 
wholly decomposed by heating with Na^COj to 
the m.p. of the carbonate (Pullinger, l.c .). Com- 
bines with HI to form H^Ptl^H^) (v. Platini- 
iodhydric acid, p. 283), and with metallio 
iodides to form salts (v. Platini-iodides, p. 283). 

Platinum, iodochlorides of. A compound 
PtI 2 Cl 2 is said to be formed, in large red plates, 
by dissolving Pt and I in aqua regia and evapo- 
rating at 100° (Kammerer, A. 148, 329). Another 
compound PtI 2 Cl was obtained by Mather, as a 
black powder, by evaporating H^PtClg with a 
small excess of HIAq, and heating the residae 
to 150° (Am.S. 27, 257). 

Platinum-nitrosyl bromide and Platinum- 
nitrosyl chloride, v. Platinum tstbabeomids, 
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p. 289 ; and Platinum tetrachloride, Combina - together in the ratio HjPtClg^AgNO,, a pp. fa 

tions , No. 5, p. 290. obtained which has the empirical composition 

Platinum, oxides and hydroxides of. Three PtCL(OH) 2 .2AgCl ; this substance may be re- 
oxides have been isolated ; PtO, Pt 3 0 4 , and Pt0 2 ; garded as a compound of the hydrated oxy- 
hydrates of all are known. PtO forms a few chloride Pt0Ci 2 .R 2 0 (Jorgensen, J. pr. [2J 16, 
salts ; it also dissolves in molten KOH and 345). The pps. formed by CaOAq and BaOAq in 
NaOH. Pt0 2 forms corresponding salts, and PtCl 4 Aq are supposed to contain oxychlorides 
also combines with alkaline oxides to form of Pt (v. Johannsen, A. 155, 204). 
platinates (q.v. p. 281). Platinum, oxysulphide of, 2Pt0S.H 2 0. PtS* 

Platinum monoxide PtO (Platinous oxide), slowly oxidises by exposure to air ; by washing 
Obtained as a violet powder, by strongly heating the product (to dissolve H*S0 4 and S0 2 ) and 
the pp. formed by CaOAq acting on H 2 PtCl«Aq drying in a stream of C0 2 , a black powder is ob- 
in sunlight, and washing with water and then tained having the composition 2PtOS.H a O 
with HN0 3 Aq (Dobereiner, P. 28, 181). Also by (perhaps HO.PtS.O.SPt.OH). This substance is 
carefully heating Pt0 2 H 2 . Reduced to Pt at an energetic oxidiser ; H, CO, R 2 S, S0 2 take fire 
red heat, also by action of reducers such as when brought into contact with it ; NH S is ab- 
HCOjjHAq. Dissolves in molten KOH and sorbed and oxidised to HNO a and HNO, (E. von 
NaOH, but the compounds thus formed have not Meyer, J. pr. [2] 15, 1). 

-been examined. A compound which is perhaps Platinum, phosphides of. Ptand P combine 
PtO.CO is described by Mylius a. Forster (B. when strongly heated together. Schrfitter ob- 

24, 2440). tained a grey metal-like mass, S.G. 8*77, to 

Platinous hydroxide Pt0 2 H 2 was . obtained which he gave the composition PtP 2 , by heating 
by Thomsen (J. pr. [2] 16, 294) by adding Pt black in vapour of P (J. 1849. 246). By heat- 
NaOHAq to KjPtCl^Aq (1:12) in the ratio ing Pt and P to white heat, Clarke a. Joslin (Am. 
2NaOH:K 2 PtCl 4 , and heating to boiling. A black 6, 231) obtained Pfc 3 P a ; and by heating in a 
powder, sol. HClAq, HBrAq, and SO-jAq, forming muffle they got Py?, sol. aqua reqia but changed 
corresponding salts. Freshly ppd. PtOjjJEL* dis- to insoluble PtP. 

solves in excess of NaOHAq. Platinum, salts of. But few salts, excepting 

Tri-platinum tetroxidb Ptj0 4 ( Platino - the halides, are known wherein Pt replaces the 
platinic oxide). A black powder, insol. acids ; H of acids ; Pt more frequently enters into the 
obtained by heating dehydrated Na 2 PtCl 8 with acid radicle, than the positive radicle, of salts. 

4 parts dry Na 2 CO* till fusion begins, boiling Platinum, selenide of. By heating Pt and 
with water, then with dilute HNO s Aq, and finally Se, Berzelius obtained a grey, infusible powdery 
with aqua regia (Jorgensen, J. pr. [2] 16, 344). perhaps PtSe (Om.-K. 3, 1081). 

Loses its 0 at red heat ; easily reduced to Pt by Platinum, selenocyanides of; for a double 
H or coal-gas, even without heating. Prost (Bl. salt v. vol. ii. p. 348. 

[2] 46, 156) describes a hydrate P^O^HaO. Platinum, silicides of. A white, crystalline, 

Platinum dioxide Pt0 2 (Platinic oxide). A brittle solid, Pt^i*, was obtained by Guyard (Bl. 
black powder, obtained by gently heating [2J 25, 510) by heating together equal parts of 
Pt0 4 H 4 . Pt0 2 is insol. acids, but Balts of this Pt black and powdered crystalline Si (cf. Winkler, 
oxide are formed from the hydroxide. J. pr. 91, 203). According to Miles (Am. 8,428), 

Platinic hydroxide Pt0 4 H 4 . Formed by the conditions favourable to the formation of 
boiling PtCl 4 Aq for a considerable time with a compounds of Pt and Si are a high temperature, 
large excess of NaOHAq, acidifying by acetic the presence of a reducer such as CO, a basic 
acid, drying the white flocculent pp. in the air, substance such as MgO, and SiF 4 , in contact 
and heating the yellow hydrate, Pt0 4 H 4 .2H 2 0, with Pt (v. also Brown, Am. 7, 173). 
to 100° (TopsoS, B . 3, 462; Fremy, A. Ch. [3] Platinum, sulphides of, Pt and 8 combine 
31, 478). Also obtained by evaporating when heated together. Two sulphides have been 
EyPtCl^Aq with excess of Na 2 C0 8 , rubbing up the isolated, PtS and PtS 2 ; there is also evidence 
residue in water, and treating with acetic acid of the existence of Pt 2 S 3 . 

(Dflbereiner, P. 28, 181; TopsoS, l.c.; cf. Witt- Platinum monosolphidb PtS (Platinous 
stein, R. P. 74, 43). A hydrate Pt0 4 H 4 .H 2 0 sulphide ). Obtained by heating Pt black and 8, 
was obtained by Prost (Bl. [2] 46, 156) by add- and volatilising excess of S, in absence of air ; 
ing water to a solution of Pt0 4 H 4 in cone, also by heating (NHJ^PtCl* with 8, out of con- 
HNO*Aq. A reddish-brown powder ; dehydrated tact with air, till NH 4 C1 and excess of 8 are 
by heating gently; at a higher temperature gives volatilised; also bypassing H,8 into PtCl^Aq 
Pt and O. Heated in H gives Pt. Sol. NaOHAq, (Berzelius). Prepared in crystals by heating to 
HClAq, QNOgAq, and HjSO^q. With acids redness a mixture of 1 pt. Pt, 1 pt. borax, and 
forms platinic salts, PtX 4 , where X « £S0 4 , £CO„ 10 pts. pyrites (Deville a. Debray, A. Ch. [2] 55* 
NO*, <fec. ; with strongly basic oxides forms pla- 215). A grey, lustrous Bolid ; S.G. 6*2. PtS pre* 
tinates, PtO a .a?MO (v. Platinates, p. 281). Com- pared in the wet way is a black powder. Un- 
pounds with SnO and SnO s are described by ohanged in air, even when moist ; unacted on by 
Delachanel a. Mermet (C. R. 81, 370), Schneider boiling acids ; loses 8 when heated in air, leaving 
{ P . 136, 106), L6vy a. Bourgeois ( C . R. 94, 1365), Pt ; reduction in H begins at 19°. A compound 
and Schiitzenberger ( C . R. 98, 985). Pt0 4 H. with CO— PtS.CO— was obtained by Mylius a. 
dissolves in solutions of certain molybdates and Fdrster (B. 24, 2438) by the action of H*S on 
tungstates, forming platini-molybdates and PtCl^CO. 

platini- tungstates (a. v. p. 283). Platinum disulphide PtS, (Platinic sul* 

Platinum, oxychlorides of. When AgNO*Aq phide). Obtained by passing B^S into 
is added to PtCl 4 Aq in the ratio PtCl 4 :2AgNO M Na 2 PtGl*Aq, or by dropping H.PtCl^Aq into sola- 
or when AgNO*Aq and HjPtClgAq are heated tion of an alkali hydxosulphide. «Also formed 

v 2 
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by digesting, in a strong closed flask, 1 pt. PfcCl 4 , 
4 pts. alcohol, and 5 pts. CS 2 (Bottger, J. pr . 3, 
274) ; and by decolourising H-jPtClgAq by S0 2 , 
and then heating in a sealed tube at 200° 
(Geitner, A . 129, 358). PtS 2 is also a product of 
the action of HClAq in air on Na 4 Pt 3 S a or 
HjjPt^Sg (v. Thioflatinates, p. 281). Colloidal 
soluble PtS 2 was obtained by Winssinger (Bl. [2] 
49, 452) by passing H 2 S into very dilute PtCl 4 Aq, 
and dialysing. A black solid ; as obtained from 
Na 4 Pt 3 S 6 forms steel-grey needles, S.G. 6‘27. 
PtS 2 prepared by one of the wet methods must 
be dried in absence of air, else it is partially de- 
composed. Heated out of air forms PtS, and 
Pt and S. Oxidised to sulphate by strong 
oxidisers, such as aqua regia , Cl, fuming HNO„, 
molten KC10 3 or KNO,. Freshly ppd. PtS 2 
dissolves in alkali sulphide solutions forming 
thioplatinates (q. v .), from which solutions it is 
reppd. by acids. Cliisson (J. pr. [2] 15, 193) 
describes a compound with EtSH. 

Platinum sesquisulphtde, Pt 2 S 3 . This com- 
pound is said to be formed, as a steel -grey, 
metal-like solid, S.G. 5-52, by the oxidation in 
air of HPt 4 S a (Schneider, P. 133, 105 ; 138, 604 ; 
139, 661; 141, 519; 148, 633; 149, 381). 
Schneider also describes a compound 4PtS.PtS 2 
PtjS,,. 

Platinum, sulphocyanides of; v. vol. ii. p. 
357 ; v. also Guareschi, Qiom . della R. Accad . 
di Med. 1891. No. 5; abstract in B. 25, Ref. 7. 

Platinum, thiocarbide of. Pt 2 CS 2 . This 
compound is described by Schiitzenberger ( C . R. 
Ill, 391). It is a black powder ; obtained by 
passing a stream of N, or H, charged with CS 2 , 
over spongy Pt heated to 400°-450°. 

M. M. P. M. 

PLATINUM - AMMONIUM COMPOUNDS 

(Ammonio-platinum compounds. Ammoniacal 
platinum bases. Platinammines). When a solu- 
tion of PtCl 2 in HClAq reacts with NH a , more 
than one compound of the form PtCl 2 .2NH 3 is 
obtained. These compounds react with acids, 
oxidisers, &c., to form many derivatives con- 
taining Pt, N, H, and negative radicles, in which 
the reactions of Pt and NH 3 are more or less 
modified. 

The platin-ammonium compounds may be 
regarded as salts of bases derived from two or 
more NH 4 groups, in which part of the H is re- 
placed by Pt; thus PtClj.2NH s may be called 
platoso-diammonium chloride, and formulated 
as N 2 H a Pt.Cl 2 . Similarly PtCL^NHj may be 



and called ammo- 


nium platoso-diammonium chloride. The com- 
pounds derived from PtCl 4 are regarded, in this 
Bcheme, as platini-ammonium compounds ; thus, 
PtCl 4 .2NHj, is Cl v Pt.NH 2 .NH 4 .Cl 2 (v. Hofmann, T. 
1851. [2] 357 ; Weltzien, A, 97, 19 ; Kolbe, J. pr. 
[2] 2, 217 ; Grimm, A. 99, 67). 

This view of the constitution of the com- 
pounds in question was opposed by Claus (J. pr. 
63, 99), Blomstrand (B. 4,40, 639, 673 ; 6, 1469), 
Jdrgensen (J. pr. [2] 33, 489), and others. Jor- 
gensen found that pyridine, N.C a H a , forms a 
compound with platinous chloride similar to 
PtCL*.4NHs, ; in this pyridine compound, which 
has the composition PtCl r 4NC ft H a , the atoms of 
hydrogen cannot be in direct union with N ; for 


the constitution of pyridine is known to be 
CH 


Now if the ammoniacal platinum 


HO A CH 

HC V CH 
N 

bases are all to be derived from NH 4 , by sub- 
stituting H by NH 4 groups, it is evident that 
the substituted H atoms must always be directly 
bound to N atoms. But the existence of the 
pyridine compound shows that this is not neces- 
sary. Hence PtCl 2 .4NH 3 may be regarded as 
pt ^NH 3 .NH 3 Cl 
ri \NH 8 .NH 3 Cr 

The classification and nomenclature of the 
platin-ammonium compounds proposed by Blom- 
strand (Chemie der Jetztzeit % Heidelberg, 1869 ; 
B. 2, 202 ; 4, 40, 639, 673 ; 6, 1469) is now 
usually adopted. In the following formulae B 
stands for a monovalent negative radicle. 
Blomstrand uses the term ammine to distin- 
guish these compounds from the amines , which 
contain the group NH 2 . 

Class I. Plato- or Platoso- compounds. 

Series 1 . Platosemiammines, BPtNH^R. 

„ 2. Platosammines t Pt(NH 3 R) 2 . 

„ 3. PlatodiammineSy Pt(NH 8 .NH s B) 2 . 

„ 4. Pla to semidiammines , 

Pt(NH 3 .NH 3 R)R. 

„ 5. PlatomonodiammineSy 

Pt(NH 3 .NH^)(NH 8 B). 

Series 2 and 4 are isomeric. Cleve has 
isolated two distinct aniline compounds, 
Pt(NH,) 2 .(C (J H 5 NH 2 ) 2 .R 2 (cf. Jorgensen, J. pr. [2] 
33,489). 

Class II. Platini- or Platin- compounds. 

Series 1. Platinammines , R^tjNHjBJj. 

„ 2. Platinidiammines, 

R 2 Pt(NH 3 .NH 3 R) 2 . 

„ 3. Platinisemidiammines , 

R 2 Pt(NH 3 .NH 3 R)R. 

„ 4. Platinimonodiammines, 

R 2 Pt(NH 3 .NH 3 )R(NH 3 R). 

„ 5. Platinitriammine8, 

R 2 Pt(NH 8 .NH 3 .NH $ R) 2 . 

Series 1 and 3 are isomeric. 

The prefixes mono , di , <ftc., are used to denote 
the number of NH 3 groups in direct union with 
one another, and not the number of NH S groups in 
union with the atom of Pt. As the compounds in 
Series 3 contain one diammine chain, (NH 3 .NH 3 ), 
they are called semidiammines ; and as those in 
Series 4 contain a diammine and a monammine 
chain, they are called monodiammmes . 

Class III, Diplatinum Compounds. 

These oontain 2 Pt atoms ; the group Pt 2 may 
be divalent, tetravalent, or hexavalent. 

Series 1. 

Pt(NH,.NH,B> 

Diplatodiammines , | 

Pt(NH s .NH i R> 

Series 2. 

BPt(NH,.NH f R> 

Diplatosindiammines , | 

BPt(NH 3 .NH a R> 

or PtfNHj.NHjR} 
B 2 Pt(NH # .NH 3 B> 



PLATINUM-AMMONIUM COMPOUNDS. 


Series 3. 


Diplatinammines , 

Series 

Diplatinidiammines , 


RPt(NH 3 R) 2 

I 

RPtlNHjR), 

4. 

RPt(NH 3 .NH a R) 2 

RPt(NH 3 .NH 3 R) 2 


Iodides of platinum bases with 4 and 8 
atoms Pt are also known; I 2 Pt 4 .8NH 3 .I g , and 
I 2 Pt g .16NH 3 .I Iu . 

Many organic bases, such as aniline, pyrid- 
ine, &c., can take the place of NH S in these 
compounds, and the N of NH 3 is often replace- 
able by P or As. 

Class I. Plato- or Platoso- compounds. 

Series 1. Platosemiammines , RPtNH s R. 
None of these has been isolated, but Cossa (B. 
23, 2503) has obtained a compound which pro- 
bably contains platosemiammine chloride ; the 
compound is 2PtNH 3 Cl 2 .Pt(NH 3 ) 4 Cl 2 . 

Series 2. Platosammincs , Pt(NH 3 R) 2 . 
These compounds are generally obtained by 
heating the corresponding platodiammines, 
Pt(NH 3 .NH 3 R) 2 , which thus lose 2NH 3 ; by heat- 
ing with NIi 3 Aq, platodiammines are re-formed ; 
with oxidisers, platini- compounds are obtained. 

PLATOSAMMINE CHLORIDE Pt.NH 3 Cl.NH 3 Cl 

•(Peyrone, A. 51, 1; 55, 205; 61,178). Obtained 
by heating Pt(NH 3 ) 4 Cl 2 (plato-diammine 
•chloride) to 250°, or by evaporating that com- 
pound with HClAq at 100° and dissolving out 
AmCl in water ; also by evaporating with HC1 
the solution of the corresponding nitrate or 
sulphate. Microscopic, sulphur-yellow crystals. 
$. 022 at 0°, *77 at 100°. Sol. NH a Aq, form- 
ing Pt(NH 3 .NH 3 Cl) 2 (platodiammine chloride); 
in aqua regia forms Cl 2 Pt(NH 3 Cl) 2 (platinam- 
mine chloride). With AgNO H Aq, in the ratio 
2Pt(NH 3 Cl) 2 : AgN 0 3 , one half of the chlor- 
ide remains unchanged and one half gives 
Pt(NH 3 .NO„) 2 . Heated to 270°, the chloride is 
•decomposed thus : 

3Pt(NH 3 Cl) 2 = 3Pt + 4NH 4 C1 + 2HC1 + N 2 . 

Platosemidiammine chloride 
Pt(NH„.NH 3 Cl)Cl, and platodiammine chloride 
i?^afinow5c/iZon^fePt(NH 3 .NH 3 Gl) 2 .PtCl 2 (Magnus , 
.green salt), are isomeric or polymeric with platos- 
ammine chloride. Other compounds, perhaps also 
isomeric, wore obtained by Peyrone ( l.c .) and by 
Cossa (B. 23, 2503). 

Grimm (A. 99, 67) obtained a double com- 
pound with AmCl; Pt(NH 3 Cl) 2 .2AmCl. Jorgen- 
sen (J. pr. [2] 38, 489) obtained the pyridine 
compound Pt(NC 5 H 4 Cl) 2 ; and also the mixed 
compound PtNC s H 4 Cl.NH 3 Cl ( v . also Hedin, 
Dissertation , Lund ; B. 20, Be f. 108). 

Platosammine hydroxide 
Pt.NH 3 OH.NH 3 OH. Said to be obtained, as a 
-crystalline, very soluble solid, by decomposing 
the sulphate, Pt(NH 3 .NH 3 )S0 4 , by BaOAq (Od- 
ling, C. N. 21, 269, 289). The compound thus 
formed may have been the isomeric platosemi- 
diammine hydroxide, OH.Pt(NH 3 .NH 3 OH). A 
solution of Odling’s hydroxide reacts strongly 
alkaline, absorbs C0 2 from the air, neutralises 
•acids, decomposes salts of NH 4 giving off NH 3 , 
and ppts. many metallic hydroxides from salts of 
the metals. 

PliATOSAMMINR OXIDE PtfNHrNHJO. A 
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grey solid, insol. water or NHaAq ; heated in a 
retort to 195° gives N, NH 8 , H 2 0 and Pt. Ob- 
tained by heating platodiammine hydroxide 
(PtCNH3.NH3.OHJ,) to 110° (Reiset, A. Ch. [3] 
11, 417). 

Platosammine sulphonates and Chloro- 
sulphonates Pt.NH 3 S0 3 M.NH 3 S0 3 M and 
Pt.NH 3 Cl.NH 3 S0 3 M. Ammonium platosammine 
sulphonate , Pt(NH 3 .S0 3 Am) 2 , is formed by the 
reaction of excess of An^SOjjAq on Pt(NH 3 Cl) 2 
(Peyrone, A. 51, 1 ; 55, 205 ; 61, 178). The salts 
of Ba, Co, Cu, Pb, Mn, Ni, Ag, Na, U0 2 , and Zn 
have been obtained. Ammoyiium platosammine 
chlorosulphonate, Pt.NH s Cl.NH 3 S0 3 Am.H 2 0, is 
obtained, in colourless rhombic tablets, by lead- 
ing S0 2 into a boiling solution of Pt(NH 3 Cl) 2 , 
and neutralising with NH 3 Aq. If the neutralis- 
ation is omitted, platosammine chlorosulphonic 
acid , Pt.NH3Cl.NH3.SO3H, is obtained (Peyrone, 

I.C.). 

The other salts of the platosammine series 
which have been isolated are the following ; 
M = Pt(NH a ) 2 : — bromide , MBr 2 (JdrgenBen, J.pr. 
[2] 33, 521, 531, 535) ; cyanide , MCy 2 (Buckton, 
A. 92, 280) ; iodide , MI 2 (Cleve, Bl. [2] 7, 12 ; 17, 
482; Ileiset, A. Ch. [3] 11, 417); nitrate and 
m£nte,M(N0 3 ) 2 and M(N0 2 ) 2 (Cleve, l.c.) ; sulphate 
and sulphite , MS0 4 .H 2 0 and MSO a .HO (Cleve, 
l.c.) ; and sulphocyanide, M(CyS) 2 (Buckton, lx.). 
Substituted derivatives of the bromide, of the 
form Pt(NHjRBr) 2 and Pt.NH 3 Br.NH RBr, where 
R = Et, Me, or Pr, have been obtained (Jorgensen, 
I.C.). 

Series 3. — Platodiammines 
Pt(NH r NH ; ,R) 2 . Formed by action of NH 8 Aq 
on platinous salts, platosammine or platosemi- 
diammine compounds. Easily lose NH 3 on 
heating, giving platosammine compounds. Give 
platinidiammine compounds by action of 
oxidisers. 

Platodiammine chloride 
Pt(NH 3 .NH 3 Cl) 2 .H 2 0 (Reiset, A. Ch. [8] 11, 417). 
Sometimes called BeiseVs first chloride. Ob- 
tained by the prolonged action of boiling NH s Aq 
on PtCl 2 , Magnus’s green salt (v. infra), platos- 
ammine chloride Pt(NH 3 Cl) 2 , or platosemidiam- 
mine chloride Pt(NH s .NH g Cl)Cl, precipitation 
by alcohol, and crystallisation from water. Also 
formed by reduction of platinidiammine chloride 
Cl 2 Pt(NH 3 .NH 3 Cl) 2 , by H 2 S (Thomsen, 1868. 
278). Large, colourless, tetragonal crystals; 
S. 25 at 16*5°, more sol. hot water ; insol. absolute 
alcohol and ether. Addition of H 2 S0 4 Aq, 
HNO a Aq, or H 2 C 2 0 4 Aq ppts. the corresponding 
sulphate, nitrate, or oxalate. By gently warming 
with HNO a Aq the salt (N03) 2 Pt(NH 3 .NH a Cl) 2 is 
formed ; Cl, Br, and FeCl s Aq react similarly. At 
240°-270° NH S is given off, and Pt(NH g Cl) a is 
formed (v, Platosammine chloride, supra). 
Combines with PtCl*, and PtCl 4 , to form M.PtCi, 
and M.PtCl 4 respectively [M = Pt(NH,.NH g Cl) J. 
Compounds are known in which NH, is wholly 
or partly replaced by pyridine, also by alkyl 
radicles (Jorgensen, J. pr. [2] 83, 489), and also 
by PEt* (Cahours a. GaX C. B. 70, 1381). 

Double compounds. Combines with 
various metallic chlorides to form compounds of 
the form M.XC1*, wht re M - Pt(NH f .NH.C1)* and 
X=Pt, Cu, Pb, Hg, Sn, and Zn ( v . Thomsen, /. 
1868. 278 ; Buckton, C. J. 5, 213 ; Millon a* 
Commaille, C . B. 57, 622). 
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The moBt Important of these compounds is 
Platodiammine chloride platinous chloride, 
known as Magnus's green salt , 
Pt(NH,.NH a Cl) 2 .PtCl 2 . This salt is obtained by 
the action of NH a Aq on PtCl 2 in HClAq, or on 
Pt01 4 in HClAq after passing in S0 2 till AmCl 
ceases to give a pp. (Magnus, P. 14, 242 ; Gros, 
A. 27, 241). Also by adding Pt(NH a .NH a Cl) , to 
PtCl 2 in HClAq. It is best prepared by making 
AmgPtClj, from PtCl 4 in HClAq treated with S0 2 
and crystallised from AmClAq, and heating this 
with HClAq and NH*Aq (Claus, A. 107, 138). 
Green, microscopio prisms or needles; insol. 
water, alcohol, and dilute HClAq. Digestion 
with hot NH 8 Aq forms Pt(NH s .NH„Cl) 2 ; Cl, Br, 
or HNO a Aq produces platinidiammines (Gros, 
Lc. ; Baewsky, A. Ch. [3] 22, 278). Boiling with 
AgNO a Aq produces PtC^ and Pt(NH s .NH s NO s ) r 
If the empirical formula nPt(NH 3 ) 2 Cl 2 is given 
to Magnus’s green salt, it is seen to be iso- 
meric, or polymeric, with platosammine chlor- 
ide Pt(NH,Cl) 2 , platosemidiammine chloride 
Cl.Pt.NHg.NHjCl, 

platomonodiammine chloride platinous chloride 
2[Pt(NH f .Cl)(NH,.NH,Cl)].PtCl 2 ,diplatosindiam- 
mine chloride ClyPt^NB^.NHaCl).,, and with a 
double salt obtained by Cossa (B. 23, 2503), 
2[Pt.NH s .CUPt(NH 3 ) 4 Cl 2 . 

Platodiammine hydroxide Pt(NH 3 .NH s OH) 2 . 
Sometimes called Reiset's first base (Beiset, 
A. Ch. [3] 11, 417). White, crystalline, deli- 
quescent needles ; by decomposing the sulphate 
by the proper quantity of BaOAq, filtering, and 
evaporating in vacuo . Solution in water is 
strongly alkaline, absorbs CO ? from the air, and 
drives out NH a from NH 4 salts. NH, is not 
given off when an aqueous solution is boiled 
alone or with potash. Melts at c. 110°; at a 
higher temperature gives off NH a and H 2 0 and 
leaves platosammine oxide Pt(NH a ) a O (q. v. 
p. 293). 

The other chief compounds of the platodi- 
ammine seriesare the following ; M = Pt(NH a ) 4 : — 
carbonates , MCO s .4aq and M(C0 3 H) 2 (Peyrone, 
A. 61, 14 ; Beiset, A. Ch. [3] 11, 417) ; chromates 
MCr0 4 and MCr,/) ? ; bromide , MBr ? .3aq (Cleve, 
J. 1867. 321); iodide t MI^Taq f Cleve) ; nitrate 
and nitrite , M(NO,) 2 and M(N0 2 ) 2 .2aq (Peyrone, 
lx.) ; phosphate , MHP0 4 .aq (Cleve, Bl. [2] 7, 
12; 17, 482); sulphate and sulphites > MS0 4 , 
MSO„ M(S0 3 H) 2 .2aq (Cleve, l.c.). 

Series 4. Platosemidiammines , 
Pt(NH,.NH 3 B)B. Generally formed from the 
chloride by double decomposition : the chloride 
Is a product of the action of NBgAq or 
(NH 4 ) 2 CO,Aq on PtCl 2 . Prolonged treatment of 
the platosemidiammines with NH a Aq produces 
diammine compounds. Jdrgensen (*7. pr. [2] 33, 
489) has replaced NH a in these compounds by 
alkyl radicles and by pyridine. 

Platosemidiammine chloride pt<'NH 3 .NH,Cl 

Sometimes called Peyrone' s chloride. PtCl 2 is 
formed by the action of SO* on PtCl 4 in HClAq, 
and the solution is heated to boiling with excess 
of (NH 4 ) 2 CO, until the red solution has become 
light-yellow and a greenish-brown pp. forms, 
when the liquid is rapidly filtered. The chloride 
separates as the liquid cools ; it must be filtered 
off at once (elqeit may re-dissolve), and crystal- 
lised from boiling water (Peyrone, A . 61,14 ; 66, 


209; v. also Thomsen, Gm.-K. 8, 1115; Cleve, 
Bl. [2] 7, 12, 17, 482). Small yellow crystals. 
S. *26 at 0°, 3-6 at 100°. Decomposes at 270°, 
giving off NH, and HC1. Boiling NH,Aq forms 
platodiammine chloride, Pt(NH,.NH,Cl) 2 ; Cl, 
Br, I, and some other oxidisers produce platini- 
semidiammine compounds, B ? Pt(NH,.NHj,B)B. 
With AgNO„ and Ag,S0 4 , the corresponding 
nitrate and sulphate are formed. 

It is doubtful whether the hydroxide 
Pt(NH„.NH,OH)OH has been prepared; the 
compound obtained by Odling ( C . N. 21, 209, 
289) was this or the isomeric platosammine 
hydroxide, Pt(NH 3 OH) 2 (v. Platosammine hy- 
droxide, p. 293). The other compounds of this 
series which have been obtained are the follow 
ing; M«Pt.NH,.NH, bromide. MBr 2 ; chloro - 
sulphonic acid t MCl.SO„H (Cleve. l.c .) ; iodide , 
MI,; nitrate and nitrite , M(NO,) 2 and 

M(N0 2 ) 2 ; sulphate , MS0 4 ; double sulphites , 
MSOj^X^O,, X,-2NH 4 , Ba, Co, Ag 2 : these may 
be regarded as compounds of sulphites with 
salts of the hypothetical platosemiammine 
sulphonic acid Pt(NH 3 .NH 3 .SO,H)S0 8 H. 

Series 6. Platomonodiammines 
Pt(NH a .NH a B)(NH a B). Most of the salts of this 
series are prepared from the double salt of the 
chloride with PtCl 2 . 

Platomonodiammine chloride platinous 
chloride 2Pt<^!»Q HaC! .PtCl 2 . Thig oom- 

pound is one product of the action of NH^Aq on 
PtCl, in HClAq ; it is prepared by neutralising 
PtCl, in HClAq by (NH 4 ),CO„Aq t heating to 
boiling, and adding (NH 4 ) 2 C0 3 Aq drop by drop, 
when it separates in small red tablets (Peyrone, 
A. 66, 209). Fairly sol. cold water, more sol. hot 
water. Boiled with NH 3 Aq forms Magnus’s 
green salt, Pt(NH 3 .NH 3 C]) r PtCIj. Isomeric, or 
polymeric, with Magnus’s green salt, platos- 
ammine chloride, and platosemidiammine 
chloride. 

Platomonodiammine chloride 

NH NH Cl 

p t<CNH 8 Cl * * Obtained, in lustrous colourless 

crystals, by adding HClAq to an ice-cold solution 
of the nitrate. 

Platomonodiammine nitrate 

Pt< CNH*N^* N ^ ,# Forme( * by decomposing the 

chloride in solution by AgNO,Aq, filtering, and 
evaporating. The sulphate 

Pt <NH rNHl ^ >S0 ‘ Hl0 is 6180 kn<mn (*’- CleT «- 
l.c. ; Blomstrand, B. 4, 40, 639, 673 ; 6, 1469). 

Class II. Platini- or Platin- compounds. 

Series 1. Platinammines , BgPtfNHjB)^ 
These compounds are formed by the addition of 
Cl, Br, or I to platosammines, or by the notion of 
such oxidisers as HNO,Aq on platosammines; 
they are generally changed to platinidiammines 
by heating with NH,Aq, and are reduced to 
platosammines by S0 2 Aq. The radicles in direct 
union with Pt are replaced with more difficulty 
than those in union with NH r The nomen- 
clature is arranged to indicate, first, the nature 
of the radioles in direot union with Pt, and then 
those in direct union with NH,. 

I. Chloro - compounds CljPtfNHjBL. 

Ohloboflatinammine chloride C4Pt(NH,Cl) r 
Formed by suspending platosammine chloride. 
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Pt(NH s Cl) a in boiling water, and passing in 01 
until the original citron-yellow partioles are 
changed to microscopic yellow octahedra (Ger- 
hardt a. Laurent, C. B. 30, 273), or until the 
liquid, which is yellow at first, begins to ’turn 
reddish. Aqua regia , or KMn0 4 Aq and HClAq, 
may be used instead of 01 (Odling, 0 . N. 21, 
269, 289). A heavy, yellow, crystalline powder. 
S. 1 at 0° ; 3 at 100°. Unacted on by boiling 
cone. HNO s or K 2 S0 4 ; sol. boiling KOHAq 
without evolution of NH 8 ; sol. NH^Aq, with 
formation of chloroplatinidiammine chloride, 
Cl 2 Pt(NH 8 .NH ? Cl) 2 . The Cl is ppd. as AgCl only 
after long boiling with AgNO a Aq (Grimm, A . 
99, 67). 

Ohloroplatinammine nitrite 
CLPtfNHa.NO^. Ppd. in colourless rhombic 
plates by addition of excess of HClAq to solution 
of the nitrato-nitrite, (NOaJ-jPttNHa.NO.)., 
which is formed by boiling platosammine nitrite, 
Pt(NH s .NOJ a , with HNO„Aq. 

Ohloroplatinammine chloronitritb 
Cl 2 Pt(NH,Cl)(NH 8 .N0 2 ), is produced by the re- 
action of K 2 PtCl 4 and (N0 8 ) 2 Pt(NH $ N0 a ) a . 

II. Hydroxyl compounds 
(OH) 2 Pt(NH 8 R) 2 . 

Hydroxyl platinammine hydroxide 
(OH) J?t(NH a .OH) 2 . Yellow, lustrous orystals ; 
by adding excess of NH 8 Aq to a boiling solution 
of the nitrato-nitrate (N0 3 ) 2 Pt(NH 3 .N0 3 ) 2 , and 
allowing to cool. Scarcely sol. water; easily 
sol. dilute acids. Boiling KOHAq does not evolve 
NH 8 ; decomposes above 130°, giving off NH S 
and H.O, and leaving Pt (Gerhardt a. Laurent, 
C.B. 30, 273). 

Hydroxyl platinammine nitrate 
(OH) 2 Pfc(NH,.NO,) 2 . 2aq. Crystalline pp. by de- 
composing ClaPtfNHjCIJa by AgN0 3 Aq. Not 
acted on by cold HClAq; evaporation with 
HNOjAq produces (N0 8 ) 2 Pt(NH 8 .N0 s ) 2 (G. a.L., 
lx. ; Cleve, Bl. [2] 7, 12 ; 17, 482). 

Hydroxyl platinammine sulphate 
(0H) 2 Pt(NH 3 ) 2 S0 4 .aq. Formed as a pale-yellow, 
hard crust of needle-shaped crystals, by decom- 
posing Cl 2 Pt(NH a .Cl) 2 by Ag 2 S0 4 Aq. Evapora- 
tion with H 2 S0 4 Aq produces the sulphato-sul- 
phate, S0 4 .Pt.(NH 8 ) 2 S0 4 .3aq ; when HClAq is 
used, Cl 2 Pt(NH3) 2 S0 4 and ClgPttNHgCl). are 
produced (Cleve, lx.). 

The following salts of this series have also been 
isolated : Bromo-bromide , BrgPtfNHgBrJj (Cleve, 
l.c.) ; bromo-nitrite, Br 2 Pt(NH 3 .N0 2 ) 2 (Cleve, 
lx.) ; iodo-iodide, IjPtfNHjIL (Cleve, l.c) ; ni- 
trato-mtrate, (N Oj^t (NH* .N 0 3 ) 2 ; nitrato- 
nitrite, (N0J 2 Pt(NH 8 .N0 2 ) a ; nitrato-chloro- 
nitrite , NO r Cl.Pt(NH s N0 2 ) 1 (Cleve, lx.) ; sul- 
phato-sulphate, S0 4 .Pt(NH a ) a S0 4 .3aq (Cleve, 
lx.). 

Series 2. Platinidiammines , 
RaPtfNHaNHaR)^ Generally formed by action 
of Cl, Br, I, and other oxidisers on platodiam- 
mines. A large number of these compounds is 
known. R attached directly to Pt may be the 
same as, or different from, R united directly to 
NH g . The nomenclature is similar to that of 
the platinammine series. The radicles in direct 
union with Pt are removed with more difficulty 
than those united with NH S . 

I. Chloro- compounds 
GlR.Pt(NH s .NH s R) (NH S .NH S R) ; the R’s may be 
the same or different. 


Chloroplatinidiammine chloride 
Cl 2 Pt(NH 3 .NH 3 Cl) 2 . By passing Cl into a fairly 
cone, boiling solution of platodiammine chlor- 
ide, Pt(NH 3 .NH 8 Cl) a , till the liquid begins to 
turn red (Raewsky, A. Ch. [3] 22, 278) ; also 
by dissolving ohloroplatinammine chloride, 
ClgPtfNHsClJj, in NHjAq (Gerhardt a. Laurent, 
G . B. 80, 273). Pale-yellow, crystalline pow- 
der; scarcely sol. cold water, si. sol. boiling 
water. HNO s Aq produces the chloro-nitrate 
C^PtfNHg.NHg.NOJa ; a little AgNOgAq produces 
the chloro-hydroxyl-nitrate 
Cl(0H)Pt(NH 3 .NI^.N0 3 ) 2 ; long boiling with 
AgN0 8 Aq is needed to remove all Cl as AgCl. 
Reduced by H 2 S, or action of A g, to 
Pt(NH 3 .NH3Cl) 2 (Thomsen, J. 1868. 278; JSr- 
gensen, J. pr. [2] 33, 489). Forms double 
compounds with PtCl 2 and PtCl 4 (Reiset, 
A. Ch. [3] 11, 417 ; G. a. L., l.c.; Cleve, Bl. [2] 
7, 12 ; 17, 482). 

The other chloro- compounds which are 
known are the following : Chloro-nitrate, 
Cl 2 Pt(NH 3 .NH 3 .N0 8 ) a (Gros, A. Ch. [2] 69, 
204; Raewsky, A. Ch. [3] 22, 278; Hadow, 
C. J. [2] 4, 346) ; chloro-chhro-nitrite , 

Cl.Pt (NH 8 .NH 3 .N0 2 ) (NH 8 .NH s C1) ; chloro-hy - 
droxyl-chloride , Cl(OH)Pt(NH 3 .NH 8 Cl) a (Cleve, 
l.c. ; Hadow, l.c.) ; chloro-hy droxyl-carbonate, 
Cl(0H)Pt(NH 8 .NH 8 ) 2 C0 3 .H 2 0 (Raewsky, l.c. ; 
Gros, lx.); chloro-hydroxyl-chromate and di- 
chromate, Cl(0H)Pt(NH 8 .NH 3 ) 2 Cr0 4 and 
Cl(0H)Pt(NH 8 .NH 8 ) a Cr 2 0 7 (Cleve, lx.) ; chloro- 
hydroxyl-nitrate, Cl(OH)Pt(NH 3 .NH 8 .NO s ) 2 , 
(Raewsky, lx. ; G. a. L., l.c. ; Cleve, lx.) ; chloro- 
chr ornate and dichromate, and chloro-sulphate , 
MCr0 4 , MCr 2 0 7 , and MS0 4 , where M « 
Cl 2 Pt(NH 3 .NH 3 ) 2 (Cleve, lx.). 

II. Bromo- compounds. The following 
members of this class have been isolated 
(Cleve, lx.) ; bromo-bromide, MBr 2 ; bromo - 
chloride , MC1 2 ; bromo-dichromate, MCr 2 0 7 ; 
bromo - nitrate, MfNOJa ; bromo - phosphate , 
M(P0 4 H 2 ) 2 .2aq (in these formula 
M * BraPtjNHj.NHgJJ ; bromo-chloro-chloride, 
BrClPt(NH 8 .NH 8 Cl) 2 ; bromo-hydroxyl-chloride 
and nitrate, MC1 2 and M(N0 8 ) 2 , where 
M -Br(OH)Pt(NH 8 .NH 3 ) 2 . 

HI. Hydroxyl compounds. Hydroxyl- 
nitrate and sulphate, M(NO a ) 2 and MS0 4 , where 
M-(OH) a Pt(NH 3 .NH 3 ) 2 . 

IV. Iodo- compounds. Iodo-iodide, VLI t ; 
iodo-nitrate, M(N0 8 ) 2 ; iodo-sulphate, MS0 4 ; 
where M * I 2 Pt(NH 8 .NH 8 ) 2 . 

IV. Carbonato- compounds. Carbonato- 
bromo - carbonate, carbonato - chloro - carbonate , 
and carbonato - nitrato - carbonate , Br a (CO g )R, 
CL(CO a )R, and (NO ^COgR, where 

R - 2[Pt(NH g .NH g )J.(CO s ) a . 

V. Nitrato- compounds (Cleve, lx.; Ger- 
hardt a. Laurent, O. B. 30, 273) ; 
(N0 8 ) 2 Pt(NH 8 .NH 8 Cl) 2 .2aqr 
N0 3 ) 2 Pt(NH r NH 8 N0 8 ) a ; 
(N0 3 ) 2 Pt(NH a .NH a ) a Cr0 4 ; 
(N0 i ) 4 Pt(NH 3 .NH 8 ) 2 Cr a 0 7 ; 

OH(NO ,) Pt(NH g .NH g .NO s ) a 5 
Cl(N0 g )Pt(NH g .NH g ) 2 S0 4 .aq ; 
Cl(N0 > )Pt(NH # .NH g .N0 3 ) 2 . 

VI. Nitrito- compounds (Clave, lx . ) 
Hadow, O. J. [2] 4, 346) : 
(NO a ) g Pt(NH g .NH 8 ,N0 8 ) g ; 
I(N0 2 TPt(NH a .NH s .N0 s ) 2 . 
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B) r 

the 


VII. Sulphato- compounds (Cleve, lx .) : 
(S0 4 )Pt(NH 3 .NH, t ) 2 S0 4 .aq ; 
OH.Pt(NH 5 .NH 8 ) a C1.2aq; 

OH(SO < )Pt(NH^NH 8 ),S0 4 .3aq ; 
Br 2 (S0 4 )Pt(NH 8 .NH 3 ) 4 (S0 4 ),aq. 

Series 3. Platiniscmidiammines , 
IR 2 Pt(NH 3 .NH 3 R)R. These compounds are iso- 
meric with the platinammines, R 2 Pt(NH,lV 
They are generally formed by oxidising 
platosemidiammines, Pt(NH 3 .NH 3 R)R. 

Chloroplatinisemidiammine chloride 
Cl 2 pt(NH 3 .NH 3 Cl)Cl. By chlorinating plato- 
semidiammine chloride, Pt(NH 3 .NH 8 Cl)Cl, by Cl 
or aqua regia (Cleve, Lc.). Orange, crystalline 
powder; S. *33 at 0°, 1*52 at 100 3 . Not acted 
on by cone. H 2 S0 4 or alkali solutions. 

The following salts of this series are known 
(Cleve, l.c .) : 

bromo-bromide , Br 2 Pt(NH 3 .NH 3 Br)Br ; 
bromo-nitrite , Br 2 Pt(NH 3 .NH 3 .N0 2 )N0 2 ; 
chloro -nitrite, Cl 2 Pt(NH ? .NH 3 .NO 2 )N0 2 ; 
chloro-hy dr oxyl-nitro-ni trite , 
Cl(0H)Pt(N'H 3 .NH 3 .N0 2 )N0 2 ; 
trihydroxyl-nitrate , (OH).,Pt(NH,.NH 8 .NO g )OH ; 
hydroxyl-sulphate, (OH) 2 PlNH s ijH, 

Series 4 . Platinimonodiammines , 
R 2 Pt(NH 8 .NH 8 R)(NH 8 R). Of this series the fol- 
lowing have been isolated (Cleve, Lc.) : bromo- 
nitrate , Br 2 Pt(NH 3 .NH 3 .N0 8 )(NH 3 .N0 8 ) ; bromo- 
sulphate , Br 2 Pt(NH 3 .NH 3 .S0 4 .NH 3 ).aq ; chloro- 
chloride , Cl 2 Pt(NH 3 .NH 3 Cl)(NH 3 Cl) ; hydroxyl- 
nitrate , (0H) 2 Pt(NH 8 .NH 8 .N0 8 )(NH 3 .N0 8 ).aq ; 

hydroxyl-bromo-nitrate , 

(0H)BrPt(NH 3 .NH r N0 8 )(NH 8 .N0 8 ).aq ; iodo- 
bromide , I 8 Pt(NH 1 .NH f Br)(NHJBr). 

Series 5. Platinitriammines , 
R 8 Pt(NH 3 .NH 3 .NH 3 R) 2 . This constitution is 
probably to be given to salts formed by electro- 
lysing ammonium carbamate or carbonate solu- 
tion, using electrodes of Pt (Drechsel, J. pr. [2] 
20, 378; 26, 277; Gerdes, J. pr. [2] 26, 257). 
The salt formed as described is probably car- 
bonato -platinitriammine carbonate , 

(CO.).Pt<^^gJg> CO ,. By the action 

of HNO„ R,S0 4 , and HC1, respectively, on 
this compound are obtained the nitrato - 
nitrate , sulphato-sulphate , and chloro-chloride , 
(N0 8 ) 2 .M.(N0 8 ) 2 , S0 4 .M.S0 4 .aq, and C^.M.CL,, 
where M - Pt(NH 8 .NH 8 .NH 8 ) r 

Class III. Diplatinum compounds. 

Pt(NH 3 .NH 8 R) 

Series 1. Diplatodiammines , | 

Pt(NH 8 .NH 3 R) 

(Blomstrand, J. pr. [2] 3, 207). Cleve (lx.) gives 
to these oompounds the formula 
Pt 2 (NH 3 ) 2 (NH 2 ) 2 R r 

The following members of this series are 
known; chloride, MCI*; hydroxide , M(OH) 2 ; 
nitrate , M(NO # ) 2 ; and sulphate, MS0 4 ; where 
M«Pt 2 (NH 3 ) 4 . 

Series 2. Diplatosindiammines, 
RPt(NH 8 .NH 8 R) 

| . The only compound of this 

RPt(NH 8 .NH3R) 

series is the chloride Cl 2 Pt 2 (NH 8 ) 4 Cl 2 . 

RPtfNHjR)* 

Series 3. Diplatinammines , I 


The only compound of this series is the iodide 
I 2 Pt 2 (NH 3 ) 4 I 4 (Cleve, l.c.) ; by treatment 
with HIAq, the compound Pt 4 I, 0 (NH 8 ) 8 and 
Pt 8 I 13 (NH 3 ) la are produced. 

Series 4. Diplatinidiammines , 
RPt(NH 8 .NH 3 R) 2 

| (Cleve, l.c.). The iodo-nitrate, 

RPt(NH 3 .NH 3 R) 2 

I 2 Pt 2 (NH 8 ) 8 (N0 8 ) 4 , is formed by reacting on 
I 2 Pt(NH 3 ) 4 (N0 3 ) 2 with NH,Aq and treating the 
product with HN0 3 Aq; most of the other com- 
pounds of the series are formed from the iodo- 
nitrate. Various classes of compounds of this 
series are formed by varying the composition of 
the radicles, R ; the nomenclature is similar to 
that used for the platinidiammines. The com- 
pounds which have been isolated are bromo - 
nitrate , bromo -anhy dr o nitrate, and bromosul - 
phate , M(N0 8 ) 4 , M(N0 3 ) 2 0, and M(S0 4 ) 2 .2aq, 
where M = Br 2 Pt 2 (NH 3 ) 8 ; hydroxyl-chloride , di- 
chromate, phosphate, and sulphate, M01 4 .aq, 
M(Cr 2 0 7 ) 2 , M(HP0 4 ) 2 , and M(S0 4 ) 2 .2aq, where 
M = (OH) 2 Pt 2 (NH 3 ) 8 ; iodo-iodide, anhydro-iodide, 
nitrate , anhydronitrate, phosphate, and sul- 
phate, MI 4 , MI 2 0, M(N0 3 ) 4 .4aq, M(N0„) 2 0, 
M(HP0 4 ) 2 , and M(S0 4 ) 2 , where M = I 2 Pt 2 (NH 8 ) 8 ; 
nitrato-nitrate, (N 0 8 ) 2 Pt 2 (NH 8 ) 8 (N 0 3 ) 4 .4aq. 

M. M. P. M. 

PLATINUMS, FULMINATING. Various 
compounds of Pt, N, Cl, 0, and H, all of which 
explode when heated, are formed by the action 
of KOHAq on (NH 4 ) ,PtCl 6 , or by ppg. PtfSO,), 
with NH. } Aq and boiling the pp. with KOHAq 
(Proust, Qehlen's J. 1, 348 ; Dobereiner, O. A. 72, 
104 ; Fourcroy a. Vauquelin, Qehlen's J. 1, 348 ; 
Davy, S. 19, 91). These compounds are classed 
together as fulminating platinums. E. von 
Meyer (J. pr. [2] 18, 305) classifies according to 
the quantities of Cl they contain ; all contain Pt 
and N in the ratio of equal numbers of atoms : 
tetrachloro - compound Pt 4 N 4 Cl 4 O l2 H 24 , trichlor- 
oa:7/-Pt 4 N 4 Cl s (OH)0,. 2 H 24 ,dich^*o-Pt 4 N 4 Cl 2 0 J ,H 22 , 
chloroxy- Pt 4 N 4 Cl(0H)0 12 H 22 . Tetrachloro-ful- 
minating platinum is formed by adding 
KOHAq drop by drop to AmJPtCl^ in the ratio 
4-6KOH : AmJPtCl*, and washing the pp. by 
repeatedly boiling with acetic acid solution and 
then with water. At 150° 4H 2 0 is given off; 
explosion occurs at a higher temperature. 
Dilute H 2 S0 4 Aq produces H 2 C 2 0 4 and evolves 
C0 2 . By treatment with KOHAq, or NH,Aq, 
Cl* is easily removed, a third Cl is removed with 
difficulty, but the fourth 01 remains unattacked. 

M. M. P. M. 

PLUMBAGO. A name sometimes given to 
graphite ; v. Carbon, vol. i. p. 686. 

PLUMBATES. Salts wherein PbO s acts as 
acidic radicle, v. vol. iii. p. 132. 

PLUMBITES. Salts wherein PbO acts as 
acidic radicle, v. vol. iii. p. 129. 

PLUMEBIC ACID C, 0 H 10 O 8 . [139°]. Occurs 
as calcium salt in the milky juioe of Plumeria 
acuiifolia (Oudemans, A. 181, 154). Minute 
crystals (from water), v. sol. alcohol and ether, 
si. sol. cold water. Yields salicylic acid on 
fusion with KOH. Reduced by sodium -amal gam 
to crystalline * hydroplumerio * acid C, 0 H 12 O« — 
K 4 A‘ t 3aq. — Ca(H s A") 2 4aq. S. *5 at 20°. — 
OaH 2 A u 5aq. S. -25 at 20°.-Ca 8 (HA‘*) 1 8aq.-~ 
Ag^ELA 1 * aq. — Ag*HA‘ r l£aq : needles (from 
water). 
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PODOCARPIC ACID C 17 H 22 0, i.e . 

C J> H J5 .C 6 H 2 Me(0H).C0 2 H. Mol. w. 274. [188°]. 
[a]© = 136°. Constitutes at least 90 p.c. of the 
resin found by de Yrij in the trunk of an old 
tree, Podocarpus cupressina , var. imbricata 
(Oudemans, A . 170, 213). Plates (from dilute 
alcohol), insol. water, v. si. sol. benzene, v. e. 
sol. alcohol and ether. Dextrorotatory. Besolved 
at 300° into water and anhydride C S1 H,A- 
Yields methanthrene C, 5 H 12 on distillation with 
zinc-dust. The Ca salt on distillation yields 
p-cresol, hydrocarpol, carpene C 9 H, 4 , and meth- 
anthrol C, 5 H, 2 0. Br added to its alcoholic 
solution forms C 17 H 20 BrEtO s (EtOH) [above 80°], 
which gives off alcohol when heated for some 
time, leaving C 17 H 20 BrEtO s [158°]. 

Salts.— NaA' 7aq. S. 33 at 21°. Needles.— 
KA' 3aq.— KA' 4aq. — (NH 4 )HA' 2 aq. — BaA' 2 3aq. 
— BaA' 2 8aq. — BaA' 2 9aq. — BaA' 2 15 aq. — 
BaC 17 H 2( ,0 3 8aq. — CaA' 2 5aq. — PbA' 2 4aq. — 
PbC, 7 II 2l ,0 3 aq. — PbH 2 A' 4 lOaq. — CuA' 2 lOaq. — 
AgA' 2 J-aq. 

Methyl ether MeA'. [174°]. Grains. 

Ethyl ether EtA\ [146°]. Needles. 

Acetyl dcrivativ e C 17 H 21 AcO g . [152°]. 
Small needles (from dilute alcohol). 

Nitropodocarpic acid C, 7 H 2 ,(N0 2 )0 8 . [205°]. 
Formed, as well as the di-nitro- acids, by the 
action of HNO a (S.G. 1-34). Small crystals, 
insol. water, m. sol. hot alcohol. May be reduced 
to unstable amido-podocarpio acid, which forms 
CjjH^NOaHCl (aq. 

Salt s.— (NH 4 ) 2 C 17 H If ,NO a 4aq.— - 
K 2 C I7 H J0 NO a 5 2 aq. Bed needles with green 
lustre, v. sol. water. — Na/J l7 H 19 NO s 9aq. Scarlet 
]>lates. — BaC, 7 H 19 N0 5 7aq. Bed needles. — 
BaC, 7 H I0 NO 6 3aq. — BaA' 2 4aq: yellow needles, 
si. sol. water. — CaC 17 H J9 N0 6 4aq : orange needles. 

Di-nitro-podocarpic acid C, 7 H 20 (NO 2 ) 2 O 8 . 
[203°]. Pale-yellow crystals, insol. water, m. sol. 
alcohol. — Salts : K 2 C, 7 H 18 N 2 0 7 5aq. Crimson 
needles, with green reflex.— BaC 17 H 18 N 2 0 7 4aq. — 
Ag 2 C, 7 H, 8 N 2 0 7 4aq : orange pp. 

8ulpho-podocarpi-c acid G J7 H 2 ,(S0 3 H)0 3 8aq. 
Got by warming with H 2 S0 4 . Amorphous mass. 
Salts: Na 2 A" 7aq : easily soluble rosettes. — 
Ba(HA") 2 6aq. — BaA''8aq : white lamin®. — 
CaA" 7aq : thin laminae. 

Hydrocarpol C lfl H 20 O. (220° in vacuo). A 
product of the distillation of calcium podocarpate. 
Viscid oil, v. sol. alcohol and ether. Yields 
p-cresol, carpene, and methanthrol C 16 H 12 0 
[122°] when distilled. Methanthrol is crystalline, 
sol. KOHAq. 

FODOPHYLLIN. The resin extracted from 
the root of Podophyllum pellatum (Guareschi, 
B. 12, 683 ; Q. 10, 16 ; Busch, Ph. [3] 8, 443 ; 
Senior a. Lowe, Ph. [3] 8, 445). It contains bitter 
and physiologically active * pioropodophyllin * 
crystallising in needles [200°-210°], and several 
resins, e.g . 4 podophyllo- quercetin ’ [247°-250°] 
and 1 podophyllio acid * (Podwissotzky , Ph. [3] 12, 
1011). 

POLYCHROlTE v. Saffkon. 

POLYMERISM ; a term generally applied to 
the phenomena of the existence of more than 
one substance having the same composition, and 
related in properties, but with different moleoular 
weights ; v . Isombbism, vol. iii. pp. 79-81. 

M. M. P. M. 


P0LYP0RIC ACID C,«H 14 0 4 . [above 300°]. 
Occurs in a fungus belonging to the genus Poly - 
porus % which grows on the bark of diseased or 
dead oaks. The fungus is yellow, but is turned 
violet by ammonia (Stahlschmidt, A. 187, 177 ; 
195, 365). Bronzed tables (from alcohol), insol. 
water, ether, benzene, CS 2 , and HOAc, si. sol. 
chloroform and alcohol. Alkalis form puiple 
solutions, decolourised by zinc-dust. Yields a 
tetrahydride when boiled with cone. KOHAq. 
Yields benzene on distillation with zinc-dust. 
Cone. HNO a forms C, B H l2 (N0J 2 0 4 [230°J. KC10 3 
and HC1 give C, 8 II 14 C1 4 0 4 [10*8°J and C 1U H, 2 C1 4 0 2 
[110°]. 

Salts. — K 2 A"2aq: purple monoclinic crys- 
tals. — Na 2 A"2aq: violet needles. — (NH 4 ) 2 A"2aq. 
— BaA" 4aq. — BaA" 2aq.— Sr A" 4aq. — SrA" aq. 
— CaA"3aq: pale-violet needles.- MgA" 3aq. — 
Ag ,A" : insoluble pp. 

Methyl ether Me 2 A". [187°]. 

Ethyl ether Et 2 A". [134°]. Needles. 

Diacetyl derivative C, 8 II l2 Ac 2 0 4 . [205°]. 
Yellow needles, si. sol. alcohol. 

Hydride C, s II, H 0 4 . [163°]. Formed, 
together with the acid C 20 H, B O 2 [156°] which 
yields Ag 2 A", by boiling polyporic acid with cone. 
KOHAq. White crystalline powder (from hot 
water), sol. alcohol. — Na 2 A"4aq. — BaA". — 
MnA" 6aq. — Ag 2 A" : crystalline pp. 

POPPY OIL. The oil expressed from tho 
seeds of Papaver somniferum contains glycerides 
of linoleic, stearic, and palrnitio acids (Oude- 
mans, J. 1858. 304 ; 1863. 333 ; cf. Mulder, J. 
1865. 323). 

POPULIN is the Benzoyl derivative of Salicin. 

PORPHYRINE C 2I H 2s N 3 0 2 . [97°J. Occurs, 
together with alstonine and alstonidine, in the 
bark of Alstonia constricta (Hesse, A. 205, 366). 
White amorphous substance, sol. alcohol, ether, 
and chloroform. Cone. H 2 S0 4 gives a purple 
solution. Its acid solutions exhibit blue 
fluorescence. — B'^PtCl,, 4aq. 

POTASH. Potassium hydroxide , q. v. t p. 
302. 

POTASSIUM. K. At. w. 3904. Mol. w. 
probably 39*04 (Ramsay, C. J. 55, 521 ; v. infra). 
M.P. 58° (Quincke, P. 135, 642) ; 62*5° (Bunsen, 
A. 125, 368). B.P. 719°~731° (Carnelley a. Wil- 
liams, C. J. 85, 563) ; 667° (Perman, C. J. 55, 
326). S.G. *865 at 15° (Gay-Lussac a. Th6nard) ; 
•875 at 13° (Baumhauer, B. 6, 655). V.D. not 
known with certainty ; v. infra , molecular weight. 
S.H. from -78° to +10° *166 (Regnault, A. Ch. 
[8] 26, 286). C.E. (linear, 0°-50 J ) *00008415 
(Hagen, Verhandl. d. physikal. Ges. eu Berlin , 
1882. No. 13). Volume at f°*vol. at 0° 
(1 + *000239352 + *000000209252*) for interval 10° 
to 95° (Hagen, l.c.). E.C. at 0° (Hg at 0°«1) 
11*23; at 100° (liquid) 5*586 (Matthiessen, P. 
100, 177). Refraction-equiv 7*51 (Kanonnikoff, 
J. R. 1884 (1), 119). The emission-spectrum is 
characterised by a line K a in the extreme red, and 
a line K^ in the violet ; for measurements of all 
the chief lines v. B. A. 1884. 436; for the ab- 
sorption-spectrum v . Boscoe a. Schuster, C. 2V. 
29, 268. H.C. [K 2 ,0] • 66,050 (Woods, P. M. [4] 
2, 268). 

Occurrence. — Compounds of K are widely 
distributed in large quantities. Felspar t mica , &c. f 
contain silicates of this metal ; camallite , 
sylvine , Ac., contain KC1 ; adum'stone and other 
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minerals contain K 2 S0 4 ; saltpetre is chiefly 
KNO g . Sea- water contains c. *5 to *7 g. KOI 
per litre. Potassium salts, e.g. acid tartrate and 
oxalate, are found in plants. Animals contain 
salts of K, chiefly phosphate and chloride. 

Historical . — Potash was decompose i by Davy 
(T. 1808. [1] 6) in 1807, by passing the electric 
current from a Volta-pile of 200 plates, through 
a piece of potash placed in a Pt basin. 
0ay-LusBao a. Th6nard, in 1808, reduced potash 
and obtained the metal, by heating it to white- 
ness with iron filings (A. Ch. 65, 325). In the 
same year Curaudan (A. Ch . 66, 97) showed that 
charcoal could be used instead of iron. Brunner 
( S . 38, 617) made this process applicable on the 
large scale, and B.’s method was modified by 
several workers, especially by Donny a. Mareska 
(A. Ch. [3] 35, 147). 

Formation. — 1. By electrolysing KOH. The 
most effective method is to place a little cone. 
KOHAq, with pieces of solid KOH in it, in* a Pt 
basin, to connect this with the negative pole of 
a powerful battery, to pour a little Hg into the 
basin, and place theroin the wire from the 
positive pole. The K which is thus formed 
amalgamates with the Hg ; the amalgam, after 
drying, is heated in a small retort, along with a 
little mineral oil, which drives out the air, and 
the K remains when the Hg has been distilled 
off. — 2. By electrolysing a molten mixture of 
KC1 and CaCl 2 in the ratio 2KCl:CaCl 2 . Tempera- 
ture is arranged so that a solid orust remains 
on the surface of the molten mixture. Electrodes 
of gas-coke are used. After electrolysis the 
mixture is allowed to cool for twenty minutes, 
and the contents of the crucible are scraped out 
under petroleum (Matthiessen). Linnemann 
electrolyses molten KCN (J. pr . 73, 415). — 3. By 
heating KOH to redness with iron filings or 
charcoal.— 4. By heating an intimate mixture of 
K 2 CO g and C, or a mixture of K 2 CO a or KOH, 0, 
and very finely-divided iron (Castner, C. N . 54, 
218). — 6. By heating sulphide of K with iron 
filings (Dolbear, C. N. 26, 33). — 6. By heating 
potash with sodium under petroleum to c. 170° 
(Williams, C. N. 3, 21). — 7. By the action of Na 
on dry molten K acetate (Wanklyn, C. N. 3, 66). 

Preparation. — An intimate mixture of K 2 C0 3 
and O is formed by heating cream of tartar 
(K-H tartrate) in a closed crucible. The mix- 
ture is then strongly heated in an iron bottle, 
connected with a flat receiver about 30 centim. 
long, 12 centims. wide, and 6 centims. from the 
inner surface of one side to that of the other ; 
this receiver is made of two pieces of sheet-iron 
(about 4 mm. thick) screwed together, and has 
an opening at the end farthest from the retort, 
to allow the escape of GO. The reaction may 
be represented thus: K 2 GO a + 2C = 2K+ 3CO. 
The K distils over and condenses in the receiver ; 
when full the receiver is removed, plunged under 
mineral oil and there opened, and the K is re- 
moved by a chisel. K combines with GO at a 
red heat to form a black, very explosive sub- 
stance; the more rapidly the distilled K is 
cooled the less of this explosive compound is 
formed. The distilled metal is purified by wrap- 
ping it, when under oil, in a piece of linen, 
heating the oil to c. 65°, and pressing the molten 
K through the linen ; the metal is then redis- 
tilled, from an* iron bottle, into a copper tube 


partly filled with mineral naphtha, and having 
an opening through which an iron rod may be 
passed to dear the tube which carries the K 
from the bottle into the receiver (Donny a. 
Mareska, A. Ch. [3] 35, 147). Castner (O. N. 

54, 218) uses as reducer a mixture of G and a 
metallic carbide, or a mixture of very finely-di- 
vided metal and O (conveniently prepared by 
heating a mixture of Fe 2 O s and tar in a covered 
vessel), and heats in an iron crucible with an 
exit-tube passing through the lid. The reac- 
tion, using KOH, Fe, and O, may be formulated 
as 3KOH + Fe + 20 - 3K + Fe + GO + GO, + 3H. 

Properties. — A Bilver-white, lustrous metal. 
As soft as wax at ordinary temperatures, brittle 
at 0°, melts at c. 60°. Boils when heated in a 
stream of H to c. 700°, and forms a bright- 
green vapour. A sublimate, in a very thin 
film on glass, shows a rich purple colour in 
transmitted light (Dudley, C. N. 66, 163 ; Newth, 
N. 47, 55). Crystallises in quadratic octahedra, 
which have a greenish-blue sheen. These crys- 
tals are obtained by melting K in a glass tube, 
narrowed at one place, and filled with coal-gas, 
and allowing the semi-solidified metal to flow 
slowly through the constricted part of the tube 
(Long, C. J. 13, 122). Sol. liquid NH 3 , forming 
a blue liquid, from whioh the metal is obtained 
by allowing the NH S to evaporate (Seeley, C. N. 
23, 169 ; v. Potassammonium, p. 299). Combines 
very rapidly with O ; on exposing a freshly-cut 
surface to air, oxidation occurs at once. De- 
composes cold water rapidly. K must be kept 
under a liquid free from O, such as mineral 
naphtha or rook-oil. 

The atomic weight of K was determined by 
Berzelius, Penny, Marignac, Pelouze, Millon, 
Faget, and Maumen6, from 1813 to 1846, by 
reducing KC10 a , KC10 4 , and KIO s to KC1 and KI, 
and by converting KG1, KBr, and KI to AgCl, 
AgBr, and Agl. The researches of Stas, in 1860 
and 1865, have determined the at. w. with great 
accuracy. Stas heated KC10 3 , thus getting KC1, 
decomposed KC10 S by HClAq, determined the 
ratio of KG1 and KBr to Ag required for com- 
plete ppn., converted KC1 into KNO s and KBr 
into AgBr, and determined the ratio of KBr to 
AgNO s required for ppn. (Stas, Rech. 69, 70, 91, 
118 ; Nouv. R. 244, 303). 

The molecular weight of K is not known with 
certainty. Dewar a. Dittmar ( C . N. 27, 121) and 
Dewar a. Scott (Pr. 29, 206, 490) determined the 
V.D. of K at c. 1000° ; the earlier results pointed 
to a mol. w. of q. 90, and the later numbers to a 
value c. 45. V. Meyer (B. 13, 391) Bhowed that 
the results were untrustworthy, as vapour of K 
attacks glass vessels. It has also been shown 
that vessels of Gu, Ag, Pt, or Fe cannot be used 
(Rieth, B. 4, 807 ; Meyer, l.c .). Ramsay (C. J. 

55, 521) attempted to find mol. w. of K by dis- 
solving in Hg, and finding the decrease of the 
vapour-pressure of Hg thereby produced. As- 
suming the mol. w. of liquid Efe to be 200, and 
also assuming that equal vols. of dilute solutions 
contain equal numbers of molecules, the results 
gave mol. w. of K as 29*1 and 30*2; it seems 
probable that the mol. of K is monatomic. 

The only oompound of K whose V.D. has been 
determined is KI ; in this molecule the atom of 
K is monovalent. 

K is a very strongly positive element. In all 
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fls compounds it reacts as a metal, and does not 
enter into the composition of any negative 
radicles. K forms very few basio salts, and no 
oxyhaloid compounds ; its halide compounds are 
very stable towards heat. K is olosely related 
to Cs, Li, Na, and Rb (v. Alkalis, metals of the, 
vol. i. p. 114). 

Reactions . — 1. Heated in dry air or oxygen , 
Kfi and K,0 4 are formed (v. Oxides , p. 304). — 

2. At about 300° K absorbs hydrogen readily, 
probably forming K*H (v. Hydride , p. 301).— 

3. Combines with chlorine , bromine , and iodine 
when heated (v. Chlorides t bromides , iodides % 
pp. 299, 300, 302). — 4. Forms compounds with 
sulphur , selenion, and tellurium when heated (v. 
Sulphides , selenides t tellurides , pp. 305, 306).— 
6. Combines with phosphorus (v. Phosphide , p. 
305). — 6. Alloys with several metals ( v . Alloys , 
infra).- 7. Reacts rapidly with water , forming 
KOHAq and H. — 8. Heated with hydrogen sul- 
phide forms KHS (v. Hydrosulphide , p. 302). — 
9. Dissolves in liquid ammonia (Seeley, C. N. 
23, 169 ; v. infra , Potassammonium). Heated in 
dry ammonia gas t KNH, is formed ( v . Amide t 
infra).— 10. Combines with carbon monoxide to 
form KCO (v. Carbonyl compound , p. 300). At 
red heat decomposes CO with separation of C. — 
11. Decomposes carbon dioxide , and nitrous and 
nitric oxide , when strongly heated with these 
compounds. — 12. Reaots with moist carbon 
dioxide to form K 2 CO, and HC0 2 K (Kolbe a. 
Schmitt, A. 119, 251). — 13. Decomposes silica 
and boric acid , when heated with these com- 
pounds, probably forming silicide and boride 
(q. v. t pp. 299, 305). 

Potassium, alloys of. Alloys of K with most 
metals are known; K alloys easily with the 
more fusible metals. The alloys generally 
oxidise in air, and decompose cold water. K 
forms amalgams with Hg ; according to Joannis 
(C. R. 113, 795), Hg, 8 K is formed by letting 
potassammonium (q . «.) in liquid NH,, drop on 
to Hg. For polarisation of K amalgam in KClAq 
against Zn amalgam v. Le Blanc, Z . P . C. 5, 
467, For supposed alloy with NH 4 , v. infra , 
Potassammonium. 

Potassium, aluminate of ; v. vol. i. p. 141. 

Potassium amide, KNH r Gay-Lussac a. 
Thdnard ( O . A. 29, 135 ; 32, 23) obtained dark 
olive-green crystals by heating K in dry NH 3 . 
Baumert a. Landolt (A. Ill, 1) confirmed G. a. 
T.*s formula KNH*. The compound is formed 
by passing dry NH S into a flask of o. 50 c.c. 
capacity, fitted with a cork carrying an inlet 
and exit tube, quickly throwing in pieces of K, 
continuing the passage of NH 8 , and heating 
very gently till the metal just ceases to dis- 
solve in the greenish-blue liquid that is formed ; 
on cooling, a yellowish-brown solid is obtained. 
KNH* is a non-conductor of electricity. Melts 
at a little over 100°, at a higher temperature 
NH, is given off, along with H and N, and K*N 
remains (v. Potassium nitride, p. 304). Burns 
when heated in O, or heated to redness in air, 
giving N and KOH; decomposes in moist air 
to KOH and NH*; must, therefore, be kept 
under rock oil. Reacts energetically with water, 
giving NH t and KOHAq. 

Potassium-ammonium or Potassammonium. 
By evolving dry NH„ from AgClurNH^, in a 


Faraday tube containing K in the other end, 
Weyl (P. 121, 697) obtained a substance which 
he regarded as an alloy, or compound, of K and 
NH 4 . Seeley ( C . N. 23, 169) regarded the blue 
liquid formed by dissolving K in liquid NH, as 
a solution, inasmuch as K was obtained again 
when the NR, was allowed to evaporate. Joannis 
(C. R. 109, 900, 965 ; 110, 238) examined the 
vapour-pressures of a solution of K in liquid 
NH 3 , and also the thermal phenomena attend- 
ing the formation of the solution. He found the 
vapour-pressure to decrease till a certain value 
was reached, when it became constant, provided 
temperature was not changed; on removal of 
more NHg a copper-red solid separated, and 
thereafter NH, was given off at constant pres- 
sure, till only K remained. This last part of 
the process was regarded by J. as a dissociation 
of NHgK; analysis showed this ratio (NH 3 :K) 
to be always attained when the final part of the 
change commenced. The heat of formation of 
NH S K is given by J. as 6,300 when NH S is gas 
and K solid, and as 1,900 when NH 3 is liquid 
and K solid. Joannis ( C . R. 113, 795) found 
that NH,K in liquid NH, is decomposed by Sb, 
Pb, and Hg, but not by Al, Cu, Ag, or Zn ; by 
dropping the liquid on to Hg, and washing the 
product with liquid NH a , he obtained a crystalline 
amalgam Hg 18 K. 

By measuring the depression of the vapour- 
pressure of liquid NH 3 by solution of K therein, 
J. concludes that the mol. formula of potass- 
ammonium is N^Kj (C. R. 115, 820). 

Potassium, antimonide of. Probably SbK 3 . 
A greyish-white, lustrous solid ; decomposer 
water, giving KOH, Sb, and H. Formed by 
heating the elements together, or by fusing ShjO, 
with KjCOj, and C. 

Potassium, antimonates of; v . vol. i. p. 28G. 

Potassium, arsenates of; v . vol. i.p. 309. 

Potassium, arsenites of ; v. vol. i. p. 306. 

Potassium, auricyanide of ; v. vol. ii. p. 332. 

Potassium, borates of; v. vol. i. p. 529. 

Potassium, boride of. The brown solid 
formed when boric acid is reduced by heating 
K may contain a compound of B and K. 

Potassium, borofluoride of ; v. vol. i. p. 526. 

Potassium, boronitride of. By very strongly 
heating a mixture of 7 parts B a O g with 20 part* 
KCN, Balmain (J. pr. 27, 422) obtained a white, 
infusible solid ; insol. water or KOHAq ; decom- 
posed by boiling aqua regia , leaving BN (vol. 
i. p. 527) ; heated in steam gave off NH*, and 
left KOH and boric acid. 

Potassium, bromide of, KBr. Formula 
probably molecular, from analogy of KI. Melts 
at 699° (Camelley, C. J. 33, 279). S.G. 2*695 
to 2*72 at 4° (Schrdder, P. 106, 226) ; 2*712 at 
12*7° (Clarke’s Tables of Spec. Gravities, 2nd ed., 
31) ; 2199 fused (Quincke, P. 138, 141) : v. also- 
Spring (B. 16, 2724). S.H. (16° to 98°) *11329 
(Regnault, A. Ch. f3j 1, 129). Vol. at 40° - voL 
at 0° (1 + -00012602) (Fizeau, O . R. 64, 314). 
S. 53*48 at 0°, 64*6 at 20°, 74*62 at 40°, 84*74 at 
60°, 93*46 at 80°, 102*04 at 100° (Kremers, P. 
25, 119) ; Coppet (A. Ch. [5] 30, 411) gives S. 
54*43 + *5128$ where t varies from -13*4° to 
110 \ Gerlach (Pr. 8, 285) calculated the fol- 
lowing from Kremer’s data : ’ 
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S.G. KBrAq 


6 px. 

1*037 

10 „ 

1*075 

15 „ 

1*116 

20 „ 

1*159 

25 „ 

1*207 


II X WUI 

H.F. [K,Br] = 95,310; 


30 p.c. 1*256 

35 „ 1*309 

40 „ 1*306 

45 „ 1*430 

[K,Br,Aq] « 90,230 (Th. 


8, 235). [KBr,0»] = 84,060 (Th., lx.). 

Formation. — 1. K and Br combine with 


production of much heat (v. Balard, Merz, a. 
Weith, B. 6, 1518). — 2. By treating BrAq with 
iron filings and ppg. with K 2 CO a . — 3. By 
neutralising HBrAq by KOHAq or K 2 C0 3 Aq, 
and evaporating.— 4. By decomposing CaBr 2 Aq 
by K 2 S0 4 , filtering after 12 hours, adding K.CO;, 
as long as turbidity is produced, filtering, and 
evaporating (Klein, A. 128, 237). 

Preparation . — A moderately cone, solution 
of KOH, free from K 2 C0 3 , is prepared from pure 
K 2 C0 3 and pure CaO ( v . Potassium hydroxide, 
p. 302) ; to this solution Br is added, little by 
little, till the liquid is slightly yellow ; very 
finely-powdered charcoal, equal to about one- 
tenth of the quantity of Br used, is added, 
and the liquid is evaporated to dryness 
(GKOHAq + 3Br 2 = 5KBrAq + KBr0 3 Aq + 8H,0) ; 
the dry residue is well powdered, and heated to 
dull redness in a closed crucible for some time 
(2KBr0 3 + 3C = 2KBr + 3C0 2 ) ; the residue is ex- 
tracted with warm water, the solution is filtered, 
and evaporated to the crystallising point. 

Properties and Beactions.—KBr crystallises 
in very lustrous, white cubes, sometimes 
elongated to prisms or flattened to plates ; it has 
a strongly saline taste. Easily sol. water, with 
considerable lowering of temperature ; [KBr,Aq] 
« — 5,080 (Th. 3, 235). Chlorine reacts with 
KBrAq to give KClAq and Br; Br is not set 
free by HLjS 0 4 containing N 2 0 3 , nor by 
KN0 2 Aq + dil. H 2 S0 4 Aq. KBr heated with po- 
tassium chromate and sulphuric acid gives off 
Br ; KC1 under similar conditions gives Cr0 2 Cl 2 . 
Cone . sulphuric acid produces HBr, Br, and 
S0 2 ; the amount of HBr (the primary product 
of the reaction) thus decomposed varies very 
nearly in proportion to the quantity of H 2 S0 4 
used ; if the H 2 S0 4 is in such large excess that 
the water formed in the reaction causes no 
sensible dilution, only S0 2 and Br are produced ; 
by using dil. H 2 S0 4 Aq (o. 30 p.c.) a mere trace of 
Br is obtained, the products being almost wholly 
KHS0 4 Aq and HBrAq (v. Addyman, C . J. 61, 
94). Hypochlorous acid solution produces 
KClAq and KBrO a Aq, with evolution of Br and 
Cl. Potassium permanganate solution has no 
action even when boiled ; but Br is set free if a 
little H 2 S0 4 is added, even without warming, the 
decomposition being soon completed (Hempel, 
A. 107, 160). Fusion with potassium chlorate 
produces KBrO a . 

Combinations. — With many bromides of less 
2 >ositive metals to form double salts; some of 
these are best regarded as K salts of acids con- 
taining Br and a metal less positive than K, e.g. 
AuBr 3 .KBr is best looked on as KAuBr 4 (v. the 
various metallic bromides). Also with iodine 
bromide , to form KBr.IBr (Wells a. Wheeler, 
Am. S. [3] 43, 476). Also with some metallic 
chlorides ; thus SbCll, forms SbClj.SKBr identical 
with SbBr,.8KCl, and therefore to be regarded 
as SbKgClgBr, (Atkinson, C. J. 43, 290). Felt 


(J. pr . [2] 39, 373) describes MgBr 2 .KBr. 6aq, 
analogous to carnallite (MgCl 2 .KC1.6aq). Schiff 
(A. 228, 72) describes a compound with arsenious 
oxide KBr.As 4 O fl . 

Potassium tribromide KBr s . According to 
Berthelot (A. Ch [5] 21, 370), orange crystals of 
this composition are formed by adding Br to 
KBrAq ; no analyses are given. The substance 
decomposes rapidly. B. gives [KBr.Br 2 ] = 2940. 

Potassium, carbonyl compound of. (Car- 
bonic oxide potassium.) The black Bolid formed 
in the preparation of K was thought by Berzelius 
(P. 4, 31) to be a carbide ; Liebig (A. 11, 182) 
found that the same compound was formed by 
passing CO over K heated just to melting; Brodie 
(C. J. 12, 269) confirmed Liebig’s result, and 
determined that one molecule CO is absorbed 
for each atom K ; hence the empirical formula 
is probably KCO. This substance is extremely 
explosive; many serious accidents have occurred 
with it. If the CO used is quite dry, and the 
substance is washed rapidly in alcohol as soon 
as it is prepared, the residue is not nearly so 
explosive (Nietzki a. Benckiser, B. 18, 1833, 
where details of the method of preparation are 
given) ; probably the alcohol dissolves out un- 
changed K. Potassium carbonyl is a greyish 
solid ; on standing in air it becomes yellowish 
and very explosive ; it dissolves in water, with 
evolution of much gas (according to E. Davy [A. 
23, 144] this gas contains C 2 H 2 ), and generally 
with combustion or explosion ; heated to redness 
it is resolved into K and CO. By exposure to 
moist air, or by other processes of oxidation, a 
series of organic compounds is obtained ( v . 
Croconic acid, vol. ii. p. 275 ; Hexa-oxy -benzene, 
vol. iii. p. 678 ; Tetra-oxy-quinone, vol. iii. p.771 ; 
Rhodizonig acid, this vol.). 

Potassium, chloride of, KC1. Formula pro- 
bably molecular, from analogy of KI. Melts at 
734° (Carnelley, C. J. 33, 279). S.G. 1*9775 at 
4° (Playfair a. Joule, C. S. Mem. 2,401); 1*9453 
at 15° (Stolba, J. pr. 97, 603) ; 1*612 at M.P. 
(Braun, C. J. [2] 13, 31) ; 1*87 fused (Quincke, 
P. 135, 642) ; v. also Spring (B. 16, 2724). S.H. 
14° to 99° *17295 (Regnault, A. Ch. [3] 1, 129 ; 
v. also Kopp, T. 155 [1] 71). Vol. at 40° = vol. 
at 0° (1 + *00011408) (Fizeau, C. B. 64, 314). S. 
32 at 10°, 33*4 at 15°, 34*7 at 20°, 37*4 at 30°, 
40*1 at 40°, 42*8 at 50°, 45*5 at 60°, 48*3 at 70°, 
51 at 80°, 53*8 at 90°, 56*6 at 100° (Mulder, 
Scheikund. Verh. 1864. 39) ; Coppet (A. Ch. [5] 
30, 411) gives S. 28*51 + *2837tf°, where t° varies 
from — 11° to 109°. S. at 0° in alcohol is given 
in following table (Gerardin, A. Ch. [4] 5, 139) ; 
where S.G. of alcohol is at 0°, and S + *° is 
solubility at t° (cf. Schiff, A. 126, 167); 


Alcohol 

S.G. 

s. 


Alcohol 

S.G. 

S. 


*9904 

23*2 

•27 

*9573 

7*1 

*162 

*9848 

19*4 

•255 

*9390 

4*2 

•125 

*9793 

15*7 

•233 

•8767 

1-89 

*061 

*9726 

11*9 

*205 





Gerlach (Fr. 8, 281) gives the following data : 
S.G. KClAq 

1 per cent. 1*0065 II 20 per cent. 1*1361 

5 „ „ 1*0825 24 „ „ 1*1667 

10 „ „ 1*0658 24*9 „ * 1*1728 

15 M M 1*1004 
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H.P. [K,C1] » 105,610 ; [K,Cl,Aq] 101,170 (Th. 3, 
235). 30 parts KC1 dissolved in 100 parts water at 
13*2° lower the temperature to *6°, i.e . through 
12*6° (Riidorff, B. 2, 68). Solution of 1 g. KC1 
in 100 g. water freezes at - *446° ; saturated 
solution freezes at — 10*9° (Riidorff, P. 114, 63; 
122, 337). Saturated solution boils at 108°. 

Occurrence . — In small quantities in sea-water, 
and in some mineral springs. As chloride in 
sylvine ; as double chloride, especially as car - 
nallite KCl.MgCl 2 .6aq. In crude pearl ash, in 
plant ash, and in kelp. 

Formation . — 1. By the direct union of the 
elements ; K burns in Cl at the ordinary tempe- 
rature. — 2. By heating K in HC1 gas. — 3. By 
passing Cl over KOH or KI heated to redness. — 
4. By the action of HClAq on KOH or K,CO s . — 
6. By decomposing various metallic chlorides 
by fusion with K. 

Preparation. — 1. Commercial KC1 is prepared 
chiefly from carnallite. The mineral is dissolved 
in warm water, heated by steam to c. 120°, and 
allowed to cool; at 60°-70°, MgSO,.aq, CaS0 4 , 
and NaCl separate, and on further cooling c. 
70 p.c. of the KC1 is obtained ; the crystals of 
KC1 are washed with a little cold water, to remove 
NaCl and MgCl 2 , and a product containing c. 
95 p.o. KC1 is thus obtained (for details v. Dic- 
tionary op Applied Chemistry). — 2. Pure KC1 
is prepared by neutralising pure HClAq by pure 
KOH or KjCOg, evaporating to the crystallising 
point, and recrystallising from water. 

Properties. — White salt, crystallising in cubes. 
Saline taste. Unchanged in air. Decrepitates 
when heated ; melts at c. 740°, and volatilises at 
a higher temperature. Fairly sol. water or aque- 
ous alcohol; insol. absolute alcohol, or cone. 
HClAq ; sol. in 20 p.c. KC 2 H 3 0 2 Aq. 

Reactions . — 1. With acids, KC1 generally 
gives K salt of the acid used and HC1. — 2. Said 
to combine with sulphuric anhydride, and 
chromic anhydride , probably forming S0 2 .C1.0K 
and Cr0 2 .C1.0K respectively (H. Bose, P. 38, 
117). — 3. Fused with potassium , in H, a blue 
substance is formed, supposed by H. Rose to bo 
a subchloride (P. 120, 16). What is probably 
the same substance is formed during electrolysis 
of molten KC1 (Bunsen a. Kirchoff, P. 113, 344). 

4. For action of water and oxygen , in presence 
and absence of acids, v. Schulze, J. pr . [2] 21, 
407. 

Combinations . — 1. With sulphuric and 
chromic anhydrides, v. Reactions, "No. 2. — 2. With 
most metallic chlorides ; some of the compounds 
are best regarded as K salts of metal-containing 
acids, e.g. KAuC1 4 (v. the different metallic chlor- 
ides). — 8 . With iodine trichloride , to form 
KC1.IC1 S ; prepared by mixing KClAq and ICl 3 Aq, 
by passing Cl into warm KIAq containing HC1, 
or by dissolving 1 part KIO, in 8 parts HClAq of 

5. G. 1*176, at 40°-50°. Forms lustrous yellow 
prisms, smelling of Cl; on heating gives Cl, 
KC1, and IC1; with water forms KIO a ; ether 
dissolves out IC1 S (Filhol, J. Ph. 25, 435, 506). — 
4. With iodine monochloride , to form KC1.IC1 
(Wells a. Wheeler, Am. S . [3] 43, 475). 

Potassium, cyanide of ; v. vol. ii. p. 346. 

Potassium, chromicyanideof ; chromisulpho- 
eyanide of ; and ohromocyanide of ; v. vol. ii. p. 
380. 


Potassium, cobalti- and cobalto-oyanide of ; 
v, vol. ii. p. 330. 

Potassium, ferrate and ferrite of ; v. vol. ii. 
p. 547. 

Potassium, ferri- and ferro-cyanide of; 
vol. ii. pp. 339, 336. 

Potassium, fluorides of. Two fluorides are 
known, KF, and KHF 2 or KF.HF. 

Potassium fluoride KF. Formula probably 
molecular, from analogy of KI. Prepared by 
neutralising IIFAq by K 2 CO a in a dish of Ag or 
Pt, evaporating to dryness, and heating till HF 
ceases to be given off. According to Berzelius 
(P. 2, 218), KF is obtained in crystals by slowly 
evaporating an aqueous solution at 35°-40° in a 
very shallow dish. Deliquescent ; fusible ; solu- 
tion has alkaline reaction to litmus, and etches, 
glass. Guntz (A. Ch. [G] 3, 5) says KFAq is 
neutral, but the salt is decomposed in solution 
and becomes alkaline. Evaporation of a very 
cone, solution gives KF.2ILO, according to H- 
Rose. S.G. 2*454 (Bodeker); 2*090 at 21*5° 
(Clarke, Am. S. [3] 13, 291). Combines with; 
HF to form KF.HF (v. infra) ; with BF a to form. 
KBF 4 (v. Potassium borofluoride, vol. i. p. 526) ;. 
with SiF 4 to form K 2 SiF B ( v . p. 305) ; with B 2 O a 
to form 2KF.B 2 0 3 , obtained by dissolving B 2 0 3 
in molten KF (Scbiff, A. 228, 72) ; with TeF 4 to 
form KF.TeF 4 , by evaporating ToO., in HFAq, 
with addition of K 2 C0 3 (Hogborn, Bl. [2] 35, 60) 
and with many metallic fluorides. 

Potassium-hydrogen fluoride KHF 2 or. 
KF.HF. Prepared by dividing a quantity of: 
HFAq into two equal parts, neutralising one, 
adding the other, and evaporating; also by 
evaporating KF in acetic acid. White cubes or 
four-sided tables; e. sol. water, almost insoh 
dil. HFAq. When heated gives HF, leaving KF. 
By electrolysis of HF containing KHF 2 , F is ob- 
tained (v. Fluorine, vol. ii. p. 561). Moissan 
( C . R. 106, 547) says that two other compounds 
of KF and HF are obtained by dissolving dry KF 
in liquid HF, and cooling ; to these compounds 
he gives the formul© KF.2HF and KF.3HF. 
Guntz (A. Ch. [6] 3, 5) gives [HF,KF] - 21,100. 

Potassium, haloid compounds of. The com- 
pounds KF, KC1, KBr, and KI are the chief 
halides of K ; as KI has been gasified and the 
molecular weight corresponds with the simplest 
formula, it is probable that KX expresses the 
molecular composition of these halides. KI #( 
also exists, but is decomposed by heat ; and there 
are indications of the existence of KBr a . KF' 
combines with HF to form KHF 2 , and, according 
to Moissan, also KF.2HF and KF.3HF. 

Potassium, hydride of, K 2 H. The absorp- 
tion of H by heated K was observed by Gay- 
Lussac a. Th&nard (A. Ch. 74, 203), and was 
confirmed by Jacquelain. Troost a. Hautefeuillo 
(A. Ch. [5] 2, 273) found that the absorption of 
H by K begins at 0 . 200° and becomes rapid at 
350°-400° ; if the action continues for some 
time 126 vols. H are absorbed by 1 vol. K. The 
product is brittle, and much resembles Ag amal- 
gam; it is fusible without change in H or in 
vacuo ; takes Are in contact with air ; heated* 
in vacuo , dissociation begins at 200° (for vapour- 
pressures of H given off, v. Dissociation, vol. ii* 
p. 398). The formula ByBL requires 124*6 vole- 
H to 1 vol. K. 
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Potassium, hydrosulphide of, KHS (Potas- 
sium sulphydrate). Gay-Lussac a. Th6nard 
(A. Ch . 115, 165) obtained this compound by 
heating K in dry H a S gas ; it is more readily 
formed by heating K 2 CO a to redness in H 2 S 
(H 2 0 and C0 2 are given off) (Berzelius, P. 6, 
438). By saturating KOHAq with H 2 S, and 
evaporating the cone, solution over CaO or CaCLj 
in vacuo, Schone (P. 131, 380) obtained lus- 
trous, rhombohedral crystals of 2KHS.H 2 0 ; and 
by dehydrating this in a stream of dry H.S, 
Sabatier (A. Ch. [5] 22, 5) obtained KHS as a 
yellow, amorphous solid. Prepared in the dry 
way, KHS appears reddish-black when molten, 
and white when cold ; it crystallises in prisms ; 
is very deliquescent, and reacts strongly alka- 
line; easily sol. in alcohol. Thomsen ( Th . 3, 
235) gives [K,S,H,Aq] - 65,140. KHSAq gives 
off H 2 S at 70°, according to Drechsel (J.pr. [2] 

4, 20). When a current of an inert gas is passed 
through KHSAq, H^S is given off, and K 2 SAq 
remains (Gernez, C. R. 64, 606). Electrolysis 
produces H and KOH at the negative pole, and 
H 2 S at the positive (Bunge, B. 3, 911). KHSAq 
dissolves S with evolution of H 2 8; it ppts. MnS, 
or PbS, from a neutral solution of a Mn or Pb 
salt, at the same time giving off H 2 S. These 
reactions distinguish KHSAq from K 2 SAq ; the 
latter does not give off H 2 S while dissolving S or 
ppg. MnS or PbS. KHSAq dissolves several 
sulphides of the less positive metals, e.g . Sb, 
As, Sn, forming K thiosalts. 

Potassium, hydroxide of, KOH (Caustic 
potash. Potassium, or potassic, hydrate). S.G. 
2*1 (Dalton) ; 2*044 (Filhol, A. Ch. [3] 21, 415). 
H.F. [K,0,H] « 103,170 ; [K,0,H,Aq] - 116,460 
(Th. 8, 235). 

Formation. — 1. By the reaction between 
K and H 2 0, or K 2 0 and H 2 0, followed by eva- 
poration.— -2. By boiling KjCOjjAq with CaO. — 
3. By adding powdered K 2 S0 4 to warm cone. 
BaOAq, evaporating, filtering, and again evapo- 
rating (Schubert, J.pr. 26, 117). — 4. By heating 
KNO, with 2-3 parts thin copper turnings, to 
redness, in an iron, or copper, crucible, extract- 
ing with water when cold, filtering from CuO and 
Ctt 2 0, and evaporating (Wfihler, A. 87, 373).— 

5. By heating 1 part KNO, with 1 part Fe 2 0 3 , in a 
dosed crucible of Cu, H being passed in ; treat- 
ing with water, and drawing off the clear liquid, 
and evaporating it (Schulze, Z . 1861. 109). Eva- 
poration of KOHAq should be performed in 
vessels of polished iron, or, better, of silver. 

Preparation.— 1. A solution of pure K 2 CO, in 
10-12 parts water is boiled, in a dish of silver or 
polished iron, with milk of lime, added little by 
little, till a portion of the dear supernatant liquid 
.gives no effervescence with an acid; rather more 
than half as much CaO is required as the weight 
•of KjGO, taken ; large excess of CaO should be 
.avoided ; water should be added as the boiling 
proceeds, because if the quantity of water is less 
.than o. 10 times the quantity of K v CO a ' used the 
KOHAq begins to decompose the CaCO, formed, 
.and the change of K 2 CO t to KOH stops (Liebig, 
A. 1, 124), When the change is completed, the 
vessel is dosed, and, after a few hours, the clear 
liquid is drawn off by a syphon; the liquid is 
then rapidly evaporated in an iron vessel, allowed 
Jo stand for an hour or two, the vessel being 
dosed, syphone<} off from any pp. that has formed, 


evaporated in a silver dish till the oily liquid thua 
produced begins to volatilise in white clouds, and 
cooled in an exsiccator. Impure KOH may be 
freed from all impurities, except KOI and traces 
of K 2 CO s and KG 2 H 3 0 2 , by dissolving in absolute 
alcohol, allowing to settle, draining off, and 
evaporating, at first on a water-bath, in a silver 
dish ; the resinous matter which is produced is 
removed from the warm evaporated semi -solid 
mass, by a silver spatula, and the KOH is then 
poured out on to a plate of polished iron, or, 
better, of silver. 

Graeger ( J . pr. 96, 188) recommends to heat 
the K 2 CO a Aq used with Ag 2 CO a , to filter from 
AgCl and excess of Ag 2 CO a , to boil, in a silver 
dish, with pure CaO made by strongly heating 
pureCaCO,, to filter the solution of KOH through 
pounded marble which has been washed with 
water till free from very fine particles, and to 
evaporate in a silver dish. — 2. Water and benzene 
are placed in a silver dish, and Bmall pieces of 
K, cut from the inside of a lump, are thrown in 
one by one ; the K remains near the surface of 
separation of the two liquids, and reacts fairly 
slowly with the water. The benzene is removed 
by warming, and the aqueouB solution of KOH 
is then evaporated to dryness. 

Properties . — After fusion, KOH is a white, 
hard, brittle solid, often showing a fibrous tex- 
ture. Melts below red heat, and volatilises at 
full redness in white pungent vapour. Very de- 
liquescent ; sol. water with production of much 
heat, [KOH, Aq] * 13,290 (Th. 3, 235). Easily 
sol. alcohol. Skey (C. N. 36, 48) says KOH is 
very si. sol. ether. Absorbs C0 2 rapidly from 
the air, forming KHCO a . KOH has a slight, but 
nauseous, odour, a strongly acrid taste, and acts 
as a powerful cautery towards both animal and 
vegetable matter. KOHAq should be kept in 
glass vessels free from Pb, as it corrodes lead- 
glass; it attacks vessels of glass or porcelain 
when heated in them. To keep KOHAq free 
from carbonate, it is advisable to store it in 
bottles fitted with corks carrying a syphon -tube, 
and a rather wide tube filled with a mixture c. 
equal parts CaO and Na 2 S0 4 , well rubbed to- 
gether, dried over a flame, and passed through 
a sieve to remove fine powder ; the air which 
enters through this mixture is quite free from 
C0 2 . 

KOHAq is strongly alkaline ; the affinity of 
KOH in solution is large, about equal to that of 
NaOH and LiOH, and about 50 times greater 
than NH^Aq (Ostwald). KOH saponifies ethereal 
salts, and ppts. most of the heavier metals as 
oxides or hydroxides from solutions of their 
salts. 

The table on next page, given by Lunge, shows 
the composition of KOHAq of different S.G. 

Expansion occurs when cone. KOHAq is 
diluted ; Frankenheim (J. 1847-8. 69) gives 
I V* l + *000415f4-*000000577f 3 as representing 
the volume of KOHAq S.G. 1*2788 at 0°, between 
13° and 100°, 

Reactions . - 1 . According to Deville ( C . R. 
45, 857), KOH is decomposed to K, O, and H by 
heating to white heat. — 2. Strongly heated with 
non-volatile acidic anhydrides , water and potas- 
sium salts are formed. 8. Heated with potassium , 
K/3 and H are formed; heated with sodium 
under a liquid free from O, an alloy of K and Na 
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RG. 

KOHAq 

o 

Twaddoll 

100 pts. by 
weight contain 

! 1 cub. metro 
contains 
Kilos 

A 


K a O 

KOH 

K a O 

KOH 

1*007 

1 

1*4 

0*7 

0*9 

7 

9 

1*014 

2 

2*8 

1*4 

1*7 

14 

17 

1*022 

3 

4*4 

2*2 

2*6 

22 

26 

1*029 

4 

5*8 

2*9 

3*5 

30 

36 

1*037 

5 

7*4 

3*8 

4*5 

39 

46 

1*045 

6 

9*0 

4*7 

5*6 

49 

58 

1*052 

7 

10*4 

5*4 

6*4 

57 

67 

1*060 

8 

12-0 

6*2 

7*4 

66 

78 

1*067 

9 

13*4 

6*9 

8*2 

74 

88 

1*075 

10 

15*0 

7*7 

9*2 

83 

99 

1-083 

11 

16*6 

8*5 

10*1 

29 

109 

1*091 

12 

18*2 

9*2 

10*9 

100 

119 

1*100 

13 

20*0 

10*1 

12*0 

111 

132 

1*108 

14 

21*6 

10*8 

12-9 

119 

143 

1*116 

16 

23*2 

11*6 

13*8 

129 

153 

1*125 

16 

250 

12*4 

14*8 

140 

167 

1*134 

17 

26*8 

13*2 

15*7 

150 

178 

1*142 

18 

28*4 

13*9 

16*5 

159 

188 

1*152 

19 

30*4 

14*8 

17G 

170 

203 

1*162 

20 

32*4 

15-6 

18*6 

181 

216 

1*171 

21 

34*2 

16*4 

19*5 

192 

228 

1*180 

22 

36*0 

17*2 

20*5 

203 

242 

1*190 

23 

38*0 

18*0 

21*4 

214 

255 

1*200 

24 

40*0 

18*8 

22*4 

226 

269 

1*210 

25 

42*0 

19*6 

23*3 

237 

282 

1*220 

26 

44*0 

20*3 

24*2 

248 

295 

1*231 

27 

46*2 

21*1 

25*1 

260 

309 

1*241 

28 

48*2 

21*9 

26*1 

272 

324 

1*262 

29 

50*4 

22*7 

27*0 

284 

338 

1*263 

30 

52*6 

23*5 

28*0 

297 

353 

1*274 

31 

54*8 

24*2 

28*9 

308 

368 

1*285 

32 

67*0 

25*0 

29*8 

321 

385 

1*297 

33 

59*4 

25*8 

30*7 

335 

398 

1*308 

34 

61*6 

26*7 

41*8 

349 

416 

1*320 

35 

64*0 

27*5 

32*7 

363 

432 

1*332 

36 

66*4 

28*3 

33*7 

377 

449 

1*345 

37 

69*0 

29*3 

34*9 

394 

469 

1*367 

38 

71*4 

30*2 

35*9 

410 

487 

1*370 

39 

74*0 

31*0 

36*9 

425 

506 

1*383 

40 

76*6 

81*8 

37*8 

440 

522 

1*397 

41 

79*4 

32*7 

38*9 

457 

543 

1*410 

42 

82*0 

33*5 

39*9 

472 

663 

1*424 

43 

84*8 

34*4 

40*9 

490 

582 

1*438 

44 

87*6 

35*4 

42*1 

509 

605 

1*453 

45 

90*6 

36*5 

43*4 

530 

631 

1*468 

46 

93*6 

37*5 

44*6 

549 

655 

1*483 

47 

96*6 

38*5 

45*8 

571 

679 

1*498 

48 

99*6 

39*6 

47*1 

593 

706 

1*514 

49 

102*8 

40*6 

48*3 

615 

731 

1*530 

t 60 

106*0 

41*5 

49*4 

635 

756 

1*546 

51 

109*2 

42*5 

50*6 

655 

779 

1*563 

52 

112*6 

43*6 

51*9 

681 

811 

1*580 

53 

116*0 

44*7 

63*2 

706 

840 

1*597 

54 

119*4 

46*8 

54*5 

731 

870 

1*615 

55 

123*0 

47*0 

55*9 

759 

905 

1*634 

56 

126*8 

48*3 

57*5 

789 

940 


U raid to be formed (Williams, Rip. Chim, pure % 
3, 177).-- 4. Iron decomposes EOH at white heat, 
forming Fe,0„ H, and K.— 5. Molten KOH acts 
generally as an oxidiser : e.g. Fe, As, Sb, Pt, <fec. 
form ferrate, arsenate, antimonate, and platinate 
of X; Or s O s forms K*Gr0 4 , &o. Salts are 
generally decomposed by molten KOH, giving 


K salts, and setting free the bases. — 6. KOHAq 
neutralises acids t forming salts. — 7. KOHAq 
decomposes most metallic salts in solution , ppg. 
oxides or hydroxides of the metals. — 8. According 
to Schone (A. 198, 241), addition of hydrogen 
peroxide to KOHAq produces K 2 0 4 (v. Potassium 
TETROXIDB, p. 305). 

Combinations . — 1. With carbon dioxide , to 
form KHCO*.— 2. With water , to form hydrates. 
Pickering (0. J» 63, 890) obtained K0II.H 2 0 
freezing at 143°, K0H.2H 2 0 freezing at 35*5°, and 
KOH.4HjO freezing -327° (c/. Waiter, P. 39, 
192 ; Schone, P. 131, 147). P. (lx.) gives full 
data for freezing points of KOHAq. Gottig 
( B . 20, 1094) described two hydrates, 2K0H.9H 2 O 
and 2KOH.5H./), obtained from an alcoholic 
solution of KOH containing some water; but 
in a later paper (B. 20, 1907) G. says that 
these hydrates contained alcohol besides water. 
3. With methyl alcohol , to form 3KOIL5MeOH 
(Gottig, B. 20, 1832). — 4. With ethylic alcohol , 
to form KOH.2EtOH (Engel, C. P. 103, 155) ; 

! decomposed by heating to EtOK, EtOH, and 
H 2 0. 

Potassium, iodides of. Two iodides are 
known, KI and KI 3 . 

Potassium iodide, KI. Mol. w. 165*57. Melts 
at 634° (Carnelley, C. J. 33, 279). S.G. 3*059 
(Playfair a. Joule, C. S. Mem. 2, 401) ; 3*077 to 
3*081 (Schroder, P. 106, 226) ; fused 2*497 
(Quinoke, P. 138, 141) ; v. also Spring (B. 16, 
2724). V.D. 91*5 (Dewar a. Scott, Pr. 29, 206) ; 
84*6 at above 1300°, in N (Mensching a. Meyer, 
Z. P. C. 1, 157). S.H. (20° to 99°) *08191 
(Regnault, A. Ch. [3] 1, 129). Vol. at 40 3 
s= vol. at 0° (1 + *00012796) (Fizeau, C. R. 64, 
314). S. 132*1 at 5°, 1361 at 10°, 140*2 at 15°, 
144*2 at 20°, 152*3 at 30°, 160 at 40°, 168 at 50°, 
176 at 60°, 184 at 70°, 192 at 80°, 201 at 90°, 
209 at 100°, 218 at 110° (Mulder, Scheikund. 
Verhandel , Rotterdam, 1864. 162). Coppet ( A.Ch . 
[5] 30, 411) gives S. at t° m 126*28 + *8088*, where 
t varies from —6*9° to 120°. S. in aqueous 
alcohol is given in following table (Gerardin, 
A. Ch. [4] 5, 139) ; the values hold for 0° to 
18°; 


S.G. alcohol 

s. 

•9904 

130*5 

•9851 

119*4 

•9726 

100*1 

•9665 

89*9 


S.G. alcohol 

S. 

*9528 

76-9 

*9390 

66*4 

•9088 

48*2 

•8464 

11*4 

•8322 

6*2 


H. F. [K,I] ■ 80,130 ; [K , I, Aq] *75,020 (Th. S t 
235). 

Formation . — 1. By the direct union of K and 

I. — 2. By neutralising HIAq by KjCO*, and 
evaporating.— 3. I is added to water and iron 
filings till the iron is almost wholly dissolved, 
the solution is filtered, and K 2 CO, added so long 
as FeCO s ppts. ; the liquid is filtered (if alkaline 
it is neutralised by HIAq) and evaporated, any 
Fe 2 0, which separates being filtered off (Baup, 

J. Ph. 9, 87, 122).— 4. By adding I to KOHAq, 
evaporating, heating with C, dissolving, filtering, 
and evaporating (u. Preparation ). — 5. Bal-jAq is 
formed by the action of I and water on BaS, and 
is decomposed by K*S0 4 ; BaSO, is filtered off, 
and the liquid is evaporated. Liebig (A. 121, 222) 
used Cal, in place of Bal, (cf. Pettenkofer, As 
121, 225). 
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Preparation, — Moderately, but not too, cone. 
KOHAq, quite free from K 2 C0 3 , is prepared from 
KjjOOjjAq and CaO ( v . Potassium hydroxide, Pre- 
paration, p. 302) ; I is added, little by little, to 
the slightly warm liquid till a slight yellow colour 
is produced; very finely powdered charcoal is 
now added, equal to c. ^ of the weight of 
I used, the liquid is evaporated quite to dry- 
ness, the residue is powdered, and heated, in 
a closed crucible, to dull redness for Borne 
time (6KOHAq + 61 « 5KIAq + KI0 8 Aq + 3H 2 0 ; 
KI0 3 + 3G = KI + 3C0). The contents of the 
crucible, when cold, are extracted with water, the 
liquid is filtered, neutralised by HIAq if alkaline, 
and crystallised. Morse a. Burton (Am. 10, 321) 
jecommend to remove traces of KIO s by boiling 
for some time with Zn amalgam and water, 
filtering, and crystallising ; neither Zn nor Hg 
is found in the filtrate. The Zn amalgam is 
made by agitating zinc-dust with Hg in presence 
of tartaric acid solution, and washing with water. 

Properties . — White cubes ; non-deliquescent. 
Has a sharp taste. Solution in water is attended 
with fall of temperature; 140 pts. in 100 pts. 
water at 10*8° produce a fall to —11*7° (Riidorff, 


P. 136, 276). 

Reactions.— 1. Unchanged in dry air, but 
decomposed in ordinary air when exposed to 
sunlight (v. Downes a. Blunt, Pr. 29, 319 ; Loew, 
Fr . 1870. 251). Air containing ozone also de- 
composes KI (Houzeau, J. 1858. 60). — 2. Heated 
in air to 230°, some KIO s is formed. — 3. Heated 
in steam y I is evolved (Petterson, Fr. 1870. 3G2) 
and HIAq formed (Schindler, Mag. Pharm. 31, 
33). — 4. Decomposed, with separation of I, and 
formation of KOH, by heating with lead dioxide , 
manganese dioxide , arsenic oxide , antimonic 
oxide , chromium trioxide , hydrogen peroxide , &o. 
(v. Weltzien, A. 138, 134). — 5. Chlorine decom- 
poses hot KI to KC1 and I. KIAq with ClAq 
gives KClAq, and I ; with excess of Cl, IC1, is 
formed and remains in solution, or combines with 
the KOI and separates a3 KC1.IC1 3 , according to 
the quantity of water present. Bromine acts 
similarly to Cl. — 6. Nitrous acid solution sets I 
free ; KN0 2 and dil. HClAq act in the same way 
(v. Price, C. J. 4, 155). — 7. Cone, sulphuric acid , 
or nitric acid , decomposes KI when heated with 
it, giving sulphate or nitrate of K, and I ; with 
Hy30 4 , S0 2 and H 2 S are also formed. Addition 
of cono. H 2 S0 4 to KIAq, or evaporation with 
HNOgAq, sets I free. If KIAq contains KIO s a 
few drops of a dilute acid suffice to give free I 
(5HIAq + HIOjAq * 31, + 3H a O). Agua regia sets 
I free from KIAq (for the delicacy of this reac- 
tion v. HartiDg, J. pr. 22, 46).— 8. Heated with 
sulphuric anhydride , K 2 S0 4 , S0 2 , and I are 
formed (H. Bose, 38, 121). — 9. Manganese dioxide 
and sulphuric acid produce I, MnS0 4 , and 
when heated with KI. — 10. KI fused 
with potassium-hydrogen sulphate gives K 2 S0 4 
and I. — 11. Fusion with potassium chlorate 
produces KI0 3 .— 12. Heating with barium 
nitrate forms KIO, and BaO a (Henry, J. Ph. 18, 
845). — 18. By heating with ammonium chloride t 
I, Ami, and KC1 are formed.— 14. Cone, potas- 
sium ferricyanide solution gives I and 
K 4 FeOyeAq ; on dilution the action is reversed 
(Mohr, A. 105, 57).— 15. Heated with potassium 
oorate , KIO, and a polyborate (? probably 
KJBgOi*) are formed (Schiff, A. 228, 72). 


Combinations. — 1. With most iodides of less 
positive metals ( v . various metallic iodides). 
Several of the compounds produced are best re- 
garded as K Balts of metal-containing acids (v. 
Bemsen, Am. 11, No. 5). — 2. With arsenious 
oxide to form KI.As 4 O fl (Schiff, A. 228, 72). — 
3. With potassium ferricyanide , to form a very 
unstable compound, KI.KjFeCy,, (Preuss, A. 29, 
823 ; Mohr, A. 105, 57 ; Blomstrand, J. pr. [2] 
3, 207 ; Kern, C. N. 33, 184). 

Potassium tri-iodide KI S . Dark-blue, lus- 
trous needles ; almost black by reflected light ; 
melts at 45°; S.G. 3*498 at c. 15° ; by saturating 
KIAq with I, and evaporating over H 2 S0 4 (John- 
son, G. J. 31, 249). Very deliquescent; in a 
little water some I is deposited ; sol. alcohol, in 
a very small quantity water, and in saturated 
solution of I in KIAq. Agitation with CS 2 of cone. 
KIAq saturated with I abstracts the dissolved 
I (Baudrimont, G. R. 51, 827). Jdrgensen (J.pr t 
[2] 2, 347) found, however, that CS 2 did not 
remove the I from an alcoholic solution of KI 
containing excess of I in ratio KI:2I, and that 
alooholio KI completely decolourised solutions 
of I in CS 2 . 

Potassium di-iodide ?KI 2 . A solution of 3 
pts. I in 4 pts. KI in water is said by Guyard 
(Bl. [2] 31, 297) to contain an unstable com- 
pound of this composition; with PbfNOjJsAq or 
Pb(C 2 H J 0 2 ). J Aq» this solution gives an almost 
black pp., said by G. to be Pbl 4 . 

Potassium, iodobromide of. The compound 
KBr.IBrmay be called iodobromide of potassium ; 
v. Potassium bromide, Gombinations f p. 300. 

Potassium, iodoohlorides of. The compounds 
KCl.ICl, and KC1.IC1 may be called iodoohlorides 
of potassium ; v. Potassium chloride, Combina- 
tions Nos. 3 and 4, p. 301. 

Potassium, iridicyanide of; v. vol. ii. p. 
332. 

Potassium mangani- and mangano-cyanide 
of ; v. vol. ii. p. 342. 

Potassium, nitride of, K S N. Formed by 
heating to redness KNH a ( v . Potassium amide, 
p. 299) in absence of O. A dark-grey, almost 
black, solid. Sublimes partially at white heat. 
Takes fire in air, with evolution of N ; reacts 
with water to give KOHAq and NH 3 . K 3 N is a 
conductor of electricity. Combines with 8 and 
P (Gay-Lussac a. Th6nard, A. Ch. 65, 325). 

Potassium, nitroprusside of; v . vol. ii. p. 

341. 

Potassium, osmocyanide of; v. vol. ii. p. 
343. 

Potassium, oxides of. Two oxides have been 
certainly isolated, K 2 0 and K 2 0 4 ; there are 
indications of the existence of others. 

Potassium oxide K 2 0 (Potassium mon- 
oxide). A mixture of K 2 0 and K 2 0 4 is formed 
by burning K in air; when K is burnt in a 
stream of dry O only Kg0 4 is produced, but on 
strongly heating this product O is given off, and 
K 2 0 remains pavy, T. 1808 [1] 5). K 2 0 is also 
formed by heating KOH and K in the ratio 
KOH : K ; according to Beketoff (Bl. [2] 37, 
491), K and KOH do not react. B. says that 
K*0 may be prepared by heating a mixture of 
Kg0 4 and K in a silver dish. To prepare pure 
K 2 0 Ktihnemann (C. 0. 1864. 491) recommends 
to lead air, freed from C0 2 , over K heated just 
to fusion ; the K spreads out into a thin layer 
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which bums to K 2 0. K 2 0 is a greyish, non- 
lustrous solid ; S.G. 2*656 (Karsten, S. 65, 394) ; 
melts at full red-heat, and volatilises at a very 
high temperature. Thomsen (Th. 3, 235) gives 
[K 2 ,0,Aq] - 165,460. K 2 0 reacts with water to 
form KOHAq, with production of much heat. 
Von Schaffgotsoh (A. 43, 17) says that 
K 2 0.Fe 2 0 8 is obtained, but not pure, by heating 
Fe 2 0 8 with K 2 CO s . 

Potassium tetroxide K 2 0 4 (Potassium 
peroxide). The formation of this compound by 
heating K in dry air or 0 was observed by Gay- 
Lussac a. Th6nard (A. Ch. 65, 325). The pre- 
paration and properties of the compound were 
examined by Vernon Harcourt ( G . J. 14, 267). 
Prepared by heating K till it melts, in a hard 
glass flask filled with N, then sending in a slow 
stream of dry air, and continuing to heat in the 
air-stream until the metal is completely changed 
to a yellowish amorphous solid, and heating 
this for somo time in dry 0. It is also formed 
by throwing small pieces of K into molten KN0 3 
(Bolton, C. N. 52, 289). A mixture of K 2 0 4 
with K0H.H 2 0 is said to be formed by mixing 
equivalents of KOH and H 2 0 2 in Aq, and eva- 
porating in vacuo (Schdne, A. 193, 241). K 2 0 4 
is an amorphous powder, having the colour of 
PbCr0 4 . It begins to soften at 280°, and melts 
at red heat to a black liquid, which crystallises 
in leaflets on cooling. At white heat gives off 
O and leaves K 2 0. Deliquesces in moist air, 
giving off O. In water forms KOHAq andHAjAfi* 
and evolves O. Heated in H produces KOH and 
H 2 0. K 2 0 4 oxidises P, S, G, &c., and many 

metals to their highest oxides. Reacts with 
CO, when heated, giving K 2 C0 3 and 0. No 
action with N 2 0 ; with NO forms KN0 2 and 
KNOj, and gives off N oxides. 

Oxides of Potassium other than K 2 0 and 
K 2 0 4 . Harcourt (l.c.) asserted the existence of 
K 2 0 2 , obtained by oxidation of K. Lupton (G. J. 
1876. [2] 565) thought that the oxides K 8 0 5 , K 4 0 3 , 
and K 6 0 4 are formed by the action of air on K 
at c . 65° ; these oxides may be regarded, accord- 
ing toL., as 3K 2 0.K 2 0 2 , K 2 0.K 2 0 2 , and 2K 2 0.K 2 0 2 
respectively. The substance described as a sub- 
oxide, K 4 0, is said by L. to be a mixture of K 
and K 2 0. Sohdne (A. 193, 241) obtained 

K 2 H 4 0 8 , probably K 3 0 2 .2H 2 0 2 , by evaporating, 
in vacuo, at — 10°, a mixture of 1 equiv. KOH 
and 2 equivs. H 2 0 2 in Aq. 

Potassium, phosphide of. K and P combine 
when heated under rock-oil, or in N, forming a 
dark-yellow solid (Magnus, P. 17, 517; Vigier, 
A. 122, 331). A compound, or compounds, of K 
and P seems also to be formed when K is heated 
in PHj, and also when K is heated in P in a 
stream of H (H. Rose, P. 12, 547). The com- 
pound prepared by Rose was a crystalline, red- 
dish, lustrous solid; decomposed by water, 
giving KH 2 POjAq and PH S , and burning, 
when heated in air, to K phosphate. 

Potassium, platinocyanide of, and allied 
salts ; v , vol. ii. pp. 344-5. 

Potassium, salts of. Compounds formed by 
replacing H of acids by K. The chief salts of 
K, besides the halides and sulphides, are car- 
bonates , chlorate and perchlorate , chromate and 
derivatives, iodate and periodates , nitrate and 
nitrite, phosphates and derivatives , silicates , 

Vol. IV. 
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sulphates and derivatives, sulphite , thiosulphate 
(v. Carbonates, Phosphates, Ac.). 

Potassium, selenides of. Berzelius ( Lehr - 
buck, 6th ed. 2, 222) investigated the conditions 
of combination of K and Se, without isolating 
and analysing any definite compounds. Se and 
K combine when melted together ; a steel-grey 
solid sublimes, which dissolves in water with 
formation of a red liquid that decomposes in 
air with separation of Se, and gives off H 2 Se 
with acids. Compounds of Se and K are also 
formed by reducing K 2 Se0 4 or K 2 SeO s by 0 or H 
at red heat (Wohler a. Dean, A. 97, 6 ; Rathke, 
A. 152, 211). Mixtures of selenate and selenides 
of K are formed by fusing KOH or K 2 C0 3 with 
Se. Boiling KOHAq dissolves Se, forming a 
brown liquid, from which a brown powder sepa- 
rates on evaporation, and which gives Se when 
heated with acids, or when diluted and allowed 
to stand in air. 

Fabre (C. R. 102, 613) obtained KjSe.^O, 
03—9, 14, and 19, by passing a rapid current of 
H 2 Se into KOHAq of different concentrations ; 
these hydrates of potassium monoselenide are all 
very easily decomposed. Fabre ( C . R. 102, 703) 
gives the following thermal data : [K 2 ,Se] « 98,340 
from solid elements ; [2KOHAq,H 2 SeAq] =* 7,520 ; 
[2KOHAq,H 2 Se] = 16,920 ; [K'Se,Aq] * 8,540. 

Potassium, selenocyanide of, v. vol. ii. p. 348. 

Potassium, selenostannate of, K 2 SnSe s 3aq. 
Yellow, unstable crystals ; by saturating K 2 SeAq 
with SnSe 2 and evaporating in vacuo (Ditte, 
G. R. 95, 641). 

Potassium, seleuothiostannate of, 

K 2 SnSe 3 S 3aq. Yellow, octahedral crystals ; by 
boiling KjSAq with Sn and Se, and evaporating 
in vacuo. Sol. water, with red colour. Both 
solid and solution in water very readily undergo 
decomposition, with separation of Se (Ditte, l.c.). 

Potassium, silicide of. By reducing Si0 2 by 
K, Berzelius obtained a brown solid, which re- 
acted with water to give H, KOHAq, and SiO, 

( Lehrbuch , 5th ed. 2, 84). 

Potassium, silicofluoride of, KjSiF a . Pre- 
pared by adding H 2 SiF fl Aq to a fairly cone, solu- 
tion of a K salt, washing, and drying. Small 
tesseral white crystals. Preis ( Listy Chem. 13, 
150 ; abstract in G. J. 58, 694) found hexagonal, 
and also regular, crystals of this salt, along 
with 0aS0 4 , in a basin wherein phosphoric acid 
had been prepared from phosphorite. K 2 SiF a 
is isodimorphous with the ammonium salt. S.G. 
2*665 at 17*5° (Stolba, J. pr. 97, 503). Easily 
sol. hot water, very si. sol. cold water. Melts at 
low red heat, giving off SiF 4 and leaving KF (v. 
Bothe, Hofman's Ber. ilber die Entwich. der 
Chem. Industrie, 1, 318). Decomposed by cone. 
H 2 S0 4 , giving off SiF 4 and HF. Decomposed by 
boiling (not cold) solutions of alkali hydroxides 
or carbonates, with separation of gelatinous 
silicic acid and formation of KF. 

Potassium, siliconitride of. The white, in- 
fusible solid, obtained by heating Si0 2 with 
KCN, is probably a compound of K, Si, and N 
(Balmain, P. M. October 1842). 

Potassium, sulphides of. £ and S combine 
when heated together, the K burning brilliantly. 
Five compounds of K and S are known; 

K 2 S 2 , K 2 S„, K 2 S 4 , and K 2 S,. They are all sol. 
water, the polysulphides also in alcohol. KjSAq 
is colourless ; solutions of the others are coloured 
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yellowish brown, the colour being deeper the 
greater the proportion of S. Solutions are decom- 
posed by acids; K 2 SAqwith evolution of H 2 S, 
the other solutions also with ppn. of S. Solu- 
tions decompose in air; K 2 SAq to KjS 2 0 3 Aq and 
KOHAq, KjSjjAq to KjS/^Aq, and the others to 
KgSgOgAq with separation of 8. Solutions of the 
polysulphides react with K 2 S0 3 Aq to form K 2 SAq 
and KjSjjOjAq; these solutions are reduced to 
KjSAq by shaking with Hg. With EtI or EtBr 
they form Et 2 S 2l which dissolves the S set free ; 
these solutions dialyse unchanged (Spring a. 
Demarteau, Bl. [3] 1, 311). 

Potassium monosulphide K^S. Formed by 
reducing dry KjSO., ; by heating in H (Berzelius, 
P. 6, 438) ; by heating with C (Berthier, A. Ch. 
22, 233 ; Bauer, J. pr . 75, 246 ; Wittstock, P. 
55, 536). Not obtained free from polysulphides 
by these methods ; if vessels of glass or porce- 
lain are used the product contains Si0 2 , as K 2 S 
acts on silioates. The product of the foregoing 
reactions is a brown, crystalline, deliquescent 
solid ; sol. in water, with production of much 
heat and formation of KSHAq and KOHAq; 
Thomsen (Th. 3, 235) gives [K 2 ,8,Aq]» 113,300. 
Sabatier (A. Ch. [5] 22, 5) says that K 2 S has 
never been obtained pure. An aqueous solution 
of I^S is prepared by saturating KOHAq with 
H 2 S, and adding an equal quantity of the same 
KOHAq. By evaporating this solution in vacuo 
at a low temperature, the pentahydrate KjS.SH^O 
is obtained in orthorhombic crystals, which lose 
3H 2 0 by heating to 150°, out of air (SchSne, P. 
131, 380 ; cf. Sabatier, l.c.). K 2 SAq is colourless 
out of contact with air ; it is very alkaline and 
caustic ; in air it becomes yellow, E^S is given 
off, and KjCOjAq and K 2 S 2 O s Aq are formed. 
KjjSAq dissolves S, forming polysulphides ; it 
dissolves Fe or Fe 2 0 3 , forming a green liquid. 

Potassium disulphide KgS*. Formed by 
allowing an alcoholic solution of K 2 S to stand 
in air till the surface is covered with a film of 
KaS 2 0 3 , then pouring off, and evaporating in 
vacuo (Berzelius, l.c.). Also by heating 2 equiva- 
lents KHS0 4 with 7 or more equivalents C 
(Geiger). Berzelius obtained by heating 4 
equivalents K^COj with rather less than 7 equiva- 
lents S. A yellowish red, deliquescent solid; 
KAAq is yellow ; in air it oxidises to K^OgAq 
without separation of S ; acids give off H 2 S and 
cause ppn. of S. 

Potassium trisulphide £*8,. Formed by 
passing CS 2 over K 2 C0 8 heated to redness (Ber- 
zelius, l.c . ; cf. Schflne, l.c.). Also by heating 
100 parts KjCO, with 58*22 parts S to dull red- 
ness, till CO a ceases to be given off ; the product 
contains some KgSO^ Also, with some S, by 
passing H 2 S over Btrongly-heated K. 2 S0 4 . By 
heating K 2 S 4 to over 800°. A yellowish-brown 
solid, black when molten; not decomposed at 
900°, gives off S at white heat (B.). Easily sol. 
water and alcohol ; K 2 S 8 Aq in air gives K a S 2 0 8 Aq 
with separation of S; decomposed by acids, S 
separating and HjS being evolved. 

Potassium tetrasulphide K a S 4 . Formed by 
passing OS 2 over strongly-heated £3804 so long 
as 00 2 is produced. Also by melting KjCO, with 
1 to 2 parts 8, heating till excess of 8 is removed, 
and then reducing K,S0 4 formed by heating in 
HjS. A red-brown, crystalline solid (B., l.c . ; S., 
U.). Decomposed at 800°-900° to £48, and S. 


The dihydrate KjS^fLjO is obtained by boiling 
K 2 SAq with the proper quantity of 8, and evapo- 
rating in vacuo (8., l.c.). Sabatier (A. Ch. [5] 
22, 53) obtained the octahydrate, K2S4.8H.jO, by 
adding 90 p.c. alcohol to K 2 S 4 Aq, separating the 
brown oily liquid, and letting it crystallise. 

Potassium pentasulphide K 2 S a . Formed by 
heating any of the lower sulphides with S until 
the excess is removed ; Sch6ne (l.c.) says tempe- 
rature should not exceed 600° ( v . B., l.c.). A 
solution of K 2 S 5 , containing also K 2 S 2 0 8 , is 
formed by heating K. 2 C0 8 Aq with 8 (Fordos a. 
G61is, C. B. 23, 211) ; or by digesting a solution 
of a lower sulphide with S (B., l.c.). A red, 
fusible solid ; decomposed by heating in steam, 
giving K 2 S0 4 and H 2 S (Dreohsel, J. pr. [2] 4, 20). 
Very sol. water, also in alcohol ; K 2 S 5 Aq slowly 
decomposes in air, giving K 2 S. 2 0 3 Aq, KjCOjAq, 
and S ; acids evolve ELjS and separate 8. 

Liver of sulphur. This name is given 
to the brown solid obtained by heating 8 with 
K 2 C0 3 in a closed vessel ; it contains various 
sulphides of K, along with KjS 0 4 , and generally 
some K 2 C0 3 . 

Potassium, sulphydrate of; v. Potassium 

HYDROSULPHIDE, p. 302. 

Potassium, sulphooyanide of ; v. vol. ii. pp. 
351-2. 

Potassium, telluride of. Probably K. 2 Te. By 
heating together K and Te in H ; also by heat- 
ing a mixture of 100 pts. H 2 Te0 3 , 20 pts. KOH, 
and 10 pts. C. A brittle, crystalline, copper- 
coloured solid. Easily sol. water ; exposed to 
air Te separates from the solution. HClAq 
evolves H 2 Te (Davy; v. also Berzelius, Lehr - 
buch (5th ed.) 2, 247). 

Potassium, tellurofluoride of, KF.TeF 4 ; v . 
Potassium fluoride, p. 301. 

Potassium, thio-arsenates and thio-arsenites 
of; v. vol. i. pp. 317, 316. 

Potassium, thiocarbonate of; v. vol. i. p. 
703. M. M. P. M. 

PRASEODYMIUM. The constituent of di- 
dymium which yields green -coloured salts ; v. 
Didymium, vol. ii. p. 383. 

PREHNITENE v. c-Durene. 

PREHNITIC ACID O I0 H a O 8 i.e. 

0^2(00^4 [1:2:3:4]. Mol. w. 254. [237°-250°]. 
Formed by heating either of the tetrahydrides of 
pyromellitio acid with H 2 S0 4 (Baeyer, A. 166, 
325), and by the oxidation of c-durene and of 
. c-tetra-ethyl-benzene (T6hl, B. 21, 907; Galle, 
B. 16, 1746 ; Jacobsen, B. 17, 2518). Crystal- 
lises from water in large prisms (containing 2aq) 
resembling the mineral prehnite. Converted by 
fusion into an anhydride C l0 H 4 O 7 [239°]. 
May be reduced to a viscid hydride. — KHjA^aq. 
— BaHaA^ 3aq. — BaH 2 A iT aq : needles. — Pb a A ,v ; 
small needles, insol. water. 

Methyl ether Me 4 A l? . [104°-108°]. 

PREHNITOL v. c-Durei*ol. 

PREHN0MALIC ACID 0,^0, i.e. 
C a H s (OH) (00^)4. Oxy-prehnitic acid dihydride. 
[210°]. A product of the action of H 2 S0 4 on the 
tetrahydrides of mellitio acid (Baeyer, A. 166, 
325 ; B. 4, 275). Needles, readily converted by 
heat into an anhydride C^H^O,, [210°]. By 
heating with H 2 80 4 , or by treatment with Br, it 
is converted into prehnitio acid. — Ag 4 A I,r . 

PRIMULA CAMPHOR O n H 12 0 8 . [49°]. 

(above 200°). Contained in the root of Primula 
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veris (Mutschler, A. 185, 222). Six-sided plates, 
v. sl. sol. water, v. sol. alcohol and ether. Smells 
like anise. FeCl ? oolours its aqueous solution 
violet. Yields salicylic acid on oxidation. 
PBIMULINE BASE 0 28 H I8 N 4 S 8 i.e. • 
C.H,Me<^^0.0.H,<^>0.0.n,<^>0.0.H 4 NH r 

Prepared by heating p-toluidine (2 mols.) with 
sulphur (4 or 5 atoms), H 2 S being evolved (Green, 
<7. J. 55, 234). Yellowish powder, nearly insol. 
.all solvents. Not decomposed at 400°. Its salts 
are decomposed by water. The Na salt of its 
sulphonic aoid (primuline), iB taken up by 
unmordanted cotton. KOH at 260° yields amido- 
tolyl-mercaptan and yj-amido-benzoic acid (Gat- 
termann, B . 22, 425, 1066). 

Dehydro thiotoluidine C 14 H 12 SN 2 i.e . 
C a H,Me<g^>C.C a H 4 .NH 2 . [191°]. (434° at 

766 mm.) (Pfitzinger a. Gattermann, B. 22, 1066). 
An intermediate body in the preparation of 
primuline. Formed, together with primuline 
base, by heating p-toluidine with S (Dahl & Co., 
O. P. 35790 ; Green, C. J . 65, 230). Got also by 
ihe action of HI and P upon primuline (Jacobsen, 

B. 22, 330). Yellowish iridescent needles (from 
isoamyl alcohol), v. sol. HO Ac, sl. sol. hot alco- 
hol, v. sl. sol. benzene, almost insol. boiling 
water. Its alcoholic solutions have violet-blue 
fluorescence. Ppd. by adding water to its solu- 
tion in HClAq. 

Reactions . — 1. Yields p-toluidine on distilla- 
tion with zinc-dust. — 2. Yields primuline on 
heating with S. — 3. Converted by diazotisation in 

hoiling alcoholic solution into C^Me^o ^>CPh 

[123°]. — 4. When diazotised and boiled with 
water it gives C 14 H,,(OH)N 2 S [256°], which gives 

C, 4 H n (OAc)N 2 S [132°]. — 5. Fuming H.SO, (con- 

taining 70 p.c. SO„) forms, below 50°, a sulphonic 
acid C l4 H,,(S0 8 H)SN 2 , which orystallises in 
yellow neeales (containing aq), or orange plates 
{containing 2aq), sl. sol. hot water, and forms 
NH 4 A'aq, sl. sol. hot water, CuA' 2 2aq, a reddish- 
brown pp., and AgA', a white pp. — 6. Mel 
yields C, 4 H, 0 (NMe 2 )NS [197°] (434°), and 

D 14 H 10 (NMe s I)NS, a bright-yellow powder, v. sol. 
water. MeOH and HC1 at 150°-200° give 
C l4 H 1# (NMe H Cl)NS, a yellow powder which forms 
(C 14 H 10 NS.NMe 8 Cl) 2 PtCl 4 [234°]. 

Acetyl derivative C u H n AcN 2 S. [227°]. 
White plateB or prisms, sl. sol. HOAc. 

PEOPACONIC ACID v . Lactone of Oxy- 

3 TTTYL MALEIC ACID. 

PEOPANE 0,H 8 i.e. CH a .CH 2 .CH 8 . Mol. w. 
44. (-17°). S. (alcohol) 6. H.F.p. 35,110. H.F.v. 
83,870 (Thomsen, Th. 4, 52). Occurs in the 
gases given off from the petroleum springs of 
the United States (Ronalds, C./.18,54; Lefevre, 
Z. [2] 5, 185). Formed by the action of HI on 
propyl iodide, allyl iodide, isopropyl iodide, 
acetone, and glycerin (Berthelot, 7, 60 ; 9, 13, 
184). Prepared by heating n-propyl iodide 
(9-6 pts.) with A1C1, (2*5 pts.) at 140° (Kohnlein, 
B. 16, 560), or by heating isopropyl iodide with 
zinc and HClAq (Sohorlemmer, A . 150,209). Gas. 
On compression with water at a low tempera- 
4ure it yields a hydrate, dissociating at 8*5° 
j(Villard, <7. R. Ill, 302). 

References . — Di-bromo-, Bromo-iodo-, Bbomo- 


nttro-, Chloro-, Chloro-iodo-, Dl-CHLORO-NITRO-, 
Di-iodo, and Nitro- Propanb. 

PROFANE CARBOXYLIC ACID v. Butyric 

ACID. 

Propane dioarboxylio aoid v . Glutarxo. 
Pyrotartaric, and Ethyl-malonio acids. 

Propane trioarboxylio acid C 6 H„O e i.e. 
CH 3 .CH(C0 2 H).CH(C0 2 H) a (Bischoff, B. 13, 
2164 ; 14, 614 ; 15, 1107 ; 17, 2783 ; 22, 8180 ; 
A. 214, 53). [146°J. Formed by saponifying 
the ether with dilute alcoholic potash. Crystal- 
line mass, v. e. sol. water, aloohol, and ether. 
Splits up when heated alone, or with dilute 
HClAq, into C0 2 and pyrotartaric acid. Bromine 
forms bromopyrotartario and bromoorotonio 
acids. — Ba a A'" 2 : bulky pp. 

Methyl-di-ethyl ether MeEt.A'". (268°). 
8.G. ~ 5 1*078. Formed from methyl a-ohloro- 

propionate and sodium malonio ether. 

Ethyl ether Et a A"'. (270*3° cor.). S.G. 

1*0698. g D -« 1*4288 at 20°. Formed from 
sodium malonio ether and a-bromo-propionio 
ether. Oil, miscible with alcohol and ether. 
NaOEt yields C !i R 4 ^(CO^a l )(COJE\t) i . 

Propane tricarboxylic acid 
CH 8 .C(C0 2 H) 2 .CH 2 .C0 i H. 

Methyl ether Me s A'". Oil (Barth e). 

Ethyl ether Et,A'". (273*6° oor.). S.G. y 
1*077. Md=* 1*4311 at 20°. Formed from sodium 
methyl-malonio ether and chloro-aoetio ether, 
and also from sodium ethane tricarboxylic ether 
and Mel or MeCl (Bischoff a. Von Kuhlberg, B. 

23, 635). Yields on saponification pyrotartaric 
and a little Buccinic acid. 

Methyl ether of the mono - nitrile 
CEL,.ClCN)(C0 2 Me).CH 2 .C0 2 Me. Formed from 
methyl cyanosuccinate, MeOH, and Mel 
at 70° (Barthe, Bl. [3] 1, 303; C. R. 108, 
297 ; 112, 1013). Oil. The corresponding 
CH !l .C(CN)(C0 2 Et).CH 2 .00 2 Et is also anoil (185° 
at 35 mm.). 

Propane tricarboxylic acid 
C0 2 H.CH 2 .CH 2 .CH(C0 2 H) 2 . 

Ethyl ether Et s A'". (161° at 13mm.). 
S.G. 2 3 ° 1*0808. Formed from sodium malonio 
ether and 0-bromo-propionic ether (Emery, B. 

24, 282). The free acid splits up into C0 2 and 
glutaric acid on boiling with HClAq. 

Isomeride v. Tricarballylic aoid. 

Propane tetracarboxylic acid 
C0 2 H.CH 2 .CH(C0 2 H).CH(C0 2 H) 2 . 

Ethyl ether Et 4 A w (204° at 18mm.). S.G. 
9 ? ° 1*1184., Formed from sodium malonio ether 
and chloro-succinic ether (Emery, B. 23, 3769). 
Oil, v. sol. alcohol and ether. The free aoid 
splits up into C0 2 and tricarballylic acid. 

Propane tetraoarboxylic acid 
(C0 2 H) 2 CH.CH 2 .CH(C0 2 H) 2 . Dicarboxy-glutaric 
acid. [170°]. An acid formed by the action of 
sodium amalgam on dicarboxyglutaconic ether 
C 7 H 2 Et 4 0 8 in alkaline solution (Conrad a. Guth- 
zeit, A. 222, 257). One of the products of the 
action of chloro-di-methyl oxide on sodium 
malonio ether (Kleber, A. 246, 106). Got also 
by boiling its ether with dilute alcoholic potash 
(Guthzeit a. Dressel, B. 21, 2234 ; 22, 1423 ; A. 
256, 174). Crystalline powder (from ether), v. e. 
sol. water. At 180° it splits up into C0 2 and 
glutaric acid [98°]. — Ba 2 A ,r 2aq.—Ca 2 A‘ T 2aq. — 
PbijA’* 2aq. 

Ethyl ether Et 4 A lT . (235^ at 80mm.)* 

x 2 
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S.G. *2 1*116. Formed from sodium malonic 
ether by treatment with CH 2 C1 3 or CH 2 I 2 , and 
got also by reducing dicarboxy-glutaconic ether 
with zinc-dust and HOAc (W. H. Perkin, jun., 
G. J. 69, 993). Oil, with very bitter taste. 
NaOEt forms a di-sodium derivative, which re- 
acts with EtI forming oily C 17 H 28 0 8 (c. 248° in 
vacuo). 

Propyl-tri-ethyl ether Et 3 PrA lT . (195°- 
202° at 16 mm.). Formed from propyl triethyl 
dicarboxy-glutaconate, zinc-dust, and HOAc. 
Colourless oil. 

Propane tetracarboxylic acid 

C0 2 H.CH 2 .C(C0 2 H) 2 .CH 2 .C0 2 H. [151°]. Got by 
saponifying its ether with alcoholic potash. 
Prisms (from water), v. sol. water, alcohol, and 
ether. At 170° it splits up into C0 2 and tri- 
carballylic acid.— K 3 HA W 2^aq (at 100°). — 
Zn 2 A u 8aq (dried at 100°). — Pb 2 A lT aq.— Ag 4 A lT : 
insoluble pp. 

Ethyl ether Et 4 A lr . (295° uncor.). .S.G. 

1*102. Formed from malonic ether, alcoholic 
NaOEt, and chloro-acetic ether, followed by a 
second dose of NaOEt and chloro-acetic ether 
(Bischoff, B. 13, 2163 ; A. 214, 61). Oil. 

Ethyl ether of the mono-nitrile 
C0 2 Et.CH 2 .C(CN)(C0 2 Et).CH 2 .C0 2 Et. [41°]. 

(200°-215° at 10 mm.). Formed from sodium 
cyano-succinic ether and chloro-acetic ether 
(Haller a. Barthe, G. B. 106, 1413). White 
crystals, sol. alcohol and ether. 

Methyl ether of the mono-nitrile 
C0 2 Me.CH 2 .C(CN)(C0 2 Me).CH 2 .C0 2 Me. [47°]. 

Prepared in like manner (Barthe, G. B. Ill, 
844). Prisms, insol. water and alkalis. 

Propane pentacarboxylic acid 
CH(C0 2 H) 2 .C(C0 2 H) 2 .CH 2 .C0 2 H. [161°]. Got 

by saponifying its ether. Spherical aggregates 
(from ether). — K ft A v 4aq. — Ba a A T 2 4aq : crystalline 

pp. 

Ethyl ether Et a A\ (275°~280° at 188 
mm.). S.G. {{f 1*121 (Bischoff, B. 15, 1107 ; 
21, 2113). Formed from sodium-malonic ether 
and CCl(C0 2 Et) 2 .CH 2 .C0 2 Et. Formed also from 
sodium ethane tricarboxylic ether and chloro- 
acetic ether. Oil. 

Beference . — Oxypropane tricarboxylic acid. 

PROPANE PH0SPH0NIC ACID 
C,H 7 .PO(OH) 2 . [60°-70°]. Prepared by oxida- 

tion of propyl-phosphine with fuming HNO s 
(Hofmann, B . 6, 304). Wax-like mass, sol. water. 

PROPANE SDLPH0N1C ACID 
CH 8 .CH 2 .CH 2 .SO f H. Formed by oxidation of 
propyl mercaptan with nitric acid (S.G. 1*3) 
(Spring a. Winssinger, Bl. [2] 48, 110). IC1 8 at 
160° forms ohloro-propane sulphonio aoid, CC1 4 , 
and 0 2 C1 6 . 

Propane sulphonio aoid (CH 8 ) 2 .CH.S0 8 H. 
[below 100°]. Formed by oxidising isopropyl 
mercaptan with HNO*. Obtained also from 
acetone by successive treatment with P 2 S 5 and 
HNO s (Claus, B . 5, 660 ; 8, 633 ; Spring, Bl. [2] 
40, 66). Crystalline. Its salts are v. e. sol. 
water. 

Propane disulphonio acid 

CH 2 (S0 8 H).CH 2 .CH 2 (S0 s H). Formed by boiling 
trimethylene bromide with a saturated solution 
of ammonium sulphite (Monari, B. 18, 1845). 
Deliquescent needles, v. sol. water and alcohol. — 
Na,A" 4Jaq.— BaA" 2aq : very soluble needles. 


Propane disulphonio aoid 

CH 8 .CH(S0 8 H).CH 2 (S0 8 H). Formod In like 
manner from propylene bromide (M.). — Na 2 A"aq. 
— BaA" : sparingly soluble crystals. 

Propane disulphonio acid C 3 H tt (S0 8 H) 2 . Got 
from butyramide and fuming H 2 S0 4 (Buckton 
a. Hofmann, A. 100, 153), and also by heating 
butyric acid with C1S0 8 H at 140° (Baumstark. 

а. 140, 83).— BaA". — PbA": crystalline. 

Propane trisulphonic aoid 

CH,(S 0 3 H).CH(S 03 H).CH 2 (S 0 8 H). Got by boil- 
ing s-tri -ohloro-propane with aqueous K 2 SO., 
(Schiiuffelin, 4. 148, 117). — Ba 3 A"' 2 : crystalline 
powder, si. sol. waiter. 

References. — Chloro- and Oxy-propane sul- 
phonic acid. 

DIPROPARGYL C tJ H fi i.e. 
CH:C.CH.,.CH 2 .C:CH. Hexunene. (85°). S.G. 
IS *81. H.F.p. -96,040. H.F.v. -97,200 (Thom- 
sen, Th.). Formed by distilling diallyl tetrabrom- 
ide with solid KOH, and boiling the resulting di- 
bromo-diallyl with alcoholic potash (Henry, B . 

б, 956 ; 7, 21 ; 14, 399 ; 17, 1132). Limpid, highly 
refractive oil, v. sol. ether. Burns with smoky 
flame. Combines with explosive violence with 
bromine, forming C tf H 6 Br 4 , a thick liquid S.G. 
2*464, from which, by further action of Br, crys- 
talline C 8 H 0 Br„ [141°] can be obtained. Iodine in 
KI forms dipropargyl tetraiodide C 6 H B I 4 [113°] 
crystallising from CS 2 in prisms. Dipropargyl 
gives with ammoniacal cuprous chloride a 
yellow pp. Cu 2 C„H 4 2aq, which explodes at about 
100°. Aqueous AgNO„ ppts. Ag 2 C 6 H 4 2aq, which 
explodes below 100°. Dipropargyl is very easily- 
polymerised, forming a resin. 

PROPARGYL ALCOHOL C 3 H 4 0 i.e. 
CH:C.CH 2 OH. Mol. w. 56. (115°). V.D. 1*88 
(calc. 1*93). S.G. 2 5 ° *9715. ^=1*437. R*, 

- 24*01 (Briihl). H.F.p. -3,500. H.F.v. -4,370 
(Thomsen, Th.). Formed by boiling bromo- 
allyl alcohol with KOHAq (Henry, B. 5, 274, 
449, 569; 6, 728 ; 7, 20, 761). Formed also 
from propargylamine oxalate, NaN0 2 , and HC1 
(Paal a. Hempel, B. 24, 8039). Colourless 
liquid of peculiar odour, sol. water. 

Reactions. — 1. Ammoniacal Cu 2 Cl 2 ppts. 
canary-yellow Cu 2 (C 8 H 8 0) 2 which explodes when 
heated, and is decomposed by dilute acids with 
reproduction of propargyl alcohol. — 2. Ammo- 
niaoal AgNO s ppts. white AgC 8 H 8 0. — 3. Anhy- 
drous BaO forms Ba(C 3 H 8 0) 2 C 8 H 4 0, crystallising 
in small plates. — 4. On heating with solid KOH 
it yields formic acid and acetylene. — 6. HBr 
forms bromo-allyl alcohol.— 6. HNO s yields CO, 
and oxalic acid. 

Acetyl derivative C 8 H 8 .OAc. (125°). 
S.G. f 1*0052. /ip- 1*427. R -39*71 (Bruhl). 
Got from the alcohol and AcCl. 

Methyl ether C 3 H 3 OMe. (62°). S.G. 
2™ *83. H.F.p. —10,910. H.F.v. - 12,360 (Thom- 
sen, Th.). Formed by boiling s-tri-bromo-pro- 
pane with KOH dissolved in MeOH (Liebermann, 
A. 135, 287) and by boiling the dibromide of 
methyl allyl oxide with alcoholic potash (Henry). 
Ammoniacal AgNO, ppts. lemon -yellow 
C 3 R 2 Ag.OMe, whence I in KI forms oily 
CgHjI.OMe [12°]. 

Ethyl ether C 8 H 3 OEt. (81°-85°). S.G.. 
¥ *8326. ^*1*4096. Roo =39*6 (Briihl). This 
body is formed by the action of alcoholic potash 
on CH^Br.CHBr.CHjBr, on CH 1 .CBr J .CH 1 Br, 
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on diehloropropylene, or on ethyl bromo- 
allyl oxide (Liebermann, A. 135, 278 ; 158, 
230 ; Henry, B. 5, 274 ; Baeyer, A. 138, 196). 
Mobile liquid, with penetrating odour, v. si. sol. 
water, miscible with alcohol. Combines * with 
Br, forming C 3 fI.,Br 2 .OEt. Boiling very dilute 
(1 p.c.) H 2 80 4 splits it up into alcohol and pro- 
pargyl alcohol. Sodium forms C 3 H 2 NaOEt. 
Alcoholic silver nitrate forms crystalline 
(C 3 H 2 Ag.0Et) 2 A.gN0 3 converted by ammonia 
into amorphous CJELAgOEt, whence I in KI 
forms crystalline C 3 H 2 IOEt and oily C 3 H 2 I 3 OEt. 
An ammoniaeal solution of AgCl added to an 
alcoholic solution of C 3 H,OEt ppts. white 
(C a H 2 AgOEt) 2 AgCl. Ammoniaeal Cu 2 CLj gives 
yellow amorphous C 3 H,CuOEt. 

Isoamyl ether C 3 H 3 OC 5 H M . (140°~145°). 

PROPARGYLAMINE C 3 H 3 NH,. Formed by 
the action of NaOEt on bromo-allyl-amine and 
on di-brotno-propyl-amine (Paal a. Hermann, B. 
22, 3080). The free base has not been isolated. 
■ — B'H 2 C 2 0 4 . [143°]. Large tables (from water), 
si. sol. alcohol. Gives a white pp. with am- 
moniacal AgNOa.-B'C^NO^OH. [189°]. 
.barge red plates or tables. — B'HCl. — B'HBr. 
(130°-171°J.~B'HI. [205°]. White plates, v. 

■e. sol. water. 

PR0PARGYL-IS0AMYL-AMINE C 8 H 15 N i.e. 
<C 3 R 3 .NHC r> H n . Formed from di-bromo-isoamyl- 
amine and NaOEt (Paal a. Hermann, B. 22, 
3084). Liquid. — B'H 2 C 2 0 4 aq. [204 ’]. White 
needles (from water).— B'HBr. [186°]. Pearly 
plates. 

PROPARGYL BROMIDE CH:C.CH 2 Br. (89°). 
S.G. 1*59. Formed from propargyl alcohol 
and PBr s (Henry, B. 6, 728). Liquid. 

Propargyl tribromide v . T it i-bro mo -propyl- 
ene. 

PE0PAEGYL-IS0B1JTYL- AMINE C 7 H l3 N i.e. 
CH:C.CH 2 .NH.CH,Pr. (135°). Formed from 
di-bromo-propyl-isobutyl-amine and NaOEt 
(Paal a. Heupel, B. 24, 3045). Liquid, miscible 
with water.— B'HCl. [148°].— B' 2 H 2 PtCl 6 . 
[172°]. — B'H 2 C 2 0 4 . [210°]. Needles and plates, 
in. sol. cold water. 

PEOPAEGYL CHLORIDE C 3 H 3 C1. (65°). 

B.G. £ 1*045. Formed from propargyl alcohol 
and PCI, (Henry, B. 8, 398). Mobile oil. 

PROPARGYLIC ACID is PllOPIOLIC ACID. 

PEOPAEGYL IODIDE CH:C.CH 2 I. (c. 115°). 
S.G. - 2*018. Formed from propargyl bromide 
and Nal in alcohol (Henry, B. 17, 1132). Yellow- 
ish liquid. Iodine forms CHLCI.CH,!. [41°]. 

PEOPAEGYL-PEOPYL-AMINE C a H n N i.e. 
C 3 H 3 .NH.C 3 H 7 . The salt B'HBr [180°] is got 
from propyl bromide and propargylamine (Paal 
<a. Hermann, B. 22, 3084). 

PEOPAEGYL 8ULPH0CYANIDE C 3 H 3 SCN. 
Formed from propargyl bromide and potassium 
sulphocyanide (Henry, B. 6, 729). Oil, smelling 
like mustard. Decomposed by heat. 

PROPARGYL-DI-THIO-CARBAMIC ACID 
'CH:C.CH 2 .NH.CS 2 H. [115°]. Formed by boil- 
ing propargylamine with CS 2 and alcohol (Paal 
a. Heupel, B. 24, 3041). Needles (from dilute 
alcohol) or plates (from benzene-ligroln). 

PROPENYL-o-AMIDO- PHENOL CABB- 

OXYLIC ETHXB C,H 4 < 1 J ) H >OMe.CH < .CO a Et. 

tl08°]. Formed by heating a mixture of o-amido- 
phenol and acetoacetic ether (Hantzsch, B. 16, 


1948). Flat prisms, readily resolved into the 
parent substances by dilute acids, alkalis, or 
even boiling water. 

PR0PEN YL-o-AMIDO-PHENYL MERCAP. 

TAN C„H„NS i.e. C a H 4 <^>CEt. (252°). 

Formed by heating o-amido -phenyl mercaptan 
with propionyl chloride at 150° (Hofmann, B. 
13, 21). Heavy oil. — B' 2 H 2 PtCl„ : large prisms. 

PEOPENYLAMINE CH 3 .CH:CH.NH 3r 
Formed by the action of baryta on /3-bromo- 
propylamine (Ilirsch, B. 23, 968). Does not 
decolourise bromine water. — B' 8 H 3 I 3 2BiI 3 : six- 
sided plates. 

PROPENYL-BENZENE SDLPHONIC ACID 

CH 2 :CMe.C (i H 4 .80 3 H. The salts of this acid are 
formed by heating the dry salts of the acid 
CMe 2 (OH).C 0 H 4 .SO,H (R. Meyer, A. 219, 302). 
Amide CASO^H,. [152°]. 
o- PEOPENYL-BENZOIC ACID 
CH 2 :CMe.C H H 4 .C0 2 H. [61°]. Formed from di- 
methyl-phthalide and KCy at 260° (Wislicenus, 
A. 248, 64). Needles (from water). 

^-Propenyl-benzoio acid 
CHo.CMe.C <l H 4 .C0 2 H. [161°]. Formed by heat- 
ing (CH 3 ) 2 .C(0H).C fl H 4 .C0 2 H with dilute HC1 on 
a water bath (R. Meyer a. J. ltosicki, B. 11, 
1791 ; A. 219, 270). White satiny plates (from 
1 pt. alcohol and 1 pt. water) or slender needles 
(from water). SI. sol. hot water, v. e. boI. alcohol 
and ether. Sodium amalgam reduces it to 
cuminic acid. 

Salts. — NH 4 A\ — BaA' 2 aq. — CuA' a 7aq.~ 
AgA' : amorphous pp. 

Methyl ether.— MeA' [53°]. (254° cor.). 
V.D. 6*09. Insol. water. 

Isopropenyl-benzoic acid C s H a .C fl H 4 .C0 2 H 
[255°-260°], By boiling oxy-propyl- benzoic 
acid (CH s ) 2 C(0H).C 6 H 4 .C0 2 H with fuming HC1 
(R. Meyer, B. 12, 1076 ; A. 219, 281). Minute 
needles grouped in stars (from alcohol). Insol. 
water. Does not decolourise bromine, and is not 
reduced by sodium amalgam, but is converted 
by HI into cuminic acid. Hence it would appear 
to be a polymeride of propenyl-benzoic acid, not 
containing a C:C group. 

Salts. — NH 4 A'aq. SI. sol. water.— BaA' 2 aq. 
— CaA' 2 l^aq.— C uA' 2 . — AgA' : pp., insol. water. 

Methyl ether MeA'. [83°]. Decomposed 
by heat. 

References . — Amido-, Nitro-, and Oxy- Pro- 

PENYL-BENZOIO ACID. 

PR0PENYL BEOMIDE v. Bromo-pbopylene. 
PROPENYL CAEBINOL v . Butenyl alcohol. 
PROPENYL-TRICARBOXYLIC ACID v. Pbo- 

PANETRICARBOXYLIC ACID. 

PROPENYL CHLORIDE v. Chloro-pbopyl- 


ENE. 

PEOPENYL-PHENOL. Methyl derivative v. 
Anethol. 

PEOPENYL-IBOPEOPYL BENZENE C I9 H, § 

i.e. Pr.C a H 4 .CH:CHMe. (230°). S.G. *890. 
Got by boiling Pr.C 6 H 4 .CH i .CBrMe.C0 2 H with 
Na^OgAq (Perkin, C. J. 1877, ii. 660). Bi- 
bromide C, 0 H l(l Br a [59°]. 

PROPENYL-SALICYLIC ACID v. Oxy-pbo 

PENYL-BENZOIC ACID. 

PEOPEPTONE v. Proteids. 

PROPHETIN Cja*0 7 . A bitter resin got 
from the fruit of Cucumis propfuttarum, split up 
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by boiling dilate HCLAq into glucose and pro- 
pbetein 0^0. (Walz, J. 1859, 566). 
BROPINENE v. Allylene. 

PROPINENE DIPHTHALIDE C 18 H 12 0 4 t.«. 

°A<^.o CMe ' CH 6.TO> c « H -- . Formed b y 

beating phthalic anhydride (3 pts.) with pyro- 
tartario acid (3 pts.) and sodium acetate (1 pt.) 
at 240°“290° (Roser, B. 17, 2776). Fine yellow 
needles, not melted at 280°. 

PROPIO-GUAN AMINE C a H 8 N s i.e. 

CH ^ 6 NH .C(Nh}> NH - 00,1 ^ heatin 8 K 11 " 1 - 
idine propionate at 230° for an hour (Haaf , J . pr. 
[2] 43, 78). Granules (from NaOHAq) or dimetric 
prisms (from water). 

FROiPIO -HOMO-FERTTLIC ACID t;. Di-oxy- 

PHBNYL-CROTONIO 

PROPIOLIC ACID C,H 2 0 2 i.e. CHIC.OO^. 
Progcurgylic acid. [6°]. (c. 144°). Formed by 

boiling the acid K salt of acetylene dicarboxylic 
acid with water (Bandrowski, B. 13, 2340). 
Liquid, solidifying at about 4°. Smells like 
acetic acid. Turns brown in air. Sol. water, 
alcohol, and ether. Reduces HgCl 2 , AgNO s , and 
PtCl 4 . 

Beactions. — 1. Ammoniacal AgNO, gives a 
white crystalline explosive pp. — 2. Ammoniacal 
GUjCl* gives a green amorphous explosive pp., 
turning brown. — 3. Sodium-amalgam reduces it 
to propionio acid. — 4. Combines with HC1, form- 
ing /3-chloro-acrylic acid. HBr and HI act in 
like manner. — 5. Br forms di-bromo-acrylic acid 
[85°].— 6. I forms CHIiGLCOJH [104°] (Bruck, 
B. 24, 4120). 

Salt. — KA' aq. Transparent prisms, v. sol. 
water, deflagrating at 105°. 

Ethyl ether EtA'. (119°). V.D. 3-47. 
Liquid, smelling like horse-radish. Oxidised by 
alkaline K 8 FeCy 6 to diacetylene dicarboxylic 
acid (Baeyer, B. 18, 677, 2269). 

Reference. — Bromo- and Iodo- Propiolio 
▲on>. 

PROPIONAMIDE v. Amide of Propionio 
lou>. 

PROPIONAMIDINE C^N, i.e. 
OEt(NH).NH 2 . The hydrochloride is formed by 
leading HC1 into a solution of propionitrile in 
iBobutyl alcohol, and heating the product with 
alcoholio NH„ (Pinner a. Klein, B . 11, 1484 ; 17, 
176 ; 18, 2845). Very unstable oil, si. sol. ether. 
On heating with NaOAc and Ag 2 0 it yields a base 
OgH.jNj [204°]. — B'HCl. [129°]. Needles, insol. 
ether.— B / t H s PftGl t . [200°].— B'HNO a . [116°]. 
Crystals (from alcohol), v. sol. water (0. Lossen, 
A. 265, 167). 

j Reference. — Oxy-propionamidine. 

PROPIONE v. Di-ethyii ketone. 
PROPIONIC ACID 0 3 H a 0 2 i.e.CH 8 .CH 2 .C0 2 H. 
Metacetonic acid . Mol. w. 74. [-23°] (Petters- 
aon, J. pr. [2] 24,295). (140*7° cor.) (Zander). 
S.G. *9946 (B.); ff-9983; |f *9896 (Perkin). 
M.M. 3*462 at 20°. n t ,-1*891. -28*01 

(Briibl). S.V. 85*3. O.E. (0°-10°) *00106. H.F.p. 
109,450. H.F.V. 107,710 (Thomsen, Th.). S.H. 
•440 at 0° (R. Schiff, A. 234, 300). Critical 
temperature 840° (Pawlewski, B. 16, 2634). 
Occurs in the fruit of Qingko biloba (B4champ, 
A . 130 r 364), in suint (Buisine, Bl. [2] 48, 639), 
and in wood vinegar (Anderson, C. N. 14 , 257 ; 
Barr4, Z. [2] 5,445). 


Formation. — 1. By oxidation of metaoetone 
with chromic acid (Gottlieb, A . 52, 121).— 2. By 
potash-fusion from sugar, starch, mannite, and 
angelic acid (G.).— 3. By reduction of acrylic 
acid (Linnemann, A . 125, 317), of lactio acid 
Lautemann, A. 113, 217), and of pyruvio acid 
Wislicenus, A. 126, 229). — 4. By heating potas- 
sium oxalate with dry NaOEt (Van’t Hoff, B. 6, 
1107). — 5. By heating NaOEt with CO at 180* 
(Frohlich, A. 202, 290; cf. Hagemann, B. 4, 
877).— 6. From ZnEt 2 , sodium, and C0 2 (Wank- 
Ijti, A. 107, 125). — 7. Together with di-ethyl 
ketone, by heating ZnEt 2 with C0 2 at 160* 
(Schmitt, J. pr. [2] 42, 568). — 8. By the action 
of sunlight on a solution of succinic acid con- 
taining a uranium salt (Seekamp, A. 133, 253). 
9. By heating barium succinate with NaOMe for 
3 hours at 300° (Mai, B. 22, 2133}.— 10. Among 
the products of destructive distillation of oolo- 
phony (Renard, C. R. 103, 157). 

Preparation . — 1 . By oxidation of n-propyl 
alcohol (Pierre a. Puchot, A. Ch. [4] 28, 75). — 

2. By saponification of the nitrile (Linnemann, 
A. 148, 251 ; Beckurts a. Otto, B. 10, 262). — ■ 

3. By heating lactic acid with HIAq (Freund, 
J.pr. [2] 5, 446). 

Properties. — Liquid, miscible with water, 
aloohol, ether, benzene, and ligroin. Separated 
from its aqueous solution by CaCl 2 , but not by 
NaCl and Na 2 S0 4 . Heated in a sealed tube with 
IC1 3 it gives C 2 C1„, C0 2 , and HC1 (Krafft, B. 9, 
1085). On boiling the dry acid with Br and P 
tor some time the product is a-bromo-propionio 
acid (Volhard, A. 242, 141). 

Salt s.— NH 4 A'.— (NH 4 )HA' 2 (Sestini, K. 
1871, 341. — NaA'. S. 99 at 15° ; 187 at 100° 
(R.). S. (alcohol) 2*4 at 20°, 3 at 100°.— NaA'aq.— 
KA'aq : deliquescent plates (Renard, C. R. 104, 
913). S. (of KA') 178 at 16°; 309 at 100°.— 
KHA' 2 . — LiA' aq.— CaA' 2 aq. S. 54 at 17° (L.) ; 
41 at 0° ; 39 at 80° (K.). Needles, insol. alcohol.— 
Ca^A^ 5aq. — BaA' 2 aq. S. 60 at 17° (Linne- 
mann, A. 160, 220) ; 48 at 0° ; 68 at 80° (von 
Krasnicki, M. 8, 605). — BaA' 2 6aq.— BaHA', 3aq 
(Mixter, Am. 8, 343).— SrHA' a 3|aq : long thin 
crystals. [67°-75°J. — SrA' 2 6aq. Crystals.— 
Ba 5 Mg 4 A' l8 12aq (Fitz, B. 13, 1312 ; 14, 1085).— 
Mg 4 Pb 5 A' 1B 12aq.— Ca 4 Pb a A', 8 12aq : monometrio 
crystals.— BaCa^'a : monometric octahedra.— 
SrCa-jAV — MgA' 2 aq. — Ba^A'^A^ (Fitz, B. 11, 
1897). — PbA' 2 . [100°]. Crystalline mass. — 
Pb 7 A' fl 0 4 . S. c. 11 at 14°. — Pb 2 A' 2 0. S. 8*8 at 20° ; 
6*3 at 85°.— CuA' 2 aq: green prisms.— CojA^O aq 
— *CdA' 2 . V. e. sol. water. — ZnA' 2 aq: needles. 
S. (of ZnA'J 32 at 15°.-HgA' 2 . [110°]. S. 19*2 
at 15°.— H g2 A' 2 . [225°]. S. 1*4 in the cold.— 
NiA' 2 2aq.— CoA' 2 3aq. — FeA' 2 : pale-green oryg- 
stals. — FejA'a.— AljfA',,0 : white pp. — — 
AgA'. Crystals. S. *9 at 18. 

Methyl ether MeA'. (80°). S.G. J *9373 
(Elsasser, A. 218, 313) ; § *9403 (Gartenmeister). 
C.E. (0°-10°) *001296. /u D - 1*3812. H.F.p. 
107,830. H.F.v. 105,010 (Thomsen, Th.). S.V* 
104*6. 

Ethyl ether EtA'. Mol. w. 102. (99° cor.)* 
S.G. § *9124 (E.) ; *8958 ; ff *8863. M.M. 

5*452 at 15*7° (Perkin). O.E. (0°-10°) -001215. 
S.Y. 127*7 (R. Schiff, A. 220, 110). Formed 
from AgA' and EtI and also by distilling the 
acid with alcohol and BL,S0 4 . Oil. 
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Propyl ether PrA\ (122° cor.). S.G. g 
•9019 (Eisasser. A. 218, 321) ; $ -8868 ; jjj *8781 
(Perkin, C. J. 45, 497) ; § *9023 (Gartenmeister). 
M.M. 6*429 at 21-3 6 . O.E. (0°-10°) *001052. 
S.V. 150. 

Isopropyl ether PrA'. (110° cor.). S.G. 
n *8931 (Pribram a. Handl, M . 2, 687) ; *8717 ; 

M-862C. M.M. 6*595 at 14°. 

n ether C 4 H 9 A'. (145°). S.G. $ 

•8953. S.V. 173-2. C.E. (0°~10°) -00106 (Gar- 
tenmeister, A, 233, 265). 

Isobutyl ether PrCHjA'. (137°). S.G. 
g *8876. G.E. (0°-10°) *001015 (E.). S.V. 174 
(R. Sohiff, A. 220, 332). 

Iso amyl ether C 5 H,,A\ Mol. w. 144. 
(160°). S.G. g -8877 (Eisasser, A. 218, 330). 
O.E. (0°-10°) -00099. S.V. 197 (Schiff) ; 195 
(E.)- 

Heptyl ether C 7 H„A'. (208°). S.G. g 

*8847. C.E. (0°-10°) -00096. S.V. 247*1 (Gar- 
tenmeister). 

Octyl ether C„H 1V A'. (226°). S.G. g*8833. 
C.E. (0°-10°) *00093. S.V. 270-5 (Gartenmeister). 

Ethylene ether C 2 H 4 A' 2 . (211° cor.). 

S.G. 1-0544 (Perkin, C. J. 45, 505). 

Phenyl ether PhA'. (200° i.V.) at 744 
mm. 

Chloride CJELyCOCl. (80°). S.G. 2 t° 1-0646 
(Briihl, A . 203, 14 ; c/. Sestini, Bl . [2] 11, 470). 
M/s® 1-4107. Rqq =34*12. ZnMe 2 , followed by 
water, forms methyl ethyl ketone and oily 
C 8 H u 0 (168°). S.G. 2 *877 (Pawloff, A. 188, 
138). 

Bromide C : ,H 6 OBr. (104° i.V.). S.G. 9 J 
1-52 (Lobry de Bruyn, B. T. C. 8, 389). 

Iodide C 3 H & OI. (128°). 

Anhydride (0 3 H 5 0) a 0. Mol. w. 130. (162°) 
at 708 mm. (L.) ; (165°) (Limpricht a. Uslar, A. 
94,822); (167°) (Kahlbaum, B. 16, 2481) ; (169°) 
(Perkin, C. J. 28, 10). Formed by the action 
of Pb(N0 3 ) 2 (also of nitrates of other heavy 
metals) upon propionyl chloride ; PbCl 2 is formed, 
and N 2 0 4 and oxygen evolved ; the yield is 77 
p.o. of theoretical (Laohowicz, B. 18, 2991). 
Reacts with hydroxylamine hydrochloride, form- 
ing CH 3 .CH 2 .C(OH):NOH [85°] (Miolati, B. 25, 
700). 

Amide C 8 H 7 NO, i.e. C.A.CO.NH,. Mol. w. 
73. [79°]. (213°). H.O.p. 436,000. H.C.v. 

435,600. H.F. 88,400 (Berthelot, C. B. Ill, 145 ; 

A . Ch. [6] 22, 20; Bl. [8] 4, 229). Formed from 
propionic ether and NH a (Dumas, C . B. 25, 657 ; 
Sestini, Cimento , 4, 21 ; L. Meyer, B. 22, 24). 
Prepared by heating ammonium propionate at 
230° under pressure ; the yield being 55 p.c. of 
the theoretical amount (Hofmann, B. 15, 981). 
Got also by heating propionic acid (46 g.) with 
ammonium sulphocyanide (18 g.) for 4 days, and 
distilling the product (J. Schulze, J. pr. [2] 27, 
517). — B' 2 HC1. Needles, v. e. sol. water, v. si. 
sol. ether. — HgfNH.CaHjO)*. Large dimetrio 
plates, si. sol. cold water. 

Bromo-amide 0 3 H 4 0.NHBr. [80°]. 

Formed from propionamide, bromine, and 
KOHAq (Hofmann, B. 15, 753). Colourless 
needles, sol. alcohol. Converted by hot KOHAq 
into ethylamine. — C 8 H 6 O.NNaBr 3 . [c. 100°]. 
Needles. 

Acetyl-amide C&fi.imkQ. [82°]. (230°- 
240°). Formed from propionamidine hydro- 
chloride, NaOAc, and Ac 2 0, a compound C g H 18 N 8 


[204°] being formed at the same time (Pinner, B . 
22, 1604). 

Imide (CjH 6 0) 2 NH. [154*J (Otto a. TrOger, 

B. 23, 759). (210°-220°). Formation.— 1. By 
heating the amide in a current of HC1.— 2. By 
heating the amide with the chloride and A1CI S . — 

3. By the action of A101 a at 100° on a mixture of 
propionitrile with AoCl or propionyl chloride. — 

4. By heating propionic acid with propionitrile 
for some hours at 200°. Properties. — Rect- 
angular tables or silky needles, si. sol. oold water. 
May be sublimed. 

Anilide C 8 H 4 ONHPh. [105°]. S. *42 at 
24°. Formed by heating the amide with aniline 
(Kelbe, B. 16, 1200). Plates, sol. ether. With 
oxalio ether, benzene, and NaOEt it forms 

MeCacO> NPh t 192 °3 (WiBlioenus a. Battler, 

B. 24, 1256). 

Methyl-anilide G s H s O.NPhMe. [58-5°] . 
Formed from the anilide and Mel (Norton a. 
Allen, B. 18, 1998). 

Ethyl - p - toluide C 3 H 5 O.NHC B H 4 Me. 
(c. 270°). From the chloride and ethyl-toluidine 
(Norton a. Livermore, B. 20, 2271). 

Nitrile C 3 H 5 N, i.e. Et.CN. Propionitrile. 
Ethyl cyanide. (97°). S.G. J *7998 ; §£ -7815 
(Perkin, O . J. 55, 701) ; j -8010 (Thorpe). C.E. 
(0°-10°) -00125 ; (0°-100°) -00148. M.M. 8-331. 

I u D 1*3659 at 24° (Gladstone, O. J. 69, 290). 
H.F.p. -9,670 (Thomsen, Th.) ; +8,700 (from 
diamond) (Berthelot, O. JR. 108, 1219). H.F.v. 
-10,830. H.O. 446,700 (Berthelot); 471,460 
(Thomsen, Th. 4, 129). S.V. 78*4. Forma- 
tion.— 1. By distilling dry KCy with KEtS0 4 
or Ba(EtS0 4 ) 2 (Pelouze, A . 10, 249).— 2. By 
boiling KCy with EtI and alcohol (William- 
son, P. M. [4] 6, 205 ; Buckton a. Hofmann, 

C. J. 9, 250; Rossi, A. 169, 79).- 3. From the 
amide and P 2 O a (Dumas, A. 64, 334).— 4. From 
ZnEt 2 and cyanogen or CyCl (Gal. Z. 1868, 252 ; 
Frankland a. Graham, C. J. 37, 740). — 5. By the 
action of Ao 2 0 on the oxim of propionic aldehyde 
in the cold (Dollfus, B. 25, 1915). Prepara- 
tion. — The nitrile cannot be freed from alcohol 
by distillation, since the compound C„H ft N3HOEt 
boils constantly at 79°, and is not decomposed by 
water or Ca01 2 . It is best, therefore, to prepare it 
from the amide. Properties.— Colourless liquid, 
v. sol. water, but separates on addition of NaCi or 
CaCl 2 . Miscible with alcohol and ether. Combines 
with metallic chlorides, yielding (C a H 5 N)SbCl a , 
C 3 H 4 NAuCl 3 , CjH 4 NPtCl 4 , (C 8 H 5 N) 2 SnCl 4 , and 
(CAN^TiCl, (Henke, A. 106, 280). Forms also 
(C 3 H 5 N) 4 FeOy 2 6aq, (C 8 H ft N) 4 FeCy 2 Et 2 Cl 2 6aq 
(Buff, A. 91, 253), and (EtCy) 2 PtCy 2 2aq (Than, 
A. 107, 315). Beactions. — 1. Potash forms pro- 
pionic acid. Dilute H 2 S0 4 acts in like manner. 
2. Dry chlorine forms CH 3 .CC1 2 .CN (Otto, A . 116, 
195).— 3. Bromine forms C a H 5 NBr 2 [64°], con- 
verted by water into (C,H 4 BrO) 2 NH (Engler, A . 
142, 65).— 4. Dry HC1 slowly forms C 3 H 2 NC1 
[121°] (Gautier, A. 142, 289), while HBr gives 
C 8 H 7 NBr 2 [50°-65°] (Engler, A. 149, 807). Hi 
below 0° forms EtCIjNHjj crystallising in plates 
(Biltz, B. 25, 2542). — 5. Sodium converts it on 
heating into the polymeric cyanethine (q. v.). 
Sodium added to its solution in dry ether gives 
off H and ethane, and forms a product whioh is 
left when the ether is evaporated as a white powder 
(Et.C(NH).CMeNa.CN ?). This powder is con- 
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verted by water into C*H 10 N, [48°] (258° uncor.), 
and by HClAq into C 6 H 9 NO or C 2 H v CO.CHMeCN 
(193’5°). The white powder treated with Mel 
yields C 7 H 12 N 2 [43°] (2(52°), whence HClAq forms 
liquid CyHjjNO (175°), S.G. a *945, mol. w. 125 
(obs.). EtI and HClAq acting on the white 
powder yield C 8 H 19 NO (195°), S.G. a -943 (E. 
von Meyer, J.pr. [2] 38, 336 ; Hanriot a. Bou- 
veault, C. i?. 108, 1171 ; Bl. [3J 1, 551). The 
compounds C 7 H n NO and C 8 H J8 NO are converted 
by heating with HClAq in sealed tubes into 
ethyl isopropyl ketone and ethyl butyl ketone 
respectively. — 6. A mixture of propionitrile and 
benzonitrile in ethereal solution is converted by 
Na, followed by water, into CPh(NH).CHMe.CN 
[97°], whence warm dilute HClAq forms oily 
C 8 H 4 .CO.CHMe.CN (E. von Meyer, J. pr. [2] 39, 
189). — 7. Zinc and HClAq yield propylamine 
together with smaller quantities of di- and tri- 
propylamine (Pisanello, O. 16, 446).— Ac 2 0 at 
200° forms C 7 H 14 N 2 0, [68°] (220°) (Gautier, Z. 
1869, 127). 

References . — Amido-, Bromo-, Bromo-nitro-, 
Chloro-, Chloro-bromo-, Iodo-, Nitro-, and 

OXY-AMIDO-PROPIONIC ACID and PROPIONITRILE. 

PROPIONIC ALDEHYDE C 8 H 6 0 i.e. 
CH,.CH 2 .CHO. Mol. w. 58. (48°). S.G. 

•8065 ; |f *7966 (Perkin, C. J. 45, 476) ; -8066 

(Bruhl, A. 203, 13). S. 16 at 20°. MM. 3*332 
at 13*6°. ju fi 1*368. R^ =25*42. S.Y. 75*4. 
H.F.p. 65,240. H.F.v. 53,790 (Thomsen). Formed 
by oxidation of propyl alcohol (Michaelson, A. 
134, 69 ; Chancel, A. 151, 301 *, Lieben a. Zeisel, 
M. 4, 14) and by distilling calcium formate with 
calcium propionate (Rossi, C. R. 70, 129). Pun- 
gent liquid, sol. water. Readily oxidised by air. 
Reduces ammoniacal AgNO s , forming a mirror. 
Readily dissolves in aqueous NaHS0 3 . Decom- 
posed by hot KOIIAq. Coloured brownish-red 
by alkaline sodium nitroprusside, the colour 
being destroyed by HOAc (Von Bitto, A. 267, 
376). 

Reactions . — 1. Reduced in aqueous solution 
by sodium-amalgam to w-propyl alcohol. — 
2. H 2 S passed into its aqueous solution, acidified 
by HC1, forms oily (CgH^SJCgH^O (Alexejeff, B. 
10, 1739).— 3. Dry ammonia passed into pro- 
pionic aldehyde dissolved in ligroin cooled by a 
freezing mixture forms a white flocculent pp. of 
CjHgfOHJNH^, which readily deliquesces, form- 
ing G, 5 H 19 N 9 [74°], crystallising in triclinic tables, 
a:6:c = 1:1*185: *801, insol. water, sol. alcohol and 
ether (Waage, M. 4, 708). — 4. PH S and HC1 form 
(CH,.CH 2 .CH0) 4 PH 4 C1 [128°], while PH S and 
HBr give (C 8 H 6 0) 4 PH 4 Br [106°]. These com- 
pounds are decomposed by water (Messinger a. 
Engels, B. 21, 331). PH 4 I at 0° forms, in like 
manner, (CgHgO^PHJ [96°] (Girard, A. Ch. [6] 
2, 24). — 5. Mercaptan and ZnCl 2 give 
OH,.CH 2 .CH(SEt) 2 (198°) (Fromm, A. 253, 160). 
6. Propyl alcohol and HOAc at 100° form 
CHEt(OPr) 2 (166° cor.) (Schudel, M. 5, 247). 

Oxim C 2 H ft .CH:NOH. (131°). Formed 
from the aldehyde and aqueous hydroxylamine 
(Petraozek, B. 15, 2784). Liquid, sol. water. 
It is a syn-oxim, because it is converted by 
Ao z O and ether in the cold into propionitrile 
(Dollfus, A. 25, 1915). 

PhenyUhydrazide CHEt:NjHPh (152° 
in vacuo) (Bischoff, B. 23, 1916). 


References. — Bromo-, Chloro-, Iodo-, and 
Oxy- Propionic aldehyde. 

PROPIONIC IMIDO-ETHYL ETHER 

CjHs.CfNHJ.OEt. The hydrochloride, B'HCl, 
formed by passing gaseous HC1 into a mixture 
of propionitrile and alcohol diluted with ether 
(J vol.), crystallises in prisms, decomposing at 
about 92° into EtCl and propionamide (Pinner, 
B. 16, 1654). 

PROPIONITRILE v. Nitrile of Propionic 

ACID. 

PROPION YL-ACETOPHEN ONE v. Phenyl- 
Methylene-ethyl-diketone. 

PR0PI0NYL-BENZ0IC ACID v. Phenyl 

ETHYL KETONE CARBOXYLIC ACID. 

PROPIONYL BROMIDE v. Bromide of Pro- 
pionic ACID. 

PROPIONYL-BUTYRIC ACID 

CjH 5 .CO.CMe 2 .C0 2 H. 

Methyl ether MeA'. (188° unoor.). Formed 
by the action of MeOH and HC1 on the nitrile 
C 2 H s .CO.CMe 2 .CN (175°), which is got by the 
action of cold HC1 upon C 2 H 5 .C(NH).CMe 2 .CN 
[43°] which is made by the action of Mel on the 
product of the action of Na on propionitrile 
(Bouveault, C. R. Ill, 531). Liquid. 

PROPIONYL CHLORIDE v. Chloride of Pro- 
pionic ACID. 

PROPIONYL CYANIDE C 4 H 5 NO i.e. 
CH 3 .CH 2 .CO.CN. (109°). Prepared by heating 
propionyl chloride (12 g.) with silver cyanide 
(8 g.) in closed tubes for 1 hour at 100°. The 
product is fractionally distilled (Claisen a. 
Moritz, C. « T. 37, 692). HC1 converts it into ethyl- 
glyoxylic acid (q. v.). 

Di-propionyl di-cyanide (Et.CO)oC 2 N 2 . [59°]. 
(208°). V.D. 5*6 (calc. 5*7). Obtained in the 
preparation of the preceding (C. a. M.) and by 
the action of AgCy on propionyl bromide (Lobry 
de Bruyn, R. T. C. 3, 390). Prisms, si. sol. 
water, sol. alcohol and ether. 

PROPIONYL-C YAN O-ACETIC ETHER v. 
Cyano-acetjc acid. 

PROPIONYL-MALONIC ETHER C, 0 H le O a 
i.e. C^.CO.CHfCOjEt),. (239°-242° uncor.). 
Formed by the action of propionyl chloride upon 
sodio-malonic ether (Lang, B. 20, 1326). Colour- 
less liquid. 

PROPIONYL-PHENOL v. Oxy-phenyl ethyl 

KETONE. 

a-PROPIONYL-PROPIONIC ACID C fl H 10 O, 
i.e. CH 8 .CH 2 .CO.CHMe.C0 2 H. 

Methyl ether C 2 H 5 .CO.CHMe.C0 2 Me or 
C 2 H 6 .C(0H):CMe.C0 2 Me. (187° cor.). S.G. ^ 
1*07. Formed by the action of Na on methyl 
propionate (Pingel, A. 245, 84). Colourless 
liquid with aromatic odour. Converted by am- 
monia into C 7 H, 3 N0 2 and a hygroscopic sub- 
stance 0 J2 Hi 2 N 2 0 4 (?) [82°]. Aniline forms oxy- 
methyl-ethyl-quinoline [295°] (Bouveault, C. R. 
Ill, 41). NaOHAq yields a mixture of di-ethyl 
ketone and methyl ethyl ketone. NaOEt followed 
by alkyl iodides yields the alkyl derivatives : 
C 7 H,,Me0 3 or CEtfOMe^CMe.CO^e [194°], 
C 7 H n EtO s (208°), C 7 H n Pr0 8 (220°), and 
C 7 H n (CH 2 Pr)0 8 (231°), all being liquid. 

Ethyl ether EtA'. (199°). S.G. a *995; 
l* *983. Formed by digesting propionic ether 
in Et 2 0 with Na (Oppenheim a. Hellon, B. 10, 
699; Israel, A . 231, 197). Gives no colour with 
FeCl,. Ammonia forms C 8 H 14 N0 2 (195°), insoL 
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water, and a hygroscopic substance [75°]. 
NaOIIAq forms di-ethyl ketone. NaOEt and 
EtX yield propionic ether and CH s .CHEfc.CO ,H 
(Geuther, A. 239, 380). Na followed by EtI 
added to the solution in benzene forms 
C ,H a .C(OEt) :CMe.C0 2 Et (206°), S.G. ^ .966. 
Reduced by HI and P to CHMePr.C0. 2 H (193°). 
Nitrous acid yields CH 3 .C(NOH).C0 2 Et [94 u ] 
(Hantzsch a. Wohlbriick, B. 20, 1320). 

Amide C 3 H 5 O.CHMe.CO.NH 2 . [153°]. 
Formed by adding water to the product of the 
action of A1CL, on a mixture of propionyl chloride 
and propionitrile (Otto a. Trogcr, B. 22, 1455). 
Needles, si. sol. cold water. 

Nitrile C 2 H,.CO.CHMe.CN. (c. 188°). 
Formed by the action of cold cone. IiClAq on 
the product of the action of Na on propionitrile 
(Meyer, J. pr. [2] 38, 339). Oil. Converted by 
ammonia into the imide [45°]. Hydroxylamine 
forms the oxim C,H v C(NOH).CHMe.CN [44°] 
(180° at 200 mm.) (Hanriot, C. It. 112,796). 
Aniline yields amido - methyl - ethyl - quinoline 
(Hanriot a. Bouveault, Bl. [3] 1, 552). 

Propionyi-propionic acid 
CH 3 .CH 2 .C0.CH 2 .CH 2 .C0 2 H. [33°]. A product 
of the action of boiling water on di-bromo-kexoio 
acid (from hydrosorbic acid and Br) (Fittig, A. 
268, 69). Crystalline, v. e. sol. water, alcohol, 
and ether. — CaA^l^aq: plates. — AgA'. 

PROPIONYL - PROPIONIC ALDEHYDE 
C,H ft .CO.CHMe.CHO. [c. 40°]. (165°). Formed 
by adding a well-cooled mixture of formic ether 
(11 g.) and di-ethyl ketone (13 g.) to NaOEt 
(10*5 g.) suspended in dry ether (10 g.). After 
12 hours the product is acidified and distilled 
under 60 mm. pressure (Claisen a. Meyerowitz, 
B. 22, 3273). Crystals, v. sol. water. Deliquesces 
and turns brown in air. NH 3 forms deliquescent 
crystals of (C rt H, 0 O 2 )NH 3 . Cu(OAc) 2 added to its 
alcoholic solution forms Cu^HgO^ [168°]. 
Phenyl-hydrazine produces C 12 H M N 2 (283°). 

PROPIOPHENONE v. Phenyl ethyl ketone. 

PROPYL. The radicle C,H 7 . w-Propyl 
CH 3 .CH 2 .CH 2 changes in some reactions to iso- 
propyl (CH a ) 2 CH and vice versd. 

Br changes to Pr : 1. When cumyl alcohol is 
reduced to n-cymene by boiling with zinc-dust 
(Kraut, A. 192, 225 ; Jacobsen, B. J2, 434).— 
2. When cumyl chloride is reduced to w-cymene 
by zinc and HC1 (J. 1879, 369). — 3. When 
nitro-cymylene chloride is reduced to n-cymidine 
by boiling with zinc and HC1 (Widman, B. 15, 
166 ; 19, 245). — 4. When isopropyl -cinnamic acid 
is reduced by sodium-amalgam to n-cumyl-pro- 
pionic acid. — 6. When o-amido-isopropyl-cin- 
namio acid is reduced by sodium-amalgam to 
( B . 3)-w-propyl-(P2/. 3)-oxy-quinoline dihydride. 

Pr changes to Pr: 1. When n-cymene is 
oxidised to cuminic acid — (a) by passing through 
the organism, (6) by air and gaseous NaOH 
{B. 5, 749 ; 12, 512 ; 11, 369 ; 14, 1144).— 2. When 
/t-oymene sulphonic acid is oxidised to oxy- 
isopropyl-sulpho-benzoic acid by alkaline KMn0 4 
(Meyer a. Boner, B. 14, 1136, 2391 ; A . 220, 6). — 
3 When w-cymene is oxidised to oxyisopropyl- 
benzoic acid by alkaline KMn0 4 .— 4. When 
thymol is oxidised by KOH fusion to the oxy- 
cuminic acid, which is obtained from m-nitro- 
cuminio acid by reduction and diazotisation 
(Barth, B. 11 , 1571).— 5. When carvacrol (which 
contains n-propyl, since by distillation witn P 3 S 4 


it gives w-cymene) is oxidised by KOH fusion to 
the oxy-cuminic acid [93°J, which is obtained from 
o-amido-cuminic acid by diazotisation (B. 6, 936; 
9, 1061). — 6. Since cuminol is always accom- 
panied in plants by n-cymene, it is probably 
produced by oxidation of the latter. — 7. When 
w-propyl bromide is boiled with AlBr.(Gustavson, 
C. J. 44, 565). 

From the above may be deduced the general 
law : When a propyl group in a benzene deriva- 
tive occurs in the para - position to Me, CHO, or 
C0 2 H, it is predisposed to be normal by Me, iso 
by CHO or C0 2 H (Widman, B. 19, 251, 273, 
2769, 2781 ; c/. Fileti, O. 16, 300, 497). 

Dipropyl v. Hexane. 

DI-PROPYL-ACETAL v . Aldehyde. 

PROPYL ACETATE v. Acetyl derivative of 
Propyl alcohol. 

PROPYL-ACETIC ACID v . Valeric acid. 
Di-propyl-acetic acid v. Octoic acid. 
PROPYL-ACETOACETIC ETHER v. yoI. i. 

р. 23. 

DI-FROPYL-ACETONE v. Methyl heptyl 

ketone. 

PROPYL- ACETYLENE v. Pentinkne. 
DI-PROPYL-ACRYLIC ACID v . Ennenoic 

ACID 

71 -PROPYL ALCOHOL C 3 H h O i.e. 
CII,.CH 2 .CH 2 OH. Mol. w. 60. (97*4° i.V.). S.G. 
•8177 (Zander, A. 224, 79) ; *8088 ; §£ *8025 

(Perkin) ; f *8044 (Briihl, A. 203, 268). O.E. 
(0°-10°) *00082. M.M. 3*77 at 15-6°. ^1*3901. 
Boo 28-0. H.F.p. 82,000 (Berthelot) ; 65,690 

(Thomsen). S.V. 8P3 (R. Schiff, A. 220, 101). 
S.H. *670 (Diaconoff, Bl. [2] 38, 172). Occurs 
in fusel oil, especially in that of wine (Chancel, 
C. B. 37, 410 ; 68, 659, 726 ; Pierre a. Puchot, 
G. B. 66, 302 ; 70, 406 ; Linnemann, A. 160, 
195 ; Fittig, Z. [2] 4, 44 ; Ekman, Chem. Zeit . 
12 , 564). Thus 40 g. of it were found in 100 
litres of old cognac (Ordonneau, G. B. 102, 217 ; 
Clandon a. Morin, G. B. 104, 1187; 105, 1019). 
A litre of potato-fusel oil was found to con- 
tain 30 c.c. of n-propyl alcohol, 150 c.c. of 
isopropyl alcohol, 115 c.c. of butyl alcohols, 335 

с. c. of amyl alcohols, 125 c.c. of water, and 245 
c.c. of other bodies (Rabuteau, C. B. 87, 501). 
Propyl alcohol also occurs, together with iso- 
propyl alcohol, among the products of the lactic 
and butyric fermentation of sugar (Bouchardat, 
C. B. 78, 1146 ; Meyer a. Forster, B. 9, 635), and 
in the fermentation of glycerin (Fitz, B. 13, 36, 
1311). 

Formation.— 1. By reducing propionic an- 
hydride with sodium-amalgam (Linnemann, A. 
148, 251; 160, 231; 161, 18).— 2. By adding 
sodium-amalgam and dilute HjS 0 4 to a solution 
of propionic aldehyde (1 p$.) in water (18 pts.) 
(Rossi, G. B. 70, 129). — 3. By heating allyl alco- 
hol with KOH (Tollens, Z. [2] 7, 242). 

Properties. — Liquid with alcoholic odour, 
miscible with water, but separated from the 
solution by CaClj. Does not yield isopropyl 
alcohol when heated in sealed tubes (Aron- 
stein, B . T. G. 1, 134). When propyl alcohol 
(71*46 c.c.) is mixed with water (28*54 c.e.), con- 
traction (1*85 c.c.) is observed (Ramsay a. 
Young, G. J. Proc . 4, 101). 

Reactions . — 1. Chromic acid oxidises it to 
propionic aldehyde and acid. — 2. HBr and 
HjSO* give propyl bromide, propylene bromide, 
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and CyByBr, (Niemilovitch, M. 10, 820) .— 8. I 
and KOHAq form iodoform (Lieben, A . Suppl . 
7, 230).— 4. Fused ZnCL, forms propylene, iso- 
butyl alcohol, CH 2 :CMe 2 , and CHMe:OHMe (Le 
Bel a. Greene, C. R. 89, 418).— 5. Phospho - 
platinous chloride followed by water forms crys- 
talline PfOPrJsPtCl* (Pomey, C. R. 104, 864). — 
6. Calcium chloride yields (CsH 8 0) 3 CaCl 2 crys- 
tallising in needles (Gdttig, B. 23, 181). 

Metallic derivatives. KOPr (De For- 
crand, C. R. 104, 68).— NaOPr2HOPr (FrOhlich, 

A. 202, 295). Ba 2 (OPr) 2 (OH) 2 . Formed by 

heating propyl alcohol with BaO under pressure 
(Destrem, A. Ch. [5] 27, 32). Yields propylene, 
methane, and hydrogen when heated. The cor- 
responding lime compound yields di-ethyl ketone 
when heated.— Al(OPr),. [o. 60°]. S.G. * 1*026. 
Formed in small quantity from propyl alcohol, 
All f , and A1 (Gladstone a. Tribe, C. J. 39, 6). 
Isopropyl alcohol does not react in this way. 

Acetyl derivative PrOAc. Propyl acetate. 
(102°). 8. 1*5 at 16° (Linnemann, A. 161, 30). 
S.G. i *9091 (E.) ; f *8856 (Briihl) ; g -9093 
(Gartenmeister) ; *8933; *8840 (Perkin, 

C. J . 45, 421). C.E. (0°-10°) *001197 (Elsasser, 
A. 218, 320). S.Y. 128*3. 1*3890. 43*11. 

M.M. 6*487 at 16*2°. Liquid. Not changed 
into isopropyl acetate by heating in a sealed 
tube (AronBtein, R. T . C. 1, 134). 

Benzoyl derivative BzOPr. (230° cor.). 
S.G. 1*032 (Linnemann). 

Isopropyl alcohol (CH 2 ) 2 CH.OH. (83° cor.). 
S.G. g -7996 (Zander); if -7914; §f *7845 
(Perkin); a ? ° *7887 (Briihl, A. 203, 12). ^ 
— 1*8821. Boo 27*99. M.M. 4 019 at 17*9°. S.V. 
81*7 (R. Schiff, A. 220, 831); 82*8 (Zander). 
C.E. (0°-10°) *00108. H.F.p. 71,000. HJP.v. 
68,970 (Thomsen, Th.). 

Formation. — 1. By distilling PrO.SO a H (made 
from propylene and H 2 S0 4 ) with water (Berthe- 
lot, J. 1865, 611). — 2. By reducing acetone or 
propylene oxide with sodium-amalgam (Friedel, 

A . 124, 827 ; Linnemann, A. 140, 178).— 3. By 
heating a solution of n-propylamine nitrite 
(Linnemann, A. 161, 43; B. 10, 1111; Meyer, 

B . 9, 585). — 4. By the action of sodium-amal- 
gam on (CH 2 C1) 2 CH.0H dissolved in wet ether 
(Buff, Z . [2] 4, 124).— 5. From CH 2 I.CH 2 OH by 
successive treatment with ZnMe 2 and water 
(Butlerow a. Ossokin, A. 145, 257). 

Preparation . — 1. Acetone (1 vol.) is diluted 
with water (5 vols.) and sodium- amalgam is 
slowly added. The liquid is distilled and the 
process repeated upon the distillate (Linnemann, 
A. 136, 37). — 2. By boiling isopropyl iodide 
(1 pt.) with water (10 pts.) and Pb(OH) 2 (Fla- 
vitzky, A. 175, 380^—3. By heating isopropyl 
iodide (1 pt.) with water (20 pts.) at 100° for 40 
hours (Niederist, A. 186, 891). 

Properties.— Liquid with peculiar odour, not 
Bolid at — 20°. Inactive to light. Miscible with 
water, yielding on distillation the hydrate 
(C t H 8 0) t 2aq (80°), S.G. AS -832. When K.CO, 
is added to an aqueous solution of the alcohol a 
hydrate (C 2 H*0) 2 aq separates (Erlenmeyer, A. 
126, 307). After drying over CuS0 4 the hydrate 
(CgHgO^aq (81°) S.G. ^ *800 is left. Dilute 
CrO s forms acetone. Bromine forms acetone 
and PrBr. 

Acetyl djsriv ative PrOAc. Isopropyl 


acetate. (91°). S.G. 2 *917 (Friedel, A. 124, 
327 ; Pribram a. Handl, M. 2, 686). 

Benzoyl derivative PrOBz. (218°^ 
(Silva, Bl. [2] 12, 225). Liquid. Split up by 
distillation into benzoic acid and propylene 
(Linnemann, A. 161, 51). 

References.— Bromo-, Chloro-, Chloro-iodo-, 
and Iono- Propyl alcohol. 

PROPYL ALDEHYDE v. Propionic alde- 
hyde. 

PROP YL-DI- ALLYL-C ARBIN OL t>. Decinyl 
alcohol. 

PROPYLAMIDOACETIC ACID 

NHPr.CH5.CO2H. Formed from CH2Br.C02Et 
and NHjPr (Chancel, Bl. [3] 7, 409 ; C . R. 114, 
756). Needles, v. sol. water and alcohol, insol. 
ether.— (HA'JgH^tClg aq.— CuA 2 2aq: crystals, 
v. sol. water and alcohol. 

PROPYL-AMIDO-ISOPROPYL ALCOHOL 
C fi H ly NO i.e. CH,.CH(OH).CH 2 .NHC 3 H 7 . Formed 
by heating allyl-propyl-amine with H 2 S0 4 (3J 
pts.) at 135° (Liebermann a. Paal, B. 16, 632). — 
ByByPtClg 2aq : nodules (from water). 

Di-propyl-amido-isopropyl alcohol 
CH 8 .CH(0H).CH,N(03H 7 ) 2 . Formed in like 
manner from allyl-di-propylamine.— B^^tCl,,. 

n-PROPYLAMINE C 3 H tt N i.e. 
CH 3 .CH,.CH 2 .NH 2 . Mol. w. 59. (49°). S.G. 

if *7222 ; I? *7144. H.F.p. 22,760. H.F.v. 
20,420 (Thomsen, Th.). S.V. 85*6. M.M. 4*564 
(Perkin, C. J. 55, 693). /a D *= 1*3873 (Gladstone, 

C. J. 59, 290). 

Formation. — 1. By reduction of propionitrile. 
Using 36 g. of propionitrile, 600 g. alcohol, 
200 g. water, zino, and 500 g. of 20 p.c. HClAq, 
the yield is 9 g. (Mendius, A 121, 129 ; Linnemann, 
A. 161, 44).— 2. From n-propyl iodide by succes- 
sive treatment with silver cyanate and KOHAq 
(Silva, Z . [2] 5, 638). — 3. By heating n-propyl 
iodide with alcoholic NH 3 , and distilling the 
product with potash. The fraction boiling be- 
low 78° is mixed with alcohol and oxalic ether, 
and the di-propyl-oxamide [161*5°] thus formed 
distilled with alcoholic potash (Vincent, C. R. 
103, 208). n-Propyl iodide heated with cone. 
NH s Aq for 13 hours at 100°-150° forms propyl- 
amine hydriodide and NPr 4 I (Malbot, A. Gh. [6] 
13, 480, 546). — 4. When n-propyl chloride is 
heated with aqueous ammonia in equimolecular 
proportions at 140°-165°, one-fifth of the pro- 
duct is n-propylamine and is nearly all contained 
in the lower layer. The upper layer consists of 
free di- and tri- propyl-amines, water, and alco- 
hol (Malbot, C. R. 104, 998).— 5. By heating 
n-propyl nitrate with alcoholic NH a at 100° 
(Wallach, A. 214, 311). 

Preparation. — 1. A mixture of equimolecular 
quantities of bromine and butyramide is run into 
an excess of a 10 p.c. solution of KOH at 60° and 
the propylamine distilled off ; the yield is 80-90 
p.c. (Hofmann, B. 16, 769). It may be dried 
over GaO and afterwards over Na. — 2. PrCl 
(1 mol.) heated with aqueous NH, (1 mol.), and 
enough alcohol to effect solution, in sealed tubes 
at 110° forms 45 p.c. propylamine, 35 p.c. di- 
propylamine, and 20 p.c. tri-propyl-amine 
(Chancel, Bl. [3] 7, 405). The product is 
neutralised with HC1, the aloohol distilled off, 
cooled, filtered from separated NH 4 C1, the syrup 
mixed with NaOH, distilled, and fractionated. 
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The bases may be further purified by means of 
their oxalates. 

Properties . — Mobile liquid with ammoniacal 
smell ; mixes with water, beooming hot. When 
wet it boils at 78°-82°. Its aqueous solution 
ppts. salts of Cu and Pe, the pp. not dissolving in 
excess, but with AgNO, it gives a pp. sol. 
excess. 

Reactions. — 1. Chromic acid yields propionio 
acid (Chapman a. Thorpe, A . 142, 176).— 2. Ni- 
trous acid forms n- and iso- propyl alcohols and 
propylene (Meyer a. Forster, B. 9, 635).— 3. 
Benzoic aldehyde forms CaH a .CH:NPr (210°) 
(Zaunschirm, A. 245, 282).— 4. Oxalic ether 
added to a mixture of equal volumes of propyl- 
amine and water forms CONHPr.CONHPr and 
C0 2 H.C0NHPr [110°], which yields CaA' a 2aq. 
S. 1*38 at 17°. 

Salts.— B'HCl. [158°] (TopsoS, J. 1883, 
621). — B'HHg 2 Cl 5 . - B'HHg 5 Cl n .— B'HAuCl,.-— 
B'jBCjPtClg. Monoclinic crystals. — Oxalate. 
NBLjPr GftO, £aq. Plates. S. 14*8 at 18° ; S. 
(alcohol) *6 at 18°.— Pi crate [135°]. 

Nitramine CH s .CH 2 .CH 2 .NH.N0 2 . (129° 
at 40 mm.). S.G. 1*102. Formed by heating 
PrNfNOJ.COaEt in a current of dry NH„, and 
decomposing the product with dilute RjSC^ 
(Thomas, R. T. C. 9, 75). Liquid, crystallising 
at —23°. Decomposes at 142°. SI. sol. water ; 
decomposes carbonates.— PrNK.N0 2 . Formed 
by dissolving the nitramine in alcoholic potash 
and ppg. with ether. Small pearly plates, form- 
ing an alkaline solution in water. — PrNAg.N0 2 . 
Slender needles, blackening in light. AcCl 
yields N 2 0. 

Isopropylamine (OH 8 ) 2 CH.NH.. (32°). S.G. 
iS *690. 

Formation. — 1. By the action of HClAq on 
isopropyl-carbamine (Siersch, A. 148, 263 ; 
Gautier, C. R . 67, 723).— 2. By running a mix- 
ture of bromine (1 mol.) and isobutyramide (1 
mol.) into an excess of a 10 p.c. solution of 
KOH at 60° ; the yield being 65 p.c. (Hofmann, 

B . 15, 768). — 8. By reducing acetoxim dissolved 
in alcohol with sodium-amalgam and HOAc at 
40° (Goldsohmidt, B. 20, 728). — 4. By heating 
isopropyl iodide with cone. NH 3 Aq (Malbot, 

C. R. Ill, 650 ; cf. Jahn, M. 3, 166). 

Preparation. — By reduction of a solution of 

acetone-phenyl-hydrazide (1 pt.) in 96 p.c. al- 
cohol (10 pts.) by means of acetic acid (2£ pts.) 
and sufficient *67 p.c. sodium-amalgam, the tem- 
perature being kept below 25° ; the yield is 70 
p.o. of the theoretical (Tafel, B. 19, 1926). 

Properties. — Mobile liquid, with ammoniacal 
smell, miscible with water. Converted by nitrous 
acid into isopropyl alcohol. 

Salts. — B'HCl. [140°]. Deliquescent 
cubes. — ByELjPtCl* : orange plates, m. sol. Aq. 

Nitramine PrNH.NO r [-4°]. (91°). 

S.G. 1*098. Formed from PrN(N0 2 ).CO,jEt 
by successive treatment with dry NH, and dilute 
HjSC^ (Thomas, R. T. C . 9, 78). Needles.— 
PrNK.NO r Slender hygroscopic needles. — 
PrNAg.NO r Thin plates. Converted by PrI 
into PrNPr.NO a (67° at 10 mm.). 

Di-n-propylamine Pr 2 NH. (110°) (P.; C.); 
(98°) (V.). S.G. & *7430 ; || *7357 (Perkin, C. J. 
55, 693). M.M. 7» 549. *• 1*4083 (Gladstone, O. 

J. 69, 290). A product of the action of alcoholic 
NH* on PrI at i00° (Vincent, C. R. 103, 208 ; 


Bl. [2] 46, 287) or of aqueous NH S on PrCl at 
190° (Malbot, C. R. 105, 675). Purified by 
means of its nitrosamine. Liquid with am- 
moniaoal smell, si. sol. water. The pps. that it 
forms with salts of Ag and A1 are sol. excess ; 
those with salts of Cu and Zn are insol. excess. 

Salts. — B'H 2 C 2 0 4 . Flat needles. S. 5 at 
17°. S. (alcohol) *33 at 18° (Chancel, Bl. [3] 7, 
406).— Picrate. [75°]. S. 2*2 at 19°. Melts 
under water at 45°. 

Nitrosamine Pr 2 N.NO. (206°). S.G. * 
•931. Liquid smelling like hay. Decomposed 
by HClAq, with formation of dipropylamine. 

Nitramine Pr.3N.NO2. A liquid, got from 
PrNK.NO a and PrBr (Thomas, R. T. C. 9, 79). 

Di-isopropylamine Pr^H. (84°). S.G. ** 
*722. A product of the action of alcoholic NH* 
on PrI at 100° (Van der Zande, R. T. C. 8, 202 ; 
cf. Siersch, Z. [2] 6, 145). Liquid with very 
ammoniacal odour, miscible with water. — 
B'HN0 2 . [138°]. — BysyPtCl* : orange tables. 

Nitrosamine Pr 2 N.NO. [46°]. (195°). 

Nitramine Pr 2 N.N0 2 . (56° at 10 mm.). 
Formed from PrNAg.NO a and PrI (Thomas, 

R. T.C. 9,82). Liquid. 

Tri-n-propylamine Pr,N. (157°). S.G. g *770 ; 

*760; ff *754 (Perkin). S.V. 222*1 (Zander, A. 

214, 171). M.M. 11*664. 1*4171 (Glad- 

stone, C. J. 59, 290). C.E. (0°-10°) *00105. A 
product of the action of PrI on alcoholic NH a 
(V.). It is the chief product got by heating 
PrCl with cone. NH a Aq (Malbot, A. Ch. [6] 13, 
480, 546). Purified by means of its picrate 
(Chancel, Bl. [8] 7, 407). Liquid with faintly 
ammoniacal odour, almost insol. water. — 
Picrate. S. ’3 at 18° ; S. (94 p.c. alcohol) 4*4 
at 19°. 

Propylo-iodide Pr 4 NI. The ohief pro- 
duct of the action of PrI on NH,Aq at 150°- 
190°. Prisms. Yields (Pr.NCtyJPtCl, and deli- 
quescent Pr 4 NOH, which is decomposed by heat 
into Pr a N, propylene, and water (Roemer, B. 6, 
784). 

References. — Bromo-, Chloro-, Chloro-iodo*, 
and Oxy- propylamine. 

PROPYL-ISOAMYL-GLYOXALINE 
CgH^CaHjjJNj. Oxalisoamyl-butyline. (251°). 

S. G. is *920. Formed from propyl-glyoxaline 
and C 4 H,,I (Rieger, M. 9, 609). 

PROPYL ISOAMYL OXIDE Pr.O.C 5 H n . 
(125°-130°) (Chancel, A. 151, 305). 

PROPYL-ANILINE C*H ia N ».*. PhNHPr. 
(222° i.V.) (Pictet a. Cr6pieux, B. 21, 1111). 
S.G. *949. Formed by heating aniline with 
PrBr (Claus a. Roques, B. 16, 909 ; Wacker, A. 
243,290). Liquid. Salts.— "B'HCl. [150°].— 
*B ' zH.fi.fi 4 . [152°]. Large tables, v. sol. water. 

Formyl derivative PhNPr(CHO). (269° 
i.V.). S.G. l { 1*044. Got from formanilide and 
n-propyl bromide. 

Acetyl derivative PhNPrAc. [48°]. 
(269° i.V.). Hexagonal plates (from ligroin). 

Nitrosamine . Yellow oil. 

Isopropyl-aniline PhNHPr (213° i.V.). 

Liquid. Yields an oily nitrosamine. — B'.>H 2 PtCl g . 
Red prisms (P. a. C.). 

Formyl derivative PhNPr.NO. (264°i.V.). 
Formed from formanilide and PrBr. 

Acetyl derivative PhNPrAc. [89°]. (265* 
i.V.). Transparent leaflets (from ligroin). 
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Di-n-propyl-aniline NPhPr 2 . (245° i.V.). 
S.G.J -9240. S.V. 243*1 (Zander, A. 214, 168). 
■C.E. (0°-10°) *00081. Formed from aniline and 
PrI (Lippmann a. Fleissner, M. 3, 711). — 
B'jH.iPtOlg. Decomposed by water. 

Di-isopropyl-aniline NPhPr 2 . (220° i.V.). 
S.G. S *9338. S.V. 235*4 (Zander). C.E. (0°-10°) 
*00087. 

References. — Nitro- and Nitroso- Propyl- 
aniline. 

DI-PROPYL-ANTHRACENE DIHYDRIDE 

C^H,, i.e. C„H l <pg r2 >C 6 H 4 . Formed from di- 

propyl-anthrone, HI, and P at 140°-170° (Hall- 
garten, B. 22, 1070). Plates, getting soft at 47°. 

Di-isopropyl-anthracene dibydride 

C,H^<™*>C (1 H s 5r. [90°]. (above 300°). 

Formed by boiling C 6 H 4 Pr.CH 2 Cl alone or with 
ZnCl 2 (Errera, Q. 14, 280). Amorphous yellow 
powder, insol. alcohol, sol. ether. Its solutions 
are red with green fluorescence. 

PROPYL-ANTHRANOL. Propyl deriva - 

live. CAOw.C,h4J I ) i) >W' [72°]. 

Formed by boiling anthranol with KOHAq and 
PrI (Hallgarten, B. 22, 1070). Needles, sol. 
ether and alcohol, insol. alkalis. Chromic acid 
solution converts it in the cold into propyl- 
oxanthranol C, 7 H i6 0 2 [164°], v. sol. benzene. 
DI-PROPYL - ANTHRON E C JH^O i.e. 

C d H 4 <^p r ^>C b H 4 . [124°]. Formed, together 

with the preceding body, by boiling anthranol 
(5g.) with KOH (5g.), water (25 c.c.), and PrI 
(13 g.) (Hallgarten, B. 22, 1069). Trimetric 
crystals, sol. hot alcohol. CrO s in HO Ac oxidises 
it to anthraquinone. 

TRI-PROPYL-ARSINE v. vol. i. p. 319. 
PROPYL-BENZENE v. Cumene. 
Di-n-propyl-benz ene C a H 4 Pr 2 [l:4]. (219°). 

Formed from p-di-bromo-benzene, n-propyl 
bromide, and Na (K5rner, B . 11, 1863 ; A. 216, 
223). Formed also, together with the m-isomer- 
ide, by the action of A1C1 3 and HC1 on n-cumene 
(Heise a. Tdhl, A. 270, 165). Liquid, volatile 
with steam. Bromine forms C ti H 2 Br.,Pr 2 [48°]. 

n-iso-Di-propyl-benzene C 6 H 4 PrPr[l:4]. 
(212° cor A S.G. 2 *8713. Formed from 
C H H 4 Pr.CH 2 Cl and ZnEt 2 (Patemo a. Spica, B. 
10, 1746) and from PrBr, p-bromo-cumene, and 
Na. Formed also, together with the m- isomeride, 
by the action of A1C1, at —2° on a mixture of 
n-cumeno and PrBr (Heise, B. 24, 772). 

m-Di-isopropyl-benzene C„H 4 Pr 2 [l:31. (204°). 
Formed, together with the p- isomeride, by the 
action of propyl or isopropyl chloride on benzene 
in presence of A1C1, (Silva, Bl. [2] 43, 320 ; 
Uhfiborn, B. 23, 3142) and by the action of A1C1 3 
and HC1 at 100° on cumene (H. a. T.). Yields 
isophthalic acid on oxidation. 

p-Di-isopropyl-benzene C e H 4 Pr 2 [l:4]. (c. 

202°). Formed as above. Yields terephthalio 
acid on oxidation. 

PROPYL-BENZENE SNLPHONIC ACID v. 

Cumene suLruoNic acid. 

p-Di-n-propyl-benzene tulphonic acid 
C fl HjPr 2 .SO s H. [62°]. Formed from di-propyl- 
benzene and fuming H 2 S0 4 (Kdmer, B. 11, 1865 ; 
A* 216, 224 ; I^emsen, Am. 5, 162). Deliquescent 


needier!, with pearly lustre. — NaA r 4aq. — KA'4aq« 
— BaA' 2 Aaq. — BaA' 2 2aq.— CaA' 2 9aq. — PbA' 2 aq. 

Amide C e H 3 Pr 2 .S0 2 NH 2 . [103°J. Hexagonal 
crystals (from alcohol), si. sol. hot water. 

n-iso-Di-propyl-benzene snlphonic acid 
[1:4:*] C a H s PrPr.S0 3 H. [60°J. Needles (Heise, 

B. 24, 771).— BaA' 2 *aq.— PbA' 2 aq : minute 
needles, m. sol. cold water.— PbA' 2 8aq : needles. 

Amide . [96°]. Needles. 
m-Di-isopropyl benzene snlphonic acid 
C b H 3 Pr 2 .SO*H [1:3:*]. Formed by shaking with 
H 2 S0 4 (1£ pts.) the fraction (200°-210°) got by 
the action of A1C1 8 on a mixture of PrCl and 
benzene, and separated from the accompanying 
p-di-isopropyl-benzene sulphonic acid by means 
of its Ba salt (Uhlhorn, B. 23, 3142). — BaA' 2 2aq : 
needles, si. sol. water,— CuA' 2 4Aaq.— MgA' 2 4aq. 
Amide C a H 3 Pr 2 .S0 2 NH 2 . [145°]. 
p-Di-isopropyl-benzene sulphonic acid „ 
CJI 3 Pr 2 (S0 3 H) [1:4:2]. Formed as above. — 
BaA'o: nodules, v. sol. water. — CuA' 2 6|aq. 
Amide C b H 3 Pr 2 .S0 2 NH 2 . [102°]. 
m-Di-n-propyl-benzene disulphonic acid 
C a H 2 Pr 2 (S0 3 H) 2 . Deliquescent tables (Heise). — 
K 2 A":raq.— BaA" l^aq : tables, v. sol. water. — 
PbA" l^aq : tableB, v. e. sol. warm water. 
Amide. [195°]. Needles. 
PROPYL-BENZOIC ACID v. Cuminig acid. 
PROPYL-BENZOYL-ACETIC ACID v. Benz- 
oyl-acetic acid and Phenyl butyl ketone 
carboxylic acid. 

PROPYL-BENZYL- v. Cuminyl-. 
n-PROPYL BORATE (PrO),B. (172°-175°). 
S.G. *867 (Cahours, C. B. 76, 1383). 

Isopropyl borate (PrOJaB. (140° cor.). 
Formed by heating B 2 0 8 with isopropyl alcohol 
at 120° (Councler, J. pr. [2] 18, 389). Mobile 
oil, slowly saponified by water. 

n-PROPYL BROMIDE PrBr. (71°). S.G. ® 
1*3835 (Zander, A. 214, 159) ; 2 *° 1*3520 (BriiH 
A. 203, 13); 1*3611; |f 1*3474 (Perkin). 

C. E. (0°-10°) *00123. /i,- 1-4406. Boo -38*20. 
S.V. 97. M.M. 6*885 at 19*2°. H.F.p. 30,850. 
H.F.v. 29,110 (Thomsen, Th.). Formed from n- 
propyl alcohol and HBr (Linnemann, A. 161, 
40 ; Pierre a. Puchot, J. Ph. [4] 13, 9). When 
heated in sealed tubes at 280° it partially changes 
to isopropyl bromide (Aronstein, B. T. C. 1, 134). 
When heated for a short time with AlBr, it is 
completely changed to isopropyl bromide (Kekul6 
a. Schrotter, B. 12, 2279 ; Gustavson, J. B. 15, 
61). Bromine forms propylene bromide. — 
C 3 H 7 Br(H 2 S) 2 23aq (De Forcrand, A. Ch. [5] 28, 
35). 

Isopropyl bromide PrBr. (60°). S.G. g 
1*3397 (Z.); 2 ? ° 1*3097 (B.) ; if 1*3198; §f 1*3052 
(Perkin). C.E. (0°-10°) *00127. 1-4817. 

Boo 88*58 (Briihl). M.M. 7*003 at 17*1°. S.V. 99. 

Formation. — 1. From isopropyl alcohol and 
HBr at 150° (Linnemann, A. 136, 41). — 2. From 
n-propyl bromide and AlBr 3 .— 3. From propylene 
bromide and HI (Linnemann, A. 161, 57). 

Preparation . — By adding bromine (65 g.) 
gradually to PrI (100 g.) in the cold ; the yield 
being 45 g. (R. Meyer, J. pr. [2] 34, 105). 
Properties.— Liquid, not attacked by CL 
ISOPROPYL-BUTENYL-BENZENE v. Bu- 

TENYL-CUMENE. 

n-PROPYL-ISOBNTYL-AMINE C 7 H 17 N i.e. 
PrNH.C 4 H 0 . (124°). Formed by reducing iso- 
butyl -propargyl-amme in alcoholic solution with 
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sodium (Paal a. Heupel, B. 24, 3048).— B'HCl. 
[135°].— B'H 2 C,0 4 . [224°]. Needles. 

ISOPROPYL-BUTYL-AMINE BICARB- 
OXYLIC ACID C 9 H 17 N0 4 i.e. 
C0 2 H.CMe 2 .NH.CMe 2 .CH 2 .C0 2 H. A product of 
the oxidation of triacetonamine with chromic 
acid mixture (Heintz, A. 198, 69). Crystalline 
grains, m. sol. hot water. Yields amido-iso- 
butyric acid when heated. — II 2 A"HC1. — 
KHA" 2aq. — Zn(HA") 2 6aq. — ZnA"aq. — 
CuA" aq. — AgHA". — Ag^A/'HNO,, aq : grains. 
PROPYL-ISOBUTYL-GLYOXALINE 

C, 0 H ib N 2 i. 6. Qj-j Oxal-propyl-iso- 

amyline . (241° at 738 mm.). S.G. ^ *915. 

Formed from isobutyl-glyoxaline and PrBr 
(Radziszewski a. Szul, B. 17, 1295). Liquid. — 
B^jPtClfl : minute orange prisms. 

Fropyl-bntyl-glyoxaline (C^H n )->’ 

(243°) at 728 mm. S.G. 12 *938. Formed from 
propyl-glyoxaline and butyl iodide. Oxidised by 
H 2 0 2 to butyl-oxamide [198°] (Rieger, M. 9, 609). 
— B'HZnCl s . - B' 2 H 2 CdCl 4 .— B^R ,PtCl fl . 

OH N'GPr n. 

Propyl-isobutyl-glyoxaline 

(232°) at 736 mm. S.G. ^ -940. Formed* from 
propyl-glyoxaline and isobutyl iodide (Rieger). 

PROPYL ISOBUTYL KETONE Pr.CO.C,H H . 
(155°) at 750 mm. S.G. 2 *831. Formed from 
isovaleryl chloride and ZnPr 2 (Wagner, J. B. 16, 
668). Liquid. 

Isopropyl isobutyl ketone Pr.CO.CH,.Pr. 
(160°). S.G. Li -865. Formed by oxidising sec - 
octyl alcohol with cold dilute K 2 Cr 2 0 7 and H 2 S0 4 
(Williams, C. J. 35, 130). Liquid, not solid at 
— 17°. Does not form a crystalline compound 
with NaHSO a . 

PROPYL-ISOBUTYL-MALONIC ACID 

C 4 H 9 .CPr(C0 2 H) 2 . [129°]. This appears to be 
the composition of the acid got by saponifying 
C 4 H 9 .C(C 8 H s )(C0 2 Et) 2 (249°), which is got from 
malonic ether, isobutyl iodide, allyl iodide, and 
NaOEt (Ballo, B. 14, 335). 

PROPYL BUTYL OXIDE Pr.O.C.H*. (117°). 
S.G. § *7773. C.E. (0°-10°) *00124. S.V. 174*4 
(Dobriner, A. 243, 7). 

ISOPROP YL-ISOB UTYL-PHOSPHINE 
PHPr.CH 2 Pr. (140°). Formed from isopropyl- 
phosphine and isobutyl iodide at 130° (Hofmann, 
B. 6, 300). 

IS0PR0PYL-I80BUTYL-QUIN0LINE 

OA<^=ccH,Pr- (296°) at 710mm. Formed 

by the action of isovaleric aldehyde and cone. 
HClAq upon aniline (Spady, B. 17, 1718 ; 18, 
3373).— B'jRjPtCl,,. Yellow needles, si. sol. 
water.— B'C-IUNOJaOH. Large yellow plates. 
— B'HCl aq. — B'HNO s aq. — B'H 2 S0 4 . — 
B'E^CrjjO, : orange needles, sol. hot water. 

Methylo-iodide B'Melaq. Yellow 

needles, v. sol. alcohol. — B'jMejPtCl,, : yellowish- 
red triclinic prisms. 

PROPYL-TRICARBALLYLIC ACID 
CHPr(C0 2 H).CH(C0 2 H).CH s .C0 2 H. [152°]. 

Formed by saponifying its ether, which is made 
by the action of fumaric ether on sodium propyl- 
malonic ether (Auwers, B. 24, 311, 2898). Prisms 
(containing <eaq), v. e. sol. ether. 

Ethyl ether Et^A"'. (206° at 16mm.). 
8.G. ^ 1*092. 


Isopropyl-tricarballylic acid 

CHPr(C0 2 H).CH(C0. 2 H).CH 2 .C0 2 H. [162°]. Pre- 
pared in like manner from isopropyl-malonic 
ether. Plates or prisms, v. si. sol. ligroin. 

Ethyl ether Et 3 A"\ (206° at 20mm.). 
S.G. « 1*085. 

PROPYL CARBAMATE NH,.CO.OPr. [52°]. 
(195°). Formed by heating urea with propyl 
alcohol (Cahours, C.B. 76, 1387). Formed alsa 
from Cl.CCyPr and NII 3 (Roemer, B. 6, 1102). 
Prisms, v. e. sol. water and alcohol. 

Isopropyl carbamate NH 2 .C0.01 ? r. [87°]. 

Formed from Cl.C0 2 Pr and dry NH S (Spica a. 
Yarda, O. 17, 165). Hygroscopic needles. 

ISOPROPYL-CARBAMINE PrNC. (87°). 
S.G. *760. Formed from isopropyl iodide and 
AgCy (Gautier, C. B. 67, 723; A. 149, 155). 
IIClAq forms isopropyl-formamide. 

PROPYL-CARBAMIC ACID NHPr.C0 2 H. 
Methyl ether MeA\ (180° at 755mm.). 
S.G. L* *992. Liquid (Thomas, B. T. C. 9, 71). 
The nitr amine NPr(N0 2 ).C0 2 Me. S.G. 
1*187 is made from NAgPr(N0 2 ) and Cl.COJMe. 

Ethyl ether EtA' . (186°). Formed from' 
propylamine and chloro-formic ether (Schreiner, 
J.pr. [2] 21, 125). 

Isopropyl-carbamic acid NIIPr.CO^H. 
Methyl ether MeA'. (165*5°). S.G. M 
*981. Liquid. The nitramine 
NPr(NO,).C0 2 Me S.G. 1* 1*159 is also liquid. 
PROPYLCARBINOL v. Butyl alcohol. 
Di-propyl-carbinol v. Heptyl alcohol. 
DI-PROPYL-CARBOBENZONIC ACIDS 
CjjoH^Oj. Two acids of this formula [139°] and 
[90°J are formed by heating phenyl benzyl 
ketone with n-propyl alcohol and KOIi (Zagu- 
menny, A. 184, 166). The acid [139°] forms a 
di-nitro- derivative [176°]. ✓ 

PROPYL CARBONATE CO(OPr) 2 . (168° 
cor.). S.G. LI *949 (Roese, A. 205, 230). 

Propyl orthocarbonate C(OPr) 4 . (224° cor.). 
S.G. *911. Formed from NaOPr and chloro- 
picrin (Roese, A. 205, 253). 

rc-PROPYL CHLORIDE PrCl. Mol. w. 781 
(46° i.V.). S.G. g *9123 (Zander, A. 214, 156) 

*1 *8898 (Briihl, A. 200, 179), & *8930 ; f| *8813 
(Perkin). M.M. 5*056 at 16°. = 1*3934. 

Roo - 33*36. S.V. 91*6. H.F.p. 37,760. H.F.v. 
36,020. C.E. (0°-10°) *00137. Formed by the 
action of chlorine on propane and on PrI. Pre- 
pared by saturating w-propyl alcohol with gaseous 
HC1, and heating at 125° with cone. HClAq 
(Malbot, Bl. [3] 2, 136; cf. Pierre a. Puchot, 
A. Ch. [4] 20, 234). Acts with extreme slowness 
on alcoholic NH 3 (Vincent, Bl. [2] 45, 504). Not 
changed to PrCl by heating in sealed tubes 
(Aronstein, B. T. C. 1, 134).-PrCl(H 2 S) 2 23aq 
(De Forcrand, A. Ch. [5] 28, 34). 

Isopropyl chloride PrCl. (345°). S.G. § *8825- 
(Z.) *, ^ *8688 ; §# *8575 (P. . M.M. 6*159 at 
17*2°. S.V. 94. C.E. (0°“10°) *00142. Formed 
from isopropyl alcohol and HC1. Chlorine con- 
verts it into CHj.CClyCH, and CH^CHCl.CE^Cl. 
Partially converted into NH*Pr by heating with 
cone. NH s Aq at 140° (Malbot, C. B. Ill, 650). 
ISOPROPYL CINNAMIC ACID v. Cumyl- 

ACRYLIC ACID. 

Beferences . — Amido-, Chlobo-, and Nitro- 
Propyl-cinnamio acids. 

PROPYL-m-CRESOL C.H.MePr.OH. (230°- 
235° at 734 mm.}. Formed, together with ite 
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propyl ether and di-propyl-ra-cresol, by heating 
tn-cresol with propyl alcohol and MgClj (Maz- 
aara, <?. 12, 187, 332). Liquid, si. sol. water, 
sol. alcohol and ether. Not solid at —15°. Not 
coloured by FeCl s . Yields a crystalline nitroso- 
derivative [140°]. 

Methyl ether MeA'. (226°) at 740 mm. 

Propyl ether PrA'. (235°-240°). 

Acetyl derivative AcA'. (240°) at 743 
mm. 

Isopropyl-m-cresol C fl H s PrMe.OH. (238°). 
Formed in like manner by heating ra-cresol 
with isopropyl alcohol and MgCl 2 (Mazzara, O. 
12,605). Oil. Yields C fl H 2 (NO)PrMe.OH [167°]. 

Methyl ether MeA'. (215°-220°). 

Isopropyl ether PrA'. (230°-235°). 

Isomeride v. Thymol. 

Propyl-o-cresol v. Carvacrol and Cymenol. 

Ieopropyl-cresol C tt H 8 PrMe.OH. (229° cor.). 
S.G. 1*0012. Formed by potash-fusion from 
the m-isocymene derived from camphor (Spica, 
O. 12, 552). Not coloured by FeCl 3 . 

Ethyl ether EtA'. (228° cor.). 

Di-propyl-m-cresol CgH^r^Me.OH. (250°). 
Formed as above. Liquid, yielding a liquid 
acetyl derivative (255°-260°). 

Di-isopropyl-m-creaol C fl H 2 Pr 2 Me(OH). 

(251°). Formed at the same time as isopropyl- 
m-cresol (M.). Liquid smelling like phenol, si. 
sol. water, insol. dilute potash. 

Methyl ether MeA'. (243°). 

Acetyl derivative AcA'. (255°-260°). 

ISOPROPYL-CUMIDINE C (J H 4 Pr.NHPr. 
*(245 o -250°). A product of the action of aniline 
And ZnCl 2 on isopropyl alcohol (Louis, B. 16, 
111). Liquid. Forms a granular picrate. 

ISOPROPYL CYANATE v. vol. ii. p. 315. 

PROPYL CYANIDE v. Nitrile of, Butyric 

ACID. 

PROPYLENE CA. Mol. w. 42. S. -44 at 
0° ; *22 at 20° (von Than, A. 123, 187). S. 
.(alcohol) 13. S. (H 2 80 4 ) 200 (Berthelot). HJ\p. 
3,220. H.F.v. 2,060 (Thomsen, TK). 

Formation . — 1. By passing fusel oil, valeric 
.acid, or light petroleum through a red-hot tube 

W. Reynolds, A. 77, 118 ; Prunier, J. 1873, 
847). — 2. By distilling calcium oxalate with 
KOAo (Dusart, A. 97, 127).— 3. By the action of 
cnereury (containing a trace of zinc) and fuming 
HClAq on allyl iodide (Berthelot a. De Luca, A. 
92, 306). — 4. Mixed with H (| vol.), by reducing 
allyl iodide in alcoholic solution with granulated 
zinc and HClAq (Tollens a. Henninger, A. 156, 
166).-— 6. From allyl iodide and HI (Butlerow, 
A, 146, 271).— -6. A product of the action of 
ZnEt a on CC1 4 (Rieth a. Beilstein, A, 124, 242) 
•on allyl iodide (Wurtz, Bl. 6, 61) and on CHBr 3 
(Beilstein, BL [2] 2, 61).— -7. By boiling n- or 
iso- propyl iodide with alcoholic potash (Freund, 
M. 8, 633 ; Erlenmeyer, A . 139, 228).— 8. To- 
gether with other hydrocarbons, by treating 
propylene bromide with water and sodium- 
. amalgam or with zinc and HClAq (Prunier, C. B. 
76, 98).— 9. By heating CCl 2 Me 2 or CBr 2 Me 2 with 
Na at 140° (Friedel a. Ladenburg, Z. 1868, 48 ; 
Reboul, A. Ch. [5] 14, 488).— 10. Together with 
cresol, by heating thymol with P 2 O s (Engelhardt 
.■a. Latschinoff, Z . 1869, 616).— 11. In the manu- 
facture of oil-gas (Armstrong, O . J. 49, 74). — 
12. Together with ethylene, by heating allyl 
; alcohol with P^O, (B6hal, A. Ch. [6] 16, 860).— 


13. By heating N(C 8 H 7 ), with C 3 H 7 C1 at 190* 
(Malbot, A. Ch. [6] 13, 546). 

Preparation . — 1. By dropping propyl alcohol 
on strongly-heated ZnCl 2 (Le Bel a. Greene, Am. 
2, 23). — 2. By passing gaseous HI into allyl 
iodide, PrI being also formed (Malbot, C. B. 107, 
114 ; BL [2] 60, 449). — 3. By pouring an alco- 
holic solution of allyl iodide on zinc (Gladstone 

а. Tribe, B. 6, 1550 ; Niederist, A. 196, 358). — 
4. By dropping propyl alcohol (4 pts.) on P 2 0 5 
(3 pts.) (Beilstein, B. 15, 1498). — 5. By mixing 
isopropyl alcohol (200 g.) with ZnCl 2 (650 g.) and 
heating after twenty-four hours (Friedel a. Silva, 
J. 1873, 322). 

Properties. — Colourless gas, liquefied by a 
pressure of eight atmospheres (Moltschanoffsky, 
J. Ii. 21, 31). Unites with Cl and Br. Its solu- 
tion in H 2 S0 4 yields isopropyl alcohol on distil- 
ling with water. Cuprous chloride in HClAq 
absorbs it somewhat. HClAq heated with pro- 
pylene for seventy hours at 100° forms isopropyl 
chloride (Berthelot, A. 104, 184) ; HBr and HI 
act in like manner. Dilute Cr0 3 forms acetone 
acetic acid and C0 2 (Berthelot, A. 150, 373). 
Alkaline KMn0 4 forms formic and acetic acids 
(Truchot, C. R. 63, 274). KC1 added to a solu- 
tion of propylene in PtCl 2 and HClAq ppts. 
C 8 H d PtCl 2 KCl aq (Birnbaum, A. 145, 72). 
Di-propylene v. Hexylene. 

References. — Bromo-, Di - bromo - iodo-, 
Chloro-, Chloro-iodo-, Di-ghloro-nitro-, and 
Iodo- propylene. 

PROPYLENE-ACETOACETIC ACID v. Aceto- 
acetio acid and Methyl trimethylenylmethyl 

KETONE CARBOXYLIC ACID. 

PROPYLENE-ALLYL-^-THIO-DREA 

CH^NfCH j/^NH. Formed from propylene- 
\|/-thio-urea and allyl iodide (Hirsch, B. 23, 973). 
Oil. — B'C a H 3 N 3 0 7 . [126°]. Triangular prisms. 

Isomeride ^g M ^|>°:NC s H 5 . [66°]. Got 

from 0-bromo-propyl-amine and mustard oil. 
Prisms (from ligroin).— B'C tt H d N 3 0 7 . [130°].— 
B'C a H & NCS. [52°]. White prisms. 

PROPYLENE-DIAMINE C s H 10 N t i.e. 
CH 3 .CH(NH 2 ).CH 2 .NH 2 . (119°). S.G. « *878. 
Formed by heating propylene bromide with 
alcoholic ammonia at 100°-150° (Hofmann, B. 

б, 308; Strache, B. 21, 2358). Hygroscopic 
liquid, fuming in the air. Yields a hydrate 
(C S H, 0 N 2 ) 2 aq, boiling at the same temperature as 
the base, and dehydrated by Na. Benzoio alde- 
hyde forms oily C 3 H 3 (N:CHPh) 2 , decomposed by 
HC1 into the parent substances. Acetoacetio 
ether forms oily C 3 H a (NH.CMe;CH.C0 2 Et) 2 . 

Salts.— B'TIjClj. [220°]. Very hygroscopic 
needles.— B"H 2 PtCl 3 . Small four-sided tables. 

Acetyl derivative C 3 H tt (NHAc) 2 . [139°]. 
Needles, v. e. sol. water and alcohol. 

Benzoyl derivative CJIgBz^,. [193°]. 
PROPYLENE-AMYL-i^-THIO-DREA 

CH 2 -N> C - NH0 » H >- [ 32 °J- ( 267 °)- Formed 
by heating allyl-amyl-thio-urea with cone. 
HClAq at 100° (Avenarius, B. 24, 264). 

PROPYLENE BROMIDE v . Di-bromo-pro- 

PANE. 

PROPYLENE TRICARBOXYLIC ACID. 
Ethyl ether C0 2 Et.CH;CH.0H(C0 2 Et) r (171° 
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at 15 mm.). Formed by the action of water or of 
NaOHAq upon OH<5jgg^g8^>0 [94°]. 
which is got by distilling di-carboxy-glutaconic 
ether in vacuo (Guthzeit a. Dressel, B. 22, 1425). 
It is identical with iso-aconitic ether. 

Isomeride v. Aconitic acid. 

Propylene tetra-carboxylic acid 
(C0 2 H). i CH.C(C0 2 H):CH.C0 2 H. [192°]. Got by 
saponifying its ether. Colourless crystals (con- 
taining 2aq). Gives off C0 2 at 180°. 

Salts. Na 3 HA lv 8aq. — Ba 2 A lv l|aq. — 
Ca 2 A lv 3Jaq. 

Ethyl ether Et,A lv . (220°-230° at 40 
mm.). Formed from sodium-malonic ether and 
broino-maleio ether (Schacherl, A . 229, 91). 

Isomerides. — Dicarboxy-glutaconio acid and 
Trimethylene tetracarboxylio acid. 

PROPYLENE CHLORHYDRIN v. Chloro- 

PROPYL ALCOHOL. 

PROPYLENE CHLORIDE v. Dichloro- 

PROPANE. 

PROPYLENE CHLOROBROMIDE v. Chloro- 

BKOMO-PROPANE. 

PROPYLENE GLYCOL C s H g 0 2 i.c. C 3 H 8 (OH) 2 . 
Di-oxy -propane. Mol. w. 76. (189°). S.G. g 

1*0527 (Z.). C.E. (0°-10°) *00069. S. (ether) 
11. S.Y. 85*2 (Zander, A. 214, 177). 

Formation . — 1. By saponifying its acetyl- 
derivative (Wurtz, A. Ch . [3] 55, 438). — 2. By 
reduction of CH 2 Cl.CH(OH).CH 2 OH by sodium- 
amalgam (Louren<?o, O. R. 52, 1043).— 3. By 
heating propylene bromide with PbO and much 
water at 150° (Eltekoff, J . R. 10, 210).— 4. By 
boiling propylene bromide with aqueous K 2 C0 3 
for some days (Hartmann, J. pr. [2] 16, 383).— 
5. By boiling propylene bromide (1 pt.) with 
water (36 pts.), the yield being 43 p.o. (Niederist, 
A. 196, 359). — 6. By the action of the copper- 
Zino couple and some HClAq on the product of 
the action of AcBr on glycerin (Hanriot, C. R. 
86, 1139).— 7. By treating allyl alcohol with 
dilute H 2 S0 4 (20 p.o.) or HC1 (10 p.o.) (Solonina, 
Bl. [2] 46, 816). 

Preparation.— Glycerin (1,300 g.) is distilled 
with NaOH (550 g.) and the aqueous layer con- 
centrated and distilled; the yield is 140 g. 
(Belohoubek, B . 12, 1872 ; Morley a. Green, G. J, 
47, 182). 

Properties. — Liquid, with sweet taste; 
miscible with water and alcohol. 

Reactions. — 1. Water containing a trace of 
HC1 forms propionic aldehyde at 215° (Linne- 
m&nn, A. 192, 61). It also yields propionic 
aldehyde on heating with ZnCL* (Flavitzky, B. 
11, 1256).— 2. Cone. HIAq forms isopropyl iodide 
(Wurtz, A. Suppl. 1, 381). — 3. PC1 8 forms di- 
chloro-propane.— 4. KOH at 250° forms oxalio 
acid and H.— 5 . Chromic acid mixture forms 
acetic acid (Flavitzky, B. 11, 1256). — 6. Oxidised 
by platinum black and air to lactio acid. — 
7. Glyceryl trimetric forms, at 100°, oily 
CH 8 .CH(O.NO).CH 2 .O.NO (109°), S.G. 2 1*44, 
which explodes in sunlight (Bertoni, C . 0. 1887, 
35 ). 

Acetyl derivative C 7 H, 2 0 4 i.e. 

Cya^OAo),. Propylene acetate. (186°). S.G. 
2 1*109. S. 11. Formed by heating OaH 4 Br 2 
with AgOAe and HOAc (Wurtz, A . 105, 202). 
Neutral liquid. 


Mono-benzoyl derivative 
CH s .CH(OBz).CH 2 OH. Formed from the amine 
CH 8 .OH(OBz).CH 2 NH 2 and HN0 2 (Gabriel a. 
Heymann, B. 23, 2501). Oil. 

Di-benzoyl derivative 
CH 3 .CH(OBz).CH 2 OBz. (240° at 13 mm.). 
Liquid (Friedel a. Silva, C. R. 73, 1379). 

Di -nitrate C 3 H 8 (0.N0 2 ) 2 . S.G. * 1-335. 
Formed by dropping propylene oxide into 
strongly-cooled fuming HNO a (Henry, A. Ch. 
[4] 27, 261). Oil. 

Chlorhydrin v. Ohloro-proptl alcohol. 
Bromhydrin v. Bromo-propyl alcohol. 
Iodhydrin C 3 H 6 I(OH). (105° at 60 mm.). 
Formed from propylene oxide and HI (Mar- 
kownikoff, Z. 1870, 423). Liquid. 

Active propylene glycol C 3 H„(OH) 2 . a D » 
- 4° 35' to — 1° 15' in a 22 mm. tube. Formed, 
together with propionic and lactic acids, by 
allowing Bacterium termo to breed in ordinary 
inactive propylene glycol (Le Bel, C. R. 92, 532). 
Yields active propylene oxide (35°) a D = +1° 10' 
in a 22 mm. tube. 

M-Propylene glycol v. Tri - methylene 

GLYCOL. 

PROPYLENE IODIDE u. Di -IODO-PROPANE. 
PROPYLENE MERCAPTAN C 3 H fl (SH) 2 . 
(152° in vacuo). Formed by reducing propylene 
sulphocyanide with Zn and HClAq (Hagelberg, 
B. 28, 1087). 

PROPYLENE OXIDE C a H fi O i.e. 

CH — > 0 ' MoL w ‘ 68 ' ( 35 °)- S -°- 8 ’ 859 ' 
Y.D. 2*0. Formed by warming propylene ohloro- 
hydrin with KOHAq (Oser,BZ. 1860,237 ; Morley, 
B. 15, 179). Dried over KOH. Neutral liquid, 
smelling like acetone. Miscible with water, aloo- 
hol, and ether. Reduced by sodium-amalgam 
to isopropyl alcohol. Yields acetic acid when 
oxidised by moist Ag 2 0 (Linnemann, M. 6, 369). 

PROPYLENE-OXIDE CARBOXYLIC ACIDu. 
Methyl-glycidio ACID. 

PROPYLENE PHENYL ETHYL KETATE 

CH^O> CPhEt - ( 235 ° cor -)- S.G. ^ -988. 
Formed by dropping C s H a C1.0Bz into a mixture 
of ZnEt 2 and toluene, and then adding water 
(Morley a. Green, C. J. 47, 134; B. 17, 3015). 
Oil, with pleasant odour ; sol. ether. Not 
attacked by alcoholic potash, by AcCl, by Na, 
by hydroxylamine, by phenyl-hydrazine, or by 
HClAq at 155°. HI at 200° yields PrI and 
phenyl ethyl ketone. By dissolving in H 2 S0 4 
and pouring into water, it iB split up into 
propylene glycol and C fl H v CO.C;jH 5 . Nitric acid 
oxidises it to acetic and benzoic acids. Bromine 
forms a mono-bromo- derivative (230°). 

PROPYLENE - PROPYL - if/ - THIO - BREA 

^^'^^>C.NHPr. [237°]. Formed by heating 

allyl-propyl-thio-urea with cone. HClAq at 100° 
(Avenarius, B. 24, 264). Oil. — P i c r a t e [123°]. 

PROPYLENE SULPHIDE CftS. Formed 
from CjH^rjj and alcoholic Na 2 S (Husemann, A, 
126, 296). Amorphous powder. 

PROPYLENE SULPHOCYANIDE C.H a N 2 S a 
i.e. CH 3 .CH(SCy).CH 2 (SCy). Formed by heating 
CiHJBra with potassium sulphocyanide and 
alcohol at 100° (Hagelberg, B. 23, 1086). Insol* 

| water, sol. alcohol and ether. 
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PROPYLENE DISULPHONIO ACID v. Pro- 

PANE DISULPHONIO ACID. 

PEOPYLENE STTLPHONIC ACID 

CH 2 :CH.CH 2 .S0 3 H. Formed by boiling allyl 
iodide with cone. K^SOjjAq (Von Rad, A. 161, 
218). — KA'. Crystalline solid. — (KA') 7 K a I a . — 
(KA')jEX. White solid. 

PEOPYLENE TKI-THIO-CAEBONATE 
C s H 6 :CS s . S.G. sa 1*31. Formed from C^Br, 
and Na 2 CS, (Husemann, A. 126, 269). Thick 
liquid, of disagreeable smell. 

PE0PYLENE-4-THI0-TJEEA C.H^S i.e. 

CH^NH/' C:NH - I’nido-methyl-thiazole tetra • 

hydride. Formed by heating allyl-thio-urea 
with HClAq (S.G. 1*17) under pressure at 100° 
(Gabriel, B . 22, 2986). Formed also from 
/8-bromo-propyl-amine hydrobromide and po- 
tassium sulphocyanide (Hirsch, B . 23, 965). 
Liquid. — B^iyPtCl*. [212°]. — B'HAuCl,. — 
B'C a H 3 N 3 0 7 . [200°]. — Methylo - iodide 

[172°]. Colourless prisms. 

PEOPYLENE-^-UEEA CH^NH > 0:NH • 

Formed by heating allyl-urea with HClAq at 
100° (Gabriel, B. 22, 2990), and by heating 
0 -bromo-propyl-amine hydrobromide with po- 
tassium cyanate at 100° (Hirsch, B. 23, 966). — 
B'C 0 H 3 N 3 O 7 . [186°]. Needles.— B'-ftPtCl,. 
PROPYL ETHER v. Di-propyl oxidb. 
PROPYL-ETHYLENE v. Amylene. 
PR0PYL-EUGEN0L v. Eugenol. 

PROPYL FLUORIDE PrF. (2°). V.D. 2161 
at 20° (calc. 2*175). S. 1 at 15°. Formed by 
gently warming AgF with PrI (Meslans, C . B. 
108, 352). Gas, with ethereal odour and hot, 
Bweet taste. Has no action on glass when dry. 
V. sol. alcohol, ether, and benzene. 

Isopropyl fluoride PrF. ( — 5°). S. 1*5 at 
15°. S. (alcohol) 29 at 16°. V.D. 2*171. Formed 
from AgF and PrI. Gas, not affected by KOHAq 
at 100°. Br at 30° forms a liquid (143°), while 
chlorine forms a liquid (105°). 

ISOPROPYL-FORMAMIDE v. Formamide 
in article on Formic acid. 

DI-PROPYL-FURFUEANE C 4 H 2 Pr 2 0. (120°). 
One of the products of the distillation of sodium 
citrate with lime (Bischoff, B. 23, 1918). 

DI-PROPYL-GLUTARIC ACID C n H 20 O 4 i.e. 
(C0 2 H.CH.Pr) 2 CH 2 . [89°J. Formed by heating 
((C0 2 H) 2 .CPr) 2 CH 2 above 170° (Dressel, A. 256, 
190). Needles, v. si. sol. water, v. sol. ether. 
PROPYL-GLYCOL v. Propylene glycol. 
PROPYL-GLYOXAL. Mono-oxim. 
C^Hy.CO.CHiNOH. [51°]. Formed from methyl 
propyl ketone, amyl nitrite, and HC1 or NaOEt 
(Claisen a. Manasse, B. 22, 528). Pearly plates. 
Di-oxim Pr.C(NOH).CH(NOH). [168°]. 
Di-phenyl-di - hydraeide 
PrC(N 2 HPh).CH(N 2 HPh). [163°]. Needles. 

PROPYL -GLYOXALINE C fl H 10 N 2 (219°- 
223°). S.G. ** *267. Formed by heating gly- 
oxaline with PrBr (Wallach, B . 15, 650 ; 16, 534 ; 
A. 214, 321). Liquid, miscible with water. HgCl, 
added to its aqueous solution gives a pp. sol. 
HClAq. — B'jHjjPtCl*. Crystals, sol. hot water. 

Propyl-glyoxaline ^.NH^ CI>r * ( 26 7°). 

Formed from glyoxal, n-butyrio aldehyde and 
NH, (Rieger, M. 9, 603). Oil. — 


[192°].— B' 2 H 2 C 2 0 4 2aq : [161°] ; plates or needles. 
— B'jjH^PtClg : yellow prisms. 

Isopropyl-glyoxaline. Glyoxal-isobulylinc. 
[129°]. (o. 250°). Formed from glyoxal and 
isobutyrio aldehyde-ammonia (Radziszewski, B . 
16, 747). Needles, sol. alcohol, benzene, and 
hot water.— B'HCl. [105°] (Rieger).— B'HBr. 
[222°]. — B'HjGjO,. [195°]. 

Di - propyl - glyoxaline C a H*PrN 2 . (227°). 
S.G. 12 *939. Formed by heating propyl-gly- 
oxaline with PrI (Rieger, M. 9, 607). 

n-PROPYL-GLYOXYLIC ACID Pr.CO.CO2H. 
(180°-185°) at 760 mm.; (115°) at 84 mm. 
Got by the action of HC1 on the nitrile (133°- 
137°) which is made from AgCy and butyryl 
chloride (E. Moritz, C. J. 39, 16). Liquid. 

Amide C 4 H 7 O.CONH 2 . [106°]. Formed 
from the nitrile and cone. HClAq. 

Oxim PrC(NOH).C0 2 H. [144°]. Formed 
by the action of alcoholic soda and NaN0 2 on 
propyl-acetoacetic ether (Fiirth, B. 16, 2180). 
Small needles, v. sol. alcohol, si. sol. water. 

Isopropyl-glyoxylic acid *Pr.CO.C0 2 H. A 
mixture (93° at 45 mm.) of this acid with iso- 
butyric acid is got by the action of HC1 on di- 
isobutyryl dicyanide (Moritz, G. J. 39, 14). 
Amide * Pr.CO.CONH,. [126°]. 

PROPYL HEPTYL KETONE C 3 H 7 .CO.C 7 H 15 . 
[12°]. (222°). S.G. 22 -828. Formed by distilling 
calcium butyrate (Limpricht, A. 108, 185). 

PROPYL HEPTYL OXIDE PrOC 7 H 15 . (188°). 
S.G. § *7987. S.V. 245*6. C.E. (0°-10°) *00099 
(Dobriner, A. 243, 7). 

DI - ISO- PROP YL-HEXINYL DIKETONE 

Pr.CO.C 3 H 6 :C 3 H 5 .CO.Pr. Di-isobutyrone. (c. 
266°). Formed by the action of sodium on iso- 
butyric ether (Bruggemann, A. 246, 151). 

PROPYL - HEXYL - CARBINOL v. Deoyl 

alcohol. 

PROPYL-HEXYL-GLYOXALINE C 9 H 15 PrN r 

Oxalpropyloenanthyline. (286°). S.G. 12 -919. 
Formed from hexyl-glyoxaline and PrBr (Karez, 
M. 8, 222). Oil. 

PROPYL HEXYL KETONE Pr.CO.C a H Is . 
[-9*5°]. (207°]. S.G. ft *824. Formed by 

oxidation of the corresponding alcohol (Wagner, 
J. pr. [2] 44, 271). Needles. Oxidised by 
KjCrjjO, and H 2 S0 4 to heptoio and propionic 
acids. 

Isopropyl hexyl ketone Pr.CO.C a H It . (200°- 
210°). S.G. -1 *841. Formed by distilling caloium 
isobutyrate with calcium heptoate (Fuchs, «T. B. 
7, 334). Yields acetone, HO Ac, and heptoio acid 
on oxidation. 

PROPYL HYPOPHOSPHATE Pr 4 P 2 O a . S.G. 
1*134. Formed from Ag 4 P B O a and PrI (twice 
the calculated quantity) at 120° (Sanger, A. 
232, 12). Oil. Decomposed by hot water. 

Propyl-hypophosphate of barium 
PrBaHPoO a 6aq. Needles. 

PR0PYLIDENE-ACETI0 ACID v. Pentenoio 

ACID. 

IS0PR0PYLIDENE-AMID0-PHEN0L 

CMe 2 :N.C a H 4 .OH. [158°]. Formed fromp-amido- 
phenol, acetone, and HOAo (Haegele, B. 25, 
2755). Colourless plates. 

ISO-PROPYLIDENE-ANILINE C^NiCMe,. 
(228°). V.D. 66*4 (calc. 66*5). From acetone 
and aniline in presence of dehydrating agents 
(Engler a. Heine, B . 6, 638 ; Riehm, A. 238, 10). 
Liquid ; rapidly turning brown in air. Its salts. 
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are v. sol. water and alcohol. — B' 2 HJ30 4 : decom- 
poses at 

PROPYLIDENE CHLORIDE v. Di-chloro- 

PROPANE. 

PROPYLIDENE - HYDRAZIDO - BENZENE 
p-SULPHONIO ACID CMe 2 :N.NH.C 6 H 4 .S0 3 H. 
Got from ©-hydrazido-benzene sulphonic acid 
(phenyl-hydrazine p-sulphonic acid) and acetone 
(Pfiilf, A. 239, 216). Plates, m. sol. hot water. 

ISO-PROPYLIDENE HYDRAZINE 
CMe^N.NHj. (125°). Formed from acetone and 
hydrazine hydrate (Curtius, J.pr. [2] 44, 543). 
Mobile liquid decomposing when kept, with 
evolution of N and NH S . 

ISO-PROPYLIDENE-PHTHALIDE C„H 10 O 2 

i.e. C^^O. [96°]. Formed by 

heating phthalio anhydride with NaOAc and iso- 
butyric acid or pyrotartaric acid (Gabriel a. 
Michael, B. 11, 1683; Roser, B. 17, 2776). 
Needles, si. sol. hot water. Converted by boiling 
alkalis into Pr.C0.C 8 H 4 .C0 2 H. 

DI-ISO- PROPYLIDENE DISTJLPHONE v. 

T ETRA-METHYL-DI-METH YLENE DISULPHONE. 

ISOPROPYLIDENE - DI - THIO - DIGLY- 
COLLIC ACID CMe 2 (S.CH 2 .CO,H) r [127°]. 
Formed from thioglycollic acid, acetone, and 
ZnC^ (Bongartz, B. 21, 482). Crystals (from 
chloroform). 

ISOPROPYL INDOLE C U H 1S N i.e. 

( 288 °)* Formed by heating 

the phenyl-hydrazide of isovaleric aldehyde with 
ZnCLj at 180° (Trenkler, A. 248, 106). Oil, 
solidifies by cold. Yieldsa dihydride (c.260°) 
and a pi crate [99°] crystallising in red needles. 
Di-isopropyl-indole C lt H„Ni. e . 

CH : ch!c .NH> CH - 1 66 °]' (295°-300°). Formed 
by the action of dilute H 2 S0 4 on isopropyl-pyr- 
role in the cold (Dennstedt, B. 21, 3430). Needles 
(from dilute alcohol). Colours acidified pine- 
wood red. Yields a picrate [115°] and an 
aoetyl derivative [186°]. Benzoic aldehyde 
and ZnCl 2 form C 8S H 42 N 2 [o. 164°]. 

w-PROPYL IODIDE C,H 7 I. (102*5°) (Brown, 
Pr.26,238). S.G. g 1*7829 (Dobriner, A. 243, 24); 
ig 1*7673 ; if 1*7585 (Perkin) ; \° 1*7427 (Bruhl, 
A. 203, 15). CJE. (0°-10°) *00105. /i* 1*5157. 
Rqo 47*05. M.M. 11*08 at 18°. S.Y. 106*9. 
Formed from propyl alcohol (60 g.), iodine (127 g.), 
and red P (10 g.), the yield being 90 p.c. of the 
theoretical amount (Chancel, Bl . [2] 39, 648 ; 
c/. Linnemann, A. 160, 240). Oil. 

Isopropyl iodide M. (89°). S.G. ^ 1*7033 
(Briihl); if 1*7163; ff 1*7005 (Perkin). M.M. 
11*182 at 26°. ft# 1*5108. 47*48. S.Y. 108*3. 

Formed by the action of HI on isopropyl aloo- 
bol, propylene glyool, glycerin, allyl iodide, or 
propylene (Linnemann, A . 161, 26 ; Wurtz, A . 
Suppl. 1, 381; Erlenmeyer, A . 126, 305; 189, 
228 ; Maxwell Simpson, A. 129, 127 ; Berthelot, 
A . 104, 184 ; Butlerow, A. 145, 275). Prepared 
by distilling glycerin (200 g.) with I (300 g.), 
water (160 g.), and clear phosphorus (55 g. 
added slowly) in a ourrent of C0 2 (Mar- 
kownikoff, A . 138, 364 ; R. Meyer, J . nr. [2] 34, 
98). Obtained also by saturating allyl iodide 
with HI and heating in sealed tubes at 100° 
Malbot, O. B. 107, 114 ; Bl. [2] 50, 449 ; A. Ch . 
6] 19, 352), Oil, converted by Br into PrBr. 
Vol. IV. 


The copper-zino oouple decomposes it at 60°, 
giving off gases (Gladstone a. Tribe, C. J . 26, 
969). 

PROPYL-ITACONIC ACID C fl H 12 0 4 i.e. 
C0 2 H.CH 2 .C(C0 2 H):CHPr. [159°]. Formed by 
heating propyl-paraconic ether with alcoholic 
NaOEt, and saponifying the product (Fittig, A. 
256, 106 ; cf. Schmidt, 4. 255, 83). Tufts of 
prisms, insol. chloroform, v. sol. ether. Reduced 
by sodium-amalgam to butyl-succinic acid [81°]. 
Bromine, followed by hot water, gives rise to 

CHPr<^^^CH [124°].— BaA". 

DI-PROPYL-KETINE v . Di-methyl-di 

PROP YL-PYRAZIN E . 

DI-PROPYL KETONE C 7 H 14 0 i.e. COPr,,. 
Butyrone. Mol. w. 114. (145°). S.G. ££ *8217*; 

*8145. H.C. 1,053,064 (Louguinine, Bl. [2] 41, 
389). Prepared by distilling calcium butyrate 
alone or mixed with CaCO s (Chancel, A. 52, 295 ; 
Kurtz, A. 161, 205; Schmidt, B. 5, 597). 
Formed also from ZnPr 2 and butyryl chloride, 
by the oxidation of di-propyl-carbinol (Schtscher- 
bakoff, J. R. 13, 346), and by heating butyryl 
chloride (1 mol.) with FeCl 8 (1 mol.) at 50° 
(Hamonet, Bl. [2] 50, 355). Got also by heating 
butyric anhydride with sodium butyrato at 180° 
(Perkin, C. J. 49, 325). It is also one of the 
products formed by the action of sodium on 
butyric ether (Briiggemann, A. 246, 140). Oil, 
sol. alcohol. Does not combine with NaHSO, 
or NH 3 . Chromic acid yields propionic and 
butyric acids. Treatment with Zn and EtI fol- 
lowed by water gives ethyl-di-propyl-carbinol ; 
while Zn, Mel, and water give methyl-di-ethyl - 
carbinol (A. Saytzeff, J.pr. [2] 31, 320). Sodium- 
amalgam forms sec-heptyl alcohol and a pina- 
cone G u K m 0 2 [68°] (o. 260°). PC1 5 yields 
C 7 H 14 C1 2 (181°) and C 7 H 1S C1 (141°) (Tavildaroff, 
B. 9, 1442). Gives on chlorination, when cooled 
by ice and salt, the compound Pr.CO.CHCl.Et 
(c. 175°) converted by NH 8 into tetra-propyl- 
pyrazine (Vladesco, Bl. [3] 6, 835). P 2 O ft forms 
(C 7 H 12 )* (200°- 250°) (Tavildaroif, B. 9, 1442). 

Oxim Pr 2 C:NOH. (190°-195°) (Meyer a. 
Warrington, B. 20, 501). Yields an acetyl 
derivative. 

Di-isopropyl -ketone Pr 2 CO. (124° cor.). 
S.G. 9 *8230; *8063 (Poletreff, J. B. 20, 

672). H.C. 1,044,559 (L.). R^ 33*46. Formed 
by distilling calcium isobutyrate (Popoff, B. 6, 
1255 ; Miinde, B. 7, 1370 ; A. 180, 327). Formed 
also by heating tetra-methyl-phloroglucin with 
HClAq at 200° (Spitzer, M. 11, 288). Oil, with 
ethereal odour, miscible with alcohol and ether. 
Does not unite with NaHSO,. Reduces ammo* 
niacal AgNO a . Yields isobutyrio and acetic 
acids and C0 2 on oxidation, and sec-heptyl 
alcohol (c. 140° cor.) on reduction. 

Oxim Pr 2 C:NOH. [8°]. (c. 183°). Liquid, 
converted by AcCl into Pr 2 C:NOAo, which on 
heating produces PrCO.NHPr (M. a. W.). 

Dipropyl-diketone v . Dibutyryi*. 

Reference.— Chloro-di-isopbopyi«-xetone. 

PROPYL-LUPETIDINE v. Di-methyl-propyl* 

PYRIDINE HEXAHYDRIDE. 

PROPYL-LUTIDINE v. Di-METHYii-PROPYL- 

PYREDINE. 

PROPYL-MALONIC ACID C.H 10 O 4 i.e. 
CHP^COjH) Mol. w. 146. [84°] (S.) ^[96°] 
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PROFYL-MALONIO ACID 


(F.). H.C.p. 675,000. H.C.v. 674,700. HP. 
234,000 (Stohmann, J.pr, [2] 40, 211). 

Ethyl ether Et^". (222°) (Fiirth, M . 9, 
809). S.G. if *9931 ; If -9854. M.M. 10*367 
at 18° (Perkin, C. J. 45, 514). Formed from 
malonic ether, PrI, and zino or NaOEt. 

Isopropyl-malonic acid CBrH(C0 2 H) 2 . [87°]. 
H.C.v. 674,900. H.C.p. 675,200. H.F. 238,800 
(Stohmann). Formed by saponifying its ether, 
which is made from sodium-malonic ether and 
PrI (Conrad a. Bischoff, B. 13, 595; A . 204, 
144). Prisms, sol. water, alcohol, and ether. 
Yields iso-valeric acid at 180°. — Ag^A". 

Ethyl ether Et 2 A". (214°). S.G. §§ *997 
(C. a. B.) ; ^ *9927 ; §f *9852 (Perkin). M.M. 
10*482 at 17°’. 

References , — Di-bromo- and Oxy- propyl- 

MALONIC ACID. 

ISOPROPYL-MALONIC ALDEHYDE NI- 
TEILE PrCH(CN).CHO. (137°). V.D. 3*83 (calc. 
3*87). S.G. i5 *911. Formed by heating iodo- 
isovaleric aldehyde with KCy or AgCy (Chau- 
tard, A. Ch, [6] 16, 188). Oil which reduces 
Fehling’s solution. Miscible with alcohol and 

w-PBOPYL MERCAPTAN PrSH. Mol. w. 
76. (68°) (Roemer, B. 6, 784; Schatzraann, 

A. 261, 7). Formed from PrBr and alcoholic 
KSH. Oil, smelling like mercaptan. Hg(SPr) 2 . 

Isopropyl mercaptan PrSH. (57°-60°) 
(Henry, B. 2, 495; Claus, B, 6, 659; 8, 532). 
Formed from PrI and alcoholic KSH. Hg(SPr) 2 : 
white plates (from alcohol). 

PROPYL-METHANE is Butane. 
Di-propyl-methane v. Heptane. 
DI-PROPYL-TRIMETHYLENE TBISUL- 

PHONE OTr 2 <|o r ^>S0 2 . [297°]. Formed 

from Bodium trimethylene trisulphone and PrI 
in alcohol (Camps, B, 25, 244). Slender needles, 
m. sol. boiling alcohol. 

Hexa - propyl - trimethylene trisulphone 

CPr s <|°^*>SO a . [133°]. Formed from 

the trisulphone, PrI, and alcoholic NaOH 
(Camps). Prisms. 

ISO-PROPYL-NAPHTHALENE C 18 H M i.e. 
C 10 H 7 Pr. (265°). V.D. 6*85. Formed by heat- 
ing naphthalene with PrBr and A1C1 3 (Roux, Bl, 
[2] 41, 879 ; A. Oh, [6] 12, 289). Oil, sol. alco- 
hol and benzene. Yields (£) -naphthoic acid on 
oxidation.— B'C«HgN 8 0 7 . [90°]. Lemon-yellow 
needles. 

PROPYL NITRATE PrNO r (110*5°) (Per- 
kin, C. J. 56, 683). S.G. if 1*0631; §f 1*0531. 
M.M. 4*085. Formed by distilling n-propyl 
alcohol with HNO s and a little area (Wallach a. 
Schulze, B, 14, 420). Forms with anthracene 
CJ, 4 H 10 PrNO s [92°] crystallising in four-sided 
prisms (Perkin, jun. a. Mackenzie, C, J. 61, 866). 

Isopropyl nitrate PrNO*. (102°). S.G. s 
1*054 (Silva, A. 164, 256). 

Reference,— Ghlobo-isopbopyl nitrate. 
PROPYL NITRITE PrO.NO. (43°-46°) 
(Cahours, O.R, 77, 749); (63°-60°) (Pribram a. 
Handl, M, 2, 655). S.G. ^ *935 (C.) ; § *998 
(P. a. H.). Formed by passing nitrous acid gas 
into n-propyl alcohol. 

Isopropyl nitrite PrNO t . (44°). S.G. £ 
•856; as -844 (Silva, Bl. [2] 12, 227; Kissel, 
J. R. 1882, 226). 


PROPYL ^-NITROLE 0^,0, i.e, 

CH 3 .C(N0 2 )(N0).CH a . Mol. w. 118. [70°] 

(Bewad, B. 24, 976). Formed by adding KNO a 
and dilute HjSO* to an alkaline solution of iso- 
nitro-propane CHMe 2 .N0 2 (V. Meyer a. Locher, 

B, 7, 670 ; A. 175, 120). Monoclinic crystals, 
insol. water and alkalis. Forms a blue liquid 
when fused. Its solutions in alcohol and chloro- 
form are blue. 

PROPYL-NITROLIC ACID C s H fl N 2 0 3 i.e. 
CH 8 .CH 2 .CH(N0 2 )N0 or CH^CH^NO.^NOH. 
[60°]. Formed by adding potassium nitrite and 
dilute KjSC^ to an alkaline solution of nitro- 
propane CH 3 .CH 2 .CH2.N0 2 . Formed also from 
Et.CBr 2 .N0 2 and hydroxylamine (V. Meyer, B, 
7, 670 ; 9, 395). Prisms, with sweet taste, v. 
sol. water, alcohol, and ether. Alkalis form a 
deep-red solution. Cone. HjSO* forms propionic 
acid and N 2 0. 

PROPYL OCTYL OXIDE Pr.O.C 9 H l7 . (207°). 
S.G. ° *8039. C.E. (0°-10°). *00101. S.V. 

272*4 (Dobriner, A. 243, 7). 

DI-PROPYL OXIDE Pr 2 0. Propyl ether. 
(90*7° i.V.). S.G. g *7633 (Zander, A. 214, 163). 

C. E. (0°-10°) *00125 (Dobriner, A. 243, 20). 
S.V. 150*9. Formed from PrI and KOPr (Chan- 
cel, A. 151, 304). Got also from PrI and Ag 2 0 
(Linnemann, A. 161, 37) and by heating n-propyl 
alcohol with H 2 S0 4 at 135° (Norton a. Prescott, 
Am. 6, 243). 

Di-isopropyl oxide Pr 2 0. (68*8° i.V.). S.G. 
g *7435. C.E. (0°-10°) *00130. S.V. 151*6 
(Zander). Got from PrI and Ag 2 0 (Erlenmeyer, 
A. 126, 306). 

PROPYL OXYBUTYL KETONE 

C 3 H 7 .CO.CH(OH).C 3 H 7 . Butyroin. (180°~190°). 
Formed from di-n-propyl diketone and alcoholic 
KOH (Klinger a. Schmitz, B. 24, 1273). Yields 
a phenyl-hydrazide [135°]. 

PROPYL-PHENOL v. Cumenol. 
PROPYL-PHENOL CARBOXYLIC ACID v. 

OXY-CUMINIC ACID. 

Isopropyl-phenol dicarboxylic acid 
C ( jH 2 Pr(0H)(C0 2 H) 2 . [295°]. Formed, together 
with oxy-cuminic acid, by the action of Na and 
CO a on isopropyl-phenol (Fileti, O. 16, 126). 
Tables or needles, sol. water and alcohol. 

^-PROPYL-PHENYL-ACETIC ACID 
C 3 H 7 .C fl H 4 .CH 2 C0 2 H. [52°]. Formed by saponi- 
fying the nitrile, which is got from cc-chloro- 
cymene, alcohol, and KCy at 100° (Rossi, 
A. Suppl. 1, 139). Small needles (from hot 
water). — AgA': slender needles. 

References. — Amido- and Oxy-propyl* phenyl- 
acetic acid. 

PROPYL-PHENYL- AMINE v. Aiodo.phbnyl- 
propane and Propyl-aniline. 

ISOPROPYL-PHENYL- v. Cumyl-. 
ISOPROPYL-PHENYL-CINNAMIC ACID 
Pr.C fl H<.C(CHPh).CO,H. [184°]. Formed from 
Pr.C^.CHjj.COjjNa, benzoic aldehyde, and Ac 2 0 
(Magnanini, G. 15, 509). Needles (from dilute 
alcohol). — CaA' 2 .— AgA. 

ISOPROPYL-PHENYL-p-COUMARIC ACID. 
Methyl derivative 

Pr.C 6 H 4 .C(C0 2 H):CH.C e H 4 .0Me. [199°]. Formed 
from rir.C e H 4 .G£L 2 .C 0 2 Na, anisic aldehyde, and 
Ac 2 0 (Magnanini, G. 15, 511). Prisms (from 
alcohol).— AgA'. 

DI-p - PROPYL - DI - PHENYL - CYANAMIDE 
C(N.C 4 H 4 Pr) 2 . [168°]. Formed by heating 
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CS(NH.C 8 H 4 Pr) 2 with benzene and PbO (Franck- 
sen, B. 17, 1228). Needles. 

PROPYL-BEINZONITRILE v. Nitrile of Cu- 

MINIC ACID. 

ISOPEOPYL - DI - PHENYL - ETHYLENE 

C 8 H a .CH:CH.C 8 H 4 Pr. [84°]. Formed by heat- 
ing phenyl-acetic acid with cuminio aldehyde 
and NaOAc at 250° (Michael, Am. 1, 314). 
Scales (from alcohol), v. si. sol. hot water. 

DI - *> - PEOPYL - DIPHENYL - GUANIDINE 
NH:C(NH.C 6 H 4 Pr) 2 . [113°]. Formed by heating 
di-propyl-di-phenyl-thio-urea with alcoholic NRj 
and PbO (Francksen, B . 17, 1225). Needles, v. 
sol. warm alcohol and ether. — P latinochlor- 
ide (C lfl H 2rj N 3 ) 2 H i jPtCl a : yellowish-brown pp. 

Tri-propyl-tri-pheayl-guanidine 
C 6 H 4 PrN:C(NH.C 8 H 4 Pr).,. Formed by heating 
CS(NH.C b H 4 Pr), with C fi H 4 Pr.NH 2 , alcohol, and 
PbO. Amorphous resin, v. sol. alcohol. — 
B'jjHjjPtClg : brown powder. 

^-PROPYL-PHENYL METHYL KETONE 
CH 3 .CO.C 8 H 4 Pr. (259° i.Y.). S.G. ^ *979. 
Formed from n-cumene, AcCl, and AlCl, (Wid- 
mann, B. 21, 2224). Colourless liquid. Yields 
anoxim [54°], which melts at 44° after fusion. 
The phenyl-hydrazide [92°J forms six-sided 
hatchet-shaped tables. 

Isomeride CH 3 .CO.C 8 H 4 Pr. (253°). Yields an 
oxim [71°] and a phenyl-hydrazide [82°J. 

ISOPROPYL-PHENYL PHOSPHATE 
PO(O.C 8 H 4 Pr) 3 . (375°~380° at 280 mm.). Got 
from isopropyl-phenol and PBr a (Fileti, G. 16, 
130). Viscid liquid, insol. water, sol. alcohol. 

p - ISOPROPYL - (Py. 3) -PHENYL-QUINOL- 
INE 0 18 H„N i.e. C»H 4 <^gH [60°]. 

Formed by heating its carboxylic acid with soda- 
lime (Dobner, A. 249, 102). Needles, si. sol. 
water. — B' 2 H 2 PtCl 6 2aq. — B' 2 H 2 Cr 2 0 7 . — 
Pi crates: [195°]; plates (from alcohol). 

Carboxylic acid C s H 4 <|(£^ic5,H,¥r. 

X201°]. Formed from cuminic aldehyde, pyru- 
vic acid, and aniline (Dobner). Yellow plates 
r(from HOAc). — AgA' : white powder. 

p-PROPYL-PHENYL-THIOCARBIMIDE 
C b H 4 Px.N:CS. (263°). Formed by heating di- 
propyl-di-phenyl-thio-urea with syrupy H 3 P0 4 
(Francksen, B. 17, 1223). Oil, volatile with 
steam, v. sol. alcohol and ether. 

p-PROPYL-PHENYL-THIO-UREA C ia H 14 N 2 S 
i.e. NH 2 .CS.NH.C 8 H 4 Pr. [159°]. Formed from 
amido-phenyl-propane hydrochloride and am- 
monium sulphocyanide (Francksen, B. 17, 1222). 
Needles, sol. alcohol and ether. 

Di-propyl-di-phenyl-thio-urea 
€S(NH.C 8 H 4 Pr) 2 . [138°]. Formed from amido- 
phenyl-propane, CS 2 , and alcohol (F.). Plates. 

PROPYL-PHENYL-UREA C 10 H 14 N 2 O i.e. 
NH a .CO.NHC 8 H 4 Pr. [143°]. Formed by the 
action of potassium cyanate on amido-phenyl- 
propane hydrochloride (Francksen, B. 17, 
1225). Plates, sol. hot alcohol, insol. water. 

Di-p-propyl-di-pheny 1-urea CO (NHC 8 H 4 Pr) 2 . 
[205°]. Formed by heating amido-phenyl- 
propane with urea. Formed also by the action 
©f COCLj on amido-phenyl-propane in benzene, 
And by heating amido-phenyl-propane sulphate 
•with a saturated solution of potassium cyanate. 
Needles, v. sol. ether and hot aloohol. 


PROPYL PHOSPHATE PO(OPr) 8 . Formed, 
together with PrCl and PO(OH) 2 (OPr) (which is 
sol. water) by the action of PCl a on n-propyl 
alcohol (Winssinger, Bl. [2] 48, 111). Oil. V. 
si. sol. water, its insolubility being greatest 
at 75°. Cannot be distilled, even in vacuo. 

ISOPROPYL-PHOSPHINE PrPH*. (41°). 
Formed, together with Pr 2 PH (118°) and Pr,P, 
by heating PrI with PH 4 I and ZnO for 6 hours 
at 100° (Hofmann, B. 6, 292). Liquid, with 
penetrating odour. Readily absorbs oxygen, 
taking fire on a hot day. — X B'HI : decomposed by 
water. 

Tri-isopropyl-phosphine Pr 8 P. Oil. Forms 
red crystals with CS 2 . — Pr s PHI. Large crystals, 
v. sol. water.— Pr 4 PI. Cubes or octahedra. 

Di-chloro-isopropyl-phosphine PrPCl 2 . (c. 
135°). Formed by heating HgPr, with PCI, 
(Michaelis, B. 13, 2175). Liquid. 

Reference . — Oxy-tri-propyl-phobphine. 
PROPYL PHOSPHITE P(OPr),. (240°). 
S.G. 1*004. Formed from PCI, and NaOPr 
(Jaehne, A. 256, 282). Liquid. 

ISOPROPYL-ISOPHTHALIG ACID 
C a H,Pr(C0 2 H) 2 [1:3:5]. [285°]. Formed by 

heating pyruvic acid with isobutyric aldehyde 
and Ba(OH) 2 (Doebner, B. 23, 2380 ; 24, 1748). 
Plates (from dilute alcohol, v. si. sol. cold water). 
— BaA" 2|aq.~ CaA" 2£aq. — Ag 2 A"aq. 

PROPYL-PHYCITE. According to Faucon- 
nier ( C . R . 107, 629), the substance described 
under this name by Carius (A. 134, 71) is 
glycerin. 

PROPYL-PIPERIDINE v. Propyl-pyridine 

HEXAHYDRIDE. 

PROPYL-PROPANE v. Hexane. 

(a) -PROPYL-PYRIDINE C s H n N i.e. 

^^CPrCH^^' C° n y r i ne ‘ (168°). Formed 
by distilling coniine hydrochloride with zinc- 
dust (Hofmann, B. 17, 825 ; Ladenburg, A. 247, 
20). Light oil, with blue fluorescence. Yields 
picolinic acid [134°] on oxidation. Reduced by 
cone. HIAq at 290° to coniine.— B'JHjPtCl,. 
[ICO 0 ] and [172°]. Orange monoclinic tables. 
a\b:c - 1*0622:1:1*5356 ; 0»»87 O 13'.— B'MeL 

Oil. — B' 2 Me 2 PtCl 8 . Crystals, si. sol. water. 

Tetrahydride NH <cp/':CH> CH2 or 
CH 3 .OH 2 .CH:C<^ ^>CH a . This is (y). 

conioeine (vol. ii. p. 248). Yields coniine on re- 
duction with tin and HC1 (Lellmann a. Miiller, 
B. 23, 680). 

Hexahydride Jn- 

active coniine. (167°). S.G. fl *8626. Formed 
by reducing (a)-allyl-pyridine (derived from (a)- 
methyl-pyridine and paraldehyde) in alcoholic 
solution with sodium (Ladenburg, B. 19, 2579 ; 
A. 247, 80). Oil, optically inactive. Can be 
separated by means of the acid tartrate into a 
dextro- modification (coniine) and a l®vo- modi- 
fication. — B'HCl. [203°] (L.) ; [213°] (L. a. M.). 
V. sol. water. — B , 2 H 2 PtCl # . — B',& 2 CdI 4 . [118°]. 

($) -Propyl-pyridine CW- 

Udine. (170°). Got by passing nicotine through 
a red-hot tube (C&hours a. Etard, J. 1881, 928). 
Yields nicotinic acid on oxidation. 

Tt 
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PROPYL-PYRIDINE. 


(a) - Isopropyl - pyridine N< ^cPr*CH^ CH ’ 

J159 0 ). S.G. £ *9342. Formed, together with 
the (yj-isomeride, by heating pyridine with PrI 
and PrI at 290° (Ladenburg, B. 17, 772, 1121 ; 
18, 1587 ; A. 247, 22). Liquid, with unpleasant 
odour, si. sol. water. Gives picolinio aoid on 
oxidation with KMn0 4 . — B'^PtCl,,. [170°]. 
Hexagonal rhombohedra, a:c = l:*9489. — 
B'HAuC 1 4 . [91°]. — B'CgHjNgOy. [116°]. Needles. 
Mercuric chloride double salt: [90°]. — 
B'MeAuCl 4 . [128°]. 

Tetra-hydride C 8 H 15 N. (164°). S.G. ^ 

*896. Formed from the hexahydride, Br, and 
NaOHAq (Ladenburg, B. 20, 1646).— B' 2 H 2 PtCl 6 . 
[189°]. Tables. 

Hexahydride C 8 H 17 N i.e . 

NH <C&r;OHl> CH *- ( 159 °)‘ S G - 2 ' 8G68 ‘ 
Formed by reduction in alcoholio solution by 
Na (Ladenburg, A. 247, 73). Liquid, more sol. 
cold than hot water. Converted by Mel into 

NMe <CHft.CH^> 0H ’ CS * y ields 

(C 8 H 17 N) 2 CS 2 [105°].— BHCl. [210°]. Tri- 

metric prisms; a:6:c»*814:l:*419. — B'HBr. 
[233°]. — B'HI. [243°]. — B' 2 H 2 PtCl 6 . [193°]. 
Monoclinic prisms; a:b:c =**977:1:1 *385 ; 3 
- 89° 38'. — x B' 2 H 2 CdI 4 . [133°]. 
y-Propyl-pyridine hexahydride 

NPr <^cS> CH »- ( 149 °- 150 °)- Formed 
from piperidine and PrI (Ladenburg, B. 14, 1348). 
Liquid. — B'^SnCIg : monoclinic crystals. 
j'-Isopropyl-pyridine hexahydride . 

Npr <ci::cS> oH -- B '^ snCi - : mon ° ciinio 

crystals (Hjortdahl, J. 1882, 1085). — B' 2 H 2 PtCl 8 . 

(7) - Isopropyl - pyridine 

(178°). S.G. 2 *9439. Formed as above, being 
separated by means of the platinochloride, 
which is more soluble than that of the (a)-iso- 
meride. Oil. Yields isonicotinic acid [306°] 
on oxidation. — B^H^PtCi,,. [205°]. Plates. 

Hexahydride NH <CH^.CHp >CH¥r - 

(171°). Formed by reducing (7) -isopropyl- 
pyridine in alcoholic solution by Na. Fuming 
liquid, v. sol. cold water. — B'^HjPtCl*. [172°]. 
Golden prisms, si. sol. water. 

References . — Oxy-peopyl-pyridine and Oxx- 
propyl-piperidine. 

PROPYL PYRIDYL KETONE v. Pyridyl 

PROPYL KETONE. 

PROPYL - PYROOALLOL C,H 12 0, i. e. 
O^E^t(OB) r [80°]. Got by heating its di- 
methyl ether with cone. HClAq at 130° (Hof- 
mann, B. 8 f 67 ; 11, 829). Prisms (from benz- 
ene), v. e. sol. water and alcohol. FeS0 4 colours 
its aqueous solution blue (Pastrovitch, M. 4, 182). 

Methyl ether C.HaPrfOH^fOMe). (290° 
oor.). S.G. 15 1*023. Occurs, together with the 
di-methyl ether, in beeoh-wood tar (Pastro- 
vitch). Oil, with smoky smell. Gives an in- 
tense bluish-green colour with FeCl* in alcohol. 
— C # H a Pr(OK)o(OMe). Pearly crystals (from 
dilute alcohol). — C fl H 2 Pr(OAc) 2 (OMe). [88°]. 
Needles (from alcohol).— GiBr^PrfOAcJ^OMe). 
[79°J. Golden needles. 


Di-methyl ether C„H 2 Pr(OH)(OMe) 2 . 
Picamar. (c. 286° cor.). Occurs in beech-wood 
tar (Reichenbach, A . 8, 224; Niederist, M. 4, 
487). Oil, with bitter, burning taste. Reduces 
salts of Au and Ag. Yields the di-methyl ether 
of di-oxy-quinone on oxidation. — C n H 15 0 3 K. 
Pearly leaflets (from spirit). — C n H, 5 AcO s . [87°]. 
Monoclinic prisms; a:b:c *» *39:1: *547 ; 3 
»96° 29'.— ^H^r^cO, [101°]. Trimetrio 
prisms; a:6:c = *99:1:1*93.— C n H n BzO s . [91°]. 

Tri-methyl ether C b H 2 Pr(OMe) 3 . (164°). 
Formed from propyl-pyrogallol and Mel (Will, 
B. 21, 2020). 

n-PROPYL-PYRROLE C 7 H n N i.e. 

NPr <CH-CH- ( U7 °)- Formed from potassium 

pyrrole and PrI (Zanetti, B. 22, 2518). Liquid. 

Isopropyl-pyrrole C 4 H 4 PrN. (174°). Formed 
by boiling pyrrole with acetone and ZnCl 2 
(Dennstedt a. Zimmermann, B. 20, 851 ; 21, 
1480). Liquid. Dry HC1 passed into its 
ethereal solution forms (C 7 H n N) 2 HCl, a crystal- 
line salt yielding a liquid base (c. 287°) and a 
picrate (C 7 H n N) 2 C tf H 3 N 3 0 7 [146°]. Ac o 0 forms 
C 4 H 3 Pr:NAc (222°-232°) and C.HsAcPnNH [64°] 
(251°). 

ISOPROPYL-PYRRYL STYRYL KETONE 

NHC 4 H 2 Pr.CO.CH:CHPh. [143°]. Formed by 
boiling NHCjH^Pr.CO.CH, with benzoic alde- 
hyde and dilute KOHAq (Dennstedt a. Zimmer- 
mann, B. 20, 853). Yellow crystals. 

(B. 3) -ISOPROPYL-QUINOLINE C 12 H 13 N i.e . 

CPr-CH C N^ CH Cumoqumoline . Formed 

by heating (Py. 3)-chloro-isopropyl-quinoline 
with a solution of HI in HOAc (Widman, B. 19, 
267). Oil, easily volatile in steam.— Salts : 
B' 2 H 2 PtCl a 2aq. [220°]. — Picrate : [206°]. — 
Chromate : [c. 92°]. Large red prisms. 
Methylo-iodide B'Mel. [c. 200°]. 

(Py. 2)-lBOpropyl-quinoline 

°« H <<N=CH- to. 10“]. (275°-280°) at 715 

mm. Formed by distilling its (Py. 3) -carboxylic 
acid (Spady, B. 18, 8383). Liquid, v. sol. alcohol 
and ether. — B'^PtClg. — B^HjC^O,. — 
B / C a H 8 N 3 0 7 : long slender needles. 

{Py. 3) -Isopropyl-quinoline 

(255°). Formed by heating its (Py. l)-carb- 
oxylio acid with soda-lime (Doebner, B. 20, 279 ; 
A. 242, 279). Oil, smelling like quinoline. — 
B'jjH^tCl^aq : yellow needles. — B'CgHgNgOy. 
[150°]. Yellow plates (from alcohol). 

Reference . — Chloro- and Oxy- isopropyl- 
quinoline. 

(Py. 2) -ISOPROPYL-QUIN OLINE (Py. 3)- 
CABBOXYLIC ACID [189°]. 

Formed by oxidation of (Py. 2,3)-isopropyl-iso- 
butyl-quinoline with CrO s and dilute H 2 S0 4 
(Spady, B. 18, 3879). Plates (from dilute al- 
cohol). --AgHA'gHNOg.— (HAO^tCl. : prisms. 
(Py. 8) -Isopropyl-quinoline (Py. l)-oarb- 

oxylio acid CB. ^ 00 ^^ . [146°]. Formed, 

together with C^gH^N s O [222°], by adding 
aniline to an alcoholio solution of isobutyric 
aldehyde and pyruvic acid (Doebner, A. 242, 
276 ; B. 20, 279). Prisms (containing l$aq)« — 
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HAHCl. — (HA'),EynCl 4 aq. — (HA'JgHAuCl, : 
lemon-yellow needles. — AgA'. 

PROPYL SILICATE Si(OPr) 4 . (226°). S.G. 
i- *915 (Cahours, C. R. 76, 1383). On heating 
with SiCl 4 at 160° it yields (PrOLSiCl (209 p ) and 
(PrO) 2 SiCl 2 (187°). 

DI- PROPYL-DI-STYRYL KETONE 
(C 8 H 7 .C 8 H 4 .CH:CH) 2 CO. [106°]. Formed from 
cuminic aldehyde, acetone, alcohol, and NaOHAq 
(Claisen a. Ponder, A. 223, 148). Prisms. 

ISOFROP YL-STYRYL-PHENOL. Methyl 
ether . C B H 4 Fr.CH:CH.C 8 H 4 OMe. [152°]. Got by 
heating C B H 4 Pr.C(C0 2 H):CH.C 6 H 4 0Me (Magna- 
nini, O. 16, 613). Pearly scales (from alcohol). 

PROPYL-SUCCINIC ACID C 7 H I2 0 4 i.e. 
C0 2 H.CH2.CHPr.C0 2 H. Oxy-hexic acid. [92°]. 
Formed by heating pentane tri-carboxylic acid 
(Waltz, B. 16, 608 ; A. 214, 69). Got also by re- 
ducing oxy-hexic acid with zinc and R,S0 4 (Gor- 
boff, J. R. 1887, 605; Walden, B. 24, 2036). 

Iso-propyl-succinic acid v. Pimelic aoid. 

Di-isopropyl-succinic acid C 10 H 18 O 4 i.e. 
C0, 2 H.CHPr.CHPr.C0 2 H. [168°]. The ether i B 
formed from a-bromo-isovaleric ether and finely- 
divided silver (Hell a. Mayor, B. 22, 48). Den- 
dritic crystals (from water). — BaA" 5aq. S. 7*7 
at 17°. — CuA" aq. S. *099 at 24°.-SrA" 3aq.— 
Ca A" 4 aq. — Mg A' ' 7aq. — Co A" 7aq. — NiA" 5aq.- 
CdA" 4aq. — MnA" 7aq. S. 4*71 at 21°.— ZnA". 
— Pb A" . — Ag 2 A" . 8. *062 at 20°. 

Isomeride C 10 H 18 O 4 . [200°]. Accompanies 

the preceding acid. Granular crystals. — 
BaA" 2aq. — SrA" 4aq. — CaA" 2aq. — MgA" 5aq. — 
MnA" 3aq. — NiA" 4aq. — CuA'' 3aq.— CdA" 3aq. 
— ZnA".— PbA".— Ag 2 A". 

Reference. — Oxy-pkopyl-succinic acid. 

TETRA-PBOPYL-SUCCINIMIDINE C la H al N 8 

CH. clNPr 2 )^^* Got from succin ' imi(io * 
ethyl ether hydrochloride, NHPr 2 , and alcohol at 
50° (Pinner, B. 23, 2930).— B'2HN0 8 . [53°].— 
B' 2 H 2 PtCl 6 . [174°]. Needles, si. sol. hot water. 

PROPYL SULPHATES. 


Propyl sulphuric acid PrO.SOo.OH. Formed 
from propyl alcohol and H 2 S0 4 (Chancel, C . R. 
37, 410). — KA' : needles, v. sol. water. — 
BaA' 2 3aq (Schmidt, Z. 1870, 576). 

Di-propyl sulphate Pr 2 S0 4 . Formed from 
propyl alcohol and ClS0 2 .OH(MazurowBka, J.pr. 
[2] 13, 162). Oil. 

DI-w-PROPYL SULPHIDE Pr 2 S. (142°) 
(Winssinger, Bl [2] 48, 109). S.G. ^ *814 (C.). 
Occurs in raw petroleum (Mabery a. Smith, B. 
22, 3303). Formed, by heating KjS with PrCl 
or Prl in alcohol (Cahours, C. R . 76, 133). 
Fetid oil. Bromo-acetic acid forms the acid 
PrjSBr.CHLj.CO.^H, which yields Pb s A'Br s and 
Pb^'Brg (Letts, Tr. E. 28, 586). 

Compounds with platinum salts 
(Blomstrand, *7. pr . [2] 38, 354, 498). — 
(Pr 2 S).,PtCl 2 . Oocurs in three varieties ; (a) [46°] 
8. (alcohol) 15*6 at 15°, (0) [86°J, and (y) [63°]. 
Alcoholic KOH (1 mol.) acting on the (a) -com- 
pound forms crystalline (Pr 2 S) 2 PtCl(OH). — 
(Pr 2 S) (Et 2 S)Pt01 2 : syrup. -(Pr 2 S) 2 Pt 2 Cl 4 . [186°]. 
— (Pr^aPtCl,. [139°]. — (Pr 2 S)PtClI. Prisms.— 
(Pr 2 S) 2 PtBr 2 . [105°].-(Pr 2 S) 2 PtBr 4 . [141®].— 
(Pr 2 S) 2 PtBr 2 Cl 2 . [129°J.-(Pr 2 S) 2 PtI 2 . [133°], 

Bed pri B ms.-(Pr 4 S) 2 Pt 2 I 4 . [161°]. Crystals.— 

V [115°]. — (P ri S)(Pr 2 S)Ptl2. 

(NO*),. Occurs in two forms 



[210°J and [195°J. — (Pr 2 S) 2 Pt(NO a ) 2 . Occurs in 
two varieties, an oil and a crystalline body [70°] 
which yields (PnjSJaPtJNOgKOH) [145 6 ].— - 
(Pr 2 S) 2 PtCr0 4 . Red prisms (from chloroform). 
(Pr 2 S),PtC 2 0 4 : crystalline pp. — (Pr 2 S) 2 Pt(SCN) 2 : 
yellow pp. — (P^SJ-jPtCLjHgCLj. [82°]. Trimetrio 
crystals, a:b:c = *554:1: *691. 

Propylo-iodide SPr a I. Yields the com- 
pound (SPr 8 Cl) 2 PtCl 4 (Cahours). 

Isopropyl sulphide Pr 2 S. (121° i.V.l. Formed 
by distilling Prl with alcoholic E^S (Henry, B. 
2, 495 ; Beckmann, J.pr. [2] 17, 459). Oxidised 
by KMn0 4 to Pr 2 S0 2 [36°J. Yields P^SHgOl*. 

Compounds with salts of platinum 
(Blomstrand) :—(Pr.,S) 2 PtCl,. [163®].— 

Pr.S^tBr,. [174°].- (Pr.S^Ptl*. [176°]. - 
(Pr^^SCN),. [102°]. — (Pr 2 S) 2 Pt(N0 2 ) r 

Prisms, decomposing at 210°.— (■Pr 2 S) 2 PtI 4 . [139®]. 

Di-propyl disulphide Pr 2 S 2 . (193°). (Spring 
a. Legros, B. 15, 1940). 

Di-isopropyl disulphide Pr 2 S 2 . (175°). A pro- 
duct of the action of Na and Mel on isopropyl 
mercaptan in ether (Obermeyer, B. 20, 2928). 

PROPYL SULPHOCYANIDE PrSCN. (168°). 
Liquid (Schmidt, Z. 1870, 576). 

Isopropyl sulphocyanide PrSCN. (150°) 
(Henry, B. 2, 496) ; (153°) (Gerlich, A. 178, 90). 
S.G. m *963. Formed from Prl and potassium 
sulphocyanide. Liquid, decomposed by boiling 
water. H..S yields NH„.CS 2 Pr [97°]. 

DI-n-PROPYL SULPHONE Pr 2 S0 2 . [30°]. 

Formed by oxidising Pr 2 SO (Winssinger, Bl. [2] 
48, 111). Scales, sol. water, alcohol, and ether 
Volatile with steam. 

Di-isopropyl sulphone Pr 2 S0 2 . [36°]. Got 
by oxidising Pr 2 S with KMn0 4 (Beckmann, J.pr. 
[2] 17, 459). V. sol. water and HClAq. Not 
affected by reducing agents. 

DI-PROPYL SULPHONE DICARBOXYLIC 


ACID S0 2 (CHEt.C0 2 H)«. Sulpho-dibutyric acid. 
[152°]. Formed from S0 2 (CH 2 .C0 2 Et) t , Etlf 
and NaOEt (Lov6n, B . 17, 2817). Dimetric 
octahedra. 

Di-isopropyl sulphone dicarboxylic acid 
SO^CMe^COjHJjj. [188°]. Formed from 
S0 2 (CH 2 .C0 2 Et) 2 (1 mol.), Mel (4 mols.) and 
NaOEt (4 mols.) (Lov6n, B. 17, 2824). 

DI-PROPYL SULPHOXIDE Pr 2 SO. [16°]. 
Got by oxidising Pr 2 S with dilute HNO, (S.G. 
1*2) (Winssinger, B. 16, 329 ; BL [2] 48, 110). 
Needles, sol. water, alcohol, and ether. Decom- 
posed by heat. Readily reduced to Pr 2 S. Cal- 
cium nitrate forms (Pr 2 S0) g 5Ca(N0 8 ) 2 , a fibrous 
mass [80°]. 

0-ISOPROPYLTHIENYL ETHYL KETONE 

C 4 H,PrS.CO.C 2 H v (251°). Formed from (0)- 
isopropyl-thiophene, propionyl chloride, and 
A1C1 S (Thiele, A. 267, 1361. Oil, volatile with 
steam. Appears to yield isopropyl-thienyl- 
glyoxylic acid on oxidation with alkaline 
KMn0 4 . 

PROPYL- THIEN YL-GLY OXYLIC ACID 

C 4 H 2 PrS.CO.OO,H. Formed by oxidising propyl 
thienyl methyl ketone with alkaline KMnO, 
(Buffi, B. 20, 1745). Solid. -AgA'. 

PROPYL-THIENYL METHYL KETONE 
C^PrS.CO.CH,,. (255°). Formed by the action 
of AcCl and Al(3l 3 on a solution of (a) -propyl- 
thiophene in ligroin (Ruffi, B. 20, 1744). 
Liquid. Yields an oxim [55°] and a phenyl- 
hydrazide [60°]. 
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Isopropylthienyl methyl ketone 

C4HjPrS.CO.OHj. (237°). Formed from iso- 
propyl-thiophene, AcCl, and AlOlj (Thiele, A. 
267, 137). OiL Yields a crystalline oxim and 
phenyl-hydrazide. 

PBOP YL-DI-THIO-BITTB ET C 5 H M N s S 2 i.e. 
NH r CS.NH.CS.NHPr. [121°]. Formed from 
sodium cyanamide and propyl-thiocarbimide 
(Hecht, B. 25, 754). Crystalline mass, v. si. sol. 
cold water. 

PBOPYL-THIOCABBIMIDE PrN:CS. (153°). 
S.G. g *9909 ; gf *8924. Formed from propyl- 
amine and CS 2 followed by HgClj (Heoht, B. 23, 
281, 1662). Pungent liquid, si. sol. water, 
miscible with alcohol and ether. Sodium cyan- 
amide and alcoholic Mel form NHPr.CS.NCyMe 
[115°]. In the same manner may be prepared 
NHPr.CS.NCyEt [56°],NHPr.CS.NCyC 8 H 6 [50°], 
NHPr.CS.NCyPr [56°] crystallising in needles, 
and NHPr.CS.NCy.CHjPh [113°]. 

Isopropyl-thiocarbimide PrN:CS. (137°). 
Pungent liquid (Jahn, M. 3, 168). 

PBOPYL DI-THIO-CABBONATE PrO.CS.SH. 
Unstable oil.— PrO.CS.SK. Formed from CS 2 
and KOH dissolved in propyl alcohol (Scala, 
O. 17, 78). Silky needles. Its aqueous solu- 
tion gives an orange pp. with CuS0 4 . Iodine 
forms oily (PrO.CS) 2 S 2 decomposing at 180°. — 
PrO.CS.SMe. (202°). Oil.-PrO.CS.SEt. (216°). 

(a) -PBOPYL-THIOPHENE C 4 H 8 PrS. (158° 
cor.). S.G. *974. Formed from iodo-thio- 
phene,PrBr, and Na (Meyer a. Kreis, B. 17, 1561). 
Oil. Yields (o)-thiophenic acid on oxidation. 

Isopropyl-thiophene C 4 H 8 BrS. (154° cor.). 
S.G. *9695. Formed from PrBr, thiophene, 
and A1C1„ (Schleicher, B. 19, 672). Oil with 
powerful odour. With HOAc, phenanthaquinone, 
and HjS0 4 it gives a deep violet colour. 

-< /3-Isopropyl-thiophene ch-CH^^' ( 158 °)* 

Formed by distilling sodium isopropyl-succinate 
with P 3 S a (Thiele, A. 267, 133). Oil, smelling 
like benzene, insol. water, miscible with alcohol, 
ether, and benzene. Forms CjH7.C4H2S.HgCl 
[187°] crystallising from alcohol in white needles, 
and C 8 H 7 .C 4 HS(HgCl) 3 as white grains, insol. 
alcohol (Volhard, A, 267, 183). 

References. — Bbomo-, Iodo-, and Nitro- 

PROPYL-THIOPHENE . 

PBOPYL-THIOPHENE CABBOXYLIC ACID 

C 4 HjPrS.COjH. [57°]. Formed from iodo- 
propyl-thiophene, CICOjEt, and sodium-amal- 
gam ; the product being saponified by alcoholic 
potash (Buffi, B. 20, 1748). Needles (from warm 
water), or plates (from dilute alcohol). 

PBOPYL THIOSULPHATE. The salt 
PrS.SO g Na5aq is made from NajS 2 0 8 and PrI 
(Spring a. Legros, B. 15, 1988). 

PBOPYL-THIO-UBEANHPr.CS.NHj. [110°]. 
Formed from propyl-thiocarbimide and NH 8 Aq 
in the cold (Hecht, B . 23, 288). Four-sided 
plates, sol. alcohol. 

Isopropyl-thio-urea NHPr.CS.NHj. [157°]. 
Plates (Jahn, M. 3, 168). 

Di - propyl - thio - urea CS(NHPr)j. [71°]. 
Formed in the preparation of propyl thiocarb- 
imide. Pearly plates (from water). 

Di-isopropyl-thio-urea CS(NHPr) 3 . [161°]. 
Needles (from hot water) (Jahn). 
PB0PYL-T0LUENE v. Cymene. 


PBOPYL-TOLUIC ACID v. Cymene carboxylic 

ACID. 

n-PBOPYL-p-TOLUIDINE C 10 H 1S N i.a. 
C a H 4 Me.NHPr. (232°). S.G. ¥ *9296. fx D 
= 1*5367. S.Y. 197*53. R* -82*5. Formed 
by heating p-toluidine (1 mol.) with PrI (1 mol.) 
for two days at 160° ; the yield being 90 p.c. of 
the theoretical amount (Hori a. Morley, C. J. 59, 
36). Purified by means of the nitrosamine. Oil. 
Salts. — BYTCl. [151°]. Needles (from boiling 
benzene), v. sol. water and alcohol. — B'H 3 C 2 0 4 . 
[173°]. S. (alcohol) 1*4 at 21°. Ppd. on mixing 
alcoholic solutions of the base (1 mol.) and 
oxalio acid (1 mol.). SI. sol. cold water and 
alcohol. — B' 2 H 2 C 2 0 4 . [117°]. Occurs in the 

filtrate from the preceding salt, and formed also 
when a large excess of base is added to a cold 
alcoholic solution of the acid oxalate. Crystals, 
m. sol. cold water and alcohol. Decomposed by 
boiling water, B'H 2 C 2 0 4 being ppd. — B'jH 4 FeCy a . 

N itr os amine C fi H 4 Me.NPr.NO. Oil, not 
solid at - 20°. Decomposes below 100°. 

Isopropyl -p - toluidine C 6 H 4 Me.NPr.NO. 
(220° uncor.). S.G. f *9129. 1*5322. 

S.V. 199*57. Rqo 81*4. Formed by heating PrI 
with jp-toluidine for two days at 130° (Hori a. 
Morley, C. J. 59, 34). Got also by heating diazo- 
toluene toluide C.H 7 .N 2 .NHC 7 H 7 with alcoholic 
NaOEt and PrI for 5 hours on the water-bath, 
distilling off the alcohol, pouring into water, and 
decomposing the pp. with HC1. Oil. 

Salts.— B'HCl. [171°]. Wax-like crystals 
(from alcohol) or needles (from benzene), v. sol. 
water.— B , 2 H 2 C 2 0 4 . [130°]. S. (alcohol) 5*76 at 
22°. Crystals (from dilute alcohol). The acid 
oxalate is not easily crystallisable.— B'-jH^eCy,,. 

Nitrosamine C a H 4 Me.NPr.NO. [59°]. S. 
(alcohol) 65 at 22 Yellowish crystals (from 
alcohol), not volatile with steam. 

Reference.— Oxy-fropyl-toluidine. 

PBOPYL -UBEA. NH3.CO.NHPr. [107°]. 
Formed from propyl cyanate and NH S , and from 
potassium cyanate and propylamine sulphate 
(Chancel, Bl. [3] 9, 101). Long needles, sol. 
water and alcohol. Its oxalate and nitrate are v. 
sol. water. Decomposed byHClAq in a sealed tube 
at 160° into NH S , NH 2 Pr, and C0 2 . Butyryl 
derivative NHPr.CO.NH(CO.C t H 7 ). [99°]. 
Formed by the action of cold KOHAq on a mix- 
ture of butyramide (2 mols.) and bromine (1 mol.) 
(Hofmann, B. 15, 757). Colourless plates, si. 
sol. water. 

Isopropyl-urea. Isobutyryl derivative 
NHPr.CO.NH.COPr. [86°]. Formed in like 
manner from the amide of isobutyrio acid. 
Tables, sol. alcohol and ether. 

^-Di-propyl-urea NH 3 .CO.NPr 2 . [57°]. 
Formed from dipropylamine and KCyO. Needles 
(fromaloohol). Its oxalate crystallises in needles, 
sl sol water 

* s-Di-propyl-urea CO(NHPr) 2 . [105°]. (255°). 
Got by boiling the corresponding thio-urea witn 
HgO and water (Heoht, B. 23, 285), or from 
PrCyO and aqueous NHjPr. White plates (from 
water). SI. sol. cold water, v. sol. alcohol and 
ether. Its salts are decomposed by water. 

Di-propyl-urea C 7 H, a N 2 0 i.e. NHj.CO.NPrj. 
[76°]. Formed from propylamine sulphate ana 
potassium cyanate (Yon der Zande, R. T. C. 8, 
228). Needles. An ethereal solution of aldehyde 
forms CH, CH(NH.CO.NPr 3 ) 3 [113°]. Chloral 
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hydrate gives CCl 8 .CH(OH).NH.CO.NPr 2 [128°] 
and in aqueous solution (C 7 H 18 N 2 0)C 2 HCl 3 0aq 
[51°]. (Enanfchol in ethereal solution gives 
C 7 H 14 (NH.CO.NPr 2 ) 2 [118°].— B'-ftC^. [108°]. 
— B'C a H 3 N 3 0 7 . [135°]. — B'2HNO g . 

s-Di-isopropyl-urea CO(NHPr) 2 . Formed as 
a by-product in the production of isopropyl 
cyanate from isobutyrio bromo-amide and 
Na 2 C0 8 (Hofmann, B . 15, 756). Needles, sol. 
* alcohol, insol. ether. 

w-Di-isopropyl-urea NH 2 .CO.NPr 2 . [103°]. 
Formed by evaporating a solution of isopropyl- 
amine sulphate with potassium cyanate (Von 
der Zande, R. T. G, 8, 231). Crystals (from 
ether). An ethereal solution of aldehyde forms 
CH 3 .CH(NH.CO.NPr 2 ) 2 [147°]. Chloral in ethereal 
solution gives CCl 3 .CH(OH).NH.CO.NPr 2 [121°]. 
— B' 2 H 2 C 2 0 4 . [111°]. Needles. — 

[134°]. Needles.— B'HN0 3 . [79°]. 

Reference. — Di-bromo-propyl-tjrea. 

PROTAGON v . Lecithin. 

PROTAMINE C 9 H 2l N 5 0 8 or C ltt H 31 N 0 O 4 . 
Occurs in the seminal substance pf the salmon 
in November (Miescher, B . 7, 376 ; Piccard, B . 
7, 1714). Gummy mass, insol. alcohol and ether, 
sol. water with alkaline reaction. Its salts give 
with K 4 FeCy a a milky pp. composed of minute 
drops. Salts. — (C 9 H 21 N 6 O s ),H 2 PtCl a (M.) ; 
C IB H 81 N 9 O l H 2 PtCl fl (P.). Yellow powder. 

PROTEIDS. (ri/>c»T€xoi/, ‘pre-eminence.’) This 
name is given to a large group of organic com- 
pounds which are also known as ‘albuminous.’ 
The word 4 proteid * itself has been retained simply 
as a convenient general term, and not as imply- 
ing any adherence to the theory, first advanced 
by Mulder, that they all contain a complex 
molecule to which he gave the name of * protein.* 
The word albumin is now limited to a certain 
class of proteids, and the word albuminoid , 
though it is still largely used synonymously with 
proteid, is restricted by physiological chemists to 
a class of nitrogenous substances (which includes 
such substances as gelatin and mucin) which are 
not proteids, but still in certain reactions re- 
semble those substances closely. 

Proteids are never absent from the proto- 
plasm of active living cells, whether animal or 
vegetable, and they are indissolubly connected 
with every manifestation of organic activity. A 
definition of proteids is not possible in the logical 
sense. Gamgee ( Physiol . Chem . p. 4) gives in 
the following sentences a terse description of 
these substances, which must take the place of 
a definition : * Proteids are highly complex, and 
for the most part non-crystallisable compounds 
of carbon, hydrogen, nitrogen, oxygen, and sul- 
phur, occurring in a solid viscous condition or 
in solution in nearly all the solids and liquids of 
the organism. The different members of the 
group present differences in physical, and to a 
certain extent in chemical, properties ; they all 
possess, however, certain common chemical re- 
actions, and are united by a close genetic rela- 
tionship.’ 

In vegetables the proteids are constructed 
out of the simpler chemical compounds which 
serve as their food. In animals such a synthesis 
never occurs, but the proteids are derived directly 
or indirectly from vegetables. By the action of 
certain digestive juices all proteids are capable 
of being converted into closely allied substances 


called peptones, which after absorption undergo 
reconversion into proteids. 

Although much work has been done in at 
tempting to unravel the constitution of the 
proteids, there is at present but little positive to 
be said on this point. All we can do is to give 
the result of the experiments that have been 
performed which show the classes of products 
yielded by the proteids, and to enumerate the 
various theories held by different observers con- 
cerning their constitution. 

The various proteids differ somewhat in ele- 
mentary composition within the limits of the 
following numbers (Hoppe-Seyler, Handbuch d. 
Phys. und Path.-Chem. Analyse. 4te Aufl. p. 
223) : 

0 H N S 0 

From 51*5 6*9 15*2 0*3 20*9 

To 54-5 7*3 17*0 20 23*5 

The various decompositions that proteids 
undergo may be conveniently stated under the 
following heads : — 

а. Decomposition in the body . In the ali- 
mentary canal the proteids are converted into 
proteoses (albumoses) and peptones ; this change 
is probably due to hydration. Under the influ- 
ence of the pancreatic ferment, a certain class of 
peptones called hemi-peptones are further acted 
upon, resulting in the formation of leucine, 
tyrosine, aspartic acid, ammonia, and protein - 
chromogen (a substance coloured purple by bro- 
mine). Putrefactive processes due to bacteria 
in the small intestine also occur ; these result in 
the formation of indole, skatole, phenol, and oxy- 
acids. Ethereal hydrogen sulphates can be de- 
tected in the urine as a result of these putrefac- 
tive changes (Baumann, J5T. 10, 123) ; when 
putrefaction is hindered by the administration 
of large doses of iodoform in dogs, these products 
do not appear in the urine (V. Morax, H. 10, 
318). One of the sources of hippurio acid in the 
urine of flesh-feeders is the phenyl-propionic 
acid that results from the putrefaction of proteids 
in the alimentary tract (Salkowski, B, 12, 648 ; 
Tappenier, Z . B . 22, 236). 

After the proteids have been absorbed from 
the alimentary canal, they become assimilated 
by the tissues, and there undergo combustion or 
metabolism, the chief ultimate products being 
water, carbonic acid, and urea. It is probable 
that glycocine, leucine, creatine, and ammo- 
nium carbonate are intermediate products in 
this change. Urea had not been obtained from 
proteids by experiments performed outside the 
body until quite recently, when Dreohsel (B. 28, 
3096) has succeeded in obtaining a crystalline 
base lysatin by acting on casein with zinc and 
hydrochloric acid. Lysatin yields urea when 
boiled with baryta water. It has also been de- 
monstrated, by experiments on animals, that 
proteid food gives rise to glycogen in the liver, 
and to fat in the subcutaneous and other tissues. 
That proteids oan be converted into fats is also 
shown by the occurrence of actipoccre in the 
muscular tissues after death. 

б. Action of heat By dry distillation the 
proteids yield an oily liquid called DippeVe oil t 
which contains ammonlacal salts of the fatty 
acids, amines, and aromatic compounds. 

c, Action of putrefaction. The chief products 
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are ammonia, ammonium sulphide, carbonic 
acid, volatile fatty acids, lactic aoid, amines, 
leucine, tyrosine, and other complex aromatic 
compounds. 

d . Action of adds and alkalis . Prolonged 
boiling with strong sulphuric or hydrochloric 
acid, or fusion with caustic alkalis, gives rise to 
a large number of products, of which the follow- 
ing are the most important: leucine, tyrosine, 
aspartic aoid, and glutamic aoid. Prolonged 
heating with dilute adds gives rise to hydrolytic 
decomposition (Hermann) and the formation of 
albumoses and peptones (Neumeister, Z . B. 23, 
381). 

The effect of heating proteids with caustio 
baryta was investigated by Nasse, and subse- 
quently by Schiitzenberger (Bl. Feb. 15, March 5 
and 15, 1875). Ammonia was evolved, and car- 
bonic aoid remained in combination with barium ; 
these two products occurred in the same ratio as 
would result from urea similarly treated. In 
addition oxalic acid, acetio acid, tyrosine, amido- 
aoids of the fatty acid series (especially leucine, 
butylamine, and amido-butyric acid), acids allied 
to glutamic and aspartic acids, and lastly a 
dextrin-like substance, were found in the residue. 
Schiitzenberger (A. Ch. [5] 16, 289) explains the 
mechanism of the reaction as follows: the 
proteid molecule, losing ammonia and carbon as 
carbonic oxalic, and acetio acids, and assimilating 
water, is converted into a mixture of gluoopro- 
teins CnH^Np*, containing as its principal term 
C fl H, 8 N 2 0 4 ; by the prolonged action of baryta at 
a high temperature these split up partly into 
leucines or amido- acids of the acetic series 
CnBLn^NCXj and leuceines or amido- acids of the 
acrylic series CnBLjn^.NO*, and partly into double 
compounds formed by the union of glucoproteins 
and leuceines with the leucines. For Schiitzen- 
berger’s recent attempts to synthesise proteids 
see 0. R. 112, 198. 

e. Action of hydrochloric acid and stannous 
chloride. Ammonia, aspartic acid, glutamic acid, 
leuoine, and tyrosine are the chief produots 
(Hlasiwetz a. Habermann, Am. Wien. Acad. 
1872, 1873 ; A. 159, 304 ; 169, 150 ; J. pr. 7, 
397). 

/. Action of oxidising agents. By means of 
manganese dioxide and sulphuric acid, or potas- 
sium chromate and sulphuric acid, many fatty 
and aromatic compounds are formed. Nitric acid 
produces first a yellow insoluble substance, 
xantho-proteic acid, which dissolves on further 
action, and yields ultimately para-oxybenzoic 
and oxybenzoic acids. 

Mulder (J. pr. 16, 129 ; 17, 312 ; A. 31, 129) 
obtained by the action of potash on proteids a 
substance which is now oalled alkali- albuminate, 
but which was regarded by Mulder to be the base 
of all proteids ; he gave it the name 4 protein.’ 
Various definite compounds of protein were de- 
scribed, such as oxyprotein, trioxyprotein,sulpho- 
proteio acid, &o. Liebig (A. 57, 182) was the 
first to disprove these assertions, and the only 
remnant of this theory now iB the term 4 proteid.* 
For recent work on this subject and the related 
one of sulphur in proteids see Danilewski (H. 
7, 440), and Krfiger (Pf. 48, 244). 

Gerhardt was of opinion that all the proteids 
are identical in constitution and molecular 
arrangement, but differ from one another in the 


nature of the mineral substanoe with which 
they are associated. He designated the common 
organic element by the name 4 albumin, 1 and it 
may be mentioned that in the elaboration of his 
theory he regarded egg albumin as the neutral 
albumate of sodium, and fibrin as a oompound 
of albumin with earthy phosphates. Proteids, 
however, have been separated from all but traces 
of mineral matter, and still exhibit their peculiar 
characteristics ; careful elementary analysis also* 
has shown that there is a difference of the per- 
centage amounts of carbon, nitrogen, sulphur, 
&c., in various proteids. Nevertheless, it is still 
a fact that some of the distinguishing features 
of certain proteids are due to the adhering salt ; 
for instanoe, the coagulation of caseinogen by 
rennet oocurs only in the presence of calcium 
salts (Hammarsten). 

Gautier (Chimie appligute d la Physiologic, 
i. 251) states that the proteids behave as amides 
of the higher homologues of lactic and tartaric 
acids, and residues of aromatic acids ; hence 
when proteids are oxidised there is a simultaneous 
production of fatty acids, of aromatic compounds, 
and doubtless of bodies analogous to urea ; the 
produots furnished by different proteids are not 
in the same proportions. It must, therefore, 
follow that the different radicles they contain 
differ not only in arrangement but in relative 
proportion, and sometimes even in their nature. 
It was Nasse who first observed (Pf. 6, 589) that 
the nitrogen in proteids appears to exist in two 
conditions, a certain fraction of it being more 
unstable and apparently more feebly oombined 
than the rest. This view was fully confirmed 
by Schiitzenberger in the experiments already 
alluded to. The latter observer regards the 
proteids as complex ureides , i.e. combinations in 
various proportions of urea with amido- acids, 
some of which belong to the leucine series, others 
to the aspartic series. Representing albumin 
by the empirical formula C^Hj^N^O^S (Lieber- 
klihn), it yields, when decomposed by caustio 
baryta, urea, acetic aoid, a sulphur-containing 
body, and a substance with the formula 
C fl8 H, s? N 14 0 24 , which may on further hydration 
be split up into the substances already mentioned 
(glucoproteins, leucines, leuceines, <fec.). 

Pfliiger’s view relative to the constitution of 
the proteids (Pf. 10, 251) may be thus summar- 
ised. One of the most striking features of the 
proteids is the difference that exists between non- 
living proteid matter, such as white of egg, and 
that which forms part of living protoplasm. The 
former may remain for years without undergoing 
decomposition, and is indifferent to neutral 
oxygen ; while the latter is continually decom- 
posing, undergoing intramolecular changes, and 
lives by breathing oxygen. The assimilation of 
proteid food is looked upon by Pfliiger as an 
ether-like combination of a molecule of living 
proteid with one of the non-living proteid, water 
being eliminated. This union of isomeric mole- 
cules, which forms a heavy mass but still remains 
a simple molecule, may be conceived to go on 
indefinitely. In this process it seems probable 
that the nitrogen of the food proteid, which exists 
there in combination as amides, passes into 
combination with carbon, so that in living 
proteid it is combined in the form of cyanogen. 
This view is strengthened by the fact that sub- 
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stances like uric acid, creatine, and guanine, are 
products of proteid metabolism, while such com- 
pounds are never obtained from non-living proteid 
material. O. Loew (Die chemische Kraftquelle 
im Lebenden Protoplasme , Munioh, 1882, B . A . 
1885, p. 1075) has also found that a striking 
difference between living and non-living proteidB 
is the fact that the former reduce silver nitrate, 
probably owing to some radicle of the nature of 
aldehyde, whereas the latter do not behave in 
this way. He suggests that albumin is a con- 
densation produot of aspartic aldehyde. The 
simplest formula for Schiitzenberger’s leuoeine 
C 4 H 7 N0 2 is also that of aspartio aldehyde. 

Latham (Brit. Med. Jowm. [1] 1886, 629) re- 
gards albumm as a compound of cyan- alcohols 
united to a benzene nucleus. The cyan- alcohols 
resemble proteids in readily undergoing con- 
densation and intramolecular ohanges; and, 
moreover, the various products of the disintegra- 
tion of proteids can also be obtained as the de- 
composition products of these cyan- alcohols. 
See also Drechsel’s art. in Ladenburg’s Handw. 
d. Chem. 3, 541 ; Beilstein’s Handb . 8, 1258. 

General Properties of Proteids. 

1. Indiffusibility. Solutions of proteids are 
non-diffusible. They belong to Graham’s class 
of colloid substances. Peptones, and to a less 
extent albumoses, are, however, diffusible. This 
property of indiffusibility enables us to separate 
proteids from saline admixtures, and also to 
separate various proteids from one another : e.g. 
if a mixture of albumin and globulin in a saline 
solution be dialysed, the saltB pass out, the albu- 
min remains within the dialyser in solution, while 
the globulin, which is insoluble in water, is pre- 
cipitated. 

2. Action on polarised light. Proteids all 
rotate the plane of polarised light to the left. 
The following table gives the specific rotatory 
power for the yellow line D of some of the chief 
proteids : 


of various proteids is usually characteristic, but 
it can be varied somewhat by additions of small 
quantities of acid or alkali ; the former lowers, 
the latter heightens, the coagulation tempera- 
ture. Alkali albumin in the latter case is not 
coagulable by heat, and forms so readily that it 
is advisable to have the solution either perfectly 
neutral or faintly acid before performing the 
experiment. Rendering the liquid faintly acid 
with weak (2 p.c.) acetic aoid also renders the 
flocculi of precipitate larger and easier to filter 
off. The alkalinity of a liquid is always in- 
creased, or its acidity diminished, after the separa- 
tion of a heat coagulum. Various neutral salts in 
excess also cause the coagulation temperature 
to vary ; sodium chloride lowers the temperature, 
while magnesium sulphate has little or no effect. 
A solution of proteid enters into an opalesoent 
condition a few degrees below that at which the 
separation of flocculi begins. In the dry state 
proteids are rendered insoluble, like coagulated 
proteid, at a temperature of 110°0. On the in- 
fluence of salts on coagulation temperatures, see 
Limbourg (H. 13, 450). Haycraft criticises the 
method of fractional heat coagulation (Pr. Roy . 
Soc. Edin. 1888-9, 861). It is defended by 
numerous observers (for references see Halli- 
burton, J. Physiol. 13,. 806 ; Hewlett, ibid. 798). 

The following table gives the heat coagula- 
tion temperatures of some of the most important 
proteids : 


Proteid 

Egg albumin 

• 

Temperature of heat 
coagulation 

. 72-3°G. 

Serum albumin a 

• 


72-3° 

Vitellin 

• 


75° 

Serum globulin . 

• 


75° 

Fibrinogen 

• 


56° 

Myosin . . 

• 


66° 

Crystallin . 

• 


93° 

Haemooyanin • 

• 


65° 


4. General tests for proteids. Solutions of 
the proteids are precipitated by strong mineral 


Proteid Observer Value of [a] D 


Serum albumin • • 

• 

Hoppe-Seyler ( Zeit . f m Chem. und 

Pham . 1864, 737) . 
Starke (Maly's Jahrs . 11, 17) 

— 56° 

-G0° 

Egg albumin • • • 

• 

Hoppe-Seyler .... 

Haas (P. 12, 378) .... 


-33*5° 

— 38*08° 

Fibrinogen • • • 

• 

Haas (C. C. 1876, 295, 811, 824) . 
Hermann (H. 11, 508) . 


-69*75° 

-43° 

Sodium albumate 

• 

Haas 


-55° 

Syntonin (from egg albumin) 

• 

Haas . . . . » « 


-63*12° 

Syntonin (from myosin) . 

• 

Hoppe-Seyler • . . • 


-72° 

Casein (in weak MgSO. solution) 

Hoppe-Seyler • • • • 


-80° 

Serum-globulin 

. 

Haas 


-59*75° 

Various albumoses . 

. 

Kiihne a. Chittenden ( Z . B . 20, 51) 


-70° to 80° 


According to Haas, these numbers are un- 
altered by the salts adherent to the proteids. 

3. Heat coagulation . Most of the native 
proteids are ooagulated by heating their solu- 
tions, but more especially the globulins and 
albumins. By this means the character of the 
original proteid is lost, and all are converted 
into an exceedingly insoluble substance, called 
‘coagulated proteid.* When several proteids 
are mixed in a solution, if their tempera- 
ture of coagulation differs, it is possible to 
separate them by a process of * fractional heat 
eoagulation.* The heat coagulation temperature 


aoids, aoetio acid and potassium ferrocyanide, 
by acetic or oxalic acid together with a large 
addition of concentrated solutions of neutral 
salts, by basic lead acetate, by mercuric chloride, 
by oopper sulphate, by tannic acid, by Batura* 
tion with powdered potassium carbonate, am- 
monium sulphate or sodio-magnesium sulphate, 
and by alcohol. 

Strong acids and salts of the heavy metals 
produce a precipitate of ooagulated proteid, or 
of metallio albuminate; in the latter case the 
metal can be removed by treatment with sul- 
phuretted hydrogen, and the proteid again ob* 
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tamed unaltered. Neutral salts like ammonium 
sulphate, or sodio-magnesium sulphate, com- 
pletely precipitate all proteids but peptones, and 
in an uncoagulated condition — i.e. they can be 
re-dissolved in water or weak saline solutions, 
and exhibit their characteristic properties. Al- 
cohol precipitates proteids, and after long con- 
tact with the precipitate converts them into 
‘ooagulated proteid.’ The following reactions 
are those most frequently employed in the de- 
tection of proteids in solution : 

(a) The xanthoproteic reaction . Nitric acid 
is added; this usually produces a precipitate, 
but in the case of peptones, or if the quantity 
of proteid is very small, it does not. The mix- 
ture is then boiled, when the liquid and the 
precipitate turn yellow (xanthoproteic acid) ; if 
it is boiled sufficiently long with excess of acid 
the precipitate dissolves. Addition of ammonia 
causes the yellow colour to become orange. A 
similar reaction is given by gelatin and keratin. 
Analyses of xanthoproteic acid and its com- 
pounds made by Mulder and others are not of 
any value, as it has since been shown that this 
yellow substance is not constant in composition. 
The reaction is due to the aromatic radicle un- 
doubtedly present in all proteids. On colour 
reactions of proteids see Salkowski (H. 12, 215), 
Gnezda (Pr. 47, 202), Pickering (J. Physiol. 14). 

(b) Tne liquid is rendered strongly acid with 
acetic acid, and solution of potassium ferro- 
cyanide added, which throws down the proteid 
as a white flocculent preoipitate. 

(c) Millon's reaction . Millon’s reagent 1 
causes a white precipitate of the proteid. On 
boiling this precipitate and the surrounding 
liquid, both turn a brick-red colour. If only 
a trace of proteid is present there may be no 
initial precipitation. This test iB given also by 
tyrosine, and it is in all probability owing to the 
aromatic radicle in proteids that those substances 
give it. 

(d) Addition of a trace of copper sulphate 
and excess of potassium hydroxide causes a 
violet solution. In the case of albumoses and 
peptones the colour produced is a pink one (biuret 
reaction). See also Gnezda a. Pickering (loc. 
cit.) for similar reactions with nickel and cobalt. 

(e) Proteids when dissolved in glacial acetic 
acid and treated with strong sulphurio acid ex- 
hibit a violet colour and faint fluorescence, 
and if sufficiently concentrated show an ab- 
sorption spectrum very like that of urobilin 
(Adamkiewicz, B. 8, 161). 

The reactions which are applicable to pro- 
teids which will not dissolve in water or neutral 
saline liquids, are the xanthoproteic, Millon’s, 
and the Adamkiewicz colour reactions. 

Quantitative Estimation or Proteids. 

A. large number of different methods of 
estimating quantitatively the amount of proteid 
in a solution have been proposed and used ; the 
polarimetrio method has been much employed 
(Hoppe- Seyler, Virchow's Archiv , 11, 547). 
Among gravimetrio methods various precipitants 

1 Union's reagent. Equal quantities of mercury and 
fltrong nitric acid are mixed and gently warmed till the 
mercury is dissolved. Hie solution is diluted with twice 
its bulk of water, and the copious precipitate which forms 
allowed to settle. The supernatant liquid is the reagent. 


of proteids have been suggested, e.g . tannin and 
sodium chloride (Girgensohn, N. B.P . 22,557); 
hydrochloric acid and potassio-mercurio iodide 
(Briicke, Site. W. 1871), &c. ; but the follow- 
ing methods are those most frequently em- 
ployed : 

(a) Clinical method. The rough method 
generally used for the comparison of albuminous 
urines consists in acidulating the urine, if it is 
alkaline, with acetic acid and then boiling it in a 
graduated tube. The flocculi whioh form are 
allowed to settle, and the proportion of the pre- 
cipitate to the total volume of the liquid read 
off and expressed in fractions, such as a half, a 
tenth, and so on. Esbach’s tubes are graduated 
to correspond to percentages of proteid ; .the 
precipitant being picric acid. 

( b ) Precipitation by heat. 50 to 100 c.c. 
of water are boiled and an accurately-weighed 
amount of albuminous fluid, about 15 or 20 g., 
poured in. The fluid is boiled for some minutes, 
a few drops of two per cent, acetic acid added, 
until the precipitate separates in flakes from a 
clear liquid. The precipitate is collected on a 
weighed filter, washed with water, alcohol, and 
ether, and finally dried, weighed, incinerated, 
and the ash deducted. This method is obviously 
applicable only to such proteids as are coagu- 
lable by heat. 

(c) Precipitation by alcohol. An accurately 
measured or weighed quantity of the liquid is 
mixed with three or four times its volume of 
spirits of wine, and set aside for some hours ; 
the precipitate is then collected, washed with 
spirit, hot absolute alcohol, ether, warm water, 
and finally dried and weighed as before (Hoppe- 
Seyler, Handbuch , 3 te Aufl. 312). Or the liquid 
may be neutralised with acetic acid and mixed 
with ten times its volume of strong alcohol, and 
then boiled, the precipitate being treated as before 
(A. Schmidt, Pf. 11, 10 ; A. Hoffmann, Virchow's 
Archiv , 1879, 255). 

(d) Precipitation with ammonium sulphate. 
Since Kiihne (Z. B. 22, 423) has fully shown that 
saturation with this salt causes complete precipi- 
tation of all proteids but peptones, this method 
may be employed as follows for the quantitative 
estimation of these proteids; — The liquid is 
shaken or stirred with excess of the powdered 
salt, filtered, and the precipitate washed with 
saturated solution of ammonium sulphate. The 
filter with adherent proteid and salt is dried at 
110°, by which means the proteid is rendered 
insoluble, and the salt can then be washed away 
with distilled water. The precipitate is then 
washed with alcohol and ether, dried, and 
weighed as before. 

Classification of Proteids. 

I. Albumins. These are proteids which are 
soluble in water, and not precipitable from their 
solutions by saturation with sodium chloride or 
magnesium sulphate. They are coagulated by 
heat. The important members of the group are 
egg albumin, serum albumin, and laotadbumin. 

II. Globulins. These are proteids which are 
insoluble in water; they are soluble in dilute 
solutions of neutral salts ; and are precipitated 
in an uncoagulated condition by saturation with 
sodium chloride and magnesium sulphate. 
They are coagulated by heat. The most ini' 
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portant members of the group are : serum glo- 
bulin, fibrinogen, myosin, erystallin, and globin. 

III. Albuminates. This name is applied to 
the metallic compounds of proteids, and also to 
acid albumin or syntonin, and alkali-albumin. Be-, 
stricting the term to the two latter substances, 
they may be defined as proteids insoluble in 
water or in solutions of neutral salts, but 
readily soluble in dilute acids or alkalis. Their 
solutions are not coagulated by heat. 

IV. Proteoses. These are proteids which are 
not coagulable by heat, and most of them are 
precipitable by saturation with certain neutral 
salts. They are precipitated by nitric acid, the 
preoipitate dissolving on the application of heat 
and reappearing when the solution is cooled. 
They resemble peptones in being slightly diffu- 
sible, and in giving the biuret reaction. They 
are formed from other proteids as the result of 
the action of proteolytic ferments on them, 
being an intermediate stage in the formation of 
peptones. They are also found in certain animal 
and vegetable tissues. The best-known members 
of the group are the albumoses. 

V. Peptones. These are proteids which are 
very soluble in water ; they are not precipitated 
by heat, by saturation with any neutral salt, 
nor by nitric acid. They are completely preci- 
pitated by tannin, by excess of absolute alcohol, 
and by potassio-mercurio iodide ; incompletely 
by phosphotungstic acid, phosphomolybdic acid, 
and picric acid. They give the biuret reaction. 
Peptones are subdivided into hemipeptones, those 
which yield leucine and tyrosine as the further 
result of pancreatic digestion, and antipeptonos, 
those which do not. 

VI. Insoluble proteids. This class includes 
a number of proteids varying in their reactions 
which cannot be included in any of the foregoing 
classes, but which all resemble one another in 
their extreme insolubility in various reagents. 
This class includes fibrin, coagulated proteid, 
lardacein, antialbumid, and gluten. 

Description of the Properties of Individual 
Proteids, 

It will now be convenient to take the most 
important members of the various foregoing 
groups, and describe the characteristic properties 
of each. The animal proteids will be taken first. 

Class I., Albumins. — Egg albumin. This is 
the albumin occurring in white of egg ; it may 
be separated from the globulin, which also occurs 
in that situation, by precipitating the latter with 
dilute acetic acid, or by saturation with mag- 
nesium sulphate. It is coagulated at a tem- 
perature of 70°-73°0. By fractional heat coagu- 
lation further pps. are obtained at 76° and 82° 
(Corlin a. Berard, Arch, de Biol. 9, 1). Its 
specific rotation is — 35*5°. It is precipitated by 
agitation with ether. Crystalline egg albumin 
may be obtained by addition of an equal vol. of 
sat. sol. of ammonium sulphate and filtration to 
remove oviglobulin. On slow evaporation of the 
filtrate, crystals of egg albumin form (Hofmeister, 
H. 14, 165 ; Gabriel, 15, 456). 

Lieberkiihn ascribed to albumin the formula 
C^ujNjgSOs, Schutzenberger C^^H^N^O^S,, 
Haraack (H. 5, 207) C^H^N^OegSj. Since 
Lieberkiihn attempted to establish the molecular 
weight of albumin by preparing and analysing 


the copper compound, various investigations 
have been published bearing on the nature and 
composition of the compounds of albumin with 
the heavy metals, and especially with copper 
(F. Bose, Mitscherlich, Harnack, Bielitzki, Bitt- 
hausen, Lassaigne, Ac. Further particulars 
will be found, with references to literature, in a 
paper by B. H. Chittenden and H. H. White- 
house in Studies from the Laboratory of Physiol . 
Chem ., Yale University , 2, 95). The results ob- 
tained are most contradictory, and illustrate that 
numerous compounds may be obtained by 
slightly modifying the conditions of precipita- 
tion ; they are also very liable to dissociation. 
The only other proteid the metallic compounds 
of which have been studied is myosin ; the per- 
centage amount of the various metals in the 
compounds obtained differ from those formed 
from egg albumin (Chittenden a. Whitehouse, 
l.c.). 

Uses of albumin. It is much used for clari- 
fying vinous and syrupy liquids, as when boiled 
with it the heat coagulum carries down colour- 
ing matter and other impurities. In cookery 
white of egg is employed for this purpose, but 
in large operations, such as sugar refining, blood 
serum is used. Albumin is also largely used in 
photography, and in calico-printing for fixing 
colours. Its property of forming a hard com- 
pound with lime renders it useful as a cement in 
repairing earthenware. Spoilt albumin in print 
works may be recovered for practical purposes 
by the action of pepsin (Wagner a. Witz, 
D. P. J. 119, 166). 

Serum albumin. This is the albumin occur- 
ring in serum. Its specific rotation is —56°. 
Fractional heat coagulation, and elementary 
analysis show that it is probably not a single 
proteid but consists in warm-blooded animals of 
three, a, £, and 7, coagulating respectively at 
73°, 77°, 84° ( v . Blood). Aronstein a. A. 
Schmidt (Pf. 2, 1) stated that serum albumin 
completely freed from salts by prolonged dialysis 
does not coagulate by heat. This statement has 
not been confirmed by subsequent observers, who 
have found it impossible to free serum albumin 
from ash by this method, and have attributed 
the non-coagulation to a slight alkaline residue 
(Heynsius, Pf. 9, 514 ; Winogradoff, 2, 605 ; 
Hinzinga, 2, 392 ; Haas, 2, 378). On ash-free 
albumin see also Harnack, B. 22, 8046 ; 23, 3745. 
Serum albumin is not coagulated by ether. It is 
the proteid which most frequently occurs in 
morbid urine. 

Serum albumin is not precipitated by satu- 
rating the serum with magnesium sulphate; 
if, however, the globulin precipitated by this 
method be filtered off, and the filtrate saturated 
with sodium sulphate, the albumin is precipi- 
tated; this is due to the formation of sodio- 
magnesium sulphate (MgS0 4 .N a^SO^H/)) in 
the liquid (Halliburton, Jowm. of Physiol. [5] 
152) . Albumin having nearly the same characters 
as serum albumin is found also in milk, muscle, 
lymphatic glands, and other tissues in' small 
quantities. 

Class II., Globulins. — Serum globulin. 
(Synonyms, pwraglobulin , fibrinoplastin, serum - 
casern.) This is tide globulin occurring in serum. 
It is soluble in weak solutions of sodium 
chloride; it is partially precipitated when the 
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percentage of sodium chloride reaches 0 03 to 
0*07, re-dissolved on the addition of more salt, and 
again precipitated, though never completely, 
when the amount of salt present is 20 p.o. It is 
completely precipitated by saturation with mag- 
nesium sulphate. It does not coagulate on the 
addition of fibrin ferment, and probably takes 
no part in the formation of fibrin ( v . art. 
Blood ; v . also Hammarsten, P/. 17, 447 ; 18, 
89). Its heat coagulation temperature is 75°C. 

The following methods have been suggested 
for the separation of the globulin from the 
albumin of serum: 

(а) Dialysis. When the salts are dialysed 
out, the globulin is precipitated, the albumin 
remains in solution. 

(б) Dilute the serum to 10 or 15 times its 
volume with water, and pass a stream of car- 
bonic acid through it, the globulin is precipi- 
tated (A. Schmidt, Arch. f. Anat . u. Physiol . 
1802, 429) ; it is also partially precipitated 
by the addition of very weak acetic acid when 
the serum is similarly diluted (Panum, Arch . /. 
Pathol. A7iat. 4) ; it was on account of this that 
a special alkali albumin or serum casein was 
formerly believed to exist in the blood. 

(c) Saturation witn sodium chloride preci- 
pitates the globulin, leaving the albumin in 
solution (A. Schmidt). 

(d) Saturation with magnesium sulphate 
(Hammarsten). This is the only method com- 
monly employed which effects a complete sepa- 
ration. Kaudor has stated that half-saturation 
with ammonium sulphate will act similarly, 
and Halliburton (loc. cit.) that sodium acetate 
and sodium nitrate may also be used. 

Serum globulin may be estimated quantita- 
tively in serous liquids in the following way : 
a weighed or measured quantity of the liquid is 
saturated with magnesium sulphate, the preci- 
pitate collected on a weighed filter and washod 
with a saturated solution of magnesium sul- 
phate, and then dried at 110°C. for some hours ; 
the proteid is thus rendered insoluble, and is 
freed from the salt by washing with water and 
alcohol. The precipitate is again dried on the 
filter to constant weight, weighed, and subse- 
quently ignited and the ash deducted. In such 
a liquid as serum, viz. one containing a mixture 
of globulin and albumin, the latter may be esti- 
mated by deducting the amount of globulin from 
the amount of total proteids present. 

Cell globulin found in lymph cells and 
other cellular structures coagulates at 47°-50°. 
A globulin (myoglobulin) which coagulates at 
63°C. but otherwise resembles serum globulin 
exists in muscle plasma. 

Fibrinogen. This proteid, which occurs in 
blood plasma, very closely resembles the prece- 
ding ; it differs from serum globulin in being 
completely precipitable by half-saturation with 
sodium chloride, and may thus be separated 
from that proteid (Hammarsten, Pf. 19, 563). It 
is precipitable by a stream of carbonic acid, but 
it is necessary to dilute the plasma with at least j 
20 times its volume of water before precipitation 
occurs, whereas serum globulin is precipitated 
when the dilution is less. It is coagulated by 
heat at 56°0. The heat coagulum is a very sticky 
one; the low temperature at which fibrinogen 
coagulates forms the basis of a method for esti- 


mating it quantitatively : the coagulated proteid 
formed from the fibrinogen at 56°C. is collected 
on a weighed filter, washed with distilled water 
and alcohol, dried at 110°C., and finally weighed, 
ignited, and the amount of ash deducted (Fre- 
dericq). Under the influence of the fibrin fer- 
ment, fibrinogen is converted into fibrin ; it is 
due to this change that blood coagulates when 
drawn, the fibrin entangling the blood cor- 
puscles to form the clot. The term fibrinogen 
has been recently extended by Wooldridge to 
other ill-defined proteid substances which he 
considers to be precursors of fibrin. These are 
probably nudeo-albumins mixed with lecithin. 
For latest views on blood coagulation with re- 
ferences see Halliburton (J. Physiol. 13, 829 ; 
Goulstonian Lecture No. 8, Brit. Med. Jl. March 
1893). 

Plasmine. The term ‘plasmine’ was given 
by Denis (Mdmoirc sur le Sang , Paris, 1859) 
to the precipitate produced by saturating blood 
plasma with common salt ; this has since been 
shown to consist of the two proteids, fibrinogen 
and serum globulin ; serine was the name given 
to the proteid left in solution, or, as it is now 
called, serum albumin. 

Myosin. This is the proteid which is formed 
after the death of muscle ; the muscle plasma 
separates into a clot composed of myosin, and 
muscle serum, as blood plasma separates into 
fibrin and blood serum. This produces a stiffen- 
ing of the muscles called rigor mortis. The 
name given to the proteid precursor of myosin 
in the living muscle is myosinogen. The clot 
of myosin formed by diluting with water a 
saline extract of flesh is not so coherent as that 
of fibrin ; it is readily Boluble in 10 p.c. sodium 
chloride solution, from which it is precipitable 
by saturation with that salt or with magnesium 
sulphate ; it forms a heat coagulum in such a 
solution at 56°C. Myosin is converted with 
great readiness into acid albumin or syntonin by 
weak hydrochloric acid ; A. Danilewsky regards 
the compound so formed as being not ordinary 
syntonin but a combination of HC1 with myosin, 
from which by suitable treatment myosin is re- 
coverable. After long-continued dialysis, myosin 
can be freed from salts, and is thus rendered 
exceedingly insoluble, both in saline solutions 
and in dilute hydrochloric acid (A. Danilewsky, 
H. 5, 158 ; Halliburton, Journ. of Physiology, 8, 
136). (See also Muscle.) 

Vitellin. A proteid present in yolk of egg, 
which, although it resembles globulins in certain 
particulars, differs from them in not being preci- 
pitable by saturation with sodium chloride. 
Solutions coagulate at 70°-75°C. It is prepared 
by treating the yolk of hen’s egg with ether, by 
which reagent most of the fatty and colouring 
matters are dissolved; vitellin remains undis- 
solved as a white granular substance, which is 
insoluble in water, but readily soluble in dilute 
saline solutions. Nuclein appears to be united 
closely to, and may be obtained from, vitellin. 

Crystallin. This was once called globulin, 
but that term has been extended to the whole 
group. It is obtained from the crystalline lens 
of the eye, composing, according to Berzelius, 
35*9 p.c. of that structure. Its saline solutions 
become opalescent at 78°, but a coagulum is not 
deposited till 93°C. is reached. According to 
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Lehmann (Physiol, Chem. 1, 366) the formation 
of a heat coagulum is accompanied by the 
development of an acid instead of an alkaline 
reaction, as is the case with other proteids ; he 
accounts for this by supposing that crystallin 
is united to ammonio-sodic phosphate, which, 
on the application of heat, is resolved into am- 
monia and acid phosphate of soda. Valenciennes 
and Fremy (0. R, 44, 1122) state that other 
proteids are found in the lens, and have given 
the name phaconin to one in that of fishes (v. 
also B6champ, C. R. 90, 1265). 

Haemoglobin. When a solution of haemo- 
globin, the red pigment of the blood, is heated, 
the liquid becomes turbid, and a coagulum of a 
reddish-brown colour separates out between 70° 
and 80°C. Heat decomposes the haemoglobin 
into two substances insoluble in water, one 
coagulated proteid, the other a colouring matter, 
hffimatin, which contains all the iron of the 
hcemoglobin. A similar decomposition occurs 
when hasmoglobin is acted on by strong acids or 
alkalis, or by excess of alcohol. Preyer described 
the proteid substance under the term globin , 
which is insoluble in water, and which swells in 
solutions of sodium chloride and sodium hydrate 
without dissolving. Kiihne concludes from the 
action of reagents that a mixture of proteids 
rather than a single proteid results from the 
decomposition of haemoglobin ; these would, 
however, seem to belong to the globulin class 
from the fact that haemoglobin is precipitable 
from its solutions by saturation with such 
neutral salts as precipitate other globulins, and 
also by a stream of carbonic acid ( v . art. Haemo- 
globin). 

Haemocyanin. This is a proteid associated 
with a colouring matter which takes the place 
of haemoglobin as an oxygen-carrier in the blood 
of certain Crustacea, arachnida, gastropoda, and 
cephalopoda. It was first described by Fredricq 
in the blood of the octopus; the blood which 
comes to the gills being colourless, and that 
leaving them being blue : the blue pigment is 
due to a loose combination of the proteid with 
oxygen, which, like oxy-haemoglobin, parts with 
its oxygen to the tissues. Copper takes the 
place of the iron of haemoglobin in this com- 
pound. It has not been separated into a pig- 
ment and a proteid, as haemoglobin has. It 
coagulates by heat at 65°, and is precipitated by 
saturation with neutral salts, and by dialysis like 
other globulins (for references see Halliburton, 
Joum. of Physiol . 6, 300; Griesbach, Pf . 50, 
473). 

Claes III., Albuminates. 

Acid albumin. If a small quantity of dilute 
acid (hydrochloric or acetic) be added to ssrum 
or egg-albumin, no precipitation occurs, but after 
a short time it will be found that the albumin 
no longer coagulates on heating, and that its 
dextrorotatory power is increased. The albu- 
min has been converted into acid albumin. On 
carefully neutralising such a solution with weak 
alkali, the whole of the proteid matter is thrown 
dowif as a white precipitate, which is soluble in 
excess of the alkali, and may be re-precipitated 
by neutralisation with weak acid, and again dis- 
solved by excess of the acid, and so on. Acid- 
albumin is soluble in solutions of alkaline oar- 
bonates; it is precipitated, like globulin, by 


saturation with sodium chloride or magnesium 
sulphate. 

Acid-albumin may also be formed in a similar 
way from any globulin ; myosin, for instance, is 
converted into acid albumin or syntonin, as it 
was first termed by Liebig, when prepared from 
muscle. The parapeptone of Meissner, which is 
formed in the first stages of peptic digestion, is 
also identical with acid albumin. 

Alkali albumin. If, instead of dilute acid, 
dilute alkali be added to an albumin or globulin, 
coagulation by heat is similarly prevented, and the 
whole of the proteid is thrown down by neutralisa- 
tion, and is soluble in excess of either acid or alkali. 
The name alkali-albumin is given to the pro- 
teid thus altered by alkali. Like acid albumin 
it is soluble in solutions of alkaline carbonates, 
and precipitated by saturation with sodium 
chloride or magnesium sulphate. In the pre- 
sence of alk aline phosphates it is necessary to 
add more acid to obtain a precipitate than if 
the alkaline phosphate were absent ; the acid 
is just used to convert the alkaline into neutral 
phosphate. When heated with strong solution 
of potassium hydrate, potassium sulphide is not 
formed. 

Lieberkiihn’s jelly. When either tribasio 
phosphoric acid, acetic or tartaric acids, which 
do not precipitate moderately concentrated 
solutions of albumin, is added in excess to con- 
centrated serum or white of egg, a jelly is pro- 
duced which liquefies like gelatin on heating, 
and again solidifies on cooling. A similar jelly 
is formed by adding a strong solution of potash 
to serum or white of egg. This substance, called 
Lieberkiihn’s jelly, is regarded as a variety of 
acid or alkali albumin respectively ; it is soluble 
with difficulty in water; the aqueous solution 
remains, however, clear when boiled, and is 
precipitated by neutralisation. 

Compounds of albumin with acids. On ac- 
count of the present uncertain state of our 
knowledge concerning the constitution of the 
proteids, the statements concerning compounds 
which have been described of albumin with 
various acids must be received with caution, as 
is also the case with metallic albuminates (see 
Egg albumin). 

Trinitro -albumin C^H^^NO^sN^SO^ is 
prepared by triturating or shaking dried and 
powdered albumin with 14 or 15 times its weight 
of nitric acid (HN0 3 ) ; a gelatinous mass is the 
result, and on pouring this into water the in- 
soluble light-yellow tinted compound separates 
out. If the gelatinous mass be left to itself at 
a temperature below 10°, a small quantity of 
nitrogen tetroxide is given off, and a solution 
formed which, when diluted with water, deposits 
a dark-yellow tasteless hydroxytrinitro-albumin , 
C 72 H I00 (NO 2 )j,N, 8 (OH) a (SO 2 .OH)O 27 . Both these 
compounds dissolve without alteration in dilute 
alkalis, from which solution they are precipitated 
in yellow flocculi on addition of acid (O. Loew, 
J. pr. [2] 5, 433). If, instead of using nitric 
acid, a mixture of concentrated nitric and sul- 
phurio acids be employed, a bitter yellow pow- 
der, insoluble in water, alcohol, or dilute acids, 
but soluble in dilute alkalis, is obtained which 
is called hexnitro-albwmm sulphomc acid, 
C^ l01 (NO 2 ) e (SO 2 .OH)N„SO M ; on treating this 
with ammonium sulphide, hex arn/ido-albwfm/n, 
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sulphonic acid OrtHjo^NHJ^SO^OHJNjgSO^ is 
formed; this is decomposed by strong alkalis 
with evolution of ammonia, and by nitric acid 
with evolution of red fumes. It is insoluble in 
dilute acids, but readily dissolves in concentrated 
■ones (O. Loew, J. pr. [2] 3, 180). 

Gelatinous compounds of albumin with acids 
are prepared by leaving it twenty-four hours 
in a parchment paper dialyser and a dilute 
acid in the outer vessel. For a quantity of 
albumin represented by Lieberkiihn’s formula, 
C 72 H,, 2 N, 8 S0 22 , the compounds contain 2 mols. 
nitric, 2 mols. hydrochloric, 1 mol. sulphuric, 
and 1 «> mols. phosphoric acid (G. S. Johnson, 
€. J '. 27, 734). 

Casein and Caseinogen. Caseinogen is the 
chief proteid in milk. By the action of rennet it 
is converted into a curd called casein. Caseinogen 
is thrown down by the addition of acetic or 
mineral acids, especially if the milk be first 
diluted ; this precipitate when freed from fats 
is insoluble in water, soluble in dilute acids or 
alkalis (and alkaline carbonates), and re-pre- 
oipitable by acidulation. It may also be prepared 
from milk by saturating it with magnesium sul- 
phate, followed by washing the precipitate with 
saturated solution of that salt till the washings 
contain no albumin, and then re-dissolving the 
precipitated caseinogen by adding water. The 
salt still adherent to the precipitate enables it 
4o dissolve; the fat remains undissolved on the 
filter. Such a neutral solution of caseinogen 
becomes cloudy on heating, and the cloudiness 
disappears on cooling if the heating has not 
lasted too long. Lubavin states that caseinogen 
differs from alkali albumin in the following par- 
ticulars: (1) when caseinogen is treated with 
caustic potash potassium sulphide is produced ; 
*(2) on digestion with artificial gastric j uice, casein- 
ogen yields a substance containing phosphorus, 
whereas an albuminate can be prepared from 
white of egg which contains no phosphorus 
^Lubavin, Hoppe- Scyler’s Med. Chem. Unter&uch. 
1871, 463). C. Wurster (B. 20, 263) states that 
when hydrogen peroxide is passed through a 
solution of egg albumin in the presence of sodium 
chloride and an acid (lactic, acetic, phosphoric, 
■or sulphuric) a proteid insoluble in water is 
thrown down, which he states to be a mixture of 
gelatinous acid albumin with a large quantity of 
proteid similar to caseinogen ; he further supposes 
"that hydrogen peroxide plays an important rdle 
in the living tissues of the body, and that the 
■caseinogen of milk may be produced from the 
.proteids of the blood by a similar means. The 
precipitate produced by adding ether to yolk of 
egg is also stated to have properties similar to 
caseinogen (Bopp, A . 79, 16). 

Most of the older writers use the word casein 
’to include both it and caseinogen. Different 
varieties of casein have been described by differ- 
ent observers; Berzelius, Braoonnot, and others 
described soluble casein , soluble in water, and 
vmoluble casein , insoluble in water (v. also Bopp, 
l.c.). The soluble casein probably consisted of the 
other proteids present in milk in addition to 
casein. More recently the view has, however, been 
again advanced that the only proteid in milk is 
casein ; and that the apparent presence of albumin 
and other proteids is due to the action of reagents 
or ferments (Duolaux, C. B. 98, 378, 438, 526 ; 


E. Pfeiffer, Maly's Jahrber. 14,177). H. Struve 
(J. pr. 29, 70, 110) distinguishes between casein 
which forms the envelopes of the fat globules, 
and that which exists in solution in the milk ; 
both, however, have the same properties. A. 
Danilewsky (H. 7, 433) states that casein can be 
separated into caseo-protalbin , soluble in hot 
50 p.c. alcohol, and caseo-albumin , insoluble in 
that reagent. Hammarsten (JET. 7, 227) has, how- 
ever, shown that this behaviour of casein depends 
in part upon its content of calcium phosphate, 
the presence of which impurity depends upon 
the use of hydrochloric acid in the precipitation 
of the casein, which acid does not favour the re- 
moval of the salt as well as acetic acid. Ham- 
marsten, moreover, showed by elementary analysis 
that casein is a single body ; this has been con- 
firmed by Chittenden and Painter ( Studies from 
the Lab. of Physiol. Chem., Yale Univ. 2, 156). 
The two last-named observers obtain the follow- 
ing as the percentage composition of casein : 
C, 53-30 ; H, 7*07 ; N, 15-91 ; S, 0*82 ; P, 0*87 ; 
O, 22*03. Hammarsten (H. 7, 269) and Bitt- 
hausen ( Maly's Jahrsber. 1873, 28) have also 
published elementary analyses of casein. 

It is owing to the presence of caseinogen that 
when rennet is added to milk a curd is produced, 
which is composed of the clotted casein and 
entangled fat globules ; the whey or liquid resi- 
due contains the sugar, albumin, and salts of the 
milk. The spontaneous coagulation that some- 
times occurs in milk is due either to the preci- 
pitation of caseinogen by lactic acid formed from 
lactose by fermentation, or to aerobic organisms 
which act like rennet. The coagulation that 
occurs when milk is boiled is due, not to the 
casein, but to the albumin in the milk. The fer- 
ment coagulation is a process which is entirely 
different from the precipitation by acid. A solu- 
tion of pure caseinogen in dilute alkali will not 
coagulate on the addition of rennet ; if, however, 
a small quantity of calcium phosphate or chloride 
be added, coagulation readily occurs. If casein- 
ogen, precipitated by acetic acid, be well washed 
with water till the reaction is nearly neutral, and 
then neutralised with solid calcium carbonate, 
a pasty mass is formed which, on the addition 
of rennet thereto, sets into a solid clot ; but here 
again if the caseinogen has been washed free 
from calcium phosphate rennet has no such 
action. This dependence of the rennet coagula- 
tion on the presence of earthy phosphate has 
been worked out by Hammarsten. The ferment 
causes the change from caseinogen to casein. 
The lime salt combines with the latter and pre- 
cipitates it. Hammarsten showed that on the 
coagulation of caseinogen by rennet a whey 
albumin easily soluble in water is formed in 
addition to the clot of casein. Soxhlet (J. pr . 
[2] 6, 1) states that alkaline solution of arti- 
ficially prepared alkali albumin also coagulates 
on the addition of rennet, but this statement 
has not been confirmed. Metacasein is a name 
given to an early stage of the action of rennet 
and pancreatic juice on caseinogen. It coagu- 
lates by heat (Roberts, Proc . Boy. Soc. 1881; 
Edkins, Jowm. Physiol. 12, 193). 

Casein in the milk of different animals 
is stated by Simon to vary slightly ; thus human 
casein is yellowish-white, and very friable ; it is 
incompletely precipitated from its aqueous sola- 



PROTEIDS. 336 


tion by alum or by aoetic acid. Casein from 
cow’s milk is less soluble in water, and becomes 
viscid and horny on drying. Canine milk gives 
a casein which does not become viscid and horny 
when dried, and is less soluble in water. Human 
casein is much more easily digested than that’ of 
cow’s milk, which is more viscid, and sets into 
a more solid clot under the influence of the 
rennet ferment of the gastric juice. For recent 
papers on casein see Binger, Joum. Physiol. 11, 
464 ; 12, 164 ; Halliburton, 11, 459 ; Sebelien, 12, 
95 ; Hewlett, 13, 798. 

Class IV., Proteoses. — Under the name pro- 
teose it is convenient to include the large number 
of products which are intermediate in the for- 
mation of peptones from other proteids. Similar 
substances are formed by the action of both the 
peptic and tryptic ferment ; those formed from 
fibrin or egg albumin have received the name of 
albumose; from globulin, globulose ; from casein, 
caseose ; from vitellin, vitellose, <fec. These 
various substances resemble each other in their 
general reactions, and differ from one another in 
origin, slightly in percentage composition, and 
in a few minor reactions. The albumoses are 
those which have been most studied. It will be 
sufficient here to describe the properties of the 
varieties of albumose. The globuloses, vitelloses, 
&c., are divided into similar varieties, with corre- 
sponding prefixes. 

Tho properties of these substances have 
been chiefly worked out by Kiihne and Chitten- 
den. The names first given to them were pro- 
peptone (Kiihne) and a peptone (Meissner). 
Kiihne then adopted the name albumose, and 
subdivided the albumoses into hemi-albumoses, 
those which are converted into hemi-peptones, 
and anti-albumoses, those which are converted 
into anti-peptones. Ampho-albumose is a term 
which includes both hemi- and anti- varieties. 

The following are the chief albumoses : 

(i.) Proto-albumose, soluble in distilled 
water and weak saline solutions, partly precipi- 
tated by saturating its acidified solutions with 
sodium chloride. It is also precipitated by mer- 
curic chloride and by copper sulphate. 

(ii.) Hetero-albumose, insoluble in dis- 
tilled water, soluble in weak saline solutions, 
and completely precipitated therefrom either by 
dialysing out the salt or by saturation with 
sodium ohloride. It is precipitable by mercuric 
chloride only in acid solutions ; it is precipitated 
by copper sulphate. By heating its saline solu- 
tions a cloudiness is produced, which is not 
caused by the formation of coagulated proteid, 
since it readily disappears on the addition of 
weak acid or alkali By the action of alcohol 
hetero-albumose is partially converted into an 
insoluble product (dys-albumose). 

(iii.) Deutero-albumose. This is the 
albumose most nearly allied to peptone. It is 
soluble in distilled water, and in saline solutions ; 
it is not precipitated by saturation with sodium 
chloride. It is precipitable by nitric acid only 
in the presence of excess of salt, and then does 
not dissolve so readily on heating as in the case 
• of the other albumoses. It is precipitable by 
mercuric chloride, but not by copper sulphate. 
It can be separated from peptones by saturation 
with ammonium sulphate, which precipitates 


deutero-albumose but not peptones. For latest 
work on this see Kiihne, Z. B. 29, 1. 

The above reactions are those in which the 
albumoses differ from one another; they re- 
semble one another in their characteristic be- 
haviour with nitric acid (already described), and 
in giving the biuret reaction. Neumeister says 
that in the formation of peptones from albumin, 
in the first stage of digestion, proto-albumose 
(chiefly a hemi-product), hetero-albumose, and 
anti-albumid (an insoluble product only par- 
tially further changed, and that into antipep- 
tone) are formed. Deutero-albumose is in all 
cases an intermediate product between these and 
the final peptones. 

The following are the chief papers published 
in reference to this subject. On albumoses: 
Kuhne and Chittenden, Z. B. 20, 11 ; K. Neu- 
meister, ibid. 23, 381 ; Chittenden and Bolton, 
Studies from the Physiol. Lab., Yale XJnw. 2, 
126. On globuloses: Kiihne and Chittenden, 
Z. B. 22, 409. On vitelloses : Neumeister, ibid. 
23, 402. On caseoses : Chittenden and Painter, 
Studies from the Physiol. Lab., Yale TJniv. 2, 
156. On the digestion of casein : H. Thierfelder, 
H. 10, 677. On benzoylated ethers of the albu- 
moses : Schrfltter, B. 22, 1950. 

Class V., Peptones. — The general reactions 
of these substances and of their chief varieties, 
hemi- and anti- peptone, have been already de- 
scribed. It is only since the introduction of the 
method of separating them from other proteids 
by saturating a solution containing such a mix- 
ture with ammonium sulphate that they have 
been obtained free from proteoses. Most of the 
peptones of commerce consist almost entirely of 
proteoses. Peptones have also been described 
as occurring in milk, and in certain animal and 
vegetable tissues, whereas these proteids are in 
reality proteoses artificially formed during mani- 
pulation. Certain properties previously ascribed 
to peptones, e.g. a power of preventing blood from 
coagulating after intravenous injection, are now 
known to be due to proteoses. 

When peptones are formed artificially a bitter 
taste is developed; what this is due to is un- 
known. Pure peptone has a meaty or cheesy 
taste ; the albumoses are also free from bitter- 
ness. It is exceedingly difficult to dry pure 
peptone, and when dry it hisses and froths, with 
evolution of heat on the addition of water. 

Anti-peptone — and the same appears to be 
true of other anti- products of digestion (e.g. 
anti-albumid) — do not only not yield leucine and 
tyrosine on further pancreatic digestion, but 
appear not to contain the tyrosine radicle ; they 
do not give Millon’s reaction, and do not yield 
tyrosine on boiling with sulphuric acid. 

(For the most recent paper on peptones, me- 
thods of purification, and ultimate analysis, see 
Kiihne and Chittenden, Z. B. 22, 423.) 

Class VI., Insoluble proteids. 

Fibrin. This is the proteid formed from 
fibrinogen, probably under the influence of a 
ferment derived from the white corpuscles of 
the blood. It is owing to its formation that 
blood clots after withdrawal from the body (see 
Blood). It may be prepared pure by washing 
the dot free from corpuscles by a stream of 
water, or better, by allowing the plasma freed 
from corpuscles to coagulate, and then it is 
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washed free from other proteids by water. It is 
a white elastic solid, usually exhibiting fibrilla- 
tion under a high magnifying power. It is in- 
soluble in water, partially soluble in dilute saline 
solutions, the proteid which goes into solution 
having the properties of serum globulin. Fibrin 
possesses the power of liberating oxygen from 
solutions of hydrogen peroxide. Fibrin swells 
up in cold weak hydrochlorio acid (0*1 p.o.) ; it 
dissolves, forming acid albumin, on heating it 
with weak hydrochloric acid. It is readily digested 
by pepsin or trypsin, yielding albumoses and 
peptones. Hasebroek (£T. 11, 348) and A. Herr- 
mann (ibid, 11, 508) state that a first product in 
the digestion of fibrin is a substance with many 
of the properties of fibrinogen. (For elementary 
analyses and varieties of fibrin see Hammarsten, 
Pf . 22, 484 ; 80, 437. See also Fibrinogen.) 

Coagulated proteid. This is proteid con- 
verted by heat or alcohol into a coagulum. It is 
insoluble in water or dilute acids or alkalis ; it 
is, however, like fibrin, readily digestible by 
proteolytic ferments. 

Lardacein (so-called amyloid or albuminoid 
substance). This is formed in the disease known 
as waxy degeneration, the cells of the liver, 
spleen, and other organs being replaced by this 
substance. It is coloured brownish-red by iodine, 
hence the name amyloid (Virchow). Kekuld 
and Schmidt showed that it was a proteid. It is 
insoluble, like coagulated proteid, and it has 
been usually stated that it is not dissolved by 
gaBtrio juice. Kostiurina (C. C. 1887, 120) 
finds, however, that it is soluble in pepsin solu- 
tion acidified with hydrochloric acid. 

The vegetable proteids have the same general 
reactions, and may be divided into the same 
classes as the animal proteids. Their percentage 
composition is also approximately the same, but 
varies with individual members of the group, as 
is the case with the animal proteids. Leucine, 
tyrosine, asparagine, and other amides are found 
in plants, which may perhaps be stages in the 
formation of proteids from the union of inorganic 
nitrogen with certain non-nitrogenous compounds 
in the plant tissues (0. 0. Miiller, L. V . 1886, 826). 
Various observers have found in vegetable tissues 
a crystallisable proteid, often spoken of as an 
albumin, but whioh has since been shown to 
consist of a globulin (vitellin). These crystals 
were first observed by Hartig (Botan. Zeitung , 
1885, 881). Maschke obtained crystals from Para 
nuts by extracting them with water at 50° ; the 
crystals formed on evaporating this extraot at 
the same temperature (J. pr. 74, 436). Similar 
crystals have been obtained by Schmiedeberg 
(H. 1, 205), by Dreohsel (J. pr. [2] 19, 331), 
Ritthausen (/. pr. 181, 481). G. Griibler ob- 
tained octahedral crystals from pumpkin seeds 
and castor-oil seeds by cooling to 7° a sodium 
chloride extract of the seeds made at 70° (J. pr. 
181, 105). The aleurone grains of plants have 
been investigated by S. H. Vines (Pr. 80, 387 ; 
31, 62) ; in the peony, castor-oil plant, blue lupin, 
and many other plants. Vines found that the 
grains are either wholly or partially composed of 
proteids, and classifies them according to whether 

(1) they are soluble in water, in which case they 
consist of vegetable peptone or hemi-albumose, 

(2) soluble in 10 p.o. sodium chloride solution, 
and (8) partially soluble in 10 p.o. sodium ohloride 


solution. In the two latter cases globulins and 
albumins are also present. For recent work on 
crystallised vegetable proteids see Osborne, Am. 
14, No. 8. 

Class I., Vegetable albumins. — In addition 
to the crystalline body just described, the posi- 
tion of which in our classification is properly in 
the next group, there are in vegetable juices 
true albumins. These have been prepared and 
analysed from rye by Jones (A. 40, 66), from 
wheat flour by Dumas and Cahours (A. Ch. [3] 
vi), by Boussingault (ibid. [2] 63, 225), from 
potatoes by Ruling (A. 58, 306), in the latex of 
several caoutchouc-yielding plants by J. R. 
Green (Pr. £0, 28), and in papaw juice by Martin 
(J. Physiol. 6, 336). Such albumins are coagu- 
lated by heat at about 70°, and are not precipi- 
tated by saturation with sodium ohloride, mag- 
nesium sulphate, nor by aoetio acid. The 
myrosin of mustard seeds also resembles vege- 
table albumin, and myco-protein from yeast and 
bacteria is also stated to be an albumin 
(Schaffler, J. pr. 131, 302). 

Class II., Vegetable globulins. — These 
were first described by Vines (Z.c.), and have since 
been classified by Martin ( Proc . Physiol. Soc. 
1887, 8), who has found them in the flour of 
wheat, rye, and barley, in papaw juice, and in 
the seeds of Abrus prccatorius (jequirity). He 
divides them into two classes : vegetable myosins 
and vegetable paraglobulins. The myosins co- 
agulate at 55°-60°, are precipitated by dialysing 
the salt away from their solutions; but this 
precipitate is no longer a globulin, being in- 
soluble in saline solutions. It has the properties 
1 of an albuminate, i.e. soluble in weak acid or 
i alkali and precipitated by neutralisation. A 
similar transformation occurs when a solution 
of the myosin, especially a dilute solution, is 
placed in an incubator at 35°-40° for twelve to 
eighteen hours. The vegetable paraglobulins 
coagulate at 70°-75°C., and are not transformed 
into albuminates, either by dialysis or by a long 
exposure to a temperature of 35°-40°. This 
classification does not include plant vitellin 
(phy to vitellin), the crystalline form of which has 
been already alluded to. The crystals are mem- 
braneless, doubly refracting, and the proteid of 
which they consist has all the reactions of 
vitellin prepared from yolk of egg. This vitellin 
was found to be free from nuclein and lecithin, 
and may be regarded as the purest globulin yet 
known. Elementary analysis gave O 52-43, 
H 7*12, N 18-1, S 0*55 p.c. (For further ana- 
lyses of vegetable proteids see Barbi&re, J.pr. 
126, 114.) 

Class III., Vegetable albuminates. — Legu- 
min and conglutin. Legumin, or vegetable 
casein, was discovered by Einhof in 1805, and 
called by him v6g6to-animale (N. allgem. J. D. 
Ch. v. ; A. Gehlen, vi. 126, 548), in peas, 
beans, and lentils. Proust, H. Vogel, Boullay, 
Braconnot, and Liebig considered it to be 
identical with the casein of milk. Dnmas and 
Cahours found that it contained less carbon and 
more nitrogen than casein (Gerhardt, TraitA , 4, 
491). The composition and properties of this 
proteid have been more recently studied by 
Ritthausen. He prepared it by extracting pul- 
verised peas, beans, lentils, and vetches with 
dilute alkali, precipitating the strained liquid 
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with acetic acid, washing the preoipitate 
with alcohol on a filter, ahd finally drying over 
sulphuric acid. It dissolves both in cold and 
boiling water; on analysis the following per- 
centages were obtained : Prom peas, lentils, 
vetches, and field beans — C 51*48 ; H 7-02 ; 
N 16-77 ; 0 24-32 ; S 0-40. From garden 
beans— 0 51*48 ; H 6*92 ; N 41-71 ; 0 26-35 ; 
S 0*45. Treated with sulphuric acid it yields 
leucine, tyrosine, glutamic, and aspartic acids. 
The legumin of almonds and lupines, called by 
Ritthausen conglutin, is richer in nitrogen, more 
glutinous, and more soluble in acetic acid (Ritt- 
hausen, J. pr. 103 ; 65, 78, 193, 273 ; [2] 26, 
several papers ; Z. [2] iv. 528, 541 ; vi. 126 ; 
Om. xviii. 427, 437). Legumin differing slightly 
in properties and composition has been prepared 
from many other sources. 

In spite, however, of the vast amount of 
work which has been done on this subject, and 
which is only briefly alluded to in the foregoing 
paragraph, the existence of this substance is 
now pretty generally denied. Fresh seeds or 
vegetable tissues and juices contain no proteids 
of the casein or albuminate group, and all the 
substances hitherto designated plant casein are 
artificial products produced by the alkali used 
to extract them from the various globulins 
and albumins which exist thero normally 
(Hoppe - Seyler, Physiol. Chemie , Theil i. 75). 
Although Ritthausen defends his views ( G . O . 
1877, 667, 586) on the ground ohiefly of the 
concordance of numerous elementary analyses, 
the recent work of Vines, Green, and Martin 
confirms Hoppe-Seyler’s statement. For proteids 
of oats see Osborne, Am. 13, 327, 385 ; 14, 212 ; 
of maize, Osborne a. Chittenden, ibid. 13, 453, 
529 ; 14, 20 ; of flax, Osborne, ibid. 14, No. 8. 

Class IV. — Vegetable proteoses. — These 
were first described by Vines (l.c.) in aleurone 
grains, and spoken of as hemi-albumose by 
him. They were previously regarded as pep- 
tones. Martin (J. Physiol. 6, 336) has given 
the name phytalbumose to these substances. 
In papaw juice he found two phytalbumoses ; 
a - phytalbumose , with which the ferment 
papain is associated ; this resembles the 
proto - albumose of Kilhne a. Chittenden, but 
differs from it in the fact that oopper sul- 
phate and saturation with sodium chloride do 
not precipitate it; 0 -phytalbumose > which re- 
sembles hetero-albumose, except that it is not 
precipitated by dialysing out the salts from its 
solutions, nor by copper sulphate, nor by mer- 
curic chloride. Green (Pr. 40, 28) has described 
an albumose in latex; and Martin has found 
another albumose— insoluble phytalbumose — in 
wheaten flour (Brit. Med. Jour . 1886, 2, 104 ; see 
also under Gluten). 

Olabs V. — Vegetable peptones. — True 
peptone does not apparently exist as suoh in 
vegetable tissue; as the result of peptio or pan- 
creatio digestion, however, peptones are formed 
with intermediate products (proteoses), as in 
the case of animal proteids. Some, moreover, 
are further acted on yielding leuoine and tyrosine. 
It is interesting to notice that in the digestion of 
the proteids of papaw juice by papain, a pro- 
teolytic ferment present in that juioe, no true 
peptones, but only phytalbumoses, are formed. 
Papain, however, which acts like trypsin best in 
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an alkaline medium, forms true peptones with 
animal proteids (Martin, J. Physiol. 5, 213 ; 6, 
336). For ferments in pineapple juice see 
Chittenden, Trans. Connecticut Acad. 8, 1. It 
appears probable that such ferments are wide- 
spread in the vegetable kingdom to convert the 
proteid of the cotyledons into peptone-like sub- 
stances, and bo render it available for food in the 
growing plant. 

Class VI. — Insoluble vegetable proteids. — 
Gluten. This is the most important of the 
vegetable proteids which falls under this head. 
When wheat flour is made into a paste its 
stickiness is due to the presence of gluten, which 
can be obtained free from starch by washing the 
paste with water; this is most conveniently 
done by kneading the paste in a muslin bag 
under running water. Gluten is tenacious, 
almost tasteless, of a light brownish-grey colour; 
on being burnt it emits the smell of burnt horn , 
and on destructive distillation yields the same 
products as animal proteids. It dissolves in 
strong acids and alkalis; it also dissolves, but 
very slowly, in 0-2 p.o. hydrochloric acid 
(JBouchardat, C. R. 14, 962). Gluten has been 
stated to possess amylolytio powers, converting 
staroh first into dextrin and then into dextrose. 
Taddei (Oiomale fisica di Brugnatclliy 12, 360) 
first showed that gluten consists of two sub- 
stances — one soluble, the other insoluble in 
alcohol. Ritthausen called the part insoluble 
in alcohol vegetable fibrin, and the part soluble 
in alcohol, and to which the stickiness of the 
gluten is due, he subdivided into two substances, 
mucedin or vegetable mucin, and glutin , gliadin 
or vegetable gelatin. These are extracted with 
boiling alcohol of 70-80 p.o. This extract 
becomes turbid on cooling, and after half the 
alcohol has been distilled off mucedin is de- 
posited in flooculi. It may be purified by re- 
dissolving it in hot alcohol, and re-precipitating 
by cooling. The gliadin remains in solution in 
cold aloohol. Mucedin is soluble in cold dilute 
acetio acid, but when precipitated from this 
solution by ammonia, or left in contact with or 
boiled with water or dilute alcohol, it is con- 
verted into an insoluble substance like fibrin. 
Gliadin forms a solution in alcohol which re- 
sembles varnish ; on evaporating the alcohol it 
is obtained in a form resembling animal gelatin. 
It is more soluble in hot than cold water, and is 
precipitated by tannio acid, basio lead acetate, 
and mercuric chloride. The analyses of orude 
gluten, and of glutin, give approximately the 
same percentage composition as other proteids 
(Ritthausen, J. pr. 74, 193, 384). 

Gunsberg (JVjpr. 85, 218) regards mucedin as 
consisting simply of fragments of suspended 
fibrin ; he states that gliadin is also not a distinct 
proximate principle, for cold water extracts from 
it a brown substance containing nitrogen and 
sulphur, and the residue has nearly the same 
composition as animal gelatin. Martin (Brit. 
Med. Jour. 1886, 2, 104) has shown that gluten 
does not exist in flour as suoh, but is formed by 
the action of water (perhaps also by a ferment 
action) on the proteids pre-existent in the flour. 
The doctrine of a ferment action is supported by 
the fact that washing flour with water at a low 
temperature (2°G.) does not lead to the forma- 
tion of gluten. Johannsen (Arm. Agronom. 14, 
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420) has advanced evidence against the ferment 
theory. Gluten is insoluble in cold water, and 
in 10 to 15 p.c. sodium chloride solution. It 
dissolves partially in alcohol and in boiling water. 
Both these extracts contain the same substance, 
which is an albumose (insoluble phytalbumose), 
and it corresponds to Bitthausen’s mucedin and 
gliadin. The insoluble residue, which is not 
sticky, may still be called gluten fibrin, and it is 
soluble in 0*2 per cent, hydrochloric acid. The 
flour itself contains two proteids : (1) A myosin 
coagulating between 56° and 60°, precipitated by 
sodium chloride and magnesium sulphate ; and 
(2) a soluble phytalbumose. Both can be extracted 
from flour by 10-15 p.c. sodium chloride solution. 
They are considered to be the precursors of 
gluten, according to the following scheme : 

Gluten 1 Gluten-fibrin— precursor : myosin 

vuuwjnw i albumose— precursor ’.soluble albumose 

The more wheaten flour has been extracted 
with a 10 or 15 p.c. sodium chloride solution 
the less is the yield of gluten when it is subse- 
quently treated with water. 

The proportion of gluten in wheat flour 
varies considerably according to climate, soil, 
temperature, <fco. ; the best flour containing 
10-11 p.c., inferior kinds 8-9 p.c. In the 
moist state gluten weighs about three times as 
much as when dry. The flours of barley, rye, 
and oats contain only a trace of gliadin, or 
albumose, as it may now be regarded; hence 
these flours, containing mostly gluten-fibrin or its 
precursor, cannot be made into such a sticky 
paste as can be made with wheat flour. Gliadin 
alBO does not exist in leguminous seeds; it is 
said to be present in the juice of the grape and 
other fruits, and is held in solution there by 
tartaric or other vegetable acids. 

Appendix A. — Proteids in urine. Normal 
urine contains no proteid. The chief facts con- 
cerning proteids in morbid urine are treated fully 
in medical works (MacMunn’s Clin. Chem. of 
Urine , Halliburton’s Chem. Physiol .), but may 
be here briefly summarised as follows : 

When urine contains blood (which may be 
detected by the microscope or spectroscope) or 
pus (which may be also detected microscopically), 
it of necessity contains a certain amount of 
proteid derived from these contaminations. In 
paroxysmal haemoglobinuria, the urine may con- 
tain haemoglobin or methcemoglobin indepen- 
dently of the presence of blood corpuscles. In 
the various forms of Bright’s disease, the un- 
healthy kidney allows the proteids of the blood 
to diffuse into the urine, the most common 
and abundant being serum albumin. Serum 
globulin is usually also present, and is recog- 
nised by the fact that saturation with magnesium 
sulphate in the neutralised urine precipitates it 
(A. Ott, C . C. 1886, 640). A crystalline globulin 
was found in urine by Paton, Lab . Rep. R. Coll . 
Phys. Edin. 4, 47. 

Clinical observers do not as a rule attempt to 
distinguish, however, between the various forms 
of proteid that occur in urine, but speak of them 
all under the name of albumin. The most com- 
monly applied tests for its detection are >(1) To 
boil the upper part of a test tube full of urine ; 
any cloudiness produced is then seen in oontrast 
to the clear urine below. If any precipitate j 
occurs it is insoluble in aoetio acid, so distin- j 


guishing it from phosphates. If the urine Is 
neutral or alkaline it is necessary always to 
acidify with acetic acid either before or after 
boiling, in order to obtain a precipitate. The 
clinical method of estimating the proteid quanti- 
tatively has been already described. (2) Nitric 
acid causes a precipitate in the cold. If urine 
contains but little proteid, it may be detected by 
pouring the urine on to the surface of some 
nitric acid in a narrow test tube, the ring of 
precipitate at the junction of the two liquids is 
then clearly seen (Heller). The difficulty of 
carrying nitric acid about has led to the adop- 
tion more recently of methods in which test 
papers saturated with various reagents, picric 
acid, potassio-mercuric iodide, <fcc., are added to 
the urine. A committee of the Clinical Society 
have recently presented a report in which the 
relative advantages of various methods of detect- 
ing albumin in urine are discussed (Clin. Soc . 
Trans. 19, 339). They have investigated Dr. 
Oliver’s tost papers just mentioned ; Dr. Pavy’s 
pellets of citric acid and potassium ferrocyanide ; 
Dr. Johnson’s picric acid solution ; Sir W. 
Boberts’s acid brine test; acetic acid and boiling 
nitric acid ; and a solution of potassio-mercuric 
iodide with citric acid. The last named is the 
most delicate reagent in the list ; the test papers 
and pellets are not so delicate but are more con- 
venient ; the picric acid test has the advantage 
of being also applicable for recognising (after the 
addition of potash) sugar as well as albumin. 

Besides albumin and globulin in urine, other 
proteids may sometimes occur ; viz. (1) egg al- 
bumin — this occurs after a very large ingestion 
of eggs as food ; (2) Bence-Jones albumin, so 
called after its first observer, has been shown to 
be a form of hemi-albumose — it occurs in cases 
of osteomalacia ; (3) peptones or deutero-albu- 
mose occurs in many suppurative diseases, and 
doubtless originates from the disintegration of 
pus cells ; (4) casein has been stated to occur in 
chylous urine, but there are considerable doubts 
as to the accuracy of this statement ; (5) mucin 
occurs not only in suspension in the mucus from 
the urinary tract, but it appears to be occa- 
sionally present dissolved in the urine— it is 
precipitable therefrom by acetic acid. It is pro- 
bably not true mucin, but a nucleo-albumin. 

Appendix B. — Proteids as poisons. For effects 
on blood pressure, <fec., of albumoses and peptones, 
v. Pollitzer, J. Physiol. 7, 283. The poison of 
venomous snakes has also been shown to depend 
on the proteids contained therein (Weir Mitchell), 
and not to any alkaloid, ptomaine, or cobric acid 
(W. Blyth, An. 1, 204), Wolfenden has sepa- 
rated a globulin, albumin, syntonin, and albu- 
mose from the venom of the cobra and daboia ; 
for the action of these v. J. Physiol. 7, 327 ; see 
also Kanthack, ibid. 13, 272. The poisonous 
principle abrin of Abrus or Jequirifcy is also 
proteid (Martin, Pr. 42, 331). The subject of 
proteid poisons has recently risen into pro- 
minence, as it is found that the micro-organisma 
of many diseases produce these toxalbumoses. 
Kooh’s tuberculin owes its activity to similar 
subst&noes. The poisons produced in anthrax, 
diphtheria, &c., are also proteid in nature. For 
references see Halliburton’s Chem. Physiol. Ger- 
man translation; Martin, Brit. Med . Journal , 
March and April 1892. On the other hand, 
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certain proteids (globulins or nucleo-albumins) 
are protective and destroy micro-organisms. 
They are termed alexines by Daremberg, Buch- 
ner, and Hankin. For Hankin’s most re- 
cent paper, see Ccntr. Bacteriol. 12, Nos. 22 
and 23. 

Appendix 0. — Albuminoids . The term ‘al- 
buminoid ’ is still used by some synonymously 
with proteid; it will be here restricted to a 
number of substances which resemble proteids 
in many points, but which differ from them in 
others. 

Collagen. This is the substance of which 
the white fibres of connective tissue are com- 
posed, and which by the action of boiling water 
is converted into gelatin. Collagen is prepared 
from tendons by Rollett’s process as follows : the 
finely-divided tissue is soaked in water to remove 
proteids, and then for some days in lime water 
to dissolve the mucin-holding cementing sub- 
stance between the fibres. The insoluble matter 
is washed first with water, then with weak acetic 
acid, and then again with water. The residue 
consists of collagen, mixed, however, with small 
quantities of elastin and nuclein. With very 
dilute acids or alkalis collagen swells and be- 
comes transparent. 

The organic material which composes one- 
third of the substance of bone consists mainly 
of a substance identical with collagen, and which 
has been termed ossein by some writers. The 
organic basis of dentine (but not of the enamel 
of tooth) is also collagenous. 

Gelatin. When the white fibres are subjected 
to the action of boiling water, or of water heated 
under pressure, as in a Papin’s digester, or to the 
long-continued action of dilute acids at the or- 
dinary temperature, they dissolve, and the solu- 
tion contains a substance called gelatin. Gelatin 
may be similarly prepared from bones. Isin- 
glass is gelatin prepared from the Bwimming 
bladder of the sturgeon; an inferior kind is 
made from fish bones. Glue is the crude pro- 
duct obtained by boiling down hides, bones, &c. 
( v . Ure, Dictionary of Arts , &c ., [2] 324, 376). 
Pure gelatin is prepared from commercial gela- 
tin by soaking the latter in distilled water for 
some days to remove salts ; it is then dissolved 
in hot distilled water, and filtered while hot into 
00 p.c. alcohol. The gelatin separates in the 
form of white thready masses, which can be 
subsequently dried. Thus prepared it contains 
only 0*6 p.c. of ash. 

Gelatin is insoluble in cold, but soluble in hot 
water; on cooling the hot watery solution it 
sets into a jelly (gelatinises) ; this property is 
possessed by solutions as weak as 1 p.c., it is 
lost by prolonged boiling, or instantly by heating 
to 140° in sealed tubes. Gelatin is insoluble in 
alcohol, ether, and chloroform. Aqueous solu- 
tions are powerfully laavorotatory, the rotatory 
power being influenced by the temperature and 
reaction of solution; at 30° [a] D - — 130 (Hoppe- 
Seyler). Gelatin is not precipitated by acetio 
acid nor by a solution of lead acetate ; it may be 
thus distinguished from chondrin. It is not 
precipitated by acetic acid and potassium ferro- 
cyanide, nor by the majority of metallic salts 
which precipitate proteids. Tannic acid even 
in very dilute solutions precipitates it ; it is on 
ithe formation o I the last-named precipitate that 
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! the conversion of hides into leather is brought 
about. 

Schiitzenberger and Bourgeois ascribe to 
gelatin the formula C 76 H, 24 N 24 0.a,. Hofmeister 
(If. 2, 315) finds that by heating gelatin it loses 
water, and is converted into collagen, whioh he 
therefore considers an anhydride of gelatin ; his 
formula for gelatin is C 10 ..H, 5) N s ,O S8 . 

By tho action of boiling water, gelatin loses 
after 25 hours its power of gelatinising, and it is 
split up into two peptone-like bodies, semiglutin 
(sparingly soluble in 70-80 p.c. alcohol and pre- 
cipitated by platinum tetrachloride) and Jwmi- 
colhn (soluble in 70-80 p.c. alcohol, not pre- 
cipitated by platinum tetrachloride). Similar 
substances are formed by tho action of the 
peptic or pancreatic ferment, but ultimately 
true gelatin peptones (not precipitable by satura- 
tion with ammonium sulphate), leucine, glyco- 
cine, and volatile fatty acids are formed. (The 
foregoing account of gelatin is very largely 
taken from Gamgeo’s Physiol . Chem. y p. 252.) 
Many bacteria liquefy gelatine. On digestion of 
gelatin see Chittenden, J. Physiol . 12, 23, 34. 
The most recent work on the decomposition 
products of gelatin has been done by Schiitzen- 
berger. On heating gelatin at 200° with barium 
hydroxide, one-fifth of the total nitrogen is con- 
verted into ammonia ; carbonic and oxalic acids 
are also formed, these products being in the 
ratio of the products of decomposition of urea 
and oxamide. The other products are amido- 
acids of the acetic series, the most important 
being glycocine, alanine, amido-butyric acid and 
leucine, and acids of an homologous series 
ChEL^N^O;,, the value of n varying from 8 to 10. 
These latter acids are difficult to isolate; at 
100°-120° they are converted into anhydrides ; 
they do not yield derivatives with acetio an- 
hydride, but with ethyl iodide in the presence of 
an alkali they yield di-ethyl derivatives. The 
general results lead to the conclusion that 
gelatin is formed by the combination with 
elimination of water of 1 mol. urea or oxamide 
with 2 groups CnELjnN.Ps and 4 groups 
C„H 2n+ ,N0 2 , n being 2, 3, 4, or 6, with a mean 
value of 3*5 (v. Schiitzenberger a. Bourgeois, 
C. B. 82, 262 ; Schiitzenberger, C. B. 102, 1296). 
Both gelatin and albumin yield on treatment 
with alcoholic hydrochloric acid a diazo- com- 
pound C 6 H fl N.,0 8 (Buchner a. Curtius, B, 19, 850). 

The question of the part played by gelatin, 
which is an easily-digestible substance in nutri- 
tion, is very important practically, jellies es- 
pecially being given to invalids. The question 
was first investigated by J. Etzinger (N, B. P. 
23, 635), and subsequently by Yoit ( Z . B. 8, 
297). Voit’s chief result showed that gelatin 
will not entirely replace proteids, but that 
animals rapidly waste which are fed on it alone, 
but, in conjunction with a certain small amount 
of proteid, it is capable of maintaining nitro- 
genous equilibrium as well aB if the only nitro- 
genous food taken was proteid in nature. These 
results have been since very generally confirmed 
(v. S. Pollitzer, Pf 37, 301). Voit distinguishes 
between circulating and organic albumin ; gelatin 
can never yield the latter, but it may replace the 
former in so far as it prevents the conversion of 
organic into circulating albumin. Gelatin alio 
diminishes the waste of fat in the body. 
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Mucin. This body forms the chief con- 
stituent of the ground substance of connective 
tissue, the other organic constituent being a 
globulin very like serum globulin. Mucin is es- 
pecially abundant in the ‘jelly like * tissue of 
the umbilical cord, and in the vitreous humour. 
The cement-substance of epithelia behaves 
similarly to microscopio reagents (especially 
silver nitrate, by which it is stained brown owing 
to a deposit of metallic silver), and is probably 
of the same chemical nature as the ground sub- 
stance of connective tissue ; both are soluble in 
alkalis. Mucin forms the chief constituent of 
mucus, and gives the sliminess to the secretion 
of mucous membranes. In mucus it is suspended 
in an alkaline exudation from the blood and 
nixed with the d&bris of epithelium cells, and a 
few white blood corpuscles. The mucin itself is 
here formed by the protoplasm of certain cells 
of the epithelium becoming altered, so that it 
becomes swollen and brightly refracting; the 
globule of mucin so formed is discharged, leaving 
a so-called goblet cell. In mucous glands, such 
as the submaxillary salivary gland, a very 
similar replacement of protoplasm by mucin (or 
mucigen, as it is called when inside the secreting 
cells) takes place. Mucin is also largely con- 
tained in the surface secretion of several inver- 
tebrate animals, e.g. the snail. Mucin is con- 
tained in submaxiilary saliva ; the metalbumin 
and paralbumin (g. v.) of ovarian cysts is a very 
similar substance. The substance which confers 
sliminess to the bile and the synovial fluid, 
formerly considered to be muoin, has been shown 
to consist of a nucleo-albumin (g. v.). 

The methods of preparation of mucin from 
its various sources differ ; from tendon (v. 
Bollett, Sitz. W. 30, 308 ; Lobisch, 3. 10, 40) ; from 
submaxillary gland (Obolensky, Pf. 4, 336 ; Ham- 
marsten, 3. 12, 163) ; from bile (Gautier, 
Chimie Appliqude d la Mtdecine , 2, 126 ; Paij- 
kull, 3. 12, 196). Eichwald, Hammarsten, and 
others have prepared it from snails (Pf. 36, 873), 
and Giacosa (3. 7, 40) from the membranes of 
frog’s eggs. These methods depend upon the 
fact that mucin is soluble in weak alkalis, e.g. 
lime water or dilute baryta water, and can be 
precipitated from this solution by acetic acid, in 
excess of which it is not soluble. Hammarsten 
finds, however, that submaxillary mucin is easily 
decomposed by lime water and similar weak 
alkaline fluids ; he, therefore, uses water to ex- 
tract the muoin. Hammarsten has shown that 
considerable differences exist in mucin according 
to its origin ; this was previously suspected from 
the divergencies in elementary composition. 
Tendon mucin (C, 48*3 ; H, 6*44 ; N, 11*75 ; S, 
0*81 p.c., Loebisch) and submaxillary mucin 
(0, 48*84 ; H, 6*8 ; N, 12*32 ; S, 0*8, Hammarsten) 
are very much alike in elementary composition, 
but differ in their reactions ; e.g. tendon mucin is 
not easily decomposed by weak alkalis, nor is 
it so easily soluble in weak hydrochloric acid as 
submaxillary mucin. These forms of mucin 
differ still more from those obtained from Helix 
pomatia; Hammarsten, indeed, has shown that 
two distinct varieties of mucin, from the foot 
and mantle respectively, can be obtained from 
this snail. 

Muoin gives the xanthoproteic, Millon’s, and 
the Adamkieowica reactions ; it is precipitated, 


but not rendered insoluble, by saturation with 
sodium chloride or magnesium sulphate, and by 
alcohol. It is precipitated by acetate of lead, but 
by no other metallic salt (except the submaxil- 
lary mucin, which is precipitated by several), 
it is not precipitated by tannic acid nor by 
boiling ; acetio acid gives a characteristic stringy 
precipitate. Mucin yields, when boiled with 
strong sulphuric acid, leucine and tyrosine, 
and when boiled with caustic soda pyrocatechin 
(Obolensky). When boiled with dilute sulphuric 
acid for a few hours, mucin yields a reducing 
sugar, but one which is not capable of the 
alcoholio fermentation, and albumin is also 
formed. Landwehr regards mucin as a com- 
pound of a proteid and a non-reducing carbo- 
hydrate (C e H ]0 O fi ) which has most of the pro- 
perties of plant gum ; he calls it animal gum 
(Pf. 39, 193). At one time this carbohydrate 
was regarded as a variety of glycogen which 
gave no colour with iodine (achrooglycogen). 

Met-albumin and paralbumin. These two 
proteid-like substances are fairly constantly 
found in the fluids removed from ovarian cysts 
(Scherer), and occur occasionally in other cysts 
and in ascitic fluid also. Metalbumin is a form 
of mucin (pseudomucin) ; paralbumin differs 
from metalbumin by giving a precipitate when 
it is boiled ; it is probably a mixture of pseudo- 
mucin with albumin, and can indeed be prepared 
by mixing these two substances. Both yield re- 
ducing sugars when boiled, and both contain 
animal gum (D. Hammarsten, Maly's Jahresb 
11, 11; Landwehr, H. 8, 114; Pf. 39, 193 ; 
Oerum, Maly's Jahrsb. 14, 459). 

Nuclein. This is the name given to the sub- 
stance which composes the nuclei of cells. It 
was prepared by Lauder Brunton from the red 
blood corpuscles of birds and snakes ; the nuclei 
were freed from adhering stroma and himno- 
globin by repeated agitation with ether and 
water (Joum. of Anat. and Physiol. 2nd series, 3 
91). Nuclein resembles muoin in its solubilities. 
Plosz found, however, that it contained phos- 
phorus (Hoppe- Seyler, Med. Chem. XJnter- 
suchungen , Heft 4, 460), and considered it was 
identical with the nuclein which Miescher 
separated from the nuclei of white corpuscles 
(ibid.). Miescher separated the nuclein from 
the other constituents of the cells by subjecting 
them to artificial gastric digestion, nuclein, like 
mucin, being indigestible by pepsin. Miescher 
ascribes to it the formula C 29 H 49 N g P # 0 K . Nuclein 
has also been separated from the brain (Jaksch, 
Pf. 13, 469) to the amount of 0*14 p.c, 
(Geoghegan, 3. 1, 330), and from the liver ; it is 
probably present in all parts where nucleated 
cells occur. Miescher has also described nuclein 
as occurring in the yolk of hens’ eggs ; it has also 
been described in milk. A. Kossel (3. 10, 248) 
has shown that the nuclein of yolk and milk 
differ from that of cell nuclei in containing iron, 
and by not yielding guanine and hypoxanthine 
when decomposed at a high temperature by 
weak acids. Adenine C a H ft N a is described by 
Kossel as being an intermediate product between 
cell nuclein and hypoxanthine. Nuclein is 
present in vegetable cells also, and adenine can 
also be obtained from this. It is present in 
yeast (Hoppe-Seyler) and mildew ; in tea leaves 
(Kossel), in poppy, earth nat, rape and cotton 
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oake ; also in palm nut, but the proportion P:N 
is different in the nuclein prepared from this 
source (Klingenberg a. A. Stutzer, B. C . 1883, 
204). Miescher’s formula for nuclein must, 
indeed, be received with caution; ther£ are 
either several varieties of nuclein — for elementary 
analyses show great discrepancies— or else, as 
Worm Muller (Pf. 8, 190) supposes, it is no 
definite chemical individual, but the different 
nucleins are mixtures of an organic phosphorus 
compound with varying quantities of proteids. 
ltecent work on nuclein has shown that this 
phosphorus compound is nucleic acid (Altmann, 
Arch. f. Anat. u. Phys . 1888. 524). For arti- 
ficial nuclein made by adding phosphorio acid 
to albumin see Liebcrmann, B. 21, 598 ; Pohl, 

11. 13, 292 ; Malfatti, B. d. Natunuiss. Med. Ver, 
Innsbruck, 1891-2; Kossel, Verh. physiol. Ges. 
Berlin, Oct. 21, 1892. See also numerous papers 
by Kossel, Kruger, and others on adenine and 
nuclein bases in last few volumes of H. For 
iron compounds of nuclein see Bunge’s Physiol. 
Chem. This htematogen is probably the normal 
iron-containing food. The chromatin and plastin 
of histologists are respectively phosphorus-rich 
and phosphorus-poor nucleins. For iron in the 
nucleus see Macallum, P. 49, 488. 

Nucleo-proteids. Nucleo-albumin. E. Merck 
{ D . P. J. 261, 316) calls nucleo-proteids sub- 
stances which, when boiled with water under 
pressure or treated with acids, alkalis, or fer- 
ments, are resolved into nuclein and albumin ; 
for instance, vitellin and casein ( v . also Lubavin, 
Hoppe-Seyler, Med. Chem. Unters. p. 447), Ham- 
marsten gives the namenucleo-albumin to a class 
of proteid-like bodies which are very like globu- 
lins, being precipitated from their solutions by 
saturation with sodium chloride or magnesium 
sulphate; they are also precipitated by acetic 
acid, but, unlike mucin, are soluble in excess. 
On gastric digestion of a clear solution, an in- 
soluble phosphorus-containing substance, like 
nuclein, is formed. Many nucleo-albumins have 
the physical characters of mucin, and the slimi- 
ness of bile and synovia is due to such bodies 
(Hammarsten, H. 12, 173, on synovia ; Maly's 
Jahrsber . 12, 1882, on bile-mucin ; Paijkull, H. 

12, 196). The chief proteid constituent of all 
protoplasm is nucleo-albumin (Halliburton’s 
Goulstonian Lectures, Brit. Med. Joum., March 
1893). Wooldridge’s tissue fibrinogens are also 
nucleo-albumins (for ref. see above lectures). 

Chondrin. This is the substance obtained 
from cartilage by boiling ; the mother substance 
of chondrin in the matrix of the cartilage is 
termed chondrigen. Hot aqueous solutions of 
chondrin gelatinise on cooling like those of 
gelatin. Aqueous solutions are precipitated by 
the same reagents that precipitate solutions of 
gelatin and of mucin. It is strongly laevorotatory ; 
its rotatory power in solutions of different 
Ftrengths has been studied by de Bary (Med. 
Chem. Unters . i. 71). Very great discrepancies 
exist between the results of various analyses 
(see table comparing analyses by Mulder, 
Fischer a. Bddecker, Schiitzenberger a. Bour- 
geois, and v. Mehring in Gamgee’s Physiol. 
Chem . p. 270), hence considerable doubts have 
been entertained of its being a chemical in- 
dividual. It gives the reactions both of mucin 
and gelatin ; on being boiled with dilute acids it 


yields a lcevogyrate reducing sugar, called by da 
Bary chondriglucose (v. also Fischer a. 
Bodecker, A. 117, 111), but is now regarded as 
identical with that obtained from mucin, Land- 
welu* considering that animal gum is contained 
in chondrin as in mucin (Pf. 39, 204, 40). Moro- 
chowitz was the first to arrive at the conclusion 
that chondrin is a mixture of gelatin and mucin 
(Verhandl. d.naturhist. med. Vereinseu Heidel- 
berg, 1, Heft 5); mucin can be extracted from it 
with lime or baryta water, and pure gelatin is 
left behind. On this assumption chondrigen » 
collagen + mucin. It must, however, be men- 
tioned, in opposition to this view, that Hoppe- 
Seyler (J. pr. 56, 129) and Otto (Z. [2] 4, 628) 
state that on treating chondrin with dilute sul- 
phuric acid it yields leucine, but no tyrosine or 
glycosine. The most recent work on chondrin 
shows that it is chondroitic acid rather than 
mucin which is present (C. T. Morner, H. 12, 
396 ; Skand, Arch. Physiol. 1, 210 ; Krukenberg, 
Z.B. 20, 307 ; Schmiedeberg, Arch. exp. Path . u . 
Pharm. 1891, 355). 

Elastin. This substance is the very insoluble 
material of which the elastic fibres of connective 
tissue are composed. It may be prepared from 
the ligamentum nuchw by boiling it with ether 
and alcohol to remove fatty matters, then for 36 
hours with water to remove the collagen. The 
residue is boiled with strong acetic acid, and 
afterwards with concentrated caustic soda till 
the fibres begin to swell ; it is then treated with 
weak acetic acid, water, and lastly for 24 hours 
with hydrochloric acid. The acid is removed by 
washing with wator, and the residue has still all 
the characters of fresh elastic tissue, and has the 
following percentage composition : C, 55*45 ; H, 
7*41 ; N, 16*19 ; 0,20*89 (Muller, Zeit.f. Nat. Med . 
3, 10, Heft 2). For recent analyses see Chitten- 
den, Z. B. 25, 368. 

Elastin is not soluble in any liquid which 
does not decompose it. It is soluble in boiling 
concentrated caustic potash, in concentrated 
nitric and sulphuric acids. It is digestible by 
both pepsin and trypsin ; the former ferment 
being the more active (A. Ewald a. W. Kiihne, 
Die Verdauung als histol. Methods). Peptones 
are ultimately formed; there are also inter- 
mediate bodies of the nature of albumoses 
(Horbaczewski, C . C . 1885, 843). Elastin when 
treated with sulphuric acid yields leucine but 
no tyrosine. 

Keratin. This substance replaces the proto- 
plasm in the cells of certain epidermal structures, 
viz. the superficial layer of the epidermis itself, 
nails, horns, hoofs, feathers, and the cuticle and 
fibrous substance of hairs. It is prepared by 
successively boiling the tissue with ether, alco- 
hol, water, and dilute acids ; the insoluble resi 
due is keratin. 

Subjected to the prolonged action of water 
under pressure at 150°-200° it yields a turbid 
solution. It is also dissolved by boiling with 
alkalis, and on the addition of acids to this solu- 
tion sulphuretted hydrogen is given off, the buI- 
phur in keratin, which varies considerably in 
amount, being very loosely combined. Horn 
swells in dilute acetic acid, dissolves in boiling 
glacial acetic aoid, and in nitric acid ; it yields 
aspartic acid, volatile fatty acids, leucine and 
tyrosine when foiled with dilute sulphuric acid; 



312 


PJROTEIDS. 


when burnt it gives off a characteristic smell. 
The following are the chief analyses that have 
been made (Hoppe-Seyler, Physiol . Chem ., Th. 
1, p. 90) : — 


- 

Hair 
(r. Laer) 

Nails 

(Mulder) 

Horn 

(Tilanus) 

Hoof 

(Mulder) 

0 

50*60 

51*00 

51*03 

51*41 

H 

6*36 

6*94 

6*80 

6*96 

N 

17*14 

17*51 

16*24 

17*46 

O 

20*85 

21*75 

22*51 

19*49 

s 

5*00 

2*80 

3*42 

4*23 


Neurokeratin. This is a substance which 
forms an irregular framework in the medullary 
sheath of nerve fibres, which resembles keratin 
in its general behaviour, but differs from it in 
being less easily soluble in boiling solutions of 
caustic potash (Ewald a. Kuhne, Verhandl. d. 
naturhist . med. Vercins su Heidelberg , vol. i. 
Heft 5 ; Kuhne a. Chittenden, Z. B. 2(1, 291). 
This substance is interesting, as both the epi- 
dermis and the nervous system are derived from 
the epiblast of the embryo. 

Chitin. This substance forms the chief con- 
stituent of the skeletal octodermal tissues of in- 
vertebrate animals, especially arthropods. A 
list of situations in which it has been described 
is given in Gamgee’s Physiol . Chem . p. 299 ; to 
these must be added the pen of cuttlefishes (Kru- 
kenberg), the cartilages and other mesodermal 
tissues of sepia and the king-crab (Halliburton, 
Pr. 38, 75). In Crustacea it is often impreg- 
nated with calcareous matter, and in the odon- 
tophore of molluscs with silica. It is prepared 
from the wing-cases or shells by boiling them 
with caustic soda. The chitin remains insoluble. 
It may be dissolved in cold concentrated hydro- 
chloric acid, and the solution precipitated by the 
addition of water. It is colourless, amorphous, 
insoluble in water, alcohol, ether, acetic acid, 
dilute mineral acids, and solutions of the alka- 
lis. It is dissolved by concentrated mineral 
acids. (On the solubilities of chitin v. Kruken- 
berg, Z. B. 22, 480.) 

The formula for chitin is C, 3 H., h N 2 O 10 (Led- 
derhose, H. 2, 213 ; 4, 139). Berthelot (C. R. 
47, 227) stated that it yields a fermentable sugar 
on boiling it with sulphuric acid ; and Sandwick 
considered it to be an amine derivative of a 
carbohydrate with the formula N(C 12 H 20 O 10 ). 
Ledderhose showed, however, that the reducing 
substance is a nitrogenous body, glucosamine ; 
and when chitin is heated with acids it takes up 
the elements of water, and yields glucosamine 
and acetic acid, 

2C 18 H 26 N 2 0 1? + 6H 2 0 = 4C a H n NO s + 2C,H 4 0 2 - 
Glucosamine is an amido- derivative of grape 
sugar (C 0 H, 2 O ti - OH + NH 2 « C fl H 12 N 0 8 ) ; it forms 
salts, of which the hydrochloride is formed by 
boiling chitin with hydrochloric acid ; this is a 
crystalline substance soluble in water, and in 
solution dextrorotatory (o^- +70 6°). The pure 
base prepared by the action of barium hydrate 
on the sulphate of glucosamine crystallises from 
alcohol in the form of needles. It is not fer- 
mentable. (The foregoing account of elastin, 
keratin, and chitin is largely taken from Gam- 
gee’s Physiol . Chem. t which see for fuller 
details*) 


Skeletins. This term is applied by Kruken- 
berg ( Z . B. 22, 241) to a number of nitrogenous 
but sulphur-free substances, including conchiolin, 
spongin, &c., found in the skeletal tissues of in- 
vertebrates; they are probably all like chitin 
amido- derivatives of carbohydrates. The sub- 
stances are all very insoluble. 

Conchiolin (C 30 H 4 „N 0 O n ) forms the organic 
basis of the shells of mussels and snails. On 
decomposition it yields leucine, perhaps glyco- 
cine, but no tyrosine nor reducing substance. 
It does not give the xanthoproteic, Millon’s, nor 
the Adamkiewicz reactions. The cementing 
substance between the eggs of various molluscs* 
whose shells and egg capsules contain conchiolin, 
is coloured red by heating with Millon’s reagent, 
and contains a body allied to keratin. Corne'in 
(from corals) (C 10 H 41 N„O 13 ) differs from con- 
chiolin by giving a red colour with Millon’s test. 

Spongin, the organic basis of the common 
sponge, yields as decomposition products leu- 
cine and glycocine (Stiideler), but no tyrosine. 
It does not give any of the colour reactions men- 
tioned above; it also resembles conchiolin by 
yielding on digestion peptone-like substances 
which differ from true peptones and albumoses 
by not giving the three colour reactions just 
mentioned ; they thus differ from keratin, which 
is not digestible. 

Fibroin, the chief constituent of insects* 
cocoons and spiders* threads, behaves to all 
three tests like an ordinary proteid, and on de- 
composition yields leucine, glycocine, and tyro- 
sine. Fibroin is soluble when heated in sealed 
tubes in glacial, acetic, and other organic acids 
(A. Ledow, Maly's Jahrsbericht , 13, 32). For 
silk see Weyl, B. 21, 1407, 1529. 

Hyalins and Hyalogens. The term 4 hyalin * 
is applied to the chief constituent of the walls of 
hydatid cysts. Krukenberg states (Z. B. 22, 
201) that the substance is present in the cyst 
wall as hyalogen, an insoluble substance which 
by the action of alkalis is changed into hyalin, 
which is easily soluble in water. Hyalogen is 
also converted into hyalin by heating with water 
(under pressure) at 150°C. (For elementary 
composition v. Liicke, Virchow's Archiv , 19, 
189). By heating with sulphuric acid hyalin 
yields a sugar, probably glucose, which is dextro- 
rotatory and capable of the alcoholic fermenta- 
tion, and in this hyalin resembles mucin. 

Krukenberg has extended the terms hyalogen 
and hyalin to other similauly related bodies ob- 
tained from various sources. The edible bird’s 
nest has properties very like those of mucin (v. 
J. B. Green, J. Physiol. 6 , 40), and is the result 
of the activity of certain glands described by 
Bernstein (Journ. Ornithologies 1859. Ill) as 
being remarkably developed in the nest-building 
season. Krukenberg finds that it is chiefly com- 
posed of a hyalogen (n^ossinc), which yields as 
its hyalin, neossidine . Chondrosine is a hyalo- 
gen, obtained from the sponge Chondrosia 
reniformis. The vitreous humour from the eyes 
of oxen and pigs was found to contain a hyalo- 
gen, whereas the cornea did not yield one, but 
was found to consist chiefly of collagen, and a 
proteid allied to myosin. Spirographin t which 
largely composes the skeletal tissues of the 
worm Spirographis is also a hyalogen, but differs 
from others by yielding when acted on by alkali* 
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not only a hyalin, spirographidin, but also pyro- 
catechin. The hyalogens are not acted on by 
gastric juice ; some are, some are not attacked 
by trypsin. W. D. H. 

PROTEIN v. Proteids. « 

PROTEOSES v. Proteids. 

PROTO-ALBUMOSE v. Proteids. 

PROTOCATECHUIC ACID C 7 H u 0 4 i.e. 
C fl H3(0H) 2 .C0 2 H[4:3:l]. Mol. w. 154. [199°] 
(Hlasiwetz) ; [194°] (Barth a. Schmidt, B. 12, 
1265). S. 1-9 at 14°; 10 at 60° (Tiemann a. 
Nagai, B. 10, 211). Occurs in the fruit of Illi- 
cium religiosum (Eykman, B. T. C. 4, 47). 

Formation,— 1. By potash-fusion from piperic 
acid (Strecker, A. 118, 280), catechin (Kraut, 
A. 128, 285), maclurin (Hlasiwetz a. Pfaundler, 
A. 127, 351), guaiac resin (Hlasiwetz a. Barth, 
A, 130, 346), kino (Stenhouse, C. J. 28, 6), caffeic 
acid (Hlasiwetz, A. 142, 219), cinchona-red 
(Rembold, A. 143, 273), asafoetida (Hlasiwetz a. 
Barth, A . 138, 61), angelica-resin (Brunner, 
N. B. P. 24, 641), many other resins, the 
methyl- derivative of sulpho-p-oxy-benzoic acid 
(Malin, A. 152, 109), sulpho-ra- and sulpho- 
p-oxy-benzoic acids (Barth, C. J. 24, 829), 
and iodo-p-oxy-benzoic aldehyde (Tiemann a. 
Herzfeld, B, 10, 213). — 2. By heating pipero- 
nylic acid with HClAq at 150° (Fittig a. Rem- 
sen, A . 159, 129). — 3. By the action of Br and 
water on quinic acid (Hesse, A. 112, 52 ; 122, 
221; Fittig, A. 168, 111). — 4. By heating pyro- 
catechin with water and ammonium carbonate 
at 140° (Miller, C. J. 41, 400). 

Properties. — Tufts of monoclinic needles 
(containing aq), sol. water, alcohol, and ether, 
nearly insol. boiling benzene. FeCl 3 colours its 
aqueous solution bluish-green, the colour chan- 
ging to red on addition of alkalis. FeS0 4 colours 
solutions of its salts violet. Pb(OAc) 2 gives a 
pp., sol. acetic acid. Crystallises with p-oxy- 
benzoic acid as(C 7 H 6 0 4 )C 7 H 6 0 3 2aq, which yields 
PbC 14 H, 0 O 7 2aq (Hlasiwetz, A . 134, 276). Re- 
duces aqueous AgN0 3 on heating or on adding 
NHaAq. Does not reduce Fehling’s solution. 

Beactions. — 1. Split up by dry distillation 
into C0 2 and pyrocatechin. — 2. Soda-fusion 
gives 55 p.c. of the theoretical amount of pyro- 
catechin.— 3. Bromine in the cold forms bromo- 
protocatechuic acid. Br at 100° yields tetra- 
bromo-pyrocatechin. — 4. N 2 0 3 passed into the 
ethereal solution forms oxalio acid (16*5 p.o.), 
carboxy-tartronio acid (10 p.c.), di-nitro-di-oxy- 
quinone (*5 p.c.), trinitrophenol (4 p.c.), (a)-di- 
nitro-phenol [114°] (3*5 p.c.), and nitro-p-oxy- 
benzoic acid (1 p.c.) (Gruber, B. 12, 514). — 
5. H 2 S0 4 (25 pts.) at 140° forms a very small 
quantity of tetra-oxy-anthraquinone (rufiopin) 
(Nolting, Bl. [2] 37, 395). — 6. Heating with 
As 2 0 5 at 160° or exposing a solution in Na^O^A*! 
to the air forms catellagic acid C, 4 H, 0 O 7 ? which 
resembles ellagic acid and forms an orange solu- 
tion in nitric acid. 

Salts.— BaA' 2 5aq.—Ba 3 (C 7 H 3 0 4 ) 2 (dried at 
130°) (Barth, A . 142, 246).— CaA' 2 4aq.— 

CaA 2 3aq. — Pb 3 A' 2 0 2 . — PbA' 2 2aq. 

Acetyl derivative C 8 H 3 (OAc) 2 .C02H. 
[153°]. Crystals (Herzig, M. 6, 872). 

Methyl ether MeA'. [134*5°]. Needles. 

Ethyl ether EtA'. [134° cor.]. Prisms 
(Matsmoto, B, 11, 129). 


m-Methyl derivative 
C c H,(OH)(OMe).C0 2 H [4:3:1]. Vanillic acid. 
[207°]. S. -12 at 14° ; 2*5 at 100°. Formation 
(Tiemann, B. 8, 509, 1123 ; 9, 52, 419 ; 10, 59, 
202 ; 11, 122). — 1. By exposing moist powdered 
vanillin to the air. — 2. By oxidising coniferin 
with dilute KMn0 4 . — 3. From its acetyl deriva- 
tive, which is got by the action of KMn0 4 on 
acetyl-eugenol, acetyl-ferulio acid, and acetyl- 
creosol. — 4. Together with isovanillic acid by 
heating C 6 H 3 (0Me) 2 C0 2 H with HClAq at 140°. 
Properties.— Needles (from water), v. e. sol. 
alcohol, m. sol. ether. Has no smell. May be 
sublimed. Gives no colour with FeCl s . Beac- 
tions— 1. Split up by HClAq (S.G. 1*1) at 150° 
into protocateehuio acid and Mel. — 2. Potash- 
fusion yields protocatechuic acid.— 3. By heating 
with Mel (2 mols.) and KOH (2 mols.) it is con- 
verted into C 6 H 3 (0Me) 2 .C0 2 Me. — 4. Yields guaia- 
col on distillation with lime. — 5. The Ca salt 
yields vanillin on distilling with calcium formate. 

Methyl ether of the m-Methyl deriva- 
tive MeA’. [63°]. (286°). 

Ethyl ether of the m-Methyl deriva- 
tive EtA'. [44°]. (292°). 

Acetyl derivative of the m-Methyl 
derivative C, ( H 8 (OAc) (OMeJ.CO.^H. [142°] . 
Needles (from dilute alcohol). 

Benzoyl derivative of the m-Methyl 
derivative. [178°] (Tiemann, B. 15, 2068). 

p-Methyl derivative 
C (1 Hj(0Me)(0H).C0 2 H [4:3:1]. Isovanillic acid. 
[250°]. S. *06 at 15° ; *7 at 100°. Formed with 
other products by heating protocateehuio acid 
with Mel and KOH at 150°. Got also by heating 
hemipic acid with HClAq (Matthiessen a. Foster, 
A. Suppl. 2, 378), and, together with vanillic 
acid, by digesting C 6 H 3 ( 0 Me) 2 C 02 H with dilute 
HClAq at 140° (Tiemann). The acetyl deriva- 
tive is got by oxidation of the acetyl derivative 
of isoferulic acid (hesperetio acid) by KMn0 4 
(Tiemann a. Will, B. 14, 963), and likewise by 
oxidation of the acetyl derivative of betelphenol 
C fl H 3 (OMe)(OH).C 3 H 5 [4:3:1] (Bertram a. Gilde- 
meister, J. pr. [2] 39, 349). Prisms, v. sol. alco- 
hol and ether. May be sublimed. Its aqueous 
solution is not coloured by EeCl 3 . Yields a 
nitro- derivative [173°] and an acetyl deriva- 
tive C 6 H 3 (0Me)(0Ac).C0 2 H [207°]. 

Di-methyl derivative C ( ,H 3 (0Me) 2 .C0 2 H. 
Veratric acid. [174°] (T.) ; [181°] (G.). 8. *05 
at 14° ; *6 at 100°. Occurs in small quantity in 
sabadilla seeds (Merck, A. 29, 188). Formed by 
heating at 140° protocatechuic acid (1 pt.) with 
Mel (4 pts.) and KOH (1 pt.) dissolved in MeOH 
(Kdlle, A. 159, 241). Produced also by oxidation 
of C 6 H 3 Me(OMe) 2 (Tiemann, B. 8, 1138), of 
methyl-eugenol (Graebe, A. 168, 282), of papa- 
verine (Goldschmidt, M. 6, 378), and of di- 
methyl-caffeic aoid (Tiemann a. Will, B. 14, 
962). Formed also by saponifying its amide, 
which is made by the action of Cl.CONH 2 on 
C«H 4 (OMe) 2 in CS 2 in the presence of A1C1, 
(Gattermann, A. 244, 71). Veratric acid is a 
product of the action of alcoholic soda on 
pseudaconitine, on veratrine (Wright a. Luff, 
C. J. 33, 160, 353), and on hexa-methyl-quercetin 
(Herzig, M. 6, 83), and of fused potash on papa- 
veraldine (Goldschmidt, M. 7, 493). Veratric 
acid is also got by the action of KOH on pseudo- 
opianic acid (W. H. Perkin, jun., C. J . 57, 1068). 
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Properties. — Slender needles (containing aq). 
From hot solutions (above 60°) it separates in 
anhydrous crystals. V. e. sol. alcohol and ether. 
FeOlg gives no colour. Distillation with lime 
forms CgHjfOMe)*. Potash-fusion yields proto- 
catechuic acid. HIAq at 160° forms Mel and 
protocatechuic acid. HClAq forms vanillic and 
also iso-vanillic acids. — Salts. — NaA' 2aq. — 
BaA' 2 6aq. — AgA'. —Ethers. — MeA'[60°J (c. 
300°).— EtA'. [44°J. (296°). 

Di-ethyl derivative C a H 3 (0Et) 2 .C0 2 H. 
[166°]. Formed by saponifying its ether, which 
is made from protocatechuic acid, alcoholic 
potash, and EtI (Kiille, A. 159, 240). Got also 
by heating hexa-ethyl-quercetin with alcoholic 
potash at 150° (Herzig, M. 5, 78). Needles 
(from alcohol).— KA' |aq. — BaA' 2 3aq.— AgA'. — 
Ethyl ether EtA'. [57°]. Crystals. 

Methyl-ethyl derivative 
C # H 3 (0Me)(0Et).C0 2 H [8:4:1]. [194°]. Formed 
by oxidation of ethyl-vanillin (Tiemann, B. 8, 
1180), of ethyl-eugenol (Wassermann, A. 179, 
879 ; Balbiano, G. 11, 416), and of di-ethyl-cur- 
oumin (Jackson a. Mencke, Am . 4, 90). Needles, 
almost insol. cold water. — BaA' 2 4aq : needles. 

Methyl-propyl derivative 
C a H a (0Me)(0Pr).C0 2 H [3:4:1]. Formed by oxi- 
dation of the propyl derivative of eugenol (Ca- 
hours, Bl. [2] 28, 314). Needles. 

Methyl- carboxy methyl derivative 
C a H 8 (0Me)(0.CH 2 C0 2 H).C0 2 H [3:4:1], [256°]. 

Formed from C 6 H 3 (OMe)(O.CH 2 .C0 2 H).CHO by 
oxidation (Elkan, B. 19, 8056). Yields GuA" as 
a green insoluble pp. 

Methylene derivative 
CH 2 :0 2 :C u H 8 .C0 2 H. Piperonylic acid. [228°]. 
Occurs in para-coto bark (Hesse a. Jobst, A. 199, 
63). Prepared by oxidation of piperona? (Fittig 
a. Mielok, A. 152, 40). Got by heating proto- 
catechuic acid with potash and CEL^ (Fittig a. 
Remsen, A. 168, 94). Piperonylio acid is also 
formed by the action of KMn0 4 on cubebin, on 
raethystio acid (Pomeranz, M. 8, 468 ; 10, 790), 
on safrole (Eykman, B. T. G. 4, 39 ; Poleck, B . 
19* 1096), and on the (a)-dihydride of piperic 
acid (Regel, B . 20, 415). Needles (from alcohol). 
May be sublimed. Nearly insol. cold water, 
m. sol. boiling alcohol. FeCl 8 gives a brown 
pp. in neutral solutions. Dilute HClAq at 
170° forms protocatechuic acid. HNO a forms 
nitro-piperonylic acid [172°]. Salts.— NaA' aq. 
— KA'aq. — BaA' 2 aq. — CaA' 2 3aq. S. -625 at 15°. 
— PbA' 2 aq. — CuA' 2 aq.— AgA'. Quinine salt 
C 20 H 24 N 2 0.jHA'aq: needles, sol. hot water. Gin- 
chonidinesalt 0 1P H 22 N 2 0HA': needles (Hesse, 
A. 243, 147). — Ethyl ether EtA'. Oil.— 
Nitrile CH 2 0 2 :C ti H 8 .CN. [95°]. Formed from 
the oxim of piperonal and Ac/) (Marcus, B. 24, 
3656). Needles, v. sol. alcohol. Alcoholic hy- 
droxylamine at 60° forms the amidoxim 
CHA:C«H 3 .C(NH 2 ):NOH [151°] whioh yields 
B'HCl [193°], and is converted by Ac 2 0 into 

CH 2 O a :0,H,.C<^ ) >OMe [110°]. 

Ethylene derivative C 2 H 4 0 2 :C a H 8 .C0H. 
[134°]. Formed by heating protocatechuic acid 
with ethylene bromide and KOH (Fittig, Z . [2] 
7, 289 ; A . 168, 99). Needles (from hot water). 
May be sublimed. P01 4 yields a product whence 
water reproduces ethylene-protocateohuio add. 


PC1 5 at 130° followed by water yields the 
acid C 2 H 2 Cl 2 O 2 :0 a H 8 .CO 2 H [121°].— BaA' 2 2aq.— 
CaA' 2 2aq: monoclinio crystals. — Ethyl ether 
EtA'. Oil. 

Di-methyl-ethylene ether 
C 2 H 4 (O.C 6 H 8 (OMe).C0 2 H) 2 . Formed by oxidising 
the ethylene ether of eugenol with KMn0 4 (Ca- 
hours, Bl. [2] 29, 270). Amorphous. 

Reference . — Nitro-protocatechuic acid. 

Homo-protocatechuic aoid v. Di-oxy-phenyl- 

ACETIO ACID. 

Diprotocateohuio acid C 12 H 4 (0H) 4 (C0 2 H) 2 . 
Formed by potash-fusion from divanillin (Tie- 
mann, B. 18, 3494). . Amorphous, si. sol. water 
and alcohol. Coloured bluish-green by FeCl 8 . 

PROTOCATECHUIC ALDEHYDE C 7 H,0 8 i.e. 
C a H 3 (OH) 2 .CHO [4:3:1]. Mol. w. 138. [150°]. 

Formation. — 1. From piperonal by successive 
treatment with PC1 5 and water at 100° (Fittig a. 
Remsen, Z. [2] 7, 100 ; A. 159, 148 ; 168, 97).— 
2. By heating piperonal with dilute HClAq at 
200° (F. a. R.).— 3. By heating a solution of 
pyrocatechin in dilute NaOH with chloroform 
(Tiemann, B. 9, 1269 ; 14, 2020).— 4. By heating 
vanillin with dilute HC1 at 200° (Tiemann, B. 
7, 620). — 5. By heating opianic acid with dilute 
HC1 at 170° (Wegscheider, M. 3, 792). 

Properties. — Flat needles (from water), v. sol. 
alcohol, ether, and hot water. FeCl 3 colours the 
aqueous solution green, changing to red on addi- 
tion of Na 2 CO s . Oxidised by KMn0 4 and by 
potash-fusion to protocatechuic acid. Gives a 
mirror with ammoniacal AgN0 8 . Combines with 
NaHSO s . 

m- Methyl derivative. C 8 H 8 0 8 i.e. 
C a H,(OMe)(OH).CHO. Vanillin . Mol. w. 152. 
[81°]. (285°). S. 1 at 14° ; 6 at 80° (Tiemann 
a. Nagai, B. 10, 211). The fragrant constituent 
of the pods of Vanilla aromatica (Gobley, J. 
1858, 534; Stokkebye, J. 1864, 612). Occurs 
also in the seeds of Lupinus albus (Campani a. 
Grimaldi, G. 17, 545), in raw beet-root sugar 
(Weger, D. P . J. 237, 146; Scheibler, B. 13, 
335; Lippmann, B. 13, 662), in gum benzoin 
from Siam (Jannasch a. Rump, B. 11, 1635), and 
in small quantity in wood (Singer, ilf. 3, 409). 
Formation. — 1. Together with isovanillin, by 
heating guaiacol with chloroform and NaOHAq 
(Reimer, B. 9, 424; Tiemann, B. 14, 2023). — 

2. By oxidation of coniferin or coniferyl alcohol 
with chromic acid mixture (Tiemann, B. 7, 613). — 

3. By oxidation of eugenol by KMn0 4 (Erlen- 
meyer, B. 9, 273).— 4. By heating calcium vanillate 
with calcium formate (Tiemann, B. 8, 1124). — 
5. By the action of chloroform and potash on 
vanillic acid (Tiemann, B. 9, 1280).— 6. By the 
action of emulsin or of boiling dilute acids on 
glucovanillin (Haarmann a. Reimer, C. J. 46, 
1343).— 7. From C a H 8 (0Me)(N0 2 ).CH0 by reduc- 
tion followed by tie diazo- reaction (Ulrich, B. 
18, 2573). Properties. — Monoclinio needles, v. 
sol. alcohol, ether, CHC1 3 , and CS 2 ; v. si. sol. 
cold, v. sol. hot, ligroin. Smells ana tastes like 
vanilla. May be sublimed. Acid in reaction, 
and decomposes carbonates. FeCl 3 gives a blue 
colour. Boiling aqueous HgCL containing KNO, 
gives a violet colour (Nickel, Fr. 28, 247). Re- 
duces silver solution. Oxidised by moist air to 
vanillic acid C 8 H*0 4 . Reactions . — 1. Bromine 
forms O t H,BrO t [161°]. — 2. Dilute HOI at 190° 
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yields MeCl and protocatechuic aldehyde. — 
8 . Potash-fusion gives protocatechuio aoid. — 
4. Sodium-amalgam reduces it in alcoholic 
solution to vanillyl alcohol C 8 H, 0 O 8 as a yel- 
lowish oil, and also hydro vanilloin C 16 H 18 O a 
[c. 225°] (Tiomann, B. 8, 1123).— 5. By heat- 
ing with di-methyl-aniline and ZnCl 2 it is 
converted into C 24 H 28 N 2 0 2 [136°] (Fischer a. 
Schmidt, B . 17, 18951 — 6. Vanillin (1 mol.) 
mixed with pyrogallol (2 mols.) is converted by 
cone. HClAq into ‘ pyrogallo-vaniUein * C 20 H, s O g , 
which forms colourless crystals, insol. water, v. 
sol. alcohol, giving isomeric bluish-violet crystals 
by the further action of HC1 (Etti, M. 3, 637). — 

7. Vanillin (1 pt.) boiled with diacetonamine acid 
oxalate (1 pt.) forms the oxalate of vanillodiace- 
tonamine C 14 H 19 N0 3 ( v . tjoI. i.p. 28). — 8. Heating 
with Ac 2 0 forms the acetyl derivative of vanillin, 
and also C a H 3 (OMe)(OAc).CH(OAc) 2 [89°] crystal- 
lising in six-sided tables (Tiemann a. Nagai, B . 

8, 1143). —9. Boiling aqueous FeCl 3 forms di- 
vanillin C lb H 14 0 6 [304°], whence NaOEt and Mel 
form C 8 H 2 (OMe) 2 (CHO).C a H 2 (OMe) 2 (CHO) [138°] 
(Tiemann, B. 18, 3493).— 10. Chloro-acetic acid 
and KOHAq form C a H, l (0Me)(0CH.,C0 2 H).CH0 
[188°] (Elkan, B. 19, 3055). Salts.— *C 8 H 7 Na0 3 . 
Needles (from alcohol), si. sol. NaOHAq. — 
Hg(C fl H 7 O a ) 2 : crystals, si. sol. cold water, insol. 
alcohol.— Zn(C 8 H 7 0 3 ) 2 : crystalline pp. Esti- 
mation. — Vanilla pods are extracted with ether, 
the extract shaken with a nearly saturated 
solution of NaHS0 3 , the aqueous layer decom- 
posed by H,S0 4 , the vanillin thence extracted 
by ether, and the extract evaporated (Tiemann a. 
Haarmann, B. 8, 1115). 

Acetyl derivative of vanillin 
C a H 3 (OMe) (OAc).CHO. [77°]. Formed slowly 
by the action of an ethereal solution of Ac 2 0 on 
sodium- vanillin in the cold (Tiemann a. Nagai, 
B. 11, 646). Flat needles. Combines with bi- 
sulphites. 

Oxim of vanillin 

C 6 H 8 (OMe)(On).CH:NOH. [122°] (Tiemann a. 
Kees, B. 18, 1664 ; cf. Each, B. 16, 1786). 

Phenyl-hydrazide of vanillin 
C a H 3 (OMe)(OH).CH:N 2 HPh. [105°]. Plates. 

Olucoside of vanillin 
C 8 H 3 (0Me)(0C a H,,0 6 ).CH0. Glucovanillin . 

[192°]. [a] D « -88-63 at 20°. Prepared by 

slowly adding CrO s (8 pts.) in water (100 pts.) to 
coniferin (10 pts.) dissolved in water (200 pts.), 
and leaving the mixture to stand for 5 days (Tie- 
mann, B. 18, 1596, 1661). Colourless needles 
(containing 2 aq), v. sol. water, m. sol. alcohol, 
insol. ether. Readily split up by dilute H 2 S0 4 
or by emulsin into vanillin and glucose. Does 
not reduce Fehling’s solution in the cold. Yields 
C fl H s (OMe)(OC a H n 0 4 ).CH:N 2 HPh [c. 195°] and a 
lievorotatory oxim [152°], crystallising in slender 
) dUow needles (containing aq). 

p- Methyl -derivative 
C„H a (OMe)(OH).CHO [4:3:1]. IsovanilUn . [116°]. 
Formed by oxidising acetyl-isoferulic acid with 
ICMn0 4 and saponifying the resulting acetyl 
derivative (Tiemann a. Will, B. 14, 968). Formed 
also by heating opianic acid (4 pts.) with water 
(30 pts.) and HClAq (8 pts. of S.G. 1*17) 
(Wegscheider, M. 3, 789). Monoclinic pyramids, 
si. sol. cold water, v. sol. alcohol and ether. May 
be sublimed. When warm it smells somewhat 
like vanillin. Its alkaline solutions are yellow. 


Fed, does not colour the aqueous solution. 
Reduces boiling ammoniacal AgNO,. Forms a 
very soluble compound with NaHSO*. 

Di-methyl derivative C ri H,(OMe) 2 CHO. 
Methyl-vanillin . [43°]. (c. 283°). Formed 
from potassium vanillin and Mel (Tiemann, B. 
8, 1135), and also by distilling opianic acid with 
soda-lime (Beckett a. Wright, C. J. 29, 164). 
Needles, v. si. sol. hot water, v. sol. alcohol and 
ether. Smells like vanilla. ♦ 

Methyl-ethyl derivative 
C a H a (OMe) (OEt).CHO. [65°]. Formed by boil- 
ing potassium-vanillin with EtI and alcohol 
(Tiemann, B. 8, 1129). Prisms, v. si. sol. hot 
water. Smells like vanilla. 

Methylene derivative C 8 H 0 O 3 Lc. 
CH 2 0 2 :C a H 3 .CH0. Piperonal. Mol. w. 150. 
[37^]. (263°). S. *2 in the cold. Formed by 
oxidation of piperio acid in neutral solution by 
KMn0 4 (Fittig a. Mielck, A. 152, 35). Formed 
also by oxidation of the (a) -dihydride of piperio 
acid by alkaline KMn0 4 (Regel, B. 20, 415). 
Transparent prisms (from water), m. sol. hot 
water, v. sol. alcohol and ether. Smells much 
like coumarin. Forms a crystalline compound 
with NaHSO s . Not affected by aqueous alkalis. 
Bcactions. — 1. By oxidation , or by boiling 
with alcoholic potash , it is converted into piper - 
onylic acid CH 2 0 2 :C a H 3 .C0 2 H. — 2. Reduced by 
water and sodium-amalgam to piperonyl alcohol 
C 8 H 8 0 3i hydropiperoin C, 8 H, 4 O fl [202°], and iso- 
hydropiperoin [138°]. AcCl converts the hydro- 
piperoins into C, 8 H, 2 C1 2 0 4 [198°] (Remsen a. 
Fittig, Z. [2] 6, 97 ; A. 159, 129).-3. An alco- 
holic solution of KCy forms piperonyloin 
CH 2 O 2 :C a H s .CH(OH).CO.0 a B,:O 2 CH 2 [120°], se- 
parating from alcohol in yellow crystals (F. M. 
Perkin, C. J . 59, 164).— 4. Very d'ilute HClAq 
at 200° forms protocatechuic aldehyde.— 5. PC1 5 
forms liquid CH.fi .iC^.CRC^ (c. 235°) and 
C h H 4 C1 4 0 2 , whence cold water forms dichloro- 
piperonal C 8 H 4 CL0 8 [90°]. — 6. Gaseous HC1, 
passed into a mixture of phenyl mercaptan 
and piperonal, forms CH 2 0 2 :C fl Hj,.CH(SPh) 2 
[48°] (Baumann, B . 18, 886). — 7. Alcoholic am- 
monia , in presence of some HCy, forms 
C 24 H, 8 N 2 O a , crystallising in prisms [213°], insol. 
alcohol and ether. Piperonal, heated with alco- 
holic NH„ at 70°, forms an isomeric body [172°], 
crystallising in yellow needles, sol. hot alcohol, 
insol. water and ether (Lorence, B. 14, 791). — 
8. Aqueous HCy at 65° forms a compound 
whence an alcoholic solution of NH a yields 
CH 2 0 2 :C a H 3 .CH(NHj.CN, converted by boiling 
HClAq into C„H 8 O a . — 9. Aniline forms, on heat- 
ing, C l4 H n N0 2 , crystallising in colourless needles 
[65°] (L.). — 10. p-Phenylene-di-methyl-diamine 
gives C a H 3 (0 2 CH..).CH;N.0 8 H 4 NMe 2 [110°] (Nuth, 
B. 18, 575). 

Oxim of piperonal CH 2 0 2 :C 6 H 3 .CH:N0H. 
[110°]. Needles, v. sol. alcohol (Marcus, B . 24 # 
3G56). 

Phenyl-hydrazide of piperonal 
CH 2 0 2 :C a H r CH:N 2 HPh. [100°] (M.) ; [103°] 
(Rudolph, A. 248, 103). Yellow needles. 

PROTOPINE C 20 H 1# NO 8 . [202°]. An alka- 

loid occurring in very small quantity in opium 9 
and obtained from the mother-liquors after the 
separation of morphine by Gregory’s process 
(Hesse, Z . [2] 7, 653 ; A . SuppL 8, 818). Sepa* 
rated from cryptopine by ppn. of the solution of 
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the mixed hydrochlorides with cone. HClAq, the 
protopine salt adhering to the sides of the 
vessel. Crystalline powder (from alcohol), insol. 
water, si. sol. hot alcohol, m. sol. chloroform. 
The alcoholic solution is alkaline in reaction. 
81. sol. ether, separating in spherical groups of 
prisms. SI. sol. KOHAq and NH 3 Aq. FeCl s gives 
no colour. HNO s forms a colourless solution, 
which turns yellow on warming. H 2 S0 4 con- 
taining ferric sulphate gives a dark-violet solu- 
tion, turned dirty brownish-green at 150°. The 
salts have a bitter taste, and do not gelatinise. — 
B' 2 H 2 PtCl 8 2aq : yellow crystalline pp. 

PRUSSIAN BLUE v. Ferric ferrocyanide, 
vol. ii. p. 334 ; and Potassium-ferrous ferri- 
cyanide, vol. ii. p. 339. 

PRUSSIC ACID v . Cyanhydric acid, vol. ii. 
p. 300. 

PSATYRIN v. Hartin. 

PSOROMIC ANHYDRIDE C 20 H n O 9 ? [264°]. 
Occurs in Psoroma crassa , a lichen growing in 
Sicily (Spica, G. 12, 431). Needles, sol. alcohol 
and ether, insol. benzene. Yields C^H^AgOjo 
as a flocculent pp. 

PSYCHOSINE. A substance got, according 
to Thudichum (J. pr. [2] 25, 19), from brain. 

PTEROCARPIN C 20 H 16 O fl . [152°]. [a]j = - 211° 
in 4*6 p.c. chloroform solution. Obtained by 
mixing powdered sandal wood (Ptcrocarpus san- 
talinus ) with slaked lime, and extracting with 
ether. The residue is crystallised from alcohol, 
and the homopterocarpine dissolved in CS 2 , 
which leaves the pterocarpine (Cazeneuve a. 
Hugounenq, A . Ch. [6] 17, 115). Square tables 
(from CHC1 3 ), in sol. water, m. sol. hot alcohol 
and hot CS 2 . Insol. acids and cone. KOHAq, 
even on boiling. Bromine forms C 20 H 1;i BrO u , 
crystallising in yellowish needles. 

Homopterocarpin C 24 H 24 0 6 . [82°-86°]. 

[a]j= —199°. Obtained as above (C. a. H.). 
Long needles (from boiling alcohol), insol. water, 
sol. ether, v. si. sol. cold alcohol. 

Reactions. — 1. Bromine gives C 24 H.,,Br0 6 
and C 24 H, H Br 8 0 8 [270°]. — 2. On distillation it is 
largely split up into phenols resembling creosoto, 
and a small quantity of pyrocatechin. — 3. Dis- 
tillation over zinc-dust gives benzene, toluene, 
ethylene, and CO. — 4. HC1 gives MeCl and a 
resin. — 5. HI gives Mel. — 6. Potash-fusion gives 
phloroglucin. - 7. Fuming HNO s gives oxalic 
acid and tri-nitro-orcin [162°]. Not acted upon by 
sodium-amalgam, phenyl-hydrazine, and Ac 2 0. 

PTOMAINES. The name ‘ptomaines’ was 
first applied to poisonous organic bases obtained 
from dead bodies (irrwpa, a corpse), but is now 
usually given to poisonous organic bases formed 
in the putrefaction of any kind of animal matter. 
In extracting ptomaines no reagents that would 
decompose proteids may be used. The bases 
may be extracted by alcohol, and purified by ppn. 
with phosphomolybdic acid. In presence of a 
little HC1 the ptomaines are fairly stable, and 
the solution can then be evaporated and the 
hydrochlorides extracted from the syrupy residue 
by absolute alcohol. By this method neuridine 
hydrochloride can readily be obtained. By the 
putrefaction of proteids Brieger (Two mono- 
graphs : Ueber Ptomaine, Berlin, 1885 ; cf. 
Gautier, Bl. [2] 48, 10) obtained tri -methyl- 
vinyl -ammonium hydroxide (neurine) C 5 H, a NO 
or CJSa.NMej.OH, muscarine C s H 14 NO, or 


CH(OH) 2 .CH ? .NMe 8 OH (vol. iii. p. 444), a base 
isomeric with ethylene-diamine, neuridine 
G 6 H 14 N 2 , gadinine C 7 H, 7 N0 2 , triethylamine, di- 
methylamine, and trimethylamine. Garcia (II. 
17, 643) got hexamethylene-diamine C 8 H Jtj N 2 . 
Herring-pickle contains choline, NMe„, and 
NH 2 Me. By the putrefaction of the herring NMe 4 , 
NH 2 Me, cadaverine CJI^N.j, putrescine C 4 H, 2 N 2 , 
and gadinine C 7 H, 7 N0 2 are formed (Bocklisch, 
B. 18, 1922). Gautier and Etard ( G . It. 94, 1600) 
from putrid mackerel and putrid horse-flesh 
obtained a collidine dihydride C B H 1S N, parvoline 
C 9 H 13 N, and a base C 17 H 38 N 4 . In the putrefaction 
of proteids poisonous bases are formed in the first 
five or six days, and are destroyed by further 
progress of putrefaction. The highly poisonous 
methyl-guanidine is formed by the action of 
putrefactive bacteria on beef-broth at 38° (Bock- 
lisch, B. 20, 1441). From human corpses Brieger 
obtained tri-methyl-oxyethyl-ammonium hy- 
droxide C 5 H h N 0 2 or CH 2 (OH).CH 2 .NMe s .OH 
(choline or neurine, vol. iii. p. 498), neuridine 
C 5 H, 4 N 2 , cadaverine C 5 H 1G N 2 , putrescine C 4 H 12 N 2 , 
saprine C 5 I1, 6 N 2 , trimethylamine, methyl -guan- 
idine, tetanine C, s H ao N 2 0 4 , mydine C h H u NO, 
mydatoxin C b H 13 N0 2 , and mydaleine (Brieger, 
loc. cit . ; cf. Selmi, Rend. Accad. Sci. Bologna , 
1872 ; Schwanert, B. 7, 1332 ; Guareschi a. 
Mosso, J. pr. [2] 27, 428 ; 28, 504 ; G. 13, 493 ; 
Beckurts, Ar. Ph. [3] 14, 1041). Ptomaines are 
often produced in animal bodies which, after 
brief exposure, have been excluded from the air ; 
e.g. corpses, sausages, and tinned meat. A crys- 
talline ptomaine can be obtained from the body 
after arsenical poisoning (Husemann, Ar. Ph. 
[3] 16, 169 ; 19, 415). The alcoholic solution ot 
hydrochlorides of ptomaines may be ppd. by an 
alcoholic solution of HgCl 2 ; after twenty-four 
hours’ standing, the pp. is boiled with a large 
quantity of hot water, which leaves the com- 
pounds of peptones and albuminates undissolved. 
The hot filtrate deposits the mercury double salt 
of choline (neurine) while the mother-liquor con- 
tains the remaining bases. Picric acid added to 
an aqueous solution of the hydrbchlorides ppts. 
neuridine picrate, while the mother-liquor de- 
posits, on evaporation, broad needles of choline 
picrate C 6 H l3 N0C 8 H 2 (N0 2 )30H. Cadaverine and 
putrescine can be separated by means of their 
aurochlorides. Saprine is isolated by means of 
its platinochloride. To distinguish a ptomaine 
from a vegetable alkaloid, Brouardel a. Boutmy 
(C. R. 92, 1056 ; cf. Tanret, C. R. 92, 1163) 
add a few drops of the solution of the sulphate 
of the alkaloid to potassium ferricyanide mixed 
with FeCl 3 : a dark-blue pp. is formed if a pto- 
maine be present, while the vegetable alkaloids 
(except morphine, veratrine, eserine, aconitine, 
and ergotinine) have no action. The test is, of 
course, given by many other reducing agents. 
This ptomaine reaction is given (slowly) by 
a poisonous liquid alkaloid extracted by Stas’s 
method from the intestines of persons who died 
of cholera (Yilliers, C . R. 100, 91). Pouchet 
( G . R. 97, 1560; cf. Gautier, B. C. 1882, 710; 
B6champ, C . R. 94, 973) obtained from urine 
and faces some alkaloids closely resembling 
the ptomaines got by putrefaction of proteids 
out of contact of air. He separated them by 
decomposing their tannates with Pb(OH) 2 in 
presenoe of alcohol, the lead being finally re- 
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moved by ELS, and the liquid dialysed. C 3 H 3 N 0 2 
is liquid and" dialyses with difficulty ; it exhibits 
the alkaloidal reactions, is resinified by HC1, and 
reduces platinio chloride. The base C 7 H, 2 N 4 0 2 
or 0 7 H 14 N 4 0 2 is crystalline, and passes through 
the membrane ; it is insol. ether, nearly insol. 
alcohol, is feebly alkaline and yields crystalline 
salts. From the dialysate the platinochlorides 
of two crystalline unstable bases C 5 H 12 N 2 0 4 and 
C 7 H ls N 2 O fl can be got. Urine which had a ten- 
dency to deposit cystin and the faeces of the 
same patient contained cadaverine and putres- 
cine (Baumann, H. 13, 562 ; cf. Dupr6 a. Bence- 
Jones, Pr. 15, 73; Stadthagen a. Brieger, Ar. 
pathol. Anat. 115, pt. 3). These diamines appear 
to be absent from normal urine, but present in 
cholera. 

Cadaverine is Pentamethylene-diamine, vol. 
iii. p. 305. 

Putrescine is Tetramethylene-diamine. 

Mydaleine is extremely poisonous, while 
gadinine is not poisonous. 

Mydine C 8 H u NO. Occurs in putrid corpses 
(Brieger, Ptomaine , iii. 25). Has an ammoniacal 
odour and reduces gold chloride. Not poisonous. 
— B'C fl H 3 N 3 0 7 . [195°]. Broad prisms. 

Base C 7 H 17 N0 2 . Occurs in decaying horse- 
flesh, four months old (Brieger). Acid in reac- 
tion. Poisonous. Does not form a picrate. — 
B'HAuC 1 4 . [176°]. Needles or plates. 

Typho toxin G 7 H 17 N0 2 . Formed by the action 
of the typhus bacillus on muscle (Brieger, Pto - 
ma'ine , iii. 86). Poisonous base. — B'HAuCl 4 . 
[176°]. Prisms. 

Mydatoxin C a H n N0 2 . Occurs in decaying 
horse-flesh and corpses (B.). Poisonous. Strongly 
alkaline. — B' 2 H 2 PtCl f) . [193°]. V. e. sol. water. 

Tetanine C 13 H 20 N 2 O 4 . Occurs in decaying 
corpses (Brieger, B. 19, 3120), and is formed by 
the action of the tetanus bacillus on beef. Very 
poisonous base. — B'H 2 PtCl fl . Plates. 

Base C 5 H,,N. (c. 100°). Accompanies te- 
tanine, and also produces convulsions (B.). Vola- 
tile liquid. Its hydrochloride is crystalline 
[205 °]. — B'HAuC 1 4 . [130°]. — B' 2 H 2 PtCl 8 . Plates, 
decomposed at 240°. 

Base Ca^jH-ijN. Oily ptomaine, smelling like 
hawthorn (Delezinier, Bl. [3] 1, 178). In pre- 
sence of air it acts chemically and physiologi- 
cally like veratrine. Insol. water, sol. alcohol 
and ether. Its salts are deliquescent. 

Base C 3 H,,N0 2 . [156°]. Occurs in putrid 

flesh and putrid fibrin (E. a. H. Salkowski, B. 
16, 1192). Crystalline powder, v. e. sol. water. 
Not poisonous. — B'HCl : crystals, v. e. sol. water. 
— B'HAuC 1 4 aq : yellow crystals. 

Base C n H 13 N0 3 . Ery sideline. Occurs in 
urine in erysipelas (Griffiths, C. R. 115, 667). 
Prisms, sol. water. Very poisonous. 

Base CJH^NOj. Occurs in urine in puer- 
peral fever (G.). Crystalline and poisonous. 

Base C )0 H 17 N. A product of the decomposi- 
tion of albumen by Bacterium allii , which is 
found in decaying onions (A. B. Griffiths, G. R. 
110 , 416 ). Minute deliquescent needles (from 
water), smelling like hawthorn. — B' 2 H 2 PtCl 8 : 
crystalline, sol. hot water. 

Base C i& H, 0 N 2 O 6 . Occurs in urine of victims 
to glanders (A. B. Griffiths, C. R. 114, 1382). 
White crystals. Poisonous. Forms crystalline 
salts. 


Base C^Rjfl^O.,. Occurs in urine in cases of 
pneumonia (G.). Minute needles, forming an 
alkaline aqueous solution [a] D • 23*5°. 

Base C 8 H,,N. (202°). S.G. 2 *9865. Extracted, 
together with a base C )0 H, 5 N from putrid cuttle- 
fish (De Coninck, C. R. 106, 858, 1604 ; 108, 58, 
809 ; 110, 1339 ; 112, 584). Mobile, strongly- 
smelling liquid, v. sol. water, alcohol, and ether. 
Turns brown in air. Appears to be a propyl- 
pyridine, as it yields nicotinic acid on oxidation 
by dilute KMn0 4 at 90°. — B'HCl : deliquescent 
radiating mass. — B'JLPtCl 6 . Converted by hot 
water into B',PtCl 4 , a nearly insoluble brown 
powder. — B'HA uC 1 4 . — B'HBr. — B' 2 R,HgCl 4 .--- 
B' 2 H 2 Hg 3 Cl 8 . -B'Mel. Needles, v. e. sol. alcohol. 

Base C 10 H 15 N. (230°). Formed as above. 
Liquid, smelling like furze. Resinified by air. — 
B'HBr. White deliquescent needles. — B'HCl. — 
B' 2 H 2 PtCl 4 . — B'^tCl,. [206°]. — B'HAuCl, : 
yellow pp., decomposed by hot water. 

Base C 10 H 13 N. (200°). Extracted by Stas’s 
method from fibrin that has putrefied for two 
months (Guareschi a. Mosso, J. pr. [2] 27, 428 ; 
J. Th. 1887, 487). Yields the alkaloidal reac- 
tions. Smells like pyridine. Acts physiologi- 
cally like curare. — B'„H 2 PtCl fl : rose-red crystals. 

Base C I4 H 2 ( ,No 0 4 . [250°]. Formed in the 

putrefaction of fibrin, from which it can be ex- 
tracted, together with the liquid alkaloid C )0 H I3 N, 
by chloroform and ether (Guareschi, G. 17, 609). 
Tables (from alcohol), sol. water and alcohol, v. 
si. sol. chloroform. Its aqueous solution is 
noutral. Griffiths (Bl [2] 7, 250 ; C. R. 113, 
656) got, from urine of patients suffering from 
erysipelas, a crystalline ptomaine ‘ erysipeline ’ 
C n H 13 N0 3 , sol. water, and very poisonous. It 
gives the alkaloidal reactions. 

The term leucomainos (A.€VKo>jua, white of 
egg) is applied by Gautier ( Sur les Alcalo'Cdes 
des Tissus Animaux , Paris, 1886) to alkaloids oc- 
curring in the tissues of living animals. From 
fresh beef and Liebig’s extract of beef he ob- 
tained xanthocreatinine C 5 H l0 N 4 O, crysocrea- 
tinine C 5 H 8 N 4 0, amphicreatinine C 9 H If ,N 7 0 4 , 
pseudoxanthine C 4 H^N a O, and two feeble bases 
CjjH^NjoOs and Oj^^N,^, both crystallising 
in tables. 

Xanthocreatinine C 4 H )0 N 4 O. Thin sulphur- 
yellow tables, v. e. sol. water, sol. boiling alco- 
hol. Gives an odour of roast meat when heated. 
Resembles creatinine. 

Chrysocreatinine C 5 H 8 N 4 0. Orange crystals, 
with feebly alkaline reaction. 81. sol. water. 
Resembles creatinine. 

Amphicreatinine C„H IB N 7 0 4 . Yellow prisms, 
si. sol. water. A weak base, resembling crea- 
tinine. 

Pseudoxanthine C 4 H 5 N 5 0. Yellow crystal- 
line powder, b 1. sol. cold water, sol. HClAq and 
NaOHAq. Reacts with HNO* and KOH like 
xanthine. 

Carnine v. vol. i. p. 710. 

PTYALIN v. vol. ii. p. 545. 

PTYCHOTIS OIL. The essential oil got from 
the seeds of Ptychotis ajowan , an umbelliferous 
plant growing in Central India, contains thymol 
and a terpene C l0 H l6 (172°) S.G. u *854 (Stem 
house, C. J . 9, 234 ; cf. Haines, G. J . 8, 289). 

PULEGIUM OIL. The essential oil of Pule * 
gium micranthum, growing on the Steppes of 
Southern Russia, contains oily CjoH^O (227°> 
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S.G. 1* -932 (Butlerow, J. 1854, 594). It yields 
aoetio and valeric acid when fused with potash. 
The oil of Mentha pulegium is described under 
Pennyroyal. 

PUXVIC ACID C I8 H,A 

CO.Xf.CPh:C<Q (OH): ^Q h . [215°]. Prepared 

by the action of cold NaOHAq on a solution of 
the anhydride in acetone, and also by boiling vul- 
pic acid with milk of lime (Spiegel, B. 13, 1630, 
2219 ; 14, 1686 ; 15, 1550 ; A. 219, 1). Orange 
crystals or yellow plates (containing EtOH), 
sol. alcohol and ether, si. sol. water. Decom- 
posed by baryta-water into phenyl-acetic and 
oxalic acids. Alkaline KMn0 4 oxidises it to 
phenyl-glyoxylic and oxalic acids. On reduction 
by zinc-dust and NH s Aq it gives a mixture of 
carboxy-cornicularic acid (C 1 h H, 4 O s ), cornicularic 
acid (C 17 H,A)* an d the two dihydrides of corni- 
cularic acid (C 17 H,A)* 

Salts. — Ba A" .raq : golden plates.— AgHA": 
small prisms. — Ag 2 A" aq : long needles. 

Methyl ether v. Vulpic acid. 

Ethyl ether EtA'. [128°]. Prepared by 
dissolving the anhydride in alcoholic potash. 

Methyl derivative of the methyl ether 
C, l| H 10 Me 2 O 5 . [139°]. Colourless needles. 

Anhydride C 18 H 14 0 4 i.e. 

^ cr>c °. [221°]. Formed, together 

with MeOH, by heating vulpic acid at 200°. 
Colourless needles, si. sol. alcohol, insol. water. 
Converted by ammonia into C, 8 Hu(NBy0 4 
[220°] crystallising in yellow prisms. 

PUNICIN. The purple of the ancients. Ex- 
tracted from Purpura capillus and other shell- 
fish which yield a colourless secretion which 
becomes purple on exposure to sunlight (Schunck, 
C. J. 35, 689 ; 37, 613). Obtained in Central 
America from Purpura patula. Yarn dyed by 
the Indians is warmed with HC1 and then with 
ether. The colouring matter is then extracted 
with aniline, which on cooling deposits punicin 
as a crystalline powder, insol. boiling alcohol 
and ether, si. sol. benzene and HO Ac. Its solu- 
tion in aniline shows an absorption band be- 
tween C and D, with a sharp edge towards C. 
The band resembles that of indigo, but it dis- 
appears sooner on standing. In phenol it forms 
a sky-blue solution. Its solution in cone. H 2 S0 4 
shows an absorption band Between D and E ; 
this disappears on standing, the liquid becoming 
bright green. Water precipitates the purple 
from this solution, so that a sulphonic acid 
is not formed. Punicin begins to sublime at 
190°. It is hardly attacked by HNO a (S.G. 1*2) 
or by aqueous Cr0 8 . With bromine it reacts, 
forming a body which crystallises from alcohol 
in yellow needles. Punicin dissolves in aqueous 
SnCl^, but is deposited again on exposing the 
solution to air. 

PURPLE OF CASSIUS. A purple-coloured 
solid, obtained by adding SnCl^Aq to AuCl,Aq 
in presence of a reducing agent ; v. Tin, oxides 
or, in this volume. 

PURPURIC ACID C 8 H 4 N A- Not known in 
the free state. 

Salts, — (NH 4 )HA" aq. Murexide. 
Formed by heating ammonium dialurate ; by oxi- 
dising uranil with HgO ; and by adding ammo- 
nia or ammonium carbonate to a mixture of 


alloxan and alloxantin (Prout, A. Ch. 11, 48; 
Kodweiss, P. 19, 12 ; Liebig a. Wohler, A. 26, 
319; Fritzsche, J.pr. 16,380; 17,47; Beilstein, 
A. 107, 176 ; Laurent, C. B. 35, 629 ; Gregory, 
A. 83, 334). Garnet-red four-sided prisms with 
golden-green lustre ; when dried in vacuo it forms 
a brown powder. M. sol. hot water, forming a 
purple solution, insol. alcohol and ether. De- 
composed by acids with formation of uranil 
and alloxan. The absorption spectrum has been 
studied by Hartley (C. J. 61, 199). — KHA". 
Crystals resembling murexide, forming in cold 
KOHAq a blue solution decolourised by heat. — 
NaHA".~BaA"3aq ; dark-green powder. — 
AgHA" l^aq : brownish-red powder. — Ag-jA". 

Isopurpuric acid v. Tri-nitro-phenol, Be- 
action 5. 

Metapurpuric acid v. (o)-Di-nitro-phenol, 

Bcaction 2. 

PURPURE0-CHR0MIUM SALTS v. Chrom- 
AMMONIUM SALTS, Vol. ii. 159-60. 

PURPUREO-COBALT SALTS v. Cobalt- 
amines, vol. ii. pp. 227-8. 

PURPUREO-RHODIUM SALTS v. Rho- 
dium-ammonium COMPOUNDS. 

PURPURIN v. Tri-oxy-anthraquinone. 

PURPUROGALLIN OjAA- Pyrogallo - 
quinone. [256°]. Formed by the slow oxida- 
tion of pyrogallol (Struve, A. 163, 162 ; Girard, 
Z. 1870, 86 ; Wichelhaus, B. 5, 848 ; De Cler- 
mont a. Chautard, C. B. 94, 1362 ; 102, 1072 ; 
Nietzki a. Steinmann, B. 20, 1277 ; Loew, J.pr. 
[2] 15, 322). Formed also by the action of 
aqueous KN0 2 on gallic acid (Hooker, B. 20, 
3259). Obtained also from pyrogallol and quin- 
one (Wichelhaus, B. 5, 847 ; Nietzki, B. 18, 
1278). Prepared by adding a solution of 
K 3 FeCy fl (87 g.) in water (330 c.c.) to pyrogallol 
(20 g.) dissolved in cold water (330 c.c.), and 
filtering after half an hour ; the yield is small 
(3g.). Dark-brown needles (from* alcohol). 
May be sublimed. V. si. sol. water, si. sol. alco- 
hol, m. sol. ether. Reduces AgNO, and Fehling’s 
solutions. H 2 S0 4 forms a crimson solution 
changed to violet by HN0 2 . Ammonia forms a 
blue solution, changing through green to dark 
yellow. Yields naphthalene on distillation with 
zinc-dust. According to De Clermont and 
Chautard purpurogallin yields Na 4 A lT crystal- 
lising in deliquescent needles, BajA 1 * as crystal- 
line plates, CjaAgBr 4 0 # as re ^ needles [204°] and 
C 20 H 12 Ac 4 O 9 [186°]. By heating with HjjS 0 4 
these chemists obtained SO, 2 and C 20 H, 2 0 1P , which 
crystallised in brown needles forming a blue 
solution in KOHAq. 

PURPUROXANTHIN v . m-Di-oxY-ANTHRA- 

QUINONE. 

PURRElC ACID v . Euxanthig acid. 

PUTREFACTION v. Fermentation. 

PUTREFACTIVE ALKALOIDS v. Ptomaines. 

FUTRESCINE v . Tetra-methylene -diamine. 

PYKNOMETER. This name is sometimes 
given to various forms of the specific gravity 
bottle, for determining the relative densities of 
liquids (cf. Densities, relative, vol. ii. p. 373). 

PYBANIL-PYBOiC ACID O l0 H ll) NO(CO s H). 
[165°]. Formed by heating phenyl-amido-pyro- 
tartaricacid C0 2 H.CH 2 .CMe(NHPh).C0 a H a little 
above its melting-point for some time (Reissert 
a. Tiemann, B. 19, 622; 21, 1942, 3257; 22, 
2281; 24, 314). Crystalline powder, el. aoh 
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water, alcohol, and ether. Converted by heating j 
strongly into the phenyl-imides of citraconic 
acid and of phenyl-amido-pyrotartaric acid. 
According to Anschutz (B. 21, 3252 ; 22, 731; 
23,895,2979; A. 246, 115; 248, 269), pyranil- 
pyroic acid is the mono-anilide of mesaconic 
acid. 

FYRAZINE. This name is used to denoto 
the ring N<<®;°g>N. 

Fyrazine hexahydride C 4 H 10 N 2 ix. 

Piperazine. Di-ethylene- 

diamine. [104°-107°]. (137° uncor.). Formed 
from ammonia aud ethylene bromide (Cloez, 
Ins tit. 1843, 213) or ethylene chloride (Natanson, 

A . 92, 48 ; 98, 291 ; Hofmann, Pr. 10, 224 ; 11, 
278; B . 23, 3297). Formed also by boiling 

NO.O,H 4 .N<^ 2 ;^>N.C o n i .NO with aleo- 

holic potash (Bischler, B. 24, 717). According 
to Majert a. Schmidt (B. 24, 241), it is not iden- 
tical with spermine. Glittering tables (from 
water). May be sublimed. Strongly alkaline 
and absorbs C0 2 from the air. 

Reactions. — 1. Aqueous NaOCl, saturated 

with Cl, forms C1N<^'®®[ 4 >NC1 [71°], crys- 

tallising in prisms, v. si. sol. water, v. sol. alco- 
hol (Schmidt a. Wichmann, B. 24, 3243). This 
body explodes at 80°-85°. Bromine water forms 
the corresponding di-bromo-piperazine, which is 
very unstable. — 2. Diazobenzene chloride and 
NaOHAq form Ph.N 2 .N:C,H 8 :N.N 2 Ph [129°] (S. 
a. W.). — 3. Benzoic aldehyde yields the com- 
pound (N:C.,H 8 :N):CHPh [247°] (Schmidt a. 
Wichmann, B. 24, 3242).— 4. Quinone forms an 
amorphous violet-brown body, almost insol. alco- 
hol.— 5. Bydroquinonc in alcoholic solution 
forms C 4 H 10 N 2 C a H a O.„ crystallising in needles 
[195°].— 6. Phenol forms C 4 H 10 N 2 2PhOH [101°], 
crystallising from spirit in prisms, v. sol. water. — 
7. Oxalic ether at 110° reacts forming the ether 
C0 2 Et.C0.N:C 4 H,:N.C0.C0 2 Et [124°] crystallis- 
ing in broad needles (S. a. W.).— 8. p-Chloro- 
nitro-benzene at 150° gives the compound 
N0 2 .C a H 4 .N:C 4 H 8 :N.C a H 4 .N0 3 [248°] (Schmidt a. 
Wichmann, B. 24, 3240). 

Salts. — B"H 2 C1 2 aq : needles, v. sol. water. — 
B // H 2 PtCl 6 . — B , '2 HAuC 1 4 . — B^EydgCli : stellate 
groups of needles (Sieber, B. 23, 326). — 

; yellow needles.— Car bo n- 
ate; [162°-165°].— Urate ; B''C 5 H 4 N 4 0 3 . The 
phosphate and the bismutho-iodide are 
crystalline. 

Di-acetyl derivative C^HgNjAcj. 
[138*5°]. (above 310°). Formed from piperazine 
and Ac 2 0. Needles, v. e. sol. water and alcohol. 

Nitrosamine NO.N:C 4 H 8 :N.NO. [158°] 
(Ladenburg, B . 24, 2640 ; Schmidt, B . 24, 3245 ; 
G. P. 12, 59222). Reduced by zinc-dust and 
HO Ac to NH 2 .N:C 4 H 8 :N.NH 2 , which crystallises 
in needles [c. 100°] (228°), and yields B'HCl, 
B'C a HjN a 0 7 , an amorphous di- benzoyl deriva- 
tive, and reacts with benzoic aldehyde, forming 
CHPh:N.N:C 4 H 8 :N.N:CHPh [205 °J, which crys- 
tallises in pearly plates. 

PYBAZ0LE 0,H 4 N, i.e. ch-CH^ 3 - 
(187°). Formed by heating the tri-carboxylio 
acid produced by saponification of the product 


of direct addition of diazoacetio ether and 
acetylene dicarboxylic ether (Buchner, B. 22, 
2165). Formed also by heating hydrazine 
hydrate (10-8 g.) with epichlorhydrin (10 g.) and 
ZnCl 2 (11 g.) (Balbiano, B. 23, 1103). Needles, 
v. sol. cold water, forming a neutral solution, 
sol. alcohol and ether. Gives a white pp. with 
HgCl.,, and also with ammoniacal AgNO„. 

Salts. — B'HCl. Hygroscopio prisms. — 
B'oHjPtClg 2aq. At 210° it is split up into HC1 
and (C. 1 H J N.,) 2 PtClo, a light-yellow powder.— 
AgC,H,N 2 : si. sol. water.— B'C a H 3 N 3 0 T . [160°J. 

PYRAZ0LE BLUE C 20 H 10 N 4 O 2 i.e. 
N.NPh.CO CO.NPh.N „ ,, 

CMe — C=C CMo- Formed b y oxldatlon 

of di-oxy-di-phenyl-di-methyl-dipyrazyl (Knorr, 
A. 238, 172 ; B. 25, 705). Sol. chloroform, cone. 
H 2 S0 4 and HOAc. Its spectrum resembles that 
of bodies of the indigo group. Decomposes 
about 230°. Its sulphonic acid, got by the action 
of Br on di-oxy-di-plienyl-di-mcthyl-dipyrazyl 
disulphonio acid, is destroyed by excess of 
bromine (Mollenhofif, B. 25, 1949). 

o-PYBAZYL-BENZOIC ACID C I0 H 8 N 2 O 2 i.e. 

6h-ch> N ' C « h 4 - C0 * h - C 139 ° cor ^- Formea 


by oxidising o-tolyl-pyrazole with KMn0 4 (Bal- 
biano, G. 19, 123). Yellow needles (from dilute 
alcohol).— BaA' 2 . 

Ethyl ether EtA\ (309° i.V.). 
p-Pyrazyl-benzoic acid. [205°]. Got in like 


manner from p-tolyl-pyrazole.— NaA'.-- BaA' 2 . 
Ethyl ether EtA'. [62°]. Tables. 
PYRENE C, fi H, 0 i.e. 

.CH:OH v 

.CH.C^ >C:CH X 

CHf ^ C-C 4 >CH ? Mol. v 
X CH:C< yC.QIL" 

\CH:CIK 


202. [149°]. (above 360°). S. (alcohol) 1*37 
at 16° ; 3*08 at 78° ; S. (toluene) 16-5 at 18° 
(Iiechi, B. 12, 1978). Occurs in coal tar (Graebe, 

A. 158, 285). Monoclinic tables (Fittiga. Hintz, 

B. 10, 2143), v. e. sol. CS 2 and ether. Yields 
pyrene-quinone and pyrenio acid on oxidation. 
SbCl 5 at 360° forms CC1 4 , C 14 C1 10 [above 300°], 
Ci 4 Cl, 0 [above 300°], and other bodies (Merz a. 
Weith, B. 16, 2880). Bromine forms crystalline 
C la H 8 Br 4 and C^HyBr, (Graebe). 

Picric acid compound C lfl Hi 0 C a H a N a O 7 . 
[222°]. Red needles (from alcohol), v. si. sol. 
cold alcohol, m. sol. ether, v. sol. benzene. 

Hexahydride C l6 H Jfl . [127°]. Formed 
by heating pyrene with HIAq and P at 200°. 
Needles, v. e. sol. ether and boiling alcohol. Its 
alcoholic solution is not ppd. by picric acid. 

Chloropyrenes. The following chloro-pyrenes 
are formed by passing Cl into a solution of 
pyrene in chloroform. They are separated by 
fractional crystallisation from alcohol, chloro- 
form, and xylene (Goldschmiedt a. Wegscheider, 
M. 4, 237). 

C, e H w Cl. [119°]. Golden needles, forming 
in H 2 S0 4 a solution with violet fluorescence. 
Yields C.AClCgE^NA. [177°]. 

C^HgCl*. Two di-chloro-pyrenes [156°] and 
[196°]. 

CjgHjCl,. [257°]. White needles* 

C ja H a Cl 4 . [above 830°]* Needles. 
Hitropyrene C Ja H„NO r [150°]. Formed by 
slowly adding H^SC^ to aqueous KNO a under ao» 
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ethereal solution of pyrene (Goldschmiedt, If. 
2, 580). Yellow needles (from alcohol), si. sol. 
cold alcohol. 

Di-nitro-pyrene C 16 H 8 (N0 2 ) 2 . Formed from 
pyrene and HNO s (S.G. 1*45). Yellow needles 
(from HOAc). Reduced by tin and HC1 to di- 
amido-pyrene (Jahoda, M. 8, 449). 

Tetra-nitro-pyrene C lfi H 8 (N0 2 ) 4 . [above 
300°]. Yellow needles (from HOAc), nearly 
insol. alcohol. 

Amido-pyrene C 16 H 9 .NH 2 . [116°]. Got by 
reducing nitropyrene. Needles, si. sol. water. — 
B' 2 H 2 S0 4 (dried at 100°). — B'HCl. Its solution 
dyes fir-wood red. 

PYRENE CARBOXYLIC ACID C 1? H 9 .C0 2 H. 
[267°]. Formed by fusing its nitrile with potash 
(Goldschmiedt a. Wegscheider, M. 4, 250). 
Needles, si. sol. water. Resolved by heat into 
pyrene and C0 2 .— CaA' 2 aq.— BaA' 2 2|aq. 

Nitrile C, a H„.CN. [150°]. Formed, to- 
gether with the nitrile of the dicarboxylic acid, 
by heating potassium pyrene disulphonate with 
KCy or K 4 FeCy fl . Needles (from alcohol). The 
•solutions of this body show green fluorescence. — 
<C l7 H 9 N) 2 C 8 H 3 N 3 0 7 . [134°]. Red needles, de- 
composed by alcohol. 

Pyrene dicarboxylic acid C 16 H 8 (C0 2 H) 2 . 
[above 300°]. 

Nitrile [above 300°]. C 18 H 8 (CN) 2 . Formed 
as above. Yellow powder. Its solutions show 
green fluorescence. 


PYRENE-KETONE C I3 H 8 0 U. 

11:11 c i. H «<cH> C0 - [142°]. Formed by 


distilling pyrenic acid with slaked lime (Bam- 
berger a. Philip, B. 19, 1996, *3040 ; 20, 371 ; A. 
240, 178). Golden tables (from dilute alcohol), 
volatile with steam. Reduced by zinc and HC1 
to C 12 Hg(CH.OH). Oxidised by KMn0 4 to naph- 
thalene (l,l')-dicarboxylic acid. 

PYRENE-QUIN ONE C lc H 8 0 2 i.e. 


^CH.CH^ 

< CH.Cf ^C.CH V 

| > C=C < | >CO 

ch.(x >c 




iC.ch/ 


{Bamberger a. Philip, B. 20, 369 ; A. 240, 166). 
[c. 282°]. Formed by oxidation of pyrene by 
chromic acid mixture (Graebe, A. 158, 295 ; 
Goldschmiedt, M. 4, 309). Red needles (from 
HOAc), sol. aqueous NaHSO,, v. si. sol. alcohol 
and ether. Yields pyrene on distillation with 
zinc-dust. Bromine forms C, fl H 8 Br 2 0 2 and 
CjgH^BrsOjj. Its alcoholic solution is turned 
claret-colour by a little NaOH. Reduced by 
zinc-dust and ammonia to hydropyrene- 
quinone or pyrene-hydroquinone 
C, fl H 10 O 2 , which forms golden crystals exhibiting 
a dark-blue fluorescence in alcoholic solution, and 
yielding C, 8 H 8 Ac 2 0 2 [167°]. 

PYRENE SULPHONIC ACID C 18 H 9 .S0 3 H. 
Got by fusing the disulphonic acid with potash 
(Goldschmiedt a. Wegscheider, M. 4, 242). — 
KA'aq: minute needles (from dilute alcohol). 

PYRENE DISULPHONIC ACID 
C, a H 8 (SO s H) r Formed by heating pyrene with 
H 2 S0 4 . Sticky mass, v. sol. water, si. sol. alco- 
hol, insol. ether. — K 2 A" 2 Jaq. — BaA" 3|aq. — 
CaA"2aq : yellow powder. 


PYRENIC ACID C n H 8 0 5 <** 
^CH.Clivv 

/CH.C^ ^C.CO.H 


co/ 1 


=c/ 


\CH.C/ >C.CO s H 


Formed by the oxidation of pyrene or pyrene- 
quinone by chromic acid (Bamberger a. Philip, 
B. 19, 1427, 1995, 3036; 20, 309; A. 240, 168). 
Pale-yellow plates, blackened above 250°. Y. si. 
sol. alcohol. H 2 S0 4 forms an orange solution. 
Oxidised by KMn0 4 to naphthalene tetra-carb- 
oxylic acid. Reacts with hydroxylamine. 
Phenyl-hydrazine forms C 15 H fi 0 4 (N 2 HPh) 2aq, 
crystallising in yellow prisms. — BaA" aq. — 
Ag 2 A" : amber-yellow pp. 


Anhydride C 13 H 8 0<^£^>0. Yellow 


needles, formed by boiling the acid with HOAc. 
Imide C )3 H 8 0<^q^>NH. Yellow plates, 


got by dissolving the acid in NH ( Aq. 

PYRENOLINE C 19 H n N. [153°]. Formed by 
heating amido-pyrene hydrochloride with nitro- 
benzene, glycerin, and R 2 S0 4 (Jahoda, M. 8, 
442). Golden scales (from alcohol), v. sol. water, 
forming solutions which exhibit green fluor- 
escence. — B'HCl. [270°J.— B'^PtOl,,. [above 
290°]. — B'HgSO^aq. [246°]. — B'C 0 H 3 N 3 O 7 . 
Decomposes at 260°.— B'Mel. [212°]. 

PYRIDANTHRILIC ACID C )s H 10 N 2 O 7 i.c. 
[2:l]C0 2 H.C 8 H 4 .NH.C0.C 5 H 2 N(C0,H) r [265°]. 

Formed by the action of alkaline KMn0 4 on 
cyclothraustic acid derived from o-diquinoline 
(Weidel a. Strache, Af. 7, 289; 8, 197). Micaceous 
plates, si. sol. hot water. Yields isocinchome- 
ronic and anthranilic acids on oxidation. 


PYBIDAZINE. The ring CH<£=]|>CH 
(Ach, A. 253, 46 ; cf. Knorr, A. 236, 295). 
PYBIDINE C 5 HjN i.e. 

Mol. w. 79. (116°) (Schiff, B. 19, 566) ; (114°) 
(Ladenburg, A. 247, 4) ; (116-5°) (Perkin, C. J. 
55, 701). S.G. 5 1-0033 (L.) ; ft -9855; M *9778 
(P.). M.M. 8-761. H.F.p. — 19,370 (Thomsen) ; 
7,117 (Ramsay, C. J. 35, 696). H.F.v. -20,530 
(Thomsen, Th.). S.H. -418 (Colson, A. Ch. [6] 
19, 408). S.V. 89*4 (Schiff) ; 91-6 (Ramsay). 
Occurs in bone oil, in coal-tar, and in tar 
got by distilling bituminous shale and peat 
(Anderson, Tr. E. 16, 4 ,* 20 [2] 247 ; P. M. [4] 
2, 257 ; A. 80, 55 ; 96, 200 ; 105, 335 ; Greville 
Williams, P. M. [4] 8, 24 ; Church a. Owen, C . N. 
2, 146 ; P. M. [4] 20, 110; Schulze, B. 20, 409). 
Occurs also in tobacco smoke, and, in small 
quantity, in fusel oil (Haitinger, M. 3, 688). 

Formation . — 1. By heating isoamyl nitrate 
with P 2 O s (Chapman a. Smith, A. Suppl.0, 329). 

2. By distilling its carboxylic acids with lime. — 

3. By distilling oxytrialdine and oxytetraldine 
with soda-lime (Schiff, A. Suppl. 6, 21).— 4. With 
other bases by heating glycerin with ammonium 
phosphate (Sttihr, J. pr . [2] 45, 23).— 5. By 
passing ethyl-allyl-amine over PbO at 450° 
(Koenigs, B. 12, 2344). — 6. By heating piper- 
idine with H 2 S0 4 at 300° (K.), with nitro-benzene 
(4| pts.) at ^60° (Lellmann a. Geller, B. 21, 1921), 
or with AgOAc and 10 p.c. HOAc at 180° (Tafel, 
B. 25, 1621). — 7. Together with mono- and di- 
substitution products by the action of Br on 
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acetyl-piperidine (Hofmann, B . 1G, 587). — 8. By 
heating sodium-pyrrole with NaOMe and CH 2 I 2 
in sealed tubes at 200° (Dennstedt a. Zimmer- 
mann, B . 18, 8316). — 9. From anhydroecgonine, 
by treatment with cone. HC1 and distillatipn of 
the product with zinc-dust (Einhorn, B . 22, 
13G5). 

Purification. — By ppg. the crude base (20 g.) 
dissolved in (100 g. of) a 10 p.c. solution of 
HC1 by adding HgCl 2 (135 g.) dissolved in hot 
water (1,000 g.). The crystalline double salt is 
distilled with NaOHAq (Ladenburg, A. 247, 4). 

Properties. — Colourless liquid with powerful 
odour, miscible with water. Fumes with HC1. 
Strong poison. Should not be inhaled (Marcus 
a. Oechsner, Bl. [2] 38, 97 ; cf. Kendrick a. 
Dewar, Pr. 22, 432 ; 23,290). Forms a hy drato 
B'3aq, (93°), S.G. 1-0219, V.D. 1-17, which is a 
colourless liquid (Goldschmidt a. Constam, B. 
1G, 2976). Not attacked by boiling HNO a or 
Cr0 3 . Pyridine ppts. the hydroxides of Fe, Al, 
and Cr from their salts. With CuS0 4 it gives a 
pale-blue pp. dissolving in excess, forming a 
deep-blue liquid. Pyridine passes unchanged 
into the urine (O. de Coninck, Compt. rend . Soc. 
Biol. 4, 755). Pyridine does not mix with liquid 
C0 2 (Ditte, C. B. 105, 612). It gives no reaction 
with hot alkaline NaOBr (Denig&s, C . B. 107, 
G62). 

Beactions . — 1. Dry chlorine forms di-chloro- 
pyridine [72°]. Chlorine passed into a solution 
of pyridine in CHC1 S forms B'C1 2 , a white 
powder (Bally, B. 21, 1772). Chlorine-water 
ppts. a white powder. KOC1 completely decom- 
poses pyridine, forming N, C0 2 , CHC1„, and 
chloro-acetic acid (Reiser, Am. 8, 308). — 2. 
Bromine added to a solution of the hydro- 
chloride ppts. C 5 H 5 NBr 2 , which is split up by heat 
into pyridine and bromine. Bromine acting 
in the cold on pyridine and water gives rise to 
(C 5 H 6 NBr 2 ) 2 HBr [126°] (Grimaux, Bl. [2] 38, 
127). Pyridine hydrochloride heated with Br 
at 200° forms mono- and di-bromo-pyridine. — 3. 
HIAq at 300° yields n-pentane and NH, (Hof- 
mann, B. 16, 590). — 4. Sodium at 80° yields 
( 7 )-dipyridyl C 10 H 8 N 2 , dipyridine C I0 H I0 N 2 , iso- 
nicotine C,«H, 4 N 2 , and two nitrogenous oils 
(240°-260°) and (300°-310°) (Weidel a. Russo, 
M. 3, 884).— 5. Its alkylo-iodides are converted 
by distillation with solid KOH into volatile 
bases. — 6. Excess of AcCl forms dehydracetic 
acid (Dennstedt a. Zimmermann, B. 19, 75). — 7. 
Unites with CH 2 C1.0H (the product of the 
union of formic aldehyde and HC1), and the pro- 
duct in aqueous solution gives with HgCl„ a pp. 
of (C 5 H 6 N ) ( CH 2 C10H) HgCl 2 [162°], with platinic 
chloride a pp. of (C 5 H 5 N) 2 (CH 2 C10H) 2 PtCl 4 
[216°], and with picric acid the compound 
(C 5 H a N)CH 2 (0H).C B H.(N0 2 ) 3 0 [c. 200°]. Treat- 
ment with AgNO, forms (C 3 H,N)CH 2 (OH)NO, 
crystallising from alcohol-ether in prisms (Hem- 
melmayr, M. 12, 533). —8. Alloxan and aqueous 
S0 2 form triclinic crystals of B'C 4 H 2 N 2 0 4 H 2 S0 3 
(Pellizzari, A. 248, 150).— 9. Glycollic chlor - 
hydrin forms the base C 7 HoNO (Coppola, G. 15, 
331). Glycerin chlorhydrin reacts with forma- 
tion of C 5 H a NCl. C 3 H 5 (OH) 2 [107°] separating 
from alcohol in hexagonal crystals and yielding 
(C H H 11 N0 2 Cl) t PtCl 4 [180°] and C s H 12 N0 2 C1AuC 1, 
(122°3 (Kriiger, J . pr . [2] 44, 130).— 10. Chloro- 
acetic acid at 100° forms C 5 H 4 NCl.CRf.C0 2 H 


[202°] which maybe viewed as the hydrochloride 
of ‘pyridine-betaine* C 4 H 5 N<^^-^>CO 

(von Gerichten,R. 15, 1253 ; Kruger, B. 23, 2G09 ; 
J. pr. [2] 43, 279, 297 ; 44, 13G). The pyridine- 
betaine hydrochloride is also got by oxidising 
C,H a NCl.CH 2 .CH(OH).CHDII with chromic 
acid and is decomposed at 240° into C0 2 , MeCl, 
and pyridine. Pyridine betaine C 7 H 7 N0 2 , got 
by the action of moist Ag 2 0 on the hydro- 
chloride, forms hygroscopic tables (containing 
aq) and yields the salts B'^PtCl,, [211°], B'HCl 
[202°], B' 2 HC1 aq [159°J, B' 2 HHgCl 3 aq [184°], 
B'oHBraq, an auro-chloride BTIAuCl, [165°] 
(Jalms, B. 20, 2841), B'HBr, [200°J, B'HNO,, 
[145°1, B' 2 H 2 S0 4 [175°], B'Cr0 3 [c. 1GG°J, 
B'CJI«,N :1 0 7 [143°], B'AgN0 8 [171*5°], and 
BTlBil 4 2aq. On reduction by sodium-amalgam, 
pyridine-betaine yields CyH.NCl CII 2 .CH 2 OH. 
— 11. Chloro-acetic ether yields the compound 
C^H.NChCHo.COjjEt, a crystalline powder [100°] 
(Kruger, J. pr. [2] 43, 274). This ether, 
C h H, 0 N0 2 C1, forms the salts B' 2 PtCl 4 [213°], 
B'AuCl., [117°], B'HgCl* [123°1, B'CdCl 2 [141°], 
and B'.UdClj [107°]. 

Salts. — B'HCl. Deliquescent mass. — 
B' 2 H,PtCl B . [242°]. Orange triclinic prisms. The 
aqueous solution is converted by long boiling 
into crystalline B' 4 H 2 Cl 2 2PtCl, and B' 2 PtCl 4 , a 
yellow insoluble powder. — B' 2 PtCl 2 . Yellow tables, 
almost insol. cold water (Jorgensen, J. pr. [2] 
33, 504). An isomeride crystallises in needles. 

— B',PtCL, 3aq. — B' 4 Pt.,Cl 4 . — B' 2 (NH 3 ).PtCl 2 . — 

B'(NH 3 )PtCL.— B' 2 (NH 3 ),Pt 2 Cl„.-B , (NH 3 )PtCl 4 . 
— B' 2 (NH 3 )PtCl 2 . — B' 2 (NH 3 ) 2 PtCl 2 aq. Minute 

colourless prisms.— B'HIIg 2 Cl 5 . [178°]. Needles 
(from water).— B' 2 3HgCl 2 .—B'HAuCl 4 . [285°]. 
Prisms, si. sol. water. — B'C fi H 3 N a 0 7 . [162°] 
Needles, si. sol. water.— B' 2 ZnCl 2 : short prisms, 
very soluble in cold water (Lang, B. 21, 
1578).— B' 2 ZnCl 2 2aq (Lachovitcli, M. 9, 516).— 
B f 2 ZnBr 2 : prisms, v. sol. pyridine. — B' 2 H„ZnCl 4 . 

— B'„CuC 1 2 [180°-190°j. — B'CuS0 4 3aq. — 
B' 4 Cu 2 CL,. — B' fl Cu 2 Cl 2 . - B' fi CuBr 2 . — B' 4 Cu J 2 . — 
B' 4 Cu 2 Cy 2 . — B' 2 H 2 CuC 1 4 . — B' 2 CdCl 2 : needles, 
almost insol. alcohol, sol. water. — B' fl CdBr 2 . — 
B' 2 CdI 2 . — B'CdI 2 (Monari, J. 1884, 629). - 
B'HgCl,. — B , 2 HgCy 2 .—B' 8 CaCl 2 : white powder. — 
B' 4 NiBr 2 . — B'AgBr : white needles, sol. cold 
pyridine. — B'Agl.— B'AgCy : prisms (Yaret, BL 
[3] 5, 843).— B' 2 CuCy : yellow lamellae, v. sol. 
warm pyridine (Yaret, C. B. 112, 391). Loses 
pyridine on warming. — B'H 2 S0 4 : deliquescent 
mass. — B'HI : tables, v. sol. water, but not deli- 
quescent. — B'HL,. [89°]. Green crystalline 
powder (Dafert, M. 4, 508). — B'HBr. Deli- 
quescent needles. — B' 2 HBr 4 . [126°]. Red 
tables.— B^C^. Waxy mass (Keiser, Am. 8, 312). 
— B'HN O s . — B'sAgN O s . [87°] (J6rgensen,«I.jpr. [2] 
33, 502). — B'gAgNOj. — B' 4 Cu»0 4 .— B'CuS0 4 3aq. 

— B' 4 CuS 2 0 8 . — B' 2 SiCl 4 . Amorphous (Harden, 
C. J. 51, 47).— B' 2 SiF 4 (Corney a. Smith, Am. 10, 
294).— B' 3 2SiF 4 . — ^B' 2 H 4 FeCy 6 2aq : monoclinic 
prisms (Mohler, B. 21, 1015).-B'IC1. [132°]. 
Needles (Pictet a. Kraflt, BL [3] 7, 72).— 
BTC1HC1. [180°]. Long yellow needles (from 
water).— B'xRhClaHOl 2aq (Jorgensen, J. pr. [2] 
27,478).— B' l RhCl 3 .—B , B Rh 2 PtCl 10 .—B' 4 RhCL3r. 
— B' 4 RhCl 2 (N0 8 ) (dried at 100°).-B' 8 Rh 2 Cl 4 SO 4 
(dried at 100°). 

Acetate B'^HOAo. (140°). Miscible with 
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water, forming an acid solution (Gardner, B. 23, 
1688). — Formate B'3CH 2 0 2 . (149°). Liquid, 
v.^ sol. water. — Propionate B'3C 3 H a 0 2 . (149°). 
Liquid. — Guprio oxalate compound 
B' 2 CuC 2 0 4 : minute prisms (Seubert a. Rauter, 

B. 26, 2825). 

Methylo- chloride B'MeCl. White 
needles (Ostermeyer, B. 18, 591). Converted by 
a hot aqueous solution of picric acid into 
B'MeOCeH^NOJa^aq, which crystallises in 
greenish -yellow explosive needles [34°]. — 
B' a Me*PtCl 6 . [188°J (0.) ; [207°] (B.). — 

B'MeAuCl 4 . [253°]. — B'MeClICl. [82°] (0.) ; 
[90°] (B.). Yellow plates. -B'MeGlICl*. [180°]. 
Unstable yellow crystals (Bally, B. 21, 1774). 
Methylo-perbromide B'MeBr 8 . [48°]. 
Methylo-iodide B'Mel. Converted at 
290° into methyl-pyridine hydriodides. On heat- 
ing with alcoholic potash at 45° it yields a brown 
resin, forming a deep-red solution in alcohol, 
turned bright-red by HC1, orange-red by acetic 
acid, and ruby-red by ammonia (0. de Coninck, 

C. B. 102, 1479). Chlorine forms B'MelCl, [90°] 
(v. supra). Oxidised by alkaline K 3 FeCy 6 to 
oxy- methyl -pyridine or v- methyl -pyridone 

CH< ^CH : CH> NMe ( 250 °)’ a U 4 uid miscible 
with water (Decker, J. pr. [2] 47, 28 ; cf. Pecli- 
mann, B. 24, 3144). 

Ethylo-iodide B'Etl. Silvery tables 
(Anderson, A. 94, 364). At 300° it yields pyr- 
idine, NH 3 , (a) and (7)- ethyl-pyridine, and di- 
ethyl-pyridine (Ladenburg, B. 16, 2059 ; 18, 
2961). Yields B' 2 Et 2 PtCl 6 . Oxidised by alkaline 

K,FeCy, to (250°). 

Ethyleno-iodide B'C.^Lj. Prisms 
(Coppola, G. 15, 332). Ag; 2 0 yields a base 

C 7 H 0 NO. By heating pyridine with ethylene 
bromide and some alcohol at 100° there iB found 
B'AH.Br.., which yields B' 2 C 2 H 4 PtCl fl (Davidson, 

A. 121, 254). 

Benzylo- chloride B'PhCH 2 Cl. Reduced 
by sodium-amalgam to the unstable C^EL^N^ 
(Hofmann, B. 14, 1503).- (BThCR 2 Cl) 2 PtCl 4 . 
Nitro -benzylo -chlorides 

B , C <J H 4 (N0 2 ).CH 2 C1. o [c. 76°], m [70°-100°],p 
[90°-100°]. These bodies are reduced by tin 
and HClAq to B'C a H 4 (NH 3 Cl).CH 2 Cl, which are 
split up by heat into pyridine hydrochloride and 

O.H 4 <^ C1 (Lellmann a. Pekrun, A . 259, 54). 

Phenacylo -bromide B'BzCH 2 Br. Prisms 
(Bamberger, B. 20, 3344). — B' 2 (BzCH 2 ) 2 Cr 2 0 7 . 

References.— Bbomo-, Chloro-, Oxy-amido-, 
and Oxy- pyridine. 

Dipyridine C 10 H 10 N 2 v. Dipyridyl debydridb. 
Dipyridine C J0 H ia N 2 . (275°). S.G. la 1-124. 
Is probably a dipyridyl dinydride. Formed by 
heating nicotine with KOH and K^Fe Cy 6 , and 
also by heating the product of the action 
of S on nicotine at 160° with finely-divided 
copper (Cahours a. Etard, Bl. [2] 34, 452). 
Inactive liquid. — B'HHgCl,. — B'jHgPtClg 2aq. — 
B / 2 H 2 FeCy a 2aq : brownish-green tables. 
(«)-PYRIDINE CARBOXYLIC ACID 

O.H.NO, i.e. oH:OH J ° 0,fH - Picolinic acid - 
[136°]. Formed by oxidation of (a) -methyl- 
pyridine with EMn0 4 (Weidel, B. 12, 1994), and 
by oxidation of (a)-phenyl-pyridine (Skraup, M. 


4, 477). Obtained also, together with its hexa- 
hydride, from comenamio acid by successive 
treatment with PC1 5 and H 2 S0 4 , the resulting 
di-chloro-picolinic acid being reduced by heating 
for three days at 165° with HI dissolved in 
HOAc (Ost, J.pr. [2] 27, 285). 

Preparation. — The three acids got by oxida- 
tion of crude methyl-pyridine from animal oil 
are converted into copper salts. Cupric pyridine 
(a)-carboxylate is extracted by hot water. The 
residue is treated with H 2 S, and the difficultly- 
soluble (7)- acid separated from the (3)- acid (Ost, 
J.pr. [2] 27, 286). 

Properties. — Needles, v. sol. water and alco- 
hol, almost insol. ether, benzene, CHC1 3 , and 
CS 2 . May be sublimed. FeS0 4 gives a red 
colouration with picolinic aoid and with all the 
carboxylic acids of pyridine that contain CO.H 
in the (a)- position (Skraup, M. 7, 210). The 
absorption of the ultra-violet spectrum has been 
studied by Hartley ( C . J. 41, 45). 

Reactions. — 1. Yields pyridine on distillation 
with lime or with alcoholic potash at 240°. The 
Cu salt on distillation gives pyridine and (a)- 
dipyridyl [70°] (Blau, M. 10, 375 ; B. 21, 1077). 
— 2. Sodium-amalgam forms 5-oxy-adipic acid 
(Weidel, M. 11, 522).— 3. Fuming HI at 170° 
forms (a) -methyl- pyridine and piperidine (Seyf- 
ferth, J. pr. [2] 34, 241). — 4. Zinc-dust and 
HOAc reduce it to (a)-methyl-pyridine. 

Constitution. — This may be deduced from its 
formation from (3)-naphthoquinoline vid (3)- 
phenyl-pyridine carboxylic acid (Skraup a. Co- 
benzl, M. 4, 436). 

Salts. — HA'HCl: unstable crystals. — 
RA'^PtClg 2aq : orange-red crystals.— NH 4 A' : 
triclinic tables. — KA'.— BaA^aq. — CaA' 2 aq. — 
MgA' 2 2aq. 

Hexahydride C 6 H 10 N.CO 2 H. Piperidine 
(a) -carboxylic acid. The chief product of the 
action of HI at 160° on mono- or di- ohloro- 
picolinic acid (Ost, J. pr. [2] 27,287). Got alBo 
by reducing picolinic aoid (Ladenburg, B. 24, 
640). Syrup, v. sol. water. Salts. — B'HCl. 
[264°]. Nodules.— B' 2 H 2 PtCl a . [184°] (L.).— 
B' 2 H 2 PtCl 6 2aq. — B'MeCl. [191°]. Needles. 

Pyridine (3) -carboxylic acid 

CH-TcH 0 " 3 - Nicotinic acid - [230°]. 

Formation. — 1. By oxidising nicotine with 
HNO s (Weidel, A. 165, 330), CrO s (Huber, A. 
141, 271 ; B. 3, 849), or KMnO f (Laiblin, A. 
196, 129). — 2. A product of oxidation of ooal-tar 
bases (Weidel; Mohler, B. 21, 10091.-3. By 
heating quinolinic acid at 160° or witn HC1 at 
180° (Ost, J. pr. [2] 27, 286; Lippmann a. 
Fleissner, M. 8, 315). — 4. By oxidation of ($)- 
methyl -pyridine (Weidel, B. 12,2004), ^-ethyl- 
pyridine ?Stoehr, J.pr. [2] 43, 155) or ^-phenyl- 
pyridine (Skraup, M. 4, 453). — 5. By saponifica- 
tion of its nitrile, which is got by distilling 
sodium-pyridine sulphonate with KCy (Fischer, 
B. 15, 63). — 6. By heating three of the pyridino 
dicarboxylic acids (Hoogewerff a. Van Dorp, 
B. T. C. 1, 1, 107; A. 204, 117; 207, 226; 
Weidel a. Herzig, M. 1, 16). — 7. By heating 
berberonic aoid at 215° (Fiirth, M. 2, 420).— 8. 
By the action of Zn and HClAq on chloro-nico- 
tinio acid (Pechmann a. Welsh, C. J . 47, 145). 

Properties.— Needles, si. sol. cold water, soL 
alcohol, nearly insol. ether. May be sublimed. 



PYRIDINE CARBOXYLIC ACID. 


853 


Reactions . — 1. Yields pyridine on distillation 
with lime. — 2. Sodium-amalgam yields a mix- 
ture of 8-oxy-a-methyl-glutario acid and its lao- 
tone, which, on treatment with alcohol and HC1, 
yields a mixture of two ethers. One of these, 
C in H 17 C10 4 , is converted by sodium-amalgam 
into a-methyl-glutario acid, and the other, 
C 8 H 14 0 4 , is also converted by successive treat- 
ment with Pig and with Zn and dilute RjS 0 4 into 
a-methyl-glutario acid (Weidel, M. 11, 502). — 
3. Bromine and water at 120° yield C0 2 , pyridine, 
and bromoform. — 4. The K salt heated with 
Mel at 150° forms C 5 H 4 NMeI.C0 2 Me, which on 
saponification yields C ft H 4 NMe(OH).CO a H [130°], 

converted at 100° into trigonellin C 5 H 4 NMe<^^ 

t218°]* which occurs in the seeds of Trigonella 
foenum grcecum (Jahns, B. 18, 2521 ; Hantzsch, 
B. 19, 31). This anhydride forms the salts 
C 7 H 7 N0 2 HC1, ByBLPtCl, aq, B'HAu01 4 [198°], 
and B' 4 3 HAuC1 4 [186°]. 

Constitution . — This may be deduced from 
its formation from (a)-naphthaquinoline vid (a)- 
phenyl-pyridine carboxylic acid. 

Salts. — HA'HCl. Colourless prisms. — 
HgA'gHgPtOle 2aq.-~B , 2 H 2 AuCl 5 . — B'HNO, aq. — 
NH 4 A' : needles. — KA'. — MgA' a : needles. — 
CaA' 2 5aq : monoclinio crystals ; a:b:c — 
1*537:1: *629; £-62° 50'. — Cu(OH)A' (De 
Coninck, Bl. [2] 42, 100). — AgA': needles (from 
hot water). 

Nitrile C ft H 4 N.Cy. [49°]. Formed by dis- 
tilling sodium pyridine sulphonate with ECy 
(Fischer, B. 15, 63). Needles or prisms, sol. 
water. — B'HCl. — B'JEtgPtClg : yellow soluble 
needles. Tables (by sublimation). Converted 
by means of hydroxylamine into the amidoxim 
C 5 H 4 N.C(NHg):NOH [128°], which yields an 
acetyl derivative [148°] and a benzoyl derivative 
[190°], and is converted by phenyl cyanate into 
C 5 H 4 N.C(NOH).NH.CO.NHPh [167°], by phenyl 

thiocarbimide into C 5 H 4 N.O^^®^O.NHPh 
[241°], and by succinic anhydride at 100° into 
C 1 H,N<^°>C.CH 2 .CH 1 .C0 2 H [178°]. The 

acetyl and benzoyl derivatives are converted by 
heating into O.H 4 N<^ N ^°^»CMe [109°] and 

G,H 4 N<^y^«GPh [189°] respectively (Mi- 
ohaelis, B. 24, 3439). 

Hexahydride CaHioNfCOgH). Nipecotinic 
acid . [250^. Got by reducing nicotinic acid 
in alcoholic solution by Na (Ladenburg, B. 25, 
2768). Crystals, v. e. sol. water, insoi. alcohol 
and ether.— HA'HCl. [240°].— HgA'gHgPtCl,. 
[213° oor.]. — HA'HAuC 1 4 . [197° cor.].— 
HA'HClSHgOl,. [231°].— MeA'HCl [208°].— 
MegA'gHgPtCl,. — Nitrosamine GgH^NgO,. 
[112°]. 

Pyridine (y)-carboxylio aoid 

N ‘^CH:CH^ ,0 - C0 » H - Isorvicotinic aoid - [805°] 
(S.) ; [806T (B. a. HO ; ra09-5°] (W. a. H.). 

Formation . — 1. By heating pyridine s-tri- 
oarboxylio aoid (Skraup, B. 12, 2331) and three 
of the pyridine ai-oarboxylio acids (Hoogewerfl 
a. Van Dorp, A . 204, 112 ; Weidel a. Herzig, M. 
1, 28 ; Bfittinger, B. 14, 68).— 2. By the action 
of EMn0 4 on (y) -methyl-pyridine (Behrmann a. 

Yon. IV. 


Hofmann, B. 17, 2696 ; Ladenburg, B. 21, 287). 
3. By heating di-ohloro-pyridine carboxylic acid 
[210°] with HI (B. a. H.). 

Properties. — Needles, si. sol. cold water, in- 
sol. aloohol. Yields pyridine on distilling with 
lime and 5-oxy-ethyl-BUOcinic acid on reduction 
with sodium-amalgam (Weidel, M. II, 517). 

Salts. — NH 4 A': needles. — CaA' 2 4aq: silky 
needles, m. sol. water.— HA'HCl : monoclinio 
prisms. — H^A'gHgPtClg 2aq : monoclinio crystals. 

Hexahydride C 6 H 10 N(COgH). Got by re- 
ducing the acid in alcoholic solution by Na 
(Ladenburg, B. 25, 2773). Branching groups of 
needles, v. e. sol. water, insol. alcohol. Blackens 
at 300°, but is not melted at 320°.— HA'HCl. 
[228°]. Trimetrio orystals; a:b:c «- *922:1: *979. 
— HgA'gHgPtCl.. [239°]. — Auroohloride : 

[197°]. Nitrosamine C 6 H 10 N 2 O 3 . [101°]. 
Pyridine (aa)-dioarboxylic acid 

CH<^q^q|qq^|^N. Dipicolinic acid . [226°] 

(L. a. R. ; S.) ; [237°] (E.) ; [236° cor.] (Collie, 
C. J. 59, 179). Formed by oxidation of (aa)-di- 
methyl-pyridine [145°] (derived from aceto- 
acetic ether or from coal-tar) by KMn0 4 (Epstein, 

A. 231, 26 ; Ladenburg a. Roth, B. 18, 52; 19, 
790 ; 20, 130 ; A. 247, 32 ; Lange a. Rosenberg, 

B . 20, 132 ; cf. Dewar, C. N. 23, 18). Got also 
by oxidation of (a) -methyl- (a) -ethyl -pyridine by 
dilute (2 p.c.) KMn0 4 (Schultz, B. 20, 2724). 

Properties. — Hair-like needles (containing 
1 Jaq) or anhydrous scales ; si. sol. cold alcohol, 
water, and ether. On heating at 245° m a cur- 
rent of H it yields pyridine and pyridine (a), 
carboxylic acid. PC1 5 forms a chloride [61®], 
(284°). FeS0 4 gives a reddish-yellow colour. 
Salts. — CaA" 2aq: minute prisms. — 
CuA" 2aq : dark-blue prisms. 

Pyridine (aj8)-dioarboxylio acid 

gw 0^2 Quinolinic acid . [281°]. 

S. *65 at 6*6°. Formed by the oxidising action 
of KMn0 4 on quinoline (Hoogewerff a. van Dorp, 
B. 12, 747 ; R. T. C . 1, 107 ; A. 204, 117), on 
cinchonine (H. a. D.), on o - and p- methyl- 
quinoline (Skraup, M. 2, 167), on o-oxy-quino- 
Une, on quinoline o-sulphonic acid (O. Fischer 
a. Renouf, B. 17, 755), and on (a)-oxy-quinoline 
carboxylic aoid (La Coste a. Valeur, B. 20, 103). 

Properties. — Monoclinic needles, a:6:c — 
•542:1: *607 ; 0 = 64° 64' ; si. sol. water and alco- 
hol, insol. ether. Begins to decompose at 140°, 
and forms nicotinic acid. Yields pyridine when 
distilled with lime. Reduced by sodium-amalgam 
to the 5-lactone of butane a/Sy-tricarboxylic aoid 

< Perlmutter - M - 18 > “»)■ 
Salts.— KHA" 2aq: triolinio plates (Lipp- 
mann a. Fleissner, M. 8, 811). — K^'^aq. — 
BaA" aq. — AgjjA" : crystalline. — AgHA" aq. 

Anhydride G,H,N<^>0. [186°]. Got 

from the acid and Ao^O (Bemthsen a. Mette- 
gang, B. 20, 1208). Prisms. Converted by 
benzene and A1C1, into G i H t BzN.C0 2 H [147°], 
converted by heat into the ketone C 6 H 4 BzN 
(807° uncor.), which yields a crystalline phenyl* 
hydrazide [143*5°]. 

aoid 


OO i 
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[240°] (V.); [235°] (B.; L. a. R.). Formed by 
the oxidising action of KMn0 4 on (ay) -di- 
methyl-pyridine (Ramsay, P. M. [6] 4, 241 ; 6, 
19 ; Weidel a. Herzig, M. 1, 20 ; Ladenburg a. 
Roth, B. 18, 916 ; A. 247, 37), on (a)-methyl- 
(yV ethyl-pyridine (Schultz, B. 20, 2726), on di- 
ethyl-pyridine, on (aa)-di-methyl-dipyridyl (Heu- 
ser a. Stoehr, /. pr. [2] 44, 409), and on the 
methyl-pyridine carboxylic acid obtained from 
uvitonio acid (Bdttinger, B. 14, 68 ; 17, 93 ; Voigt, 
A . 228, 64). 

Properties. — Needles (containing aq), m. sol. 
cold water, sol. alcohol, insol. ether. Gives a 
blood-red colour with FeS0 4 . Yields pyridine 
on distillation with lime. Converted by heat 
into C0 2 and isonicotinic acid. PC1 5 yields a 
chloride [203°]. 

Salt s.— KHA" £aq. Crystals.— (NH,)^".— 
(NH 4 )HA"aq: hygroscopic needles. — CaA"3aq. 
CaA" aq. — CaA" £aq.— CaH 2 A" 2 2aq. — BaA" aq. 
— BaA" l£aq (B.). — BaA" 3aq. — CdA" 4aq 
(Waage, M. 4, 727).— MgA" 6aq. — CuA"3aq. — 
K3uA" 4aq (B.).— Ag 2 A" 2aq : white pp. 

•Pyridine (ajB')-dicarboxylic acid 

CH <cfcoS) ) ^> N - Isocinchomeronic add. 
[286°]. 

Formation . — 1. By oxidation of lutidine 
(150°-170°) with KMn0 4 (Ramsay, P. M. [6] 4, 
246 ; Weidel a. Herzig, M. 1, 1 ; Lange a. 
Rosenberg, B. 20, 135).— 2. By oxidising (8')- 
methyl-(a) -ethyl-pyridine (Ladenburg, A . 247, 
44). — 3. By oxidation of quinine (Ramsay a. 
Bobbie, C.J. 33, 102; B. 11, 324).— 4. By heat- 
ing the dihydride of potassium pyridine tricarb- 
oxylate (Weiss, B. 19, 1311).— 6. By the action 
of alkaline KMn0 4 on cyclothraustic aoid and 
on pyridanthrilic aoid (Weidel a. Strache, M. 7, 
290).— 6. By oxidising (8)-ethyl-(a)-stilbazole 
(Plath, B. 22, 1062). 

Properties. — Small prisms (containing aq), 
almost insol. cold water, alcohol, and benzene, 
sol. hot HClAq. On heating with HOAc at 220° 
it is split up into C0 2 and nicotinic acid [230°]. 
On heating with lime it gives pyridine. PCl a 
yields a ohloride [61°J converted by NH S 
into an amide [297°]. FeS0 4 gives a reddish 
colour. 

Salts.— (NH 4 )HA"aq. [253°]. Triolinic 
prisms, si. sol. cold water. — (NH 4 ) 2 A' / . — 
KHA" £aq ; needles. — K 2 A" aq.— CaA" 2aq.— 
Ca(HA") 2 3aq. — MgA" 6aq. — CuA" aq. — Ag^A". 

Methyl ether [117*6°] (R.). 

Pyridine (jSjS')-dicarboxylic acid 

Dmicotinicadd. [822°]. 

Formed by heating pyridine (2,3,6) -tri-carboxylio 
acid and pyridine (2,3,6,6)-tetra-carboxylic acid 
(Riedel, B. 16, 1613 ; Hantzsch a. Weiss, B. 19, 
286 ; Weber, A . 241, 12). Formed also by heat- 
ing di-ohloro-pyridine di-carboxylic acid with 
cono. HIAq at 180° (Guthzeit, A . 262, 130). 

Properties . — Small prisms (from HOAc), 
split up by heat into CO, and nicotinic acid. 

S alt s.— PbA" 2aq. — Ag,A" aq.— AggA" l£aq. 
— HA'HC12aq; needles, decomposed by water. 
— HA'JI^PtGL : orange-red needles. 

Pyridine ($y)-dicarboxylic acid 

Cinchomeronic 

add. [259°]. 


Formation . — 1. By oxidation of cinchonine 
or cinchonidine by HNO, of S.G. 1*4 (Weidel, 
A. 173, 76).— 2. By oxidation of quinine by HNO„ 
the yield being 28 p.c. (Weidel a. Schmidt, B. 

12, 1146).— 3. By heating apophyllenic acid 
with cone. HClAq at 240° (Von Gerichten, B. 

13, 1635).— 4. By heating pyridine tricarboxylie 
acid (formed from cinchonic acid) at 190° 
(Hoogewerff a. van Dorp, B. 13, 61; Skraup, Hf. 
1, 184 ; Weidel a. Brix, M. 3, 604). — 6. By the 
action of KMn0 4 on methyl-pyridine carboxylic 
acid and on isoquinoline (Hoogewerff a. van 
Dorp, R . T. C . 2, 23 ; 4, 285). — 6. By heating 
pyridine pentacarboxylic acid (Weber, A. 241, 
16). — 7. By oxidation of methyl-nicotinic acid, 
derived from (/8) -collidine (Oechsner de Coninck, 
Bl. [2] 43, 106).— 8. By boiling berberonic acid 
with HOAc (2 pts.) and Ac 2 0 (1 pt.) for Bix 
hours (Mayer, M. 13, 344 ; cf . Fiirth, M. 2, 426). 

Properties . — Prisms (from HClAq), v. si. sol. 
water and ether, si. sol. alcohol. Yields iso- 
nicotinic and some nicotinio acid on heating 
(Hoogewerff a. van Dorp, A. 207, 217). Gives 
pyridine on distillation with lime. Sodium- 
amalgam yields NH 3 and cinohonic aoid C 7 H 8 0 6 , 

i.e. COjH.CH^^-^^O (Weidel a. Hoff, M. 

C0 2 H 

13, 578). Cinchonic acid [169°] forms mono- 
clinic crystals, v. sol. hot water and alcohol, 
and yields BaC 7 H e O e 3aq, Ba 3 (G 7 H 7 0 7 ) 2 3aq, 
CaA" 2aq, Ca 3 (C 7 H 7 0 7 ) 2 (dried at 190 ), and oily 
EtjA", whence PC1 V followed by alcohol, yields 
CO J Et.CH(CH 2 Cl).CH(C0 2 Et).CH 2 .C0 2 Et, which 
is a heavy oil. Cinchonic acid is reduced by HI 
to butane tricarboxylic acid C 7 H 10 O fl [184°], 
whence Ca 8 A'" 2 8aq, accompanied by an isomeric 
butane tricarboxylic acid [133°]. FeS0 4 gives 
no colour. 

Salts.— Na 2 A" 2aq : tables.— NaHA".— 

BaA" l£aq ; needles, si. sol. water. — CaA" 3^aq : 
prisms. — CaA"3aq. — CuA"3§aq : small 

blue crystals.— Ag-jA" : white pp. — AgHA". — 
HA'HCl: monoclinic prisms, decomposed by 
water. — HA'^PtClg r golden prisms. 

Anhydride (C a H 3 N) 2 C 2 0 8 . [77°]. Formed 
by boiling the acid with Ac 2 0 (Goldschmiedt a. 
Strache, M. 10, 156). Plates. May be sublimed. Con- 
verted by NHj gas into G^NfCOjNHJ.CONH, 
[229°], which is converted by heat into a yellow 
powder [130°], and which yields the amic acid 
C 4 H,N(C0 2 H).C0NH 2 [237°], crystallising in 
needles. 

Mono-ethyl etherW&tk". [183°]. Formed 
from the anhydride and EtOH. Plates (from 
benzene).— AgEtA" : long needles. 

Mono-methyl ether HMeA". [164°]. 

Anhydride of the Methylo-hy dr oxide 

C,H,N0 4 i.e. O s H 3 NMo(COjH)<^° . Apophyl - 

lenic acid [242°]. Formed by oxidation of 
cotarnine by HNO s (W&hler, A . 60, 24 ; Ander- 
son, Tr. E . 23, 347 ; O. J. 6, 257 ; Gerichten, B. 
13, 1635). Formed also by heating cinohome- 
ronic acid with Mel and MeOH at 100° (Roser, 
A. 234, 116). Needles (anhydrous) or octahedra 
(containing aq), soL hot water, insol. alcohol and 
ether. HClAq at 250° decomposes it, forming 
cinchomeronic acid and MeCl. — £aA' r — 
AgA\— Ag*A'(NOJ.— H^HsPtOl, aq. 
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Bromo-apophyllenic acid 
C B H # BrN0 4 2aq. [205°]. Formed by oxidation 
of bromo-tarconine. Yields BaA' 2 3aq and 
H.A'^PtClg (Gerichten, A. 210, 91). 

" Pyridine (aa'/3) -tricarboxylic acid 

formed by oxidis- 

ing di-methyl-nicotinic acid with KMn0 4 (Weiss, 
B. 19, 1309). Crystallises from alcohol in plates 
(containing 2aq), v. e. sol. water. Decomposes 
at 160° into C0 2 and isocinchomeronic acid. 
FeS0 4 colours its neutral solution red. — 
KII 8 A'" ? 5aq : needles.~Ca 3 A ,// 2 4aq.— PbaA'^Saq. 
Pyridine (aa'y ) -tricarboxylic acid 

C0 2 H.C<^qq*.q(qq^|^N. Trimcsitic acid. 

Carbolutidinic acid . [244°]. Formed by oxida- 
tion of uvitonio acid (Bottinger, B. 13, 2048; 
14, 69), and by oxidation of the tri-methyl- 
pyridine obtained from acetoacetic ether and 
aldehyde-ammonia (Voigt, A. 228, 31). Tables 
or spheroidal groups of needles (containing 2aq), 
sol. hot water, si. sol. alcohol and ether. Yields 
isonicotinic acid on sublimation. FeS0 4 gives a 
violet-red colour. 

Salts . — K 3 A'"5aq : needles. — Ca 3 A"' 2 4aq.— 
Ba 3 A"' 2 6aq. — BaH 4 A"' 2 4aq. — Mg 3 A'" 2 12aq.— 
Cu 3 A'" 2 12aq. — AggA'" l^aq. 

Ethyl ether Et a A'". [127*5°]. 

Amide, [above 280°]. 

Pyridine (a/ 80')-tri-carboxylic acid 

CH<^^| :C < C0 ^>N. Carbodinicotinic 

acid. [323°]. Formed by oxidation of quino- 
line ( Py . 2)-carboxylic acid (Riedel, B. 16, 1615), 
of methyl-pyridine (/3j8')-dicarboxylic acid 
(Weber, A. 241, 11), and of the parvoline got 
by heating propionic aldehyde-ammonia with 
propionic aldehyde at 200° (Diirkopf, B. 21, 832, 
2707 ; 23, 689). Spherical aggregates (contain- 
ing l^aq), v. sol. hot water. At 155° it is 
split up into C0 2 and dinicotinic acid. — 
Ba 3 A"' 2 6aq. — Ag 2 HA'"l|aq: rosettes of plates. 
Pyridine (a07)-tri-ca~rboxylic acid 

CO,H.O<gg Q ^ :C ( CQ gj>N. [250°] (H. a. 

D.; S.) ; [267°] (D. a. K.). S. 1-2 at 15°. 

Formation. — 1. By the action of KMn0 4 on 
quinine, cinchonine, cinchonidine, quinoidine, 
•and cinchonic acid (Dobbie a. Ramsay, C. J. 35, 
189 ; Hoogewerff a. van Dorp, B. 12, 158 ; 13, 
152 ; A. 204, 84 ; Skraup, A. 201, 312 ; Strache, 
M. 10, 642).— 2. By oxidation of cinchonine by 
HN0 3 (Weidel, A. 173, 101 ; B. 12, 415).— 3. By 
-oxidation of methyl-pyridine (a£)-dicarboxylic 
acid (Hoogewerff a. van Dorp, B. T. C. 2, 18), of 
di-methyl-pyridine carboxylic acid (Miohael, B. 
18, 2027), of (a)-oxy-cinohonic acid (Weidel a. 
Cobenzl, M. 1, 865). — 4. By oxidation of papa- 
verine (Goldschmiedt, M. 6, 397). Trimetric 
plates (containing ljaq), v. sol. hot water, m. 
sol. alcohol, nearly insol. ether. Blackens at 
200°. FeS0 4 gives a reddish colour. H 2 S forms 
a red amorphous body (D. a. R.). Decomposed 
by long heating at 180°, or by boiling with 
HOAo into C0 2 and cinchomeronic acid. Yields 
pyridine on distilling with lime. Mel and 
MeOH at 100° form C0 2 and apophyllenio acid. 
Sodium-amalgam gives NHj and cinchonic acid. 
TCl ft forme a chloride (206° at 40 mm.). 

Salts. — K.A^Saq. — Ba 3 A'" 2 16 aq. — 


Ba 8 A /, ' 2 12aq. — Ga,A"' 14aq. — Oa 8 A' ,, 2 I3aq.- 
CaHA'" 2 Jaq. — CUj,A 2 9aq : light-blue pp. — 
CuHA'" 3 *-aq : hexagonal prisms.— CuH 4 A'" 2 2aq. 
— CdjA"^ 6aq. — Ag 2 HA"'aq. — Ag 3 A'" 2aq ; amor- 
phous pp. — AgH 6 A'" 2 2£aq. — HjA'^HCl : crystal- 
line powder (Roser, A. 234, 125). 

Pyridine (a$'7)-tricarboxylic acid 

Berbcronic acid. 

[243°]. Formed by oxidising berberine with 
nitric acid (Weidel, B. 12, 410 ; Fiirth, M. 2, 
416). Triclinic prisms (containing 2aq), sol. hot 
water, v. si. sol. hot alcohol, insol. ether. Yields 
pyridine on distillation with lime. FeS0 4 gives 
a red colour. At 215° it is split up into C0 2 
and nicotinic acid ; above 243° it yields isonico- 
tinic acid. 

Salts. — KgA'" 4^aq. — K 2 HA'" 3aq. -- 
KH 2 A"'l£aq. — C as A" r 2 8aq. — Cd^A'Vaq. — 
AgaA'" : white pp., insol. water. 

Pyridine (j80'7)-trioarboxylio acid 
co,h.c<^o : h).ch > n _ (b) _ Carbocincho . 

meronic acid. [261°]. Formed by heating di- 
potassium pyridine pentacarboxylate at 220° 
(Weber, A. 241,17). Plates (containing 3aq), v. 
sol. hot water. Yields cinchomeronic acid w.nen 
heated. Gives no colour with FeS0 4 . — 
Cu.,H 2 A"' 4 24aq. — Ag 3 A'" 2aq : crystalline pp. 

Pyridine (a££'7)-tetra-earboxylic acid 
C.H.NO. i.e. CO j H.C<^0^)-C(CO^ >N . 

Formed by oxidising (07) -di -methyl-pyridine 
(/8£')-dicarboxylic aoid (Weber, A. 241, 23). 
Prisms (containing 2aq or 3aq). At 120° it 
loses C0 2 , forming (j8)-carbocinchomeronic acid. 
FeS0 4 gives a dark-red colour.— Ba^ 1 * 4aq.— 
Ag 7 HA lv 2 aq : crystalline. 

Pyridine (aaW'J-tetracarboxylic acid 

CH< ^C(CO^H):C(CO^|^ N ' Formed b y oxidis- 
ing di-methyl-pyridine dicarboxylic acid 
(Hantzsch, B. 19, 286; Weber, A. 241, 4). 
Needles (containing 2aq), v. sol. water. Decom- 
poses at 150° into C0 2 and dinicotinic acid. — 
CaBLjA^ 2aq : needles, v. sol. water. — Cu.tA lv 5aq. 
— Ag 4 A iv 2aq : bulky pp. 

Pyridine (aa'^j-tetra-carboxylic acid 

Formed * 

oxidation of tri-methyl-pyridine carboxylic aoid 
and of di-methyl-pyridine di-earboxylio aoid 
(Michael, A. 225, 142). Formed also by oxida- 
tion of flavenol by alkaline KMn0 4 (Fisoher a. 
Tauber, B. 17, 2927). Slender needles (contain- 
ing 2aq), v. sol. water, v. si. sol. alcohol and 
ether. Not decomposed at 150°. FeS0 4 gives a 
brownish-red colour.— Ba^ 1 * 2£aq. — Ba-A lv aq. 
— CUjjA" 2£aq.— Ag^ 1 * aq. 

Pyridine penta-carboxylic aoid NC^CCljH)*. 
Formed from potassium tri-methyl-pyridine di- 
carboxylate and KMn0 4 (Hantzsch, A. 215, 62 ; 
Weber, A. 241, 15). Crystalline mass of minute 
needles (containing 2aq), extremely sol. water, 
v. si. sol. ether. Acid to litmus and to taste. 
Loses 2aq at 120° and decomposes, without hav- 
ing melted, at 220°. The neutral alkaline salts 
are very soluble, but the acid alkaline salts are 
si. sol. water. The acid does not combine with 
HOI. Distilled with lime it gives pyridine. FeSQ 4 
gives a dark-red colour. 

aa3 



856 


PYRIDINE CARBOXYLIC ACID. 


Balts.— KH 4 A T 2 or 8aq. When heated 
•wells tip like Pharaoh’s serpent. — 8 Jaq. 
— — Ba B A v „ llaq. — Ca 5 A v 2 12aq. — 

CaH,A T Jaq.— Mg B A* 2 12aq.— Oa 3 (NH 4 )A v oaq. — 
Ag 4 HA*2aq. 

Doable salt with oxalie acid 
KH 4 A v KHC 2 0 4 5aq. 

References. — Bkomo- and Oxy-pybidine caeb- 
OXYLIO ACID. 

PYRIDINE TETEAHYDRIDE C^N i.e. 

^NH. Piperidein. Formed by 

heating amido-valeric aldehyde with solid KOH 
(Wolffenstein, B. 25, 2782).-B'HAuC 1 4 . [141°]. 
— Bjj'ELJPtOla. — B'HCl. [230°].— B'HBr. [178°]. 
Pyridine hexahydride v. Pipeeidine. 
PYEIDINE (/3)-STJXPH0NIC ACID 
G B H 4 N.S0 8 H. Formed by heating pyridine (1 pt.) 
with H 2 S0 4 (8 pts.) at 320° (0. Fischer, B. 15, 
62 ; 16, 1183). Small needles or plates, sol. 
water, si. sol. alcohol, insol. ether. Br added to 
its boiling aqueous solution forms dibromo- 
pyridine. Potash-fusion gives oxy-pyridine 
[123°]. On distillation with KCy it yields the 
nitrile of nicotinic acid. The K salt, heated with 

Mel at 150° forms crystalline C 5 H 4 NMe<^^ 2 

(Hantzsch, B. 19, 36). — BaA' 2 4aq : needles. 

Pyridine sulphonio acid? C fi H ft NSO s . 
[155°]. Formed from pyridine and ClSO a H 
(Wagner, B. 19, 1157). Crystalline, decomposed 
by water into pyridine and H 2 S0 4 . 

Pyridine disulphonic acid C 5 H 3 N(SOaH) 2 . 
Formed by heating piperidine (1 pt.) with H 2 S0 4 
(10 pts.) (Konigs, B. 16, 735 ; 17, 592). Needles 
(from HO Ac), v. sol. water, nearly insol. alcohol 
and ether. PCl fi at 200° forms tri-chloro- 
pyridine [48°]. — Na^A" 4aq. — KjA" 3aq. — 
PbA" 4£aq. 

PYEIDONE v. Oxy -PYEIDINE. 


(oa)-DIPYEIDYL O 10 H 8 N 2 i.e. C 5 H 4 N.C 5 H 4 N. 
[70°]. (272-5°). V.D. 5*6. Formed by distilling 
cupric picolinate (Blau, B. 21, 1077; M. 10, 
876). Crystals (from water), m. sol. water, v. 
sol. alcohol. Not hygroscopic. Strong base. 
FeS0 4 colours its aqueous solution red. Oxidised 
by KMn0 4 to pioolinio acid.— B"H 2 PtCl„. — 
B"H 4 FeCy a .— B"C a H 8 N s 0 7 . [155-5°]. Needles. 

Hexahydride . Formed by reducing the 
base with zinc and HClAq. Alkaline oil. 

Dodecahydride C^H^N^ Dipiperidyl. 
(259° cor.). Formed by reducing the base, dis- 
solved in isoamyl alcohol, by Na. Powerful base. 
Very deliquescent. Not poisonous. Forms with 
CS 2 a compound [93°], and yields a nitrosamine 
[159°]. — B"H 2 PtCl fl 2±aq. 

(00)-Dipyridyl C 10 H 8 N 2 . [68°]. (287°) (L. 
a. O.) ; (292° at 786 mm.) (S. a. V.). Formed 
by distilling its dicarboxylic acid with KOH 

e raup a. Vortmann, M . 4, 591), and by the 
distillation of pyridine disulphonic acid 
(Leone a. Oliveri, G. 15, 276). Extremely deli- 
quescent needles, miscible with water and alco- 
hol, si, sol. ether. Yields nicotinic acid on oxi- 
dation.— B'^PtCE*.— B'^H^O,. [232°]. 

Hexahydride G 10 H 14 N r Nicoticbine. 
(288°). Got by warming the base with tin and 
oono. HClAq, Poisonous oil , v. e. sol. water and 
alcohol, m. sol. ether.— B^^PtO^ : orange-red 
pp*—Piorate ; [202°]. 


(ry)-Dipyridyl C 10 H 8 N 2 . [114°]. (305° cor.). 
V.D. 5-9 (calc. 5-5). Formed by boiling pyridine 
with sodium (Anderson, A. 154, 274 ; Weidel a. 
Russo, M. 3, 854). Formed also by heating its 
(aa) -dicarboxylic acid with HO Ac at 180° (Heuser 
a. Stoehr, J. pr. [2] 44, 407). Tables, si. sol. 
cold water, v. sol. alcohol. Crystallises from 
water in tables (containing 2aq). [73°]. Tastes 
bitter. Yields isonicotinic acid on oxidation. 
Br forms C^HgB^Na crystallising from alcohol 
in needles. Mel and EtI form crystalline 
B"2MeI and B"2EtI respectively. 

Salts. — B"H 2 Cl2. Monoolinio crystals ; 
a:6:c = 1-064:1: *595. 0-112° 33'.— B"H 2 ZnCl 4 . 
— B"H 2 HgCl 4 . Monoclinio tables ; a:b:c 
= •673:1: -341; 0=»91°3'. — B"RJPtCl 6 . — 

B"2HNO s . [256°]. Trimetric prisms; a:b:a 
« -841:1: •397.-B"HN0 8 AgN0 r - B"H 2 S0 4 2aq. 

Dihydride C, 0 H, 0 N 2 . Dipyridine. (290°) 
at 735 mm. Y.D. 5-0 (calc. 5*5). Formed by the 
action of Na on pyridine (Anderson, C . J. 22, 
406; Weidel, M. 3, 879). Liquid, sol. water and 
alcohol. — B"H 2 PtCl fi . — B"2MeI. — B"Me 2 PtCl. 
(Ramsay, C. J. 36, 264). 

Hexahydride C I0 H 14 N 2 . Isonicotine. [78°]. 
(above 260°). Formed by reducing (77) -dipyridyl 
with tin and HClAq (W. a. R.). Deliquescent 
needles, sol. water, alcohol, and benzene. Has 
hardly any smell. Strongly alkaline and caustic. 
Poisonous, acting somewhat like curari. Its 
salts are much less poisonous. Oxidised by KMnO, 
to isonicotinic acid.— B"2HNO,. Deliquescent 
needles. — B"H,PtCl fl aq. — B" 2 H 4 Hg s Cl lfl . — 
B"2MeI : triclinic prisms (from MeOH). 

Dodecahydride C 10 H. i0 N 2 . [122°]. Formed 

by reducing (77) -dipyridyl in alcohol by Na 
(Ahrens, B. 21, 2929). Needles, insol. water, v. 
sol. alcohol and ether. — B"H 2 PtCl 6 . — B"HAuCl 4 . 
P i c r a t e : needles, blackening when heated. 

Dipyridyl C 10 H 8 N 2 . (281°). Formed by 

passing pyridine vapour through a red-hot tube 
(Roth, B. 19, 360). Oil. — B"2HC1 : hygroscopic 
needles.— B"H 2 PtCl fl .—P i c r a t e : [208°]. 

(o0) -Dipyridyl C 10 H 8 N 2 . (296° cor.). Formed 
by heating its carboxylic acid with lime (Skraup 
a. Vortmann, M. 3, 599 ; Blau, B. 24, 326). Oil, 
sol. alcohol and ether. — B"H 2 PtCl 9 Jaq. — 
B^CgEgNjOy. [149-5°]. Yellow needles. 

Dodecahydride C^H^N^ [69°]. (269° 

cor.). Formed by reducing the base with isoamyl 
alcohol and Na (Blau, M. 13, 332). Hygroscopic 
crystalline mass. Not identical with nicotine 
hexahydride. Strongly alkaline, absorbing C0 2 
from the air. V. e. sol. water, but, much water 
gives a turbidity. V. sol. alcohol, m. sol. ether. 
CS 2 forms a compound [205°]. — B"H 2 Cl2. V. e. sol. 
water, si. sol. alcohol and ether. — B"HJ > tCl a 2aq. 
[238°]. — B"2 HAuC 1 4 . [212°]. — B"2C fl H 8 N 8 0 7 . 
[215°]. 

Beneene sulphonyl derivative. [157°]. 

Nitrosamine OjoH^N^NOJa. [88°]. 

Dipyridyl dodecahyaridel 
(251°). S.G. * *956. Is perhaps (a0) -dipyridyl 
hexa-hydride (Blau). Formed by the action of Na 
on nicotine in alcoholic solution (Liebrecht, B, 
18, 2970 ; 19, 2590). Lsvorotatory liquid, v. sol. 
water, alcohol, and ether. Alkaline in reaction. 
Smells like piperidine. Readily unites with CS 2 . 
Forms an oily nitrosamine and an oily di-aoetyl 
derivative (c. 405°).— B"2HG1. Sol. alcohol.— 
B"H f PtGl r [202°].— B"H # I i : brown needles. — 
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B ,, 2HAu01 4 .[152 0 ].— B // H 2 Hg & 01. 2 .-B"Me 2 PtCl # . 
— C 10 H 1# MeN a Me 2 PtCl (l . Blau (M. 13, 341) by 
reducing nicotine obtained a mixture of bases 
(235°-265°) yielding a sparingly soluble platino- 
chloride [218°], which gave a base (244°), pos- 
eibly methyl-nicotine hexahydride CnH^N.*. 

(a) -PYRIDYL- ACRYLIC ACID C 8 H*N0 2 i.e. 
C i H 4 N.CH:CH.CO a H. [203°]. Formed by heat- 
ing a-oxy-tri-<w-chloro-propyl-pyridine with alco- 
holic potash (Einhorn, B. 20, 1593 ; 23, 220 ; 
A. 265, 216). Got also by heating a-oxy-pyridyl- 
propionic acid. Small transparent needles, v. si. 
sol. cold water, v. sol. alcohol. 

Reactions. — 1. Br in HO Ac forms 
C a H 4 N.CHBr.CHBr.C0 2 H [127°], which melts 
at 146*5° when containing HOAc of crystallisa- 
tion.— 2. Hydrogen bromide in HOAc forms 
(C a H 4 N.CHBr.CH 2 .C0 2 H)HBr [164°], crystalli- 
sing in needles. — 3. Mel yields HA'Mel [220°] 
converted by AgBr into HA'MeBr [242°]. 

Salts. — HA'HCi. [220°] . — H^B^PtCl*. 
[210°]. Red prisms. — HA'HAuCl 4 . [195°].— 
HA'HBr. [223°]. — CaA' 2 . — AgA' : needles. 

Methyl ether Me A'. — MeA'HCl. [186°].— 
MeA'HBr. [242°]. MeA'III. [220°J. 

Ethyl ether EtA'. Needles. 
(a)-PYRIDYL-BITTYLENE C^HuN i.e. 
C 6 H 4 N.CH:CHEt. (148° at 76 mm.). By distilling 
oxybutyl-pyridine C 6 H 4 N.CH 2 .CH(OH).C.H 5 with 
KOH in vacuo or by heating it with HClAq at 
165° (Matzdorff, B. 23, 2711). Colourless oil, 
smelling like conyrin. — Platinochloride : 
[140°]. — B'HAuCl 4 . [130°]. Small needles. 

(<*£)-DIPYRIDYL (0) -CARBOXYLIC ACID 
C n H 8 N 2 0 2 i.e. C 6 H 4 N.G,H 3 N.C0 2 H. [183°]. 

Formed by heating the dicarboxylic acid at 200° 
(Skraup, B . 15, 896 ; M. 3, 597). Needles (con- 
taining lfaq), si. sol. cold water and alcohol. 
Gives a yellow colour with FeCl a . — CaA' 2 2aq. — 
AgA' Jaq : prismatic needles. 

(a£) -Dipyridyl (£7) -dicarboxylic acid 

C H:C ( C0 g) > c.c < C(C° 2 H) : CH > cH, 


:N 


[215°]. Formed by oxidation of phenanthroline 
by KMn0 4 (Skraup a. Yortmann, B. 15, 896 ; M. 
3, 587). Triclinic prisms (containing 2aq), si. 
sol. cold water, v. sol. alcohol. Fc§0 4 colours 
its aqueous solution red. Salts. — KHA" |aq. — 
CaA" 3aq.— CuA" 3aq.— BaA" ljaq. Crystals. — 
AgHA" 4aq. — H 2 A" 2HC1. - H 2 A"H 2 PtCl fl 3aq.— 
(H 2 A") 2 H 2 PtCl 6 6aq : golden prisms. 

(00) -Dipyridyl (aa) -dicarboxylic acid 
C I2 H 8 N 2 0 4 . [213°]. Formed by oxidation of 
pseudo-phenanthroline by KMn0 4 (Skraup a. 
Vortmann, M. 4, 583). Thick prisms (contain- 
ing 4aq), si. sol. cold water, alcohol, and ether. 
FeS0 4 gives an orange-yellow oolour. — &A " 5aq. 
— KHA" 2aq. — CaA"5aq. - CuA"3iaq. — 
AggA" l aq . — Ag 2 A" AgN O s . — E^A ' 'HC1 aq. Mono- 
clinic prisms ; a:b:c « 1*27:1:2*29 ; j8 = 110° 16'. — 
HjA 'HjjPtCl,, 8aq : orange crystalline pp. 

(77) -Dipyridyl(aa) -dicarboxylic aoid. [247*5°]. 
Formed by oxidising (aa) -di-methyl -dipyridyl 
by KMn0 4 (Heuser a. Stoehr, J. pr. [2] 44, 405). 
Needles, v. si. sol. water and alcohol. FeS0 4 
gives a reddish-yellow colour. AcOH at 180° 
gives (77) -dipyridyl. 

Dipyridyl tetracarboxylic acid 1 [96°]. Got 
by oxidising diquinolyl (Clans, B. 14, 1942). 
Needles (from hot water). — Pb 2 A ,T . — Ag 4 A lv . 


PYRIDYLENE-PHENYLENE-KETONE 
Phenylenb pymdyl ketone. 

Pyridylene-phenylene-ketone sulpbonic aoid 

0 «H«(SO» H )<C-cicROH. Formed b ? 

oxidising (0)-naphthoquinoline sulphonate with 
alkaline KMn0 4 (Immerheiser, B. 22, 408). 
Yellow plates (from water), v. si. sol. alcohol 
and ether. Yields an oxim crystallising in 
yellow flakes and a phenyl-hydrazide crystal- 
lising in minute orange needles. — KA'aq. — 
BaA' 2 2aq. — PbA' 2 3aq. — AgA' aq. 

PYRIDYL-ETHYLENE C fi H 4 N.CH:CH 2 . 
(160°). Formed by the action of NaOHAq on 
the hydrochloride of 0-bromo-0-pyridyl-pro- 
pionic acid (Einhorn, B. 23, 221 ; A. 265, 229). 
Liquid. — B'HAuCl 4 . [144°]. Yellow needles. 

(a) -PYRIDYL ETHYL KETONE C 8 H„NO i.e. 
C 5 H 4 N.CO.C 2 H 5 . (205°). Formed by distilling 
calcium picolinate with calcium propionate 
(Engler a. Bauer, B . 24, 2530). Oil, sol. alcohol. 
Sodium-amalgam forms a pinacone [136°]. 
Phenyl-hydrazine sulphonic acid yields a crystal- 
line compound [268°].— B'HgGLj : crystalline. — 
B'Etl. [160°]. 

Oxim C A H 4 N.C(NOH).C 2 H fl . [106°]. 
Needles. Yields an acetyl derivative [46°] and 
a benzoyl derivative [69°]. 

| (0)-Pyridyl ethyl ketone C ? H 4 N.CO.C 2 H.. 
j Formed by distilling calcium nicotinate with 
calcium propionate (Engler, B. 24, 2539). Yields 
a phenyl hydrazide [145°] and a phenyl-hydraz- 
ide sulphonate [235°] which forms B'jjBLjPtdl*. 
B'C^NA, and B'HgCl, [130°]. 

Oxim C 5 H 4 N.C(NOH).C.H 5 . [116°]. 

(o) -PYRIDYL METHYL KETONE 
C 5 H 4 N.CO.CH 3 . (192°). Formed by distilling 
calcium picolinate with calcium acetate (Engler 
a. Rosumoff, B. 24, 2527). V. sol. alcohol and 
ether. Readily volatile with steam. Yields an 
oxim [120°], a phenyl-hydrazide [155°], and a 
phenyl-hydrazide sulphonate which is not 
melted at 300 °.— B'C h H 3 N 3 0 7 . [131°]. — B'HgClj. 
[150°] . — B'Mel. [161°]. — B'Etl. [205°] . 

(0)-Pyridyl methyl ketone C 5 H 4 N.CO.CH,. 
(220°). Formed by distilling calcium nicotinate 
with calcium acetate (Engler a. Kiby, B. 22, 
597). Oil, v. sol. acids. Yields an oxim [112°], 
which yields B'HCl [204°]. The phenyl-hydraz- 
ide [137°] crystallises from alcohol in yellow 
needles.— B'HgCl 2 . [158°]. White needles. 

DI-(a)-PYRIDYL-PROPANE C lt H 14 N 2 i ^ 
CH 2 (CH,.C A H 4 N) 2 . (323°). S.G. * 1*0281 

Formed by heating picoline with methylal and 
ZnCl 2 for 10 hours at 290° (Ladenburg, B. 21, 
8100). Yellow oil, v. sol. alcohol and ether.— 
Salts: B"H 2 PtCl 8 . [215°].— B"2HAu01 4 ljaq. 
— B"H 2 Hg 4 Cl l0 . [161°]. Large plates. 

Dodecahydride C^H^N*. DipipecolyU 
methane. [54°]. (195° at 26 mm.). Formed 
by reducing the base with Na and alcohol. 
Crystalline mass, si. sol. water. — B"2HC1 : very 
hygroscopic needles. — B"2MeCl. [171°]. — 
C-sil^MejN^Mel. Crystals, v. e. sol. water. 

1 (a) -PYRIDYL PROPYL KETONE 
C A H 4 N.CO.Pr. (216°-220°). Formed by die- 
tilling calcium picolinate with calcium butyrate 
(Engler a. Majmon, B. 24, 2536). Oil. Yields 
an oxim [48°] which forms a benzoyl derivative 
[67°]. Forms a phenyl-hydrazide [82°] and a 
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phenyl-hydrazide sulphonio acid [251°]. The 
ketone is reduced, in dilute alcoholic solution, by 
sodium-amalgam to a pinaconeC 18 H 24 N 2 0 2 [146°]. 
The ohloro-iodide melts at 85°. 

Salts B'jjHsPtGl*. — B'HgC^. [c. 78°].— 
B r MeI. [79°]. 

(/3)-Pyridyl propyl ketone C 4 H 4 N.CO.Pr. 
(246°-252°). Formed by distilling calcium 
niootinate with calcium butyrate (Engler, B. 24, 
2541). Yellow needles, sol. alcohol. Yields a 
phenyl-hydrazide [182°], a phenyl-hydrazide 
sulphonate [283°], a crystalline oxim, and an 
ethylo-iodide [192°]. — B'HgCL*. [173°]. — 
B'0 4 H r N 8 0 7 . 

(B.3) - (a) -P YRID YL-QUIN OLINE 0, 4 H 10 N 2 i.e. 
gH.CH.Q.CH:QH nn , 01 , 

OH. N .C.CH:0.C 5 H,N‘ [104 ^ Formed ty 

heating the Ag salt of its carboxylic acid (0. 
Fischer a. H. van Loo, B, 19, 2476). Prisms.- 
B'jHjPtCl^ 

Carboxylic aoid C 15 H 10 N 2 O 2 i.e. 
0AN.0^® : ®g>C.C0 2 H. [273°]. Formed 


by oxidising (£)-diquinolyl with CrO s . Needles, 
v. si. sol. water. — AgA' : pale yellow pp. 

PYRO-. Use of this prefix applied to in - 
organic compounds ; for pyro- compounds v. 
the compounds to the names of which pyro - is 
prefixed. Thus pyro-phosphoric acid will be 
found under Phosphokio acid, and pyrophos- 
phates under Phosphates. 

PYROCATECHIN C 8 H 8 0 2 i.e.C 8 H 4 (OH) 2 [l:2]. 
Catechol. o-Di-oxy -benzene,. Oxyphenic acid. 
[104°] (F. a. M.); [Ill 0 ] (Mortinon). (240°- 
246°). H.G.p. 686,200. H.C.v. 684,900. H.F. 
86,800 (Stohmann, J. pr. [2] 45, 334). Occurs 
in urine, especially after administration of benz- 
ene or phenol (Baumann, H . 1, 244 ; 3, 157 ; 
Nencki a. Giaoosa, H. 4, 335 ; Schmiedeberg, H. 
6, 189). Occurs in the green leaves of the 
Virginia creeper (Ampelopsis hederacea ) (Gorup- 
Besanez, B. 4, 905) and in the sap of the plants 
from which kino is prepared (Fliickiger, B. 5, 1). 
Occurs sometimes in raw beet sugar (Lippmann, 
B. 20, 3298). Occurs in wood-tar (B6hal a. 
Desvignes, Bl. [3] 9, 144). 

Formation. — 1. By dry distillation of catechin, 
moritannic acid, and all varieties of tannin that 
turn green with FeCl # (Zwenger, A. 37, 327 ; 
Wagner, J.pr. 52, 450; 55, 65; Eissfeldt a. Uloth, 
A. 92, 101 ; 111, 216).— 2. By the dry distillation 
of wood (Buchner, A. 96, 188).— 3. By heating 
cellulose, staroh, or cane sugar with water at 
200°-280° (Hoppe-Seyler, B. 4, 15).— 4. By 
potash-fusion from o-iodo-phenol (Komer, Bull. 
Acad. Belg . [2] 24, 166 ; Lautemann, A. 120, 
316).' — 5. By the action of HI on guaiacol 
(Gorup-Besanez, J. 1867, 688; Baeyer, B. 8, 
166). — 6. By the dry distillation of protocatechuio 
add and of quinio acid (Strecker, A. 118, 285 ; 
Hlasiwetz a. Barth, J. 1864, 405 ; Tiemann a. 
Haarmann, B. 7, 617).— 7. By potash-fusion 
from o-phenol sulphonio acid (Kekul6, Z. 1867, 
643), benzoic acid, gum guaiacum (Hlasiwetz a. 
Barth, A. 130, 352 ; 134, 282), and, together 
with resorcin, from o- and m- bromo-phenol 
(Fit tig, B. 8, 364). — 8. By soda-fusion from 
phenol (Barth a. Scnreder, B. 12, 419).— 9. From 
phenol and H,O a (Martinon, Bl. [2] 43, 157). — 
10. By passing a rapidly alternating electric 
ounent through a solution of phenol. — 11. A 


product of the action of water at 200° on benz- 
ene hexachloride (Meunier, C. B. 100, 1591). 

Preparation. — 1. From HIAq and guaiacol at 
200° or by heating guaiacol with cone. HClAq 
for 4 hours at 175° (Perkin, jun., C. J. 67, 587). 
2. By fusing o-phenol sulphonio acid with 
potash at 350° (Degener, J. pr. [2] 20, 308). 

Properties. — Large plates (from benzene) or 
needles (from water), v. sol. water, alcohol, and 
ether, m. sol. benzene and chloroform, insol. 
ligroin. Gives an acid reaction in presence of 
borax (Lambert, C. B. 108, 1017). FeS0 4 gives 
no colour. FeCl s colours the aqueous solution 
green, turned violet-red by alkalis (Ebstein a. 
Muller, Fr. 15, 465). The alkaline solution 
absorbs oxygen, beooming brown. It reduces 
AgNO s , AuClj, and platinic chloride. Ppts. a 
cono. solution of egg-albumen. Does not ppt. 
gelatin. Lead acetate gives a white pp. Quinone 
in ethereal solutions forms G 8 H 4 0 2 C 8 H 8 0 2 , 
crystallising in deep-green needles with violet 
lustre [153°] (Clermont a. Chautard, C. B. 102, 
1072). Ppts. a solution of quinine sulphate, 
forming C 20 H 21 N 2 O 2 H 2 S0 4 C 8 H 8 0 2 aq, which 
separates from alcohol in yellow crystals [167°], 
v. si. sol. cold water. 

Reactions . — 1. Nitric add acts violently, 
forming oxalic acid. — 2. Phthalic anhydride and 
ZnCl 2 at 150° form * pyrocatechin phthalein ’ 

C.H,<f^g (CaHs(OH)2)2 , a yellow mass forming 

a blue solution in alkalis and yielding a tetra- 
benzoyl derivative [202°] (Baeyer a. Kochen- 
dorfer, B. 22, 2196). — 3. Phenyl cyanate at 100° 
forms C 8 H 4 (O.CO.NHPh) 2 [165°] crystallising in 
needles, v. sol. alcohol (Snape, C. J. 47, 772). — 
4. The disodium compound C 8 H 4 (ONa) 2 treated 
with C0 2 in the cold forms C 8 H 4 (0.C0 2 Na) 2 , 
which at 100° changes to the compound 
C 8 H 3 (0.C0„Na)(0H).C0 2 Na and at 210° to 
C 8 H 2 (0H) 2 (C0 2 Na) 2 (Schmitt a. Hahle, J. pr. [2] 
44, 2). — 5. Ammonium carbonate and water at 
140° react forming protocatechuio acid and 
C^OHWCCga^l^S].— 6. K 2 S 2 0 7 acting on 
K salt forms crystalline C 8 H 4 (O.SOj,K) 2 and 
CgH^OH) (O.SO a K) (Baumann, B. 11, 1913).— 7. 
Cl.CONH 2 forms C 8 H 4 (O.CONH 2 ) 2 [178°] crystal- 
lising from alcohol in needles.— 8. Chlorine 
passed into its solution in acetic acid forms 

CC1<^ *00*0^^ crystallising (with 2aq} 

from ether-ligroin, and from ligroin (with aq)* 
melting at 94° (Zincke a. Klein, B. 21, 2719). — 
9. KOH and ClC0 2 Et form C^CO, [118°] 
(Bender, B. 13, 697), (225°-230°) (M. Wallach, 
A. 226, 84). 

Estimation. — By extracting its acidified 
aqueous solution with ether, evaporating the 
ether, dissolving the residue in water, and pre- 
cipitating with lead acetate. The pp. is dried at 
100° and weighed (Degener, J. pr. [2] 20, 303). 

Salts. — CaH^jjPb. White pp.— C 8 H 3 0 3 Sb or 

C 8 H 4 <^Q^>SbOH. Formed by adding SbCl g to a 

solution of pyrocatechin saturated with NaCl 
(Causse, Bl. [3] 7, 245). Prisms, insol. water, 
alcohol, and ether, sol. alkalis and mineral acids. 
Ac 2 0 at 125° forms C 8 H 4 (OAo) 2 and Sb(OH) (OAcL. 

Di-acetyl derivative CfH^OAc)^ 
Needles (Nachbauer, A. 107, 243). 
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Di-benzoyl derivative C 6 H 4 (OBz) 2 . 
[84°]. Plates (Doebner, A. 210, 261 ; Hinsberg, 

A. 254, 254). 

Mono-methyl ether C a H 4 (OH)(OMe). 
Guaiacol. Mol. w. 124. [28*5°]. (205°) (Tiemann 
a. Koppe, B. 14, 2016 ; B6hal a. Choay, J3Z. [3] 9, 
142). S.G. 1*125 (V.) ; * 1*153 ; is 1*143 (B. a. 
C.). A product of distillation of gum guaiacum 
(Sobrero, A. 48, 19 ; Deville a. Pelletier, A, 52, 
403 ; VSlokel, A. 89, 349). Occurs among the pro- 
ducts of the distillation of wood (Hlasiwetz, A. 
106, 362; Gorup-Besanez,A.143,151). Prepared 
by heating calcium vanillate with slaked lime 
(Tiemann, B. 8, 1123) and by heating pyro- 
catechin with Mel and KMeS0 4 (Gorup- 
Besanez, A. 147, 248, or with NaOMe, MeOH, 
and Mel). Liquid, with peculiar odour, sol. 
alcohol and ether, si. sol. water, sol. dry glycerin 
and ligroin. FeCl 8 gives a green colour in its 
alooholic solution. Dissolves in alkalis. Yields 
C a H 5 .OMe on heating with zinc-dust (Marasse, A. 
152, 64). PCI* forms C a H 4 C1.0Me (Fischli, B. 11, 
1463). I and KOHAq give a coffee-brown pp. 
[125°-130°] (Messinger a. Vortmann, B. 22, 
2320). The K salt is converted by acetochlor- 
hydrose into C a H 4 (0Me)(0.C a H 11 0 5 ) [157°] 

(Michael, Am. 6, 339). Phthalic anhydride and 
SnCl 4 at 115° form ‘ guaiacol -phthalein,’ which 
yields a crystalline benzoyl derivative (Baeyer, 

B. 22, 2199). R 2 S0 4 forms two sulphonio 

acids (Tikmann a. Koppe, B. 14, 2019). — 
C a H 4 (Ok)(OMe) 2aq. — KHA' 2 aq: prisms (from 
alcohol), decomposed by water. — Pb(OH)A' : 
flocculent pp. — C a H 4 (0.S0 8 K)(0Me) : white 
needles. — C a H 4 (OAo) (OMe). (235°-240°). V.D. 
82*7 (obs.). Colourless liquid. 

Di -methyl ether C a H 4 (OMe) 2 . Veratrole. 
(205°). V.D. 68*6 (obs. ; H = l). S.G. *5 1*086. 
Formed by heating veratrio acid with baryta 
(Merk, A. 108, 60; Koelle, A. 159, 243; Tie- 
mann, B. 14, 2016). It is obtained also from 
C 8 H 4 (OK)(OMe) and Mel (Marasse). Solidified 
at 15°. 

Methyl ethyl ether C 6 H 4 (OMe)(OEt). 
(213°). V.D. (H = 1) 75*6 (obs.). Liquid. 

Methyl propyl ether C a H 4 (OMe)(OPr). 
(240°-245°). Liquid (Cahours, Bl. [2] 29, 270). 

Di-ethyl ether C 9 R 4 (OEt) r [44°]. Formed 
from pyrocateohin, EtI, and alcoholic potash 
(Herzog a. Zeisel, M. 10, 152). 

Di-benzyl derivative C 0 H 4 (OC 7 H 7 ) 2 . 
[61°]. Yellowish needles (from alcohol). Forms 
a nitro- derivative crystallising in needles [98°]. 

The mono-benzyl derivative is liquid, but its 
nitro- derivative forms yellow needles (from al- 
cohol) [129°] (Schifif a.Pellizzari, A. 221, 378 ; O. 
13, 507). 

Sulphonio acid C fl H 8 (0H) 2 (S0 3 H) [4:3:1]. 
Formed by fusing phenol (a)-disulphonic acid 
with KOH at 300° (Barth a. Sohmidt, B. 12, 
1260). Deliquescent needles, v. sol. water and 
alcohol, insol. ether. — KA'. — NaA'aq. — BaA' 2 . 

References . — Amedo-, Bromo-, Chloro-, and 
Nitro- Pyrocatechin, and Tri-bromo-guaiacol. 

PYROCINCHONIC ACID v. Di-methyl- 
maleic acid. 

PYROCOLL C 10 H fl N 2 O 2 (Magnanini, B. 22, 
2502). [269°]. A product of the distillation of 
gelatin when free from fat but containing albu- 
men, casein, or gluten (Weidel a. Ciamician, M. 
1, 278; 2 f 29). Formed also, together with 


HOAc, by heating the acetyl derivative of pyr- 
role (a) -carboxylic acid (Ciamician a. Silber, B. 
17, 103 ; G. 14, 162, 563). Colourless plates, insol. 
water and cold alcohol, si. sol. ether. Sublimes 
before fusion. 

Reactions . — 1. Boiling KOHAq oonverts it 
into pyrrole carboxylio acid. — 2. Alcoholic NH 3 
forms the amide of pyrrole carboxylic acid. — 3. 
PC1 5 forms C, 0 C1 6 N 2 0 2 [above 820°] insol. ether 
and C 10 Cl, 0 N 2 O [197°] sol. ether (Ciamioian a. 
Danesi, O. 13, 28). The perchloro-pyrocoll 
C ]0 Cl a N 2 O 2 is converted by boiling KOHAq into 
tri-chloro-pyrrole carboxylic acid, and by PGl a 
into C 10 C1, 4 N 2 Oo [147°]. — 4. Bromine forms 
C 10 H 5 BrN 2 O 2 [192°], C I0 H 4 Br 2 N 2 O 2 [290°], and 
C, 0 HJBr 4 N 2 O 2 , which is converted by KOHAq 
into di-bromo-pyrrole carboxylic acid (Ciamician, 
Q. 11, 330 ; 12, 29 ; B. 16, 2388). 

Reference. — Chloro-, Bromo-, and Nitro- 
Pyrocoll. 

PYR0CRES0L. C ls H 14 0 ? An inappropriate 
name given by Schwarz (B. 15, 2201 ; 16, 2141 ; 
M. 3, 726 ; cf. Armstrong, C. J. Proc. 3, 114) to 
some neutral substances found in coal-tar. 

(a)-Pyrocresol [195°]. Thin silvery plates, 
yielding crystalline O^H^rsO.* ? and oxidised by 
Cr0 3 in HOAc to C l5 H 12 0 2 [168°] which yields 
C 15 H 10 (NO 2 ) 2 O 2 [235°], C 15 H„(N0 2 ) 4 0 a and 

C 15 H 8 (NH 2 ) 4 0 2 [300°] ? (Bott a. Miller, C. /. 55, 
52). Chlorine acting on a solution of (a)-pyro- 
cresol in chloroform gives C I6 H U C1 8 0 [225°]? 
HI reduces (a)-pyrocresol to a hydrocarbon 
C,^? (Bott, G . J. Proc. 3, 114). 

(3)-Pyrocresol [c. 124°]. Yields, on oxida- 
tion, * (0)-Pyrocresol oxide * C, a H 12 0 2 [95°]. 

( 7 )-Pyrocresol [165°]. Yields ‘ (y)-pyrocresol 
oxide * [77°] on oxidation. Bromine forms 
C 28 H 22 Br 8 0 2 ? crystallising in trimetric plates. 

PYROGALLIC ACID v. Pyrogallol. 

PYROGALLOL C^O, i.e. C 8 H 8 (OH) 8 [l:2:3]. 
c-Tri-oxy -benzene. PyrogalUc acia. Mol. w. 
126. [131°] (Etti, B. 11, 1882; cf. StenhouBe, 
A. 179, 236) ; [134°] (Stohmann). (210°). S. 
40 at 12°. H.C.p. 633,300 (Berthelot a. 
Louguinine, A. Ch. [6] 13, 839 ; C . R. 104, 1577). 
H.F. (from diamond) 137,700 (B. a.L.); 132,000 
(Stohmann, J.pr. [2] 45, 336). Occurs in wood- 
tar as dimethyl ether. 

Formation. — 1. By heating gallic acid (alone 
or mixed) with pumice stone (2 pts.) (Braoonnot, 
A. 1, 26 ; Pelouze, A. 10, 159 ; Liebig ; A. 101, 
47).— 2. By heating di-iodo-o-oxy-benzoic acid 
with KOHAq (Lautemann, A. 120, 299).— 8. By 
heating (a)- or (&)- chloro-phenol sulphonio acid 
with KOH at 190° (Petersen a. Baehr, A. 157, 
136). — 4. By heating gallic acid (10 g.) with 
glycerin (30 c.c.) at 200° as long as C0 2 comes 
off (Thorpe, Ph. [3] 11, 990).— 5. By heating 
gallio acid (1 pt.) with aniline (2 pts.) at 120° 
(Cazeneuve, Bl. [3] 7, 549). The product is 
aniline pyrogallate C 6 H 8 0,2NPhH 2 [56°], which 
gives oflf aniline when exposed to air, or when 
shaken with benzene. 

Properties.—- Prisms, v. sol. water, m. sol. al- 
cohol and ether. Tastes bitter. Poisonous 
(Personne, Z. [2] 5, 728). Its alkaline solution 
rapidly absorbs oxygen, turning brown, and 
giving off a little CO in bulk about ^th of the 
oxygen absorbed (Calvert a. Cloez, A. 130, 248). 
Reduoes KMn0 4 (Monier, 0. R. 46, 577) and 
salts of mercury, Ag, Au, and Pt. FeS0 4 gives 
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ft white milkiness, hut if a ferric salt is present, 
or the pyrogallol solution haB become slightly 
oxidised by keeping, Fe80 4 gives an indigo-blue 
oolour, changing to brownish-red on standing 
and on adding HOI (Jacquemin, C. B. 77, 593 ; 
Cazeneuve, Bl. [2] 44, 114; 0. B. 101, 56). 
FeCl s , in absence of air, gives a transient blue 
colour, restored by cautious addition of alkali. A 
solution of pyrogallol renders borax slightly 
aoid (Lambert, C. B . 108, 1017). Nitrous aoid 
colours the aqueous solution brown (Soh5nbein, 
Fr. 1, 319). KjCr0 4 and 11*804 give a dark 
oolour. Beduoes CuS0 4 and, on addition of al- 
kalis, gives a black oolour ohanged by NH S to 
red. GufOAc) 2 gives at once a black colour. 
Pyrogallol fused with ammonium oxalate yields 
ammonium rufigallate, which dissolves in water 
with red colour and gives with E^FeCy,, and 
KjCr-jOy a dark-brown pp. insol. aloohol (Klie- 
bahn, Fr. 26, 641). A solution of iodine in 
presence of Na^C^ gives a purple colour (Nasse, 

B. 17, 1186). A solution of HgCl.* ana pyro- 
gallol in alcohol gives a black pp. with alkaloids 
but not with glucosides (Schlagdenhaufen, Ph. 
[3] 4, 772). An alkaline solution of pyrogallol 
absorbs about 60 vols. of NO in 12 hours, but 
no N 2 0 (Russell a. Lapraik, 0 . J. 32, 35). PyTo- 
gallol does not react with hydroxylamine 
(Baeyer, B . 19, 163). A solution of potassium 
pyrogallate whioh is absorbing oxygen in con- 
tact with alumina gives out a feeble light, es- 
pecially in presence of Na^ (Lenard a. Wolf, P. 
[2] 34, 918). 

Beactions . — 1. Fuming HN0 8 forms oxalic 
acid. — 2. Bromine forms tri-bromo -pyrogallol. — 
8. Chlorine in presence of HOAc forms mairo- 
gallol (vol. iii. p. 165) and crystalline leucogallol 
C 18 H 8 Cl l2 0 12 2aq, which yields tri-chloro-pyro- 
gallol when boiled with water and zinc-dust 
(Stenhouse a. Groves, C. J. 28, 706; Webster, 

C. J . 45, 208 ; Hantzsch a. Schniter, B . 20, 
2033).— 4. Ozone passed through a solution of 
pyrogallol (1 mol.) and KOH (3 rnols.) in water 
forms a syrupy acid C 6 H 8 0 7 , which yields 
BaC 8 H 4 0 7 (Boeke, B . 6, 486).— 5. Purpurogallin 
or pyrogalloquinone is formed by oxidation by 
alcoholio AgNO s , by KMn0 4 and BLjS 0 4 , or by 
excess of FeCl, (Girard, C. B. 69, 865). It is also 
got from pyrogallol and quinone (Wichelhaus, 
B. 5, 847; Nietzki, B. 20, 1278). It forms 
garnet-red needles (by sublimation), si. sol. 
water, m. sol. aloohol and ether, forming yellow 
solutions. Alkalis impart a transient blue 
colour. Purpurogallin dyes ootton mordanted 
with alumina violet-blue. When an aqueous 
solution of pyrogallol is mixed with gum arabic 
and exposed to the air, purpurogallin C 20 H la O 9 
separates, the yield in the course of two months 
being 67 p.c. of the pyrogallol used (Struve, A . 
168, 160 ; De Olermont a. Chautard, C. B. 94, 
1189, 1254). A solution of pyrogallol and 
Nft 2 HP 0 4 also yields pyrogalloquinone on ex- 
posure to air (Loew, J. pr. [2] 15,322). Purpuro- 
gallin forms C 28 Hj 2 Ao 4 0 8 and 0 2 oH] 2 Br 4 0 9 » — 6. An 
ammoniacal solution exposed to the air forms 
brown pyrogallein C, 8 H 20 N 8 O, 0 (Rbsing, J. 1858, 
269). — 7. Ammonium carbonate at 130° forms 
pyrogallol carboxylic acid CyH^ (v. Tri-oxy- 
bbnzoio agio) and pyrogallol dicarboxylic aoid 
C 8 H 6 0 7 [270°] (Senhofer a. Brunner, M. 1, 468). 
6 . Distillation over zinc-dust yields benz- 


ene.— 9. ClCO^Et acting on the K salt forms 
0„H g 0 4 [105°] converted by aniline into di- 
phenyl-urea and the mono-ethyl ether of pyro- 
gallol (Bender, B. 18, 698). — 10. A few drops of 
P001 8 added to a mixture of pyrogallol (2 pts.) 
and acetone (1 pt.) react violently, forming 
gallacetonin C 9 H 10 O 8 , which crystallises from 15 
p.o. aloohol in whetstone-shaped crystals, insol. 
water, decomposing about 250°, and yielding 
G 9 H 9 Ac0 8 (Wittenberg, J. pr. [2] 26, 76). Its 
solutions are turned purple by FeCl, and reduce 
AgNO s . — 11. A few drops of H 2 S0 4 added to a 
mixture of pyrogallol (12 g.) and aoetoacetio 
ether (8 g.) form di-oxy-methyl-coumarin 
O 10 H s O 4 , which crystallises from water in needles 
[235°] and yields O, 0 H e Ao 2 O 4 [176°] (Wittenberg, 
J.pr. [2] 26, 68; Pechmann, B. 16, 2127; 17, 
2188). — 12. Phthalic anhydride forma, on heat- 
ing, CJ 20 H 10 O 7 (Baeyer, B. 4, 457, 663 ; A. 209, 
261). — 13. Phenyl cyanate at 100° forms 
C 8 H 8 (O.CO.NHPh) t [178°] crystallising in minute 
needles (Snape, C. J . 47, 774).— 14. Cyanogen 
passed into an aqueous solution forms O a B^O s Cy, 
or a polymeride thereof, as an unstable crystal- 
line pp. (Loew, J. pr. [2] 15, 326). — 15. Chloro - 
acetic acid (2£ pts.) followed by NaOHAq forms 
C 8 H,(0.CH 2 .C0 2 H) 3 orystallising in needles 
[198°], 8. 1-3 at 14-5° and yielding KgA'" and 
KH 2 A'"aq (Giacosa, J. pr. [2] 19, 398). — 16. 
Benzotrichloride at 160° yields * pyrogallol- 
benzein ’ C 88 H 24 O n , crystallising in minute red 
plates with green lustre forming a blue solution 
in alkalis and a bluish-violet solution in alcohol. 
Zinc and HOAc reduoe it to the anhydride of 
hexa-oxy-diphenyl-methane. Pyrogallol-benzein 
yields C 8g H 2n Ao 4 Ou [208°], C 88 H 20 Bz 4 O u [251°] t 
C 38 H 20 O n (C a H fl O) 4 [228°] (D6bner a. FOrster, A. 
257, 60). — 17. Benzoic acid and ZnCl 2 at 145° 
form tri-oxy-benzophenone (Alizarin yellow A) 
C 8 H 2 (OH) 3 .GO.C 8 H a [141°], which crystallises with 
aq. The same body is got by heating pyrogallol 
with benzotrichloride (O. P. 50,451 [1889] and 
54,661 [1890] ; Graebe a. Eichengriin, A. 269, 
297). — 18. On heating pyrogallol with salicylic 
acid and zinc chloride tetra-oxy-benzophenone 
0 8 H 4 (0H).00.0 8 H 2 (0H) 8 [149°]isformed(G.a.E.). 

19. Ac 2 0 forms C, 9 H, 0 O 4 [280°] orystallising 
in white prisms (Causse, Bl.[ 3] 3, 867). Fuming 
HClAq at 170° forms C 24 H, 4 0 7 as a black 
powder, sol. NaOHAq (Bdttinger, A. 202, 280). — 

20. Benzene sulphonic chloride added to a solu- 
tion of pyrogallol kept slightly alkaline forms 
C 6 H3(0.S0 2 Ph) 8 [142°], sol. alcohol, si. sol. 
ether (Georgesen, B. 24, 418). — 21. Formic aU 
dekyde and dilute HClAq form CH 2 (C a H 2 (OH) s ) 2t 
a miorocrystalline powder, insol. water, sol. al- 
cohol (Caro, B. 25, 947). — 22. Aldehyde and 
dilute H2S0 4 mixed with Na 2 S0 4 added slowly at 
60° gives colourless crystals of C 8 H„0 8 2aq, 
which when dried at 30° over HjS 0 4 leaves 
violet 0 8 H 8 0 8 aq (Causse, Bl. [3] 8, 865; cf. 
Michael a. Ryder, Am. 9, 133). — 28. Benzoic 
aldehyde and a large quantity of HClAq form 
amorphous C^H^O, (Baeyer, B. 6, 280). Benzoic 
aldehyde, alcohol, and a little cone. HClAq form 
a pp. of C 28 H 20 O 6 , which yields C^Hj^CgOg 
(Michael a. Ryder, Am. 9, 180). On heating 
with benzoic acid alone pyrogallol forms resin- 
ous C m H 220 7 and red C 2fl H,,0 7 , which may be re- 
duced to colourless C^H^O, (Baeyer, B. 5, 25). 
24. KOH (33 pts.) and l^SgO, (70 pts.) heated 
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with water (33 pts.) and pyrogallol (25 pts.) at 
70° form 0 6 H 3 ( 0 H) 2 ( 0 .S 0 s K), crystallising in 
needles, v. e. sol. water (Baumann, B. 11, 
1913}.— 25. C1C0NH 2 forms C 8 H 3 (O.OO.NH 2 ) 8 . 
[178®], crystallising from alcohol in plates. , 

Salts. — C 8 H 3 (OH) 2 (ONH 4 ). Crystals, got 
by passing NH, into an ethereal solution of 
pyrogallol (De Luynes, A. Suppl. 6, 252). — 
C fi H 8 (0H)(0 2 Pb) aq. Crystalline pp. got by 
adding lead nitrate to ammonium pyrogallol. 
Converted by cone. NH,Aq into CJEflOaSPbO. — 
(C 8 H 5 0 3 )Pb.0Ac. Ppd. by adding lead acetate to 
a solution of pyrogallol (Deering, C. J . 26, 702). 
~-C 8 H 5 (SbO)0 3 . Plates, got by ppg. pyrogallol 
solution with tartar-emetic (Bosing). SbCl 3 
(100 g.) dissolved in a saturated solution (250 
c.c.) of NaCl, filtered, and slowly added to pyro- 
gallol (50 g.) dissolved in saturated NaClAq 
(250 g.), forms a white pp. which changes to 

crystals of C 8 H 3 (OH)<^Q^>SbOH2aq,insol.water 

and alcohol, sol. mineral acids (Causse a. Bay- 
ard, BL [3] 7, 794). At 100° the above liquids 
on mixing yield C a H 3 0 3 Sb, which is also crystal- 
line, whence Ac 2 0 at 100° forms CaHjOjAcj. 
AcCl in Ac 2 0 converts both antimonites into 
C 8 H 3 (OAc) 8 . — C 8 H 8 0 8 2NPhH 2 . [56°] (Mylius, B. 
19, 1003). 

Acetyl derivative C 8 H 3 (OAc) 3 . Got from 
pyrogallol and AcCl (Nachbauer, A. 107, 244). 

Benzoyl derivative C 8 H 3 (OBz) 3 . [90°]. 

Got, together with a mono- or di- benzoyl deriva- 
tive [131*5°], from pyrogallol and BzCl (Skraup, 
M. 10, 391). 

Bi-methyl ether C^H^OH) (OMe) 2 . [52°]. 
(253°). Occurs in beech-wood creosote (Hof- 
mann, B. 11, 333; 12, 1373). Formed from 
pyrogallol (1 mol.), KOH, and Mel (2 mols.) at 
160°. Prisms (from water). Its alkaline solu- 
tion does not turn brown in air. Oxidised by 
means of K 2 Cr 2 0 7 and HOAc to ccerulignone 
C 12 H 4 0 2 (0Me) 4 . Yields C 8 H 3 (OAc)(OMe) 2 as a 
sticky mass, and C 8 H 3 (OBz)(OMe) 2 [118°]. 

Tri-methyl ether C tf H 3 (OMe) 3 . [47°]. 
(235°). Formed by the action of Mel and KOH 
on pyrogallol dissolved in MeOH (Will, B . 21, 
607). Needles, insol. water and alkalis, v. sol. 
alcohol and ether. Yields C fi Br s (OMe), [81°]. 
Cone. HNO s forms C 8 H2(N0 2 )(0Me) 3 [100°] and 
the di-methyl derivative of dioxyquinone. 

Mono -ethyl ether C fl H 3 (OH) 2 (OEt). [95°]. 
Formed, together with the di- and tri- ethyl 
ethers, by heating pyrogallol with KOH and 
KEtSO, at 100° (Benedikt, B. 9, 125 ; M. 2, 212 ; 
Hofmann, B. 11, 797). Needles, m. sol. water, 
v. e. sol. alcohol and ether. FeS0 4 gives a 
bluish-violet colour. Volatile with steam. 

Di-ethyl ether C^OHHOEt),. [79°]. 
(262°). Crystals (from dilute alcohol). Oxidised 
by K 2 Cr 2 0 ? and JEtOAo to ethyl-coerulignone. 
Nitrous acid passed into an ethereal solution 
forms CajH^OaHNO*, which forms a brown solu- 
tion in water. 

Tri- ethyl ether OgH^OEtJj,. [39°]. Got 
from pyrogallol, alcoholic potash, and EtI 
(Herzig a. Zeisel, M, 10, 151). Needles, insol. 
KOHAq. 

Ethylene et her C 8 H 3 (0H):0 2 :C 2 H 4 . (267°). 
Formed from pyrogallol, alcoholic potash, and 
ethylene bromide (Magatti, B, 12, 1860). Yields 
CAtOBzJiOAH* [109°]. 


References . — Amido-, Bromo-, Ohloro-, and 
Nitbo- pyrogallol. 

PYROGALLOL CARBOXYLIC ACID v. 

Gallic acid. 

Pyrogallol dicarboxylio acid 

C tf H(0H) s (C0 2 H) 2 [l:2:3:4:5]. Gallocarboxylic 
acid. [270°]. S. *05 at 0°. H.O. 633,700. H.F. 
231,300 (Stohmann, J.pr. [2] 40, 128). Formed 
by heating pyrogallol or gallic aoid with am- 
monium carbonate at 130° (Senhofer a. Brunner, 
M. 1, 468). Needles (containing 3aq), si. soL 
cold water. Gives a violet colour with FeGl,. — 
K;jA" 2aq ; needles. — BaA"aq. — OaA" 6aq. — 
A g2 A". 

PYROGALLOL SULPHONIC ACID O.H.SO* 

i.e. C 8 H 2 (OH) a .S0 8 H £aq. Formed by dissolving 
pyrogallol in H 2 S0 4 (Personne, Bl. [2] 12, 169 ; 
20, 531; Schiff, A. 178, 179). Hygroscopio 
crystals.— KA' 2aq : prisms, v. sol. water. Con- 
verted by heating with POCl 3 into C, H, 0 S 2 O n , a 
flooculent mass, v. sol. alcohol, which is con- 
verted by warming with HOAc and Ao 2 0 into 
crystalline C 12 H 5 Ac ft S 2 O n and C l2 H tt Ao 4 S 2 O n . 

PYROGALLOQUINONE v. Pyrogallol, Re- 
action 5, and Purpurogallin. 

PYROGENTISIC ACID is Hydroquinonb. 

PYROGLUTAMIC ACID is Oxy-tetba- 

METHENYL DIHYDRIDE CARBOXYLIC ACID. 

PYRO GLYCERIN v . Diglyoerin. 

PYROGUAIACIN 0 18 H 18 0 3 i.e. C 18 H 16 0(OH) 2 . 
[180*5°]. (258°) at 80-90 mm. V.D. 9*53 (calo. 
9-76). A product of the distillation of gum 
guaiaoum (Pelletier a. Deville, C. B. 17, 1143 ; 
Ebermaier, J. pr . 62, 291 ; Nachbauer, A. 106, 
382 ; Hlasiwetz, A . 106, 381 ; 119, 277 ; Wieser, 
M. 1, 594). Plates, v. si. sol. hot water, si. sol. 
alcohol and ether. Forms a blue solution in 
H 2 S0 4 . On distillation with zinc-dust it yields 
guaiene C 12 H I2 [100°], which is converted by 
oxidation into a lemon-yellow quinone G 12 H I0 O 2 
[121°]. Potash-fusion forms C I2 H, 2 0 2 [202°], 
which is reduced by zinc-dust to guaiene. Pyro- 
guaiacin yields C 18 H, 8 Ac 2 0 3 [122°], C 18 H 18 Bz 2 0 8 
[179°], C 18 H la Br 8 0 8 [172°], and the salt 
C 18 Hj 8 K 2 0 8 . 

PYROLIC ACID v. Sebacic acid. 

PYRO-MECAZONIC ACID C 5 H 5 N0 3 . Formed 
by heating oxycomenio acid, with NH 3 Aq and 
also, in small quantity, along with the isomeric 
amido-pyro-meconic acid, by the reduction of 
nitro-pyromeconic acid. Prepared from oxy- 
pyro-mecazonic acid by reducing with HI (Ost, 
/. pr. [2] 19, 203 ; 23, 441 ; 27, 258). 

Broperties.— Streaked trimetric tablets. Com- 
bines with mineral acids, but not with acetic 
acid. Gives rise to a di-acetyl derivative [155°] 
and a bromo- derivative C 8 H 4 BrN0 8 . Is Btable 
in acid solutions, but soon turns brown in alka- 
line solution. Gives a blue colour with FeCl s . 
BaCL 2 and NH a give a pp. which turns bright 
blue in air. 

Reactions. — 1. Suspended in ether and mixed 
with HN0 3 forms * pyromecazone * C a H,N0 8 . 
Pyromecazone is a brick-red powder, insoh 
ether, v. sol. water, gives no colour with FeCl,, 
and turns the skin violet. With BaGl* and NH|it 
gives, on exposure to air, a crimson pp. Crystal- 
lises from alcohol as C 4 HgN0 3 ,EtOH. Aqueous 
S0 2 converts pyromecazone back into pyrome- 
cazonio aoid. These properties resemble those 
of a quinone. — 2. Suspended in HOAc and 
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treated with HNO a it forms yellowish prisms of 
nitro-pyromecazone C a R 2 (N0 2 )N0 3 aq. This 
body is decomposed by water at 30° into nitro- 
pyro-mecazonic acid C 6 H 4 (N0 2 )N0 3 , C0 2 coming 
off through oxidation of some of the substance. 
SO, rapidly changes nitro-pyromecazone into 
nitro-pyromecazonic acid, so that the former 
resembles quinone in its ready reducibility. 
Nitro-pyromecazonic acid gives a blood-red 
colour with FeCl s , nitro-pyromecazone gives no 
colour with FeCl s . It yields the salt C 4 H 3 NaN 2 0 5 . 

Salt. — HA'HClaq: needles. 

Oxypyromecazonic acid C 5 H 3 N0 4 . Formed 
by passing S0 2 into an ethereal solution of 
nitrosopyromeconio aoid, and boiling the product 
(v. JVifroso-PYBOMBicoNio acid) with CH01 S (Ost, 
J.pr. [2] 19, 177). Needles (containing aq or 
2aq). Coloured dirty- violet by FeCl 3 .— NaHA' 2 . 
— KHAV — TlHA' a .— Ca A' 2 . — HA'HCl. 

PYROMECONIC ACID C s H 4 0 3 . [117°]. (225° 
uncor.). 

Preparation. — By distillation of meconic 
acid in a current of C0 2 , some comenic acid being 
also formed (Ost, J. pr. [2] 19, 182 ; 23, 441 ; cf. 
Robiquet, A. 5, 90 ; A. Ch. [2] 5, 282 ; 51, 236 ; 
Stenhouse, P. if. [3] 24, 328 ; A. 49, 18 ; F. D. 
Brown, P. if. [4] 4, 161 ; 8, 201 ; A. 84, 32 ; 92, 
321 ; Ihl6e, A. 188, 31). The yield is 14 p.o. 

Properties. — Glittering prisms from water or 
alcohol. Y. sol. chloroform, much less sol. 
ether. Gives a blood-red colour with FeCl a . 
Feeble acid. Does not react with hydroxylamine 
(Oderheimer, B. 17, 2081). Bromine forms 
CJByBrO w crystallising in prisms and yielding 
PbA',aq. Excess of Br yields C 4 H,Br0 3 aq 
[109°]. IC1 forms C s H 3 I0 3 yielding BaA' 2 aq and 
PbA' r 

Salts. — Forms two series of unstable salts, 
alkaline to litmus: KA'. — HNaA' r — BaA' 2 3aq. 
— BaH*A' 4 . — CaA' a aq.— CaH 2 A' 4 . — MgA' 2 . — 
SrA', aq. — PbA' 2 . — FeA',.— CuA' 2 . — C 5 H 4 0 3 ,HC1. 
Formed by passing HC1 into ethereal solution of 
the acid. Decomposed into its constituents by 
water or alcohol. Sulphates C 5 H 4 0 8 .H 2 S0 4 and 
(C 8 H 4 0 s ) 2 H 2 S0 4 . Got by adding H 7 S0 4 to an 
ethereal solution (Ost, J.pr. [2] 19, 189). 

Acetyl derivative C 5 H 3 Ac0 3 . [91°]. Ob- 
tained by warming with AcCl. 

JTitroso-pyro-meconic acid C a H 3 (N0)0 3 . An 
unstable compound of this body with an 
equivalent of pyro-meconic acid is formed by 
passing N,O s into an ethereal solution of that 
acid (Ost, J.pr. [2] 19, 195). An aqueous solu- 
tion of SO, converts this compound by addition 
of B* into C a H A fN0)0,,C 8 Hi 4 0 v a compound 
which is split up by boiling chloroform, leaving 
so-called oxy-mecaronic acid , C 5 H 5 N0 4 . This 
acid gives a violet colour with FeCl 3 , and a blue 
pp. with BaOl, and NHg. By Sn and HC1 it is 
reduced to pyro-mecaronic acid C^HjNOj. 

References, — Amido- and Niteo- pyeomeconio 
acid. 

PYR0M3XLIC ACID OjoH^O,. [238°]. Ob- 
tained in the electrolysis of aqueous EOH with 
carbon electrodes, and got also by oxidation of 
mellogen by KOC1 (Bartoli a. Papasogli, G. 12, 
113 ; 13, 51). Crystalline (containing 2aq), sol. 
water and aloohol. Yields the crystalline salt 
C„B^Na 4 0 B and an ethyl ether crystallising in 
colourless needles [below 100°], insoL water. 


PYROMELLITIC ACID C 10 H a O # it, 

CA(00 2 H) 4 [1:2:4:5]. Mol. w. 254. [264°]. S. 
14*2 at 16°. H.C.p. 777,400 (Stohmann, J. pr. [2] 
40, 140 ; 43, 540). H.C.v. 778,900. H.F. 369,600. 
Formed by gently distilling mellitic acid (Erd- 
mann, A. 80, 281) and by oxidising s-durene 
(Jacobsen, B. 17, 2517). Crystallises from water 
in triclinic tables (containing 2aq), v. sol. hot 
water. Forms various compounds on heating 
with (o)-naphthol (Grabowski, B. 4, 726 ; 6, 
1065). — CajA 1 * 6aq. — Pb-jA^aq. — Ag 4 A ,T : pp. 

Methyl ether Me 4 A lT . [138°]. Plates, sL 
sol. hot alcohol (Baeyer, A. 166, 339). 

Ethyl ether Et 4 A lv . [53°]. Formed from 
the Ag salt and EtI (Baeyer, A. Suppl . 7, 36). 
Needles (from alcohol). 

Chloride C a H 2 (COCl) 4 . Got by heating the 
acid with PC1 5 . Crystalline mass, v. sol. ether. 

Anhydride C a H2(C 2 0 3 ) 2 . [268°]. Got by 
distilling the acid. Needles (by sublimation), v. 
sol. hot water, being re-converted into the acid. 

Tetrahydride C a H a (C0 2 H) 4 . Formed by 
the action of sodium-amalgam on the ammonium 
salt of pyromellitic acid (Baeyer). Amorphous 
hygroscopic mass, v. sol. water. When heated 
with H 2 S0 4 it yields pyromellitic, trimellitic, 
and isophthalic acids. 

Iso- tetrahydride C tf Hg(C0 2 H) 4 . [above 
200°]. Accompanies the preceding acid. Needles 
(containing 2aq). Behaves like the preceding 
hydride when heated with H 2 S0 4 . Yields a 
methyl ether [156°] which may be distilled. 

References . — Amido- and Niteo- Pybomel- 

LITIC ACID. 


PYROMUCIC ACID C 5 H 4 0 3 i.e. 


cI:S h > c - co ’ h - 


Furfurane (a) -carboxylic 


acid. Mol. w. 112. [132®]. S. 3*6 at 15° ; 25 
at 100°. Rqo 40T8 (in a 219 p.o. aqueous 
solution). 

Formation. — 1. By the distillation of mucic 
acid (Houton-Labillardi&re, A. Ch. [2] 9,365; 
Pelouze, A. 9, 273 ; Boussingault, A. 15, 184 ; 
Li^s-Bodart, A. 100, 327).— 2. By distilling de- 
hydromucic acid (Heinzelmann, A. 193, 184). — 
3. By oxidation of furfuraldehyde by Ag 2 0 
(Schwanert, A. 114, 63 ; 116, 257). — 4. Together 
with furfuryl-carbinol by boiling furfuraldehyde 
with alcoholic potash (Ulrich, Z. 1861, 186; 
Schmelz a. Beilstein, A. Suppl . 3, 275 ; Lim- 
prioht, A. 165, 279). — 5. By distilling iso- 
saccharic acid in a current of C0 2 (Tiemann a. 
Haarmann, B. 19, 1271). — 6. Occurs, together 
with pyromycuric acid C 7 H 7 N0 4 [165°] which 
yields BaA' 2 14aq, in the urine of dogs dosed 
with furfuraldehyde (Jaffd a. Cohn, B . 20, 
2311). 

Preparation.— By oxidising furfuraldehyde 
with alkaline KMn0 4 below 20° (Volhard, A. 261, 
379). 

Properties. — Long white needles (by sublima- 
tion), v. sol. alcohol and ether. FeCl s gives no 
colour. 

Reactions. — 1. Bromine in excess forms 
mucobromio acid. Dry Br gives CaH 4 Br 4 O g 
[160°], oxidised by dilute CrO s to di-bromo- 
pyromucic acid (Tdnnies, B. 11, 1086). — 2. Dis- 
tillation with soaa-lime yields furfurane.— 3. On 
heating with lime and ammonia-zinc-chloride it 
yields pyrrole. 

Salts .— KA' : needles. — NaA'.— BaA' 2 : crys- 
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tala, sol. water and alcohol. — GaA' 2 : crystalline 
powder. — CuA' 2 Baq. — PbA' 2 2aq. — AgA' : scales. 

Ethyl ether MAS. [84°]. (209°). Lamina?, 
v. sol. alcohol and ether, insol. water (Malaguti, 

A . 25, 276). Combines with dry chlorine, form- 
mg C 7 H 9 Cl 4 O a . S.G. 1*496. Dry Br forms 
C 7 H*Br 4 0, [48°] (Tdnnies) and also the ethers 
of (05)-di-bromo-pyromucic acid [167°], of (£7)- 
di-bromo-pyromucic acid [192°] and of (5)-bromo- 
pyromuoio acid [183°] (Hill a. Sanger, A . 232, 
65). 

Chloride C 5 H 3 0 2 C1. (170°). 

Amide C 4 H 3 O.CONH 2 . [143°]. Formed 
from the ether or chloride and NH 3 Aq (Wallach, 

B. 14, 751 ; 214, 227 ; Ciamician a. Dennstedt, 
B. 14, 1058; G. 11, 294). Large plates, sol. al- 
cohol, si. sol. ether. Converted by PCl 5 or P 2 0 5 
into the nitrile. 

Ethylamide C 4 H 3 O.CONHEt. [258° cor.). 
Formed from pyromucio ether and ethylamino 
solution at 100°. Converted by PCl 5 into crystal- 
line C 4 H a O.CCLj.NHEt. PC1 5 in smaller quantity 
(5 pt.) forms the amidine C 4 H 3 O.C(NEt).NHEt, 
a liquid (240°) which gives B' 2 H 2 PtCl a . 

Anilide C 4 H 3 O.CO.NHPh. [123*5°]. Long 
needles (Schiff, B. 19, 849). 

Nitrile C4HjO.CN. Furfuryl cyanide . 
(148°). Liquid with sweet taste, si. sol. water, 
smelling like benzoic aldehyde. On reduction it 
gives C 4 H 8 O.CH 2 .NH 2 . 

(fi)-Pyromucic acid, got by oxidation of 
fucusol, is a mixture of pyromucic acid with 
inethyl -pyromucio acid [108°] (Bieler a. Tollens, 
A. 258, 126). 

Isopyromucic acid. [82°]. Formed, together 
with pyromucic acid, in the distillation of mucic 
acid. It decomposes BaC0 3 very slowly, and 
can be separated by shaking the product with 
BaC0 3 and extracting with ether (Limpricht, A. 
165, 256). Plates (by sublimation), v. e. sol. 
water, alcohol, and ether. FeCl 3 gives a green 
colour. Br yields mucobromic acid. 

References. — Bromo-, Bromo-sulpho-, 
Chloro-, Nitro-, and Sulpho- pyromucio 
ACIDS. 

PYROMUCIC ALDEHYDE v. Furfuralde- 

HYDE. 

PYROMYKURIC ACID C 7 H 7 N0 4 . [165°]. 

Occurs in the urine of rabbits dosed with fur- 
furaldehyde (Jaff6 a. Cohn, B. 20, 2311). Prisms 
(from water). Split up by boiling baryta-water 
into glycocoll and pyromucic acid.— BaA' 2 IJaq : 
plates.— A urea compound (C 7 H 7 N0 4 )C0(NH.J 2 
[120°] occurs in the urine of dogs fed with meat. 
It crystallises from benzene in needles, v. sol. 
water and alcohol, si. sol. ether, and is decom- 
posed by heating with BaC0 3 into urea and 
pyromykuric acid. 

PYR0NE. A name given to the ring j 



PYROPHORUS. Any finely-divided substance 
whioh takes fire very easily when exposed to air 
is called apyrophorus. 

PYRORACEMIC ACID is Pyruvic acid. 
PYROTARTARIC ACID C 5 H a 0 4 i.e. 
GO 3 H.CHMe.CH 2 .COjH. 

Methyl-succinic acid . Mol. w. 132. [115°]. 

S. 66 at 20°. S.H. *3098 (from 0° to 50°) (Hess, 
A. OK [2] 85, 410). H.C.v. and p. 515,200 
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(Stohmann, J \ pr . [2] 40, 209) ; 511, G72 (Lou- 
guinine, C. R. 107, 597). H.F. 230,800 (8.). 

Formation.— -1. By dry distillation of tartar 
(Valentin Rose, Qehlen's Joum . 3, 598) and of 
tartaric and racemio acids (Gruver, N. J. T. 24 r 
2, 55 ; Pelouze, A . Ch. [2] 56, 297 ; Weniselos, 
A. 15, 148 ; Fourcroy a. Vauquelin, A. Ch. 35, 
161; 64, 42; Arppe, 4.66, 73).— 2. By the re- 
duction of ita-, citra-, and mesa- conic acids and 
of dibromopyrotartaric acid with sodium - 
amalgam (Kekul6, A. Suppl. 1, 342 ; 2, 95). — 3. 
By saponifying its nitrile with HClAq (Maxwell 
Simpson, A. 121, 161). — 4. By heating powdered 
tartaric acid with HClAq at 180° (Geuther a. 
Riemann, Z . [2] 5, 318). — 5. By potash-fusion 
from gamboge (Hlasiwetz a. Barth, A. 138, 73). — 

6. By heating pyruvic acid alone at 170° or 
with HClAq at 100°, or by boiling it with baryta. 

7. By boiling /3-acetyl-a- or /3- methyl-succinic 
ether with potash (Conrad, A. 188, 217 ; Kress- 
ner, A. 192, 135). — 8. By heating ally! iodide 
(1 mol.) with KCy (2 mols.) and a little alcohol, 
and boiling the resulting nitrile with KOHAq 
(Claus, B. 5, 612; 8,100; A. 191, 38). — 9. By 
heating propane tricarboxylic acid (Bischoff a. 
Guthzeit, B. 20, 614). — 10. By oxidation of 0- 
acetyl-w- and iso- butyric acid (Bischoff, A. 206, 
337). 

Properties. — Triclinic prisms grouped like 
frog’s feet (from ether), v. sol. water, alcohol, 
and ether. Begins to boil at 200°, yielding an 
anhydride together with some butyric acid 
(Claus, A. 191, 48). Its solution is notppd. by 
lime-water or lead acetate, but gives a pp. with 
lead subacetate. 

Reactions. — I. Bromine acts very slowly in 
the cold, but when the acid (10 pts.) is heated 
with Br (24 pts.) and water (10 pts.) at 120° for 
6 hours bromocitraconic anhydride is formed 
(Lagermark, Z . 6, 299). When the acid (1 mol.) 
is heated with Br (4 mols.) at 132° acetylene 
tetrabromide is formed (Bourgoin, A. Ch. [5] 12, 
419). — 2. The K salt yields, on electrolysis, O r 
CO, and C0 2 at the positive pole (Reboul a. 
Bourgoin, C. R. 84, 1231).— 3. Distillation with 
P 2 S 3 yields methyl-thiophene.— 4. On heating 
the acid (5 pts.) with resorcin (9 pts.) and H 2 80 4 
(18 pts.) at 150° there is formed pyrotartryl- 
fluorescein C I7 H 16 O fl , a brownish-red powder, si. 
sol. water, v. sol. dilute acids and alkalis. Its 
dilute alkaline solutions fluoresce yellowish- 
green. It yields C 17 H 12 Br 4 O 0 (Hjelt, B. 17, 
1280). 

Salt s. — K 2 A" aq ; deliquescent. — KHA" : 
monoclinic prisms.— NaA" 6aq ; efflorescent 
laminae. — NaHA": small prisms. — (NH 4 ) 2 A": de- 
liquescent ; gives off NH 3 on evaporation, leav- 
ing (NH 4 )HA", which crystallises from water in 
prisms, permanent in the air. — BeA". — BeHjA'V 
— CaA"2aq: powder. S.lat 100°. — GaH 10 A" 6 2aq. 

— Sr A" aq. — SrA" 2aq. — SrHjA", 2aq. — 
BaA" 2aq. — BaH 2 A" 2 aq. — BaH^A'^ 2aq. — 
BaH 2 A" 2 Baq. — BaH^A'^ 4aq. — MgA" 3aq. — 
Mg A" 6aq. — Al(OH)A". — Bi 4 A" 3 (HO) t O. — 
CdA" 3aq. — CdA" 2aq. — MnA" 3aq. — CuA" 2aq. 

— Cu 2 (OH)2A". — Fe(OH)A" 2aq.-PbA" 2aq.— 
Pb 3 A'0 2 .-NiA' , 2aq.-NiH4A''j2aq.-ZnA''3aq. 
— Ag.A" : white curdy pp., blackened by light. 

Ethyl ether EtjA". (218° oor.). S.G. 
^ 1-0189; 3| 1-0113. M.M. 9-347 at 17*4° 
(Perkin, C. J. 45, 516 ; cf. Malaguti, A. 25, 274). 



364 


PYROTARTAKIO ACID. 


Chloride (190°-198°) (Hjelt, 

B . 16, 2624). Reduced in ethereal solution by 
sodium-amalgam and HOAc to liquid 0 6 H 8 0*, 

K , S. 20, whioh is the anhydride of an acid 

Anhydride Cy^O*. (245° cor.) (Lebedeff, 
A . 182, 327). Got by heating the acid at 200° 
alone or with P 2 0 6 . Heavy oil, slowly converted 
by water into the acid. 

Amide OH^CHfCO.NHjJ.CH^CONH,. 
[176°]. S. 7 at 10°. Large plates (Henry, C. B . 
100, 943). 

Imidt [66°]. Formed 

by heating acid ammonium pyrotartrate (Arppe, 
A . 87, 228). Six-sided trimetric plates, sol. 
water, alcohol, and ether. 

Di ^methyl amide C 8 H a (CO.NHMe) 2 . 
[115°] (Henry, Bl [2] 43, 619). 

Mono-anilide C0 2 H.CH 2 .CHMe.C0NHPh. 
[147°]. Formed from aniline and pyrotartaric 
anhydride in chloroform (Arppe, A. 90, 141; 
Anschutz, A . 246, 122). Got also by reducing 
the anilide of mesaconic acid with sodium- 
amalgam. Is identical with Reissert’s ‘pyranil- 
pyroic lactone dihydride.’ Bulky needles, m. sol. 
water. — PbA' 2 : white pp. — AgA'. 

Phenyl-imide ^H 8 .OH<^q^*qq^, [98°] 

(Arppe, A. 90, 139) ; [104 0 ] (Biffif A. 91, 105). 
Formed by heating the acid with aniline at 
100° for ten minutes- Minute needles. 
p-Nitro- anilide 

C 8 H a (C0 2 H)(C0.NH.C fl H 4 N0 2 ). [above 150°]. 
Formed by boiling the jp-nitro-phenyl-imide 
with NaXOsAq. Minute tables, v. si. sol. hot 
water.— AgA' : white pp. 

p-Nitro -phenyl-imide 
C 8 H«:C 2 0 2 :NC u H 4 N0 2 . [155°]. Formed by ni- 
trating the phenyl-imide. Needles (from al- 
cohol), almost insol. water. 
p-Bromo- anilide 

C 3 H 6 (C0 2 H).CO.NHC a H 4 Br. [168°]. Formed 
from the anhydride and p-bromo-aniline 
(Anschutz a. Hensel, A. 248, 269). 
Di-bromo-anilide 

C 8 H 6 (C0 2 H).C0.NHC a H 8 Br 2 [l:2:4]. [139°]. 

Nitrile CH a .CH(CN).CH 2 0N. [c. 12°]. 
(254°). Formed, amongst other products, by 
the action of KCN on allyl chloride (Pinner, B . 
12, 2053). Prisms. Prepared from propylene 
bromide and alcoholic KCy at 100° (Maxwell 
Simpson, A . 121, ICO). Liquid, sol. water, 
alconol, and ether. 

Ethyl ether of the seminitrile 
C0 2 Et.OH 2 .CHMe.CN. (198°). S.G. 1*0275. 
V.D. 4*6. Formed from o-bromo-propionic ether 
and alcoholic KCy (Zelinsky, B. 21, 3162). Oil. 
— NaA' : very hygroscopic. 

Beferences. — Bromo-, Chloro-, Iodo-, Oxy- 
amido-, and Oxy- Pyrotartaric acid. 
n-Pyrotartaric acid v. Glutaric acid. 
Isopyrotartaric acid v. Di-methyl-malonic 
acid. 

FYROTEREBIG ACID v. Hexenoic acid. 
PYROTRITARIC ACID C 7 H 8 0 8 i.e. 

^^CMe'O GO H* add . Di-methyl-fur* 

furam carboxylic acid . Mol. w. 140. [135°]. 
S. *25 at 100°. A product of the distillation of 
tartaric acid (Wislicenus a. Stadnicki, A . 146, 


306). Prepared by heating pyruvic acid with 
NaOAc and Ao 2 0 at 140°, the yield being 20 p.c. 
(B5ttinger, B. 13, 1969 ; A. 172, 241 ; 208, 122 ; 
247, 255), by heating pyruvic acid (80 g.) with 
dry sodium succinate (55 g.) at 110° (Fittig a. 
Parker, A . 267, 212), and by heating pyruvic 
acid (17*5 g.) with dry potassium propionate 
(20 g.) at 140° (Bischoff, B. 24, 2021). Formed 
also by heating methronic acid as long as C0 2 is 
given off (Fittig, A . 250, 190 ; cf. Harrow, C. J, 
33, 425). Needles (from hot water), nearly in- 
sol. cold water, v. sol. alcohol and ether. Not 
affected by potash-fusion. P01 5 gives a chloride, 
reconverted by water into the acid. Does not 
react with hydroxylamine or phenyl-hydrazine. 
Water at 160° forms acetonyl-acetone. By 
bromine it is converted into a tetra-bromo- 
derivative and its tetra-bromide, which are both 
reduced back to pyrotritaric aoid by sodium- 
amalgam. An excess of bromine at 100° forms 
penta-bromo-pyrotritario acid. By dry distilla- 
tion it gives di-methyl-furfurane, a substance 
which is also obtained by distilling acetonyl- 
acetone with ZnCl 2 (Paal, B . 20, 1074 ; Dietrich 
a. Paal, B. 20, 1077). 

Salts . — NaA' 2aq. — CaA' 2 2aq : prisms.— 
CaA' 2 4aq. — CaA 2 6aq. — BaA' 2 4aq : plates.— 
BaA' 2 2aq. — BaA' 2 5aq. — ZnA' 2 8aq. — AgA'. 

Methyl ether MeA'. (192°). Got by dis- 
tilling the Ag salt of carbopyrotritario mono- 
methyl ether (Knorr a. Cavallo, B. 22, 156). 

Ethyl ether EtA'. (208°). 

Pyrotritaric carboxylic acid v. Methronic 

ACID. 

Carbopyrotritaric acid v. Di-methyl-fub- 

FURANE CARBOXYLIC ACID. 

PYROXANTHIN C 15 H 12 0 8 . [162°]. Extracted 
by NaOHAq from the product of the dry distilla- 
tion of wood (Scanlan, J. pr. 7, 94 ; Gregory, A. 
21, 143 ; Hill, Am. 3, 332 ; B. 11, 466). Orange 
needles (from alcohol), sol. benzene and HOAc. 
Forms a purple solution in H 2 S0 4 . Reduced by 
zinc-dust and HOAc to a colourless body. 
Bromine forms Ci 5 H l0 Br e O 3 crystallising in small 
colourless triclinio needles, converted by alcohol 
and powdered Sb into C, 5 H 10 Br 2 0 8 , crystallising 
in yellow monoclinic needles, v. sol. hot alcohol. 

PYROXYLIN v. Cellulose. 

PYBR0DI AZOLE CftN, i.e. 

[121°]. Formed by heating its carboxylic acid at 
120° (Andreocci, B. 25, 229). Needles, v. e. soL 
water and alcohol. 

Pyrrodiazole carboxylio acid 

CO^C^;^* Formed by oxidising methyl- 

pyrrodiazole with alkaline KMn0 4 . White 
crystalline powder, v. si. boI. water, alcohol, and 
ether. 

PYBBOLE C ( H„N i.e. ch-CH> NH - P V rrhoU 
Pyrroline. Mol. w. 67. (130° i.V.). S.G. 
*9752. S.V. 92*1 (Ramsay). H.F.p. 4,056 (Ram- 
say). Occurs among the products of distillation 
of coal (Runge, P. 31, 67) and of bones (Ander- 
son, Tr. E. 20 [2] 247 ; 21 [4] 671 ; A. 80, 63; 
105, 349). 

Formation.— 1. By distilling ammonium 
mucate alone or with glycerin at 190°(Schwanert, 
A. 116, 279 ; Goldschmidt, Z . [2] 8, 280).— 2. By 
heating its carboxylic acid.— 8. By distilling 
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guccinimide with zinc-dust (Chichester Bell, B. 
18, 877). — 4. By distilling ammonium saccharate 
(Bell a. Lapper, B. 10, 1962). — 6. By heating 
di-chloro-maleio imide with PC1 5 at 200°, and 
reducing the resulting perchloride C 4 C1 7 N with 
zinc-dust and HO Ac (Ciamician a. Silber, B . 17, 
654 ; 19, 3027). The dichloro-maleio imide may 
be got from succinimide and PC1 V — 6. By re- 
ducing tetra-iodo-pyrrole with zinc-dust and 
KOHAq (C. a. S.). — 7. By heating albumen with 
Ba(OH) 2 at 150° fSchiitzenberger, Bl. [2] 25, 
289). — 8. By distilling pyromucic acid with 
ammonia-zinc chloride and CaO (Canzoneri a. 
Oliveri, G. 16, 487). — 9. By passing di-ethyl- 
amine through a r’ed-hot tube (Bell, J5. 10, 1868). 
10. By passing ethyl- allyl- amine over PbO at 
450° (Koenigs, B. 12, 2344).— 11. By distilling 
glutamic acid (Haitinger, M. 3, 228). 

Preparation . — Bone oil is shaken with acids 
and distilled. The fraction 98°-150° is heated 
with KOHAq and distilled, and the portion 
125°-140° heated with solid KOH with inverted 
condenser. The solid C 4 H 4 NK thus obtained is 
washed with ethor and decomposed by water, and 
the pyrrole distilled with steam (Ciamician, B . 
13, 70; 19, 173 ; G. 16, 836). 

Properties. — Oil with fragrant odour, re- 
sembling chloroform. Tastes hot and pungent. 
V. sol. alcohol and ether, insol. dilute alkalis. 
Turns brown in air. Turns pine-wood soaked 
in HClAq red. Dissolves in cold dilute acids, 
but on warming the solution pyrrole-red is 
formed as a bulky amorphous pp. FeCl s added 
to its solution in HClAq gives a green colour 
changing to black. Alcoholic HgCl 2 gives a 
white pp. Isatin and HO Ac or dilute H 2 S0 4 
give a deep-blue pp. which forms a deep-blue 
solution in HOAo and H 2 S0 4 (Y. Meyer, B. 16, 
2974 ; Ciamician, B. 17, 142). 

Reactions. — 1. HNO a forms oxalio acid. — 
2. Potassium acts very strongly, forming a 
colourless liquid, which solidifies on cooling to 
C 4 H 4 NK. Boiling with solid KOH gives the 
same body (Anderson, A. 105, 352). Sodium 
acts but slightly, forming C 4 H 4 NNa only at a 
very high temperature. NaOHAq has no action 
on pyrrole.— 3. HC1 passed into an ethereal 
solution ppts. crystalline (C 4 H 6 N)jHC 1, whence 
ammonia liberates an unstable base (Dennstedt a. 
Zimmermann, B. 21, 1478). — 4. Hydroxylamine 
forms NH, and crystalline C 4 H a N 2 0 2 [175°]. 
Converted by adding Na to its boiling alcoholic 
solution into tetramethylene-diamine (Ciami- 
oian, O. 14, 156 ; B. 22, 1968). The compound 
C 4 H 8 N 2 02 » when heated with phenyl-hydrazine, 
yields C 16 H, 8 N 4 , which crystallises from alcohol 
in plates [125°]. — 5. By a dilute solution of 
sodium hypochlorite (15 pts. of .active chlorine 
in 1,000 pts. of water to 10 pts. of pyrrol) it is 
converted into di-chloro-maleio acid and chlor- 
inated pyrroles. On the other hand, a concen- 
trated solution of sodium hypoohlorite (45 pts. 
of active chlorine in 500 pts. of water to 10 pts. of 
pyrrole) yields dichloro-acetio acid. An alkaline 
solution of bromine yields dibromomaleimide. 
Iodine in presence of alkalis yields tetra-iodo- 
pyrrol (Ciamician a. Silber, B. 17, 1743 ; 18, 
1763).— 6. Potassium pyrrole heated with ethyl 
iodide yields v-ethyl-pyrrole, di-ethyl-pyrrole 
C 4 H a Et:NEt, and probably also C^EtiNH. 
Potassium pyrrole and benzyl-chloride yield 


v-benzyl-pyrrole (247°) (Ciamician, B. 22, 659 ; 
G. 17, 135).— 7. Pyrrole (50 g.), boiled with par- 
aldehyde (50 g.) and ZnCl 3 (12 g.), forms oily 
ethyl-pyrrole C fl H„N (164°) (Dennstedt a. Zim- 
mermann, B . 19, 2189).— 8. Pyrrole (1 pt.), 
acetone (10 pts.) and a drop of HC1 give 
C 14 H 18 N a [291°], whence alcoholio AgN0 8 forms 
( C 14 H 18 N 2 ) .jAgN 0 8 , crystallising in needles (Baeyer, 

B. 19, 2184). The oompound C l4 H 18 N 2 yields, 
on distillation, C, 0 H, S N (275°-285°), which is 
probably mesityl-pyrrole, and whence Ao 2 0 and 
NaOAo form y-acetyl-pyrrole. The compound 

C, 4 H u N 2 , examined byBaoult’s method, appears 
to have the formula C 28 H Sfl N 4 . On heating 
pyrrole with acetone and Zn01 a isopropyl-pyrrole 
(174°) is formed. Among the products of the 
action of acetone on pyrrole there is also a 
yellow oil C 18 H 17 N (?) (800°-305°), which soon 
blackens in air. This oil forms an acetyl deriva- 
tive [above 360°], and is reduced by tin and 
alcoholio HC1 to C 18 H 19 N (274°), which yields 
B'HCl [228°] and B'HSnCl, [170°] (Dennstedt 
a. Zimmermann, B. 20, 850, 2449 ; 23, 1370). — 
9. Di-ethyl ketone , MeOH, and HC1 give 
C, 8 H 28 N 2 [210°], which yields B'^AgNO,,, crystal- 
lising in needles (Dennstedt a. Zimmermann, B. 
20, 2455).— 10. Chloroform converts potassium 
pyrrole into (/3)-chloro-pyridine. Bromoform 
acts in like manner, giving bromo-pyridine. 
CH 2 C1 2 has no action, but CC1 4 forms chloro- 
pyridine, while benzylidene chloride yields (j8)- 
phenyl-pyridine (Ciamician, B. 14, 1160 ; 15, 
1172; 20,191; G. 16, 140).- 11. Readily combines 
with diazo- compounds, forming azo- and disazo- 
bodies, but no compounds analogous to the 
diazoamides. Their constitution is probably 

and (O. 

Fischer a. Hepp, B. 19, 2251). — 12. Pyrrole (5 g.) 
added to a lukewarm solution of alloxan (11 g.) 
in water (300 c.c.) forms colourless crystals of 
C 8 H 7 N 8 0 4 or NH 2 .CO.NH.OO.CO.CO.C 4 H a NH, 
si. sol. hot alcohol, nearly insol. water and ether, 
and yielding Ag 2 A". Pyrrole-alloxan is converted 
by caustic potash solution into C 7 H 8 N 2 0 8 or 
NH 2 .CO.CO.CO.C 4 H s NH, which crystallises in 
white plates, v. sol. warm alcohol, and yields 
AgA' and crystalline Me A' (Ciamician, B. 17, 
106, 1711; 19, 1708; G. 16, 198, 357).— 
13. Pyrrole and MeOH distilled over zinc-dust 
yield (o)- and (£)- methyl-pyrrole, di-methyl- 
pyrrole, and di-methyl-dipyrrole (Dennstedt, B. 
24, 2559).— 14. Acetyl chloride , acting on potas- 
sium-pyrrole, forms v-acetyl-pyrrole and pyrryl 
methyl ketone (pseudo-acetyl-pyrrole), which may 
be separated by steam-distillation. Ac 2 0 at 300° 
forms pyrrylene di-methyl diketone (Ciamician a. 
Silber, G. 15, 193). — 15. Propionic anhydride and 
sodium propionate form, on boiling, y-propionyl- 
pyrrole, pyrryl ethyl ketone, and pyrrylene di- 
ethyl diketone (Dennstedt a. Zimmermann, B . 
20, 1760). — 16. JBz 2 0 and NaOBz at 220° form 
pyrryl phenyl ketone (pseudo-benzoyl-pyrrole). 
17. COCl 2 in benzene, added to C 4 H 4 NK in 
ether, forms CO(NC 4 H 4 ) 2 , separating from ligroin 
in monoolinic crystals [68°] (238°) (Ciamician a. 
Magnaghi, B. 18, 415). — 18. Phthalic anhydride 
and HOAc at 185° form 0 I2 H : N0 2 [241°], con- 
verted by Br into CuHjBrgNOa [199°], and by 
boiling KOHAq into C J2 H*NO a [174°-184°j, which 
yields MeA' [105°] (Ciamician, B. 17, 2967 ; 
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Anderlini, B. 21, 2869). The compound 
C 12 H 7 N0 2 is reduced by water and Na to 

g >CH.OH [118°] (Oiamioian, 1 B. 
19, 2206; 21, 1554). 

Salts.— C 4 H 4 NK. Solid, absorbing CO, at 
200°, forming pyrrole (£) -carboxylic acid. — 
B'2HgCl 2 : crystalline powder, insol. water, si. 
sol. cold alcohol.— B' 4 3CdCl 2 . — B'ICl : black pp. 
{Ditfcmar, B. 18, 1612).— Picrate : [c. 71°]; 
unstable (Hooker, B. 21, 3299). 

Acetyl derivative C 4 H 4 NAc. (182° i.V.). 
Formed by the action of AcCl on potassium- 
pyrrole suspended in ether, and also as a by- 
product in the preparation of pyrryl methyl 
ketone by heating pyrrole with Ac 2 N and NaOAo 
(Ciamician, B. 16, 2348 ; 18, 881). Oil, volatile 
with steam, saponified by hot KOHAq. Reddens 
acidified pine-wood. Gives a pp. with aqueous 
HgCl 2 . 

Propionyl derivative C 4 H 4 N.COEt. 
(193°) (Dennstedt a. Zimmermann, B. 20, 1760). 

Dihydride C 4 H 7 N. Pyrroline. (90° i.V.). 
Formed by reducing pyrrole with zinc-dust and 
HOAc (Ciamician a. Dennstedt, B. 16, 1536 ; 
22, 2512 ; Q. 15, 481). Hygroscopic liquid, v. 
sol. water. Yields a nitrosamine C 4 H 6 N(NO) 
[38°]. Absorbs C0 2 from the air. — B'HCl. 
[174°]. Flat prisms, v. sol. hot alcohol. — 
B'ja^tCl,, : triclinic crystals.— B'HAuCl, [152°]. 
— B'CaHsNgO,. [156°]. Yellow crystals (from 
water). Benzoyl derivative C 4 H a NBz. 
^160° at 2 mm.). Syrup, formed from the hy- 
drochloride and BzCl at 110°. V. sol. alcohol. 

Tetrahydride C 4 H h N. Pyrrolidine. 
(88*5°). S.G. *8520. Formed by reducing 
the dihydride by HIAq at P at 250° (Ciamician 
a. Magnaghi, Q. 15,483 ; B. 18, 2079). Formed 
also, together with tetra-methylene-aiamine, by 
the action of Na on ethylene cyanide or succin- 
imide in alcohol, and by distilling tetramethylene- 
diamine hydrochloride (Ladenburg, B. 19, 782 ; 
20,442,2216; Petersen, B. 21, 290). Formed from 
chlorobutylamine hydrochloride and KOHAq 
(Gabriel, B. 24, 3234). Liquid, with pungent 
ammoniacal odour. Yields a liquid nitrosamine 
(214°), v. sol. water.— B' 2 H 2 PtCl 6 . [200°]. 
Prisms. — B'HAuCl 4 . [206°]. — B'C a H a N 3 0 7 . 
[112°].— B^HaBiA.— B'H 2 CdI 4 . [219°]. Needles. 

Pyrrole red C 12 H, 4 N 2 0 ? Formed by boiling 
pyrrole or its carboxylic acid with dilute H 2 S 0 4 
or HC1 (Anderson, A. 105, 357 ; Schwanert, A. 
116, 280). Reddish-brown flakes, insol. water, 
ether, acids, and alkalis, si. sol. alcohol. Yields 
pyrrole on distillation. 

Homopyrrole v . Methyl-pyrrole. 

References.— Bromo-, Chloro-, Iodo, Nitbo-, 
and Oxy-amido- Pyrrole. 

PYRROLE - AZO- v. Azo- compounds and 
Dibazo- compounds. 

PYRROL-CARBO-XETONIC ACID v. Pyrryl- 

4ILYOXYLIC ACID. 

PYRROLE (a)-CARBOXYLIC ACID C 6 H 5 N0 2 
4.e. ^H^COgHJNH. Carbopyrrolic acid . [191°]. 

Formation. — 1. By the action of boiling 
baryta on its amide, which is got by distilling 
ammonium mucate (Malaguti, A. 15, 179; 
Schwanert, A. 116, 270 ; Ciamician, B . 17, 1C 1). — 
2. By boiling pyrocoll with KOHAq (Weidel a. 
Ciamician, M. 1, 285). — 3. By fusing potassium 
(a) -methyl-pyrrole with potash (Ciamician, B. 


14, 1054; Q . 11, 228). — 4. By heating pyrrole 
with ammonium carbonate and water at 140° 
(Ciamician a. Silber, B. 17, 1150 ; G. 14,162).— 
6. By heating pyrrole with alcoholic potash and 
CC1 4 (Ciamician a. Silber, B. 17, 1437). — 6. By the 
action of C0 2 on potassium pyrrole at a high 
temperature (C. a S.). 

Properties. — Prisms (from water), sol. water 
and alcohol. Decomposed by heat into C0 2 and 
pyrrole. HClAq forms, on warming, C0 3 , pyrrole 
red, andNH a Aq. 

Salts. — NH 4 A' : m. sol. water. — CaA' 2 : 
scales. — BaA' 2 (dried at 100°) : plates, sol. water 
and alcohol. — PbA' 2 : nacreous scales, v. sol. 
water. — AgA' : small needles, si. sol. water. 

Methyl ether MeA'. [173°]. PrismB. 

Ethyl ether EtA'. [39°] (231°). 

Amide C.HdCONH^N. [173°]. Lamin®, 
y. sol. alcohol and ether, m. sol. water. 

Acetyl derivative C 4 H 8 N.CO.OAc. [75°]. 
Formed from the Ag salt and AcCl. Scales, 
readily decomposed by water into acetic acid 
and pyrrole carboxylic acid. At 75° it decom- 
poses into HOAc and pyrocoll. 

Pyrrole (£) -carboxylic acid 0^(00.^) :NH. 
[162°]. Formed by fusing potassium (0) -methyl- 
pyrrole with potash (Ciamician, B. 14, 1054). 
Needles, partially decomposed by boiling water 
into C0 2 and pyrrole. The lead salt is si. boI. 
water.— BaA' 2 : needles. A pyrrole carboxylic 
acid [166°], got by potash -fusion from isopropyl- 
pyrrole, and yielding a methyl ether [129°] 
(Dennstedt a. Zimmermann, B. 20, 855), is pro- 
bably identical with the (#)- acid. 

Pyrrole ^-carboxylic acid 

Ethyl ether C 4 H 4 N.C0 2 Et. Tetrol- 
urethane. (180°). Formed from potaBsium- 
pyrrole and ClC0 2 Et in ether (Ciamician a. 
Dennstedt, O. 12, 84). Oil. 

Amide C 4 H 4 N.CONH 2 . [167°]. Formed 
from the ether and NH 8 . 

Nitrile C 4 H 4 N.CN. Tetrol cyanuramide. 
[210°]. Got by passing CyCl into potassium- 
pyrrole in ether (Ciamician a. Dennstedt, O. 13, 
102). Needles, insol. water, sol. hot alcohol. 
Boiling alcoholic potash forms pyrrole, C0 2 , and 
NH S . 

Pyrrole dicarboxylic acid C a H 8 N0 4 i.e . 
C 4 H 2 (C0 2 H) 2 NH. Formed by oxidising pyrrylene 
dimethyl diketone, and fusing the product with 
potash (Ciamician a. Silber, 0. 16, 377 ; B. 19, 
1958 ; 20, 2601). Needles (from dilute alcohol), 
sol. ether and hot water. Blackens at 260°, 
giving pyrrole and C0 2 . FeCl a gives a brown 
pp. The Ba salt crystallises in needles. The 
Ag salt is a curdy pp. 

Mono-methyl ether MeHA". [243°]. 

Di-methyl ether MejA". [132°]. 

Di-ethyl ether Et.jA". [82°]. 

References. — Bromo-, Chloro, and Nitbo- 

PYRROLE CARBOXYLIC ACIDS. 

PYRROLINE. A name used both for Pyrrole 
and Pyrrole dihydride. 

PYRROLYLENE t>. Butinene. 

PYRROLYLENE TETRABROMIDE u.Tetra- 

BROMO-BUTANE. 

PYRRONE v. Di-pyrryl-ketone. 

PYRROYL-FORMIC ACID v. Pyrryl-gly- 

OXYLIC ACID. 

PYRROYL - PYRROL C 4 H f N.CO.C 4 H*NH 
[63°]. Formed, together with di-pyrryl -ketone 
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CO(C 4 H s NH), by intramolecular transformation 
of carbonyl-pyrrole by heating it to 250° for a 
few hours (Oiamician a. Magnaghi; B. 18, 1829). 
White silky plates. Not volatile with steam. 
By heating with aqueous KOH it is split up'into 
pyrrole and pyrrole-(a) -carboxylic acid. 

PYRROYL-PYRUVIC ACID. Ethyl ether 
C 4 H 3 NH.CO.CH,.CO.CO < 2 Et. [123°]. Formed by 
the action of NaOEt and oxalic ether on pyrryl 
methyl ketone (Angeli, B. 23, 1794, 2155). Yellow- 
ish plates, v. sol. alcohol, si. sol. water. Decom- 
posed by alkalis, even in the cold, into oxalic 
acid and pyrryl methyl ketone. Hydroxylamine 
forms C 10 H 10 N 2 O 3 [124°], which on saponification 

yields the acid [179°], 

crystallising in white needles. Aniline (2 pts.) 
in HOAc forms C 4 H 3 NH.C0.CH 2 .C(NPh).C0 2 Et 
[115°]. Phenyl-hydrazine forms C )fl H 13 N 3 0 2 
[168°] which is the ether of an acid [215°]. 

Anhydride [250°]. 

Formed by adding HC1 to the mother-liquor from 
which the ether has separated (Angeli, B. 23, 
1795). Yellow needles (from benzene), v. sol. 
alcohol. o-Phenylene-diamine forms C, 4 H 0 N S O, 
a reddish -yellow crystalline powder forming a 
bluish-green solution in II,S0 4 and yielding a 
benzoyl derivative [c. 106°]. Aniline forms 

[218°], whence cold KOHAq 

forms an acid G 14 H 12 N,0 3 [179°]. 

PYRRYLENE DIETHYL DIKETONE 
C 4 H 2 NH(COEt) 2 . [117°]. Formed by heating 
pyrrole with propionic anhydride at 260° (Denn- 
stedt a. Zimmermann, B. 20, 1761). Plates. 
PYRRYLENE DI-METHYL DIKETONE 

C.H.NO, i.e. [162°]. Formed 

by heating pyrrole, pyrryl methyl ketone, or 
acetyl-pyrrole with Ac 2 0 at 250° (Ciamician, B. 
17, 432, 2953; 18, 881, 1466; 19, 1957; 20, 
2595). Needles, sol. hot water and hot KOHAq. 
May be sublimed. Yields a nitro- derivative 
[149°] and a di-bromo- derivative [172°]. — AgA'. 

PYRRYLENE DISTYRYL DIKETONE 
(C«H !V .CH:CH.CO) 2 C 4 H 2 NH. [240°]. Formed by 
heating pyrrylene dimethyl diketone with ben- 
zoic aldehyde and KOHAq (Oiamician a. Denn- 
stedt, B. 17, 2953). Crystals (from HOAc), si. 
sol. alcohol. Forms a violet solution in H 2 S0 4 . 

PYRRYL ETHYL KETONE O^NO i.e . 
C 2 H 5 .CO.C 4 H 3 NH. [52°J. (224°). Formed by 
boiling pyrrole with propionic anhydride and 
sodium propionate (Dennstedt a. Zimmermann, 
B. 20, 1761). Colourless needles.— AgA' : pp. 

PYRRYL-GL Y OXYLIC ACID C,H 5 N0 8 aq i.e . 
C 4 H 3 NH.CO.CO 2 H aq or C.H.NH.CfOH^CO.H. 
Formed by oxidation of pyrryl methyl ketone by 
KMn0 4 (Ciamician a. Dennstedt, B . 16, 2350 ; 
17, 2949). Crystallises from benzene in yellow 
needles (of G„H 7 N0 4 ) melting at 76°, v. sol. hot 
water. After drying over sulphuric acid the acid 
(0„H 5 N0 8 ) decomposes at 114°. The aqueous 
solution gives a red colour with FeCI,. On heat- 
ing with HClAq it gives a crimson colour turned 
yellowish -green by alkalis.— AgA' : oolourless 
needles, sol. hot water. 

Methyl ether MeA'. [72°]. (285°). Mono- 
aclinic crystals, si. sol. water. 


Carboxy-pyrryl-glyoxylic acid 
CO 3 H.C 4 H 2 NH.CO.CO 3 H. Formed by oxidation 
of pyrrylene dimethyl diketone (Ciamician a. 
Silber, B. 19, 1412, 1961). Crystalline, v. sol. 
hot water. — Ag 2 A" : canary -yellow pp. 

Methyl ether Me 2 A". [145°]. 

DI- PYRRYL KETONE CO(C 4 H 8 NH) 2 . [160°]. 
Formed, together with (0 4 H 4 N) 2 C0, by the action 
of COCl 2 on C 4 H,NK. Formed also, together 
with pyrroyl-pyrrole, by heating (C 4 H 4 N) 2 CO at 
250° for a few hours (Ciamician a. Magnaghi, 
B. 18, 414, 1829). Trimetric crystals; a:6:c* 
2*531:1:2*901. V. sol. alcohol, ether, and benzene, 
nearly insol. water. - Ag^A" : yellow pp. 

PYRRYL METHYL KETONE C fl H 7 NO i.e . 

CH 3 .CO.C 4 H s NH or Pseudo - 

acetyl-pyrrole. [90°]. (220° uneor.). V.D. 8-8 

(calc. 3*8). Formed by boiling pyrrole with Ac 3 0 
and NaOAc (li. Schiff, B. 10, 1501 ; Ciamician 
a. Dennstedt, B. 16, 2348 ; 17, 432, 2944 ; 18, 
1456 ; 20, 2605 ; G. 15, 175). Formed also by 
heating pyrrole with Ac 2 0 and ZnCL> (Dennstedt 
a. Zimmermann, B . 19, 2204), and by heating 
CH 3 .C0.C 4 H 3 N.C0 2 K with K,C0 3 at 290° (Ciami- 
cian a. Silber, B. 19, 1963). Long monoclimo 
needles, sol. hot water, v. sol. aqueous alkane, 
sparingly volatile with steam. Not converted 
into pyrrole and KOAc by potash. 

ReacMons. — 1. Yields pyrryl-glyoxylio acid 
when oxidised by KMn0 4 . — 2. Benzoic aldehyde 
and dilute KOH form pyrryl styryl ketone. — 3. 
Water and sodium-amalgam reduce it to crystal- 
line pyrryl methyl pinacone C 12 H, fl N 2 0 2 [120°] and 
pyrryl-methyl-carbinol CH ;r CH(OH).C 4 H 8 NH 
an oil (290°-300°). Pyrryl-methyl-pinacone 
C 4 H 4 N.CMe(OH).CMe(OH).C 4 H 4 N crystallises in 
prisms (containing 2aq) melting at 98° when 
hydrated. — 4. Oxalic ether and NaOEt form 
pyrroyl-pyruvic ether (Angel, B. 23, 1357, 1794). 
5. Cold fuming H 2 S0 4 yields an unstable sul- 
phonic acid, which forms a crystalline K salt. 

Salt. — C 4 H 3 AcNAg. Crystalline pp. 

OzimCH s .C(NOH).C 4 H 3 NH. [146°]. Needles. 

Phenyl - hydrazide 

CH S . C (NJEiPh) .C 4 H 3 N H. [147°]. White powder. 

References.— Amido-, Bromo-, Bromo-nitro-, 
and Nitko- Pyrryl methyl ketone. 

PYRRYL METHYL KETONE CARBOXYLIC 
ACID C 7 H 7 N0 3 i.e. CB^.CO.CAN.CO^. [186°]. 
Formed by saponification of its methyl ether, 
obtained by heating methyl pyrrole (a)-carboxy- 
late with Ac 2 0 at 260° (Ciamician a. Silber, &. 
14, 169 ; B. 17, 1155). Leaflets, sol. water, 
alcohol, and ether. FeCI, gives a brown pp.— 
CaA' 2 7aq : triclinio prisms. — *PbA' 2 : needles.^- 
AgA' : powder, si. sol. water. 

Methyl ether MeA'. [113°]. Gives with 
ammoniacal AgNO, a pp. CgHgAgNO,. 

PYRRYL PHENYL KETONE C^NO U. 
C 6 H 5 ,CO.C 4 HaNH. [78°]. Formed by heating 
pyrrole with benzoic anhydride and dry NaOBz 
at 200°-240° (Ciamician a. Dennstedt, B. 17, 
432, 2955). Needles, v. sol. alcohol, si. sol. hot 
water. — C n E^,AgNO. 

PYRRYL STYRYL KETONE C 18 H n NO i*. 
C a H 5 .CH;CH.CO.C 4 H 8 NH. [142°]. Formed by 
boiling pyrryl methyl ketone with C fl H 6 CHO ana 
KOHAq (Ciamician a. Dennstedt, B. 17, 2947). 
Yellow needles, sL sol. alcohol, insol. water.—* 
C ls H l 0 ONAg : yellow needles, insol. NHtAq. 
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PYRUVIC ACID 0J3i i 0 9 i.e. CHa.OO.CO2H. 
Pyrorocemic acid, Dir-oxy -propionic acid . Mol. 
w. 88. [9°]. (0. 165°). S.G. tf 1-2752 ; 

1-2700. M.M. 8-557 (Perkin, 0. J. 61, 836). 

Formation.— 1. By distilling racemio or tar- 
taric acid (Berzelius, A. 18, 61 ; Volckel, A. 89, 
65 ; Wislicenus, A. 126, 225).— 2. By gradually 
beating tartaric acid with HClAq in sealed tubes 
to 180° (Geuther a. Riemann, Z . [2] 5, 318). — 3. 
By heating tartaric acid with cone. HjSC^ at 40°- 
60° (Bouchardat, G. B. 89, 99). — 4. By heating 
silver di-o-chloro-propionate with water (Bec- 
kurts a. Otto, B. 10, 265 ; 18, 227).— 5. By dis- 
tilling glyceric acid (Moldenhauer, A. 131, 338 ; 
Bottinger, A. 196, 92).— 6. By boiling acetyl 
cyanide with dilute HC1 (Claisen a. Shadwell, B. 
11, 1563).— 7. By oxidation of a cold aqueous 
solution of calcium lactate by KMn0 4 (Beils fcein 

а. Wiegand, B. 17, 840). 

Preparation. — 1. Tartaric acid (3 lbs.) is dis- 
tilled from a glass retort (30 lbs. capacity); The 
distillation takes three hours. A fresh quantity 
of tartaric acid is then added and the operation 
repeated. The distillate is fractionally distilled 
(Clewing, J.pr . [2] 17, 243).— 2. Dried, and finely 
powdered, tartaric acid is mixed with an equal 
weight of sand and distilled (Seissl, A. 249, 297). 
3. Tartaric acid is distilled with KHS0 4 , the 
yield being 50 to 60 p.o. (Erlenmeyer, B. 14, 
321). 

Properties. — Liquid, smelling like acetic acid, 
v. e. sol. water, alcohol, and ether. Colourless 
crystals below 9° (Simon, Bl. [3] 9, *111). Par- 
tially decomposed on distillation. Keduces am- 
moniacal AgNO g , forming a mirror, and yielding 
C0 2 and acetic acid. Coloured cherry-red by 
alkaline sodium-nitroprusside, the colour being 
discharged by HOAc (Von Bitto, A. 267, 377). 
Readily ppd. by phenyl-hydrazine. Forms an 
oxim. 

Betfctions. — 1. Dilute H 2 S0 4 at 150° splits it 
up into aldehyde and CO a (B. a. W.). — 2. By 
long heating at 170° it is converted into CO a 
and acetic, pyrotartario, uvic, and citraconic 
aoids (BSttinger, B. 9, 670, 837, 1823).— 3. HClAq 
at 100° forms C0 2 and pyrotartario acids (De 
Clermont, B. 6, 72). — 4. Boiling with Ag 2 0 yields 
C0 2 and acetic acid. — 5. Reduced to lactic acid 
by sodium-amalgam , and by Zn and H 2 S0 4 . — 

б. HI reduces it to propionic acid.— 7. Zinc 
when added to its alcoholic solution forms 
C02H.CMo(OH).CMe(OH).C02H (BOttinger, B. 9, 
1064). — 8. PCl ft forms di-a-chloro-propionio acid 
(Klimenko, B. 3, 465 ; Beckurts a. Otto, B. 11, 
886). — 9. Dry bromine at 0° forms crystalline 
di-bromo-lactio acid (?). Br and water give di- 
bromo-pyruvio acid (Wislicenus, A. 148, 208; 
Wichelhaus, A. 152, 265). — 10. Oxidised by 
ohromic acid mixture to C0 2 and acetic acid. — 
ll.HNOgforms oxalic acid and GO r — 12. Boiling 
baryta-water forms uvitic, uvic, pyrotartario, 
oxalic, and acetio acids and C0 2 (Finckh, A. 122, 
182; Bottinger, B. 8, 957; A. 172, 241, 253; 
188, 313; 208, 129). Baryta- water added to 
a cold solution of pyruvio acid ppts. barium 
hydruvate BaG 0 H g O y or the basio salt 
BagHgfO^O,)^ Hydruvio acid is a syrup.— 
18. On heating with excess of quicklime it yields 
a little aldehyde (Hanriot, C.R. 101, 1156; Bl. 
[2] 46, 81). — 14. HON followed by HOI forms 
lactic acid. KGN followed by HOI yields 


CHg.O(OH)(ON).C0 2 H v. Cyano-oxy-propionio 
acid. On warming pyruvio aoid with HCN 
under pressure the product isCMe(NH 2 )(002H) 2 , 
crystallising in unstable prisms (K6mer a. 
Menozzi, G. 17, 104). — 15. Alcoholic ammonia 
forms methyl - pyridine dicarboxylio aoid. — 
16. Aniline added to an ethereal solution forms 
C 9 H 9 N0 2 , *.e.CH a .C(NPh).C0 2 H [122°] (Bdttinger, 

B. 10, 818). Aniline alone forms, on heating, 
G J4 H, a N 2 0, crystallising from dilute alcohol in 
needles [195°], while p-toluidine gives CjaH^NjO 
[238°] (Lazarus, B. 17, 998). Aniline and fur - 

furaldehyde form C a H 4 <^2£^ : cc h,0, 

crystallising in greenish-yellow needles [210°- 
215°] (Doebner, A. 242, 285) . Tetra-amido-anisole 
forms the quinoxaline G B H(0Me)(N 2 0 3 H 4 0) 2 as 
orange -yellow flakes, v. sol. alkalis (Nietzki a. Kur- 
tenacker, B. 25, 284). — 17. H s S passed into water 
containing the Ag salt forms thiolactic acid(Bottin- 
ger, B. 9, 404 ; Lov^n, J.pr. [2] 29, 376).— 18. PH 3 
and HC1 passed into an ethereal solution form 
‘phosphortrianhydropyruvic ’ acid C„H 9 PO e , crys- 
tallising in needles, insol. alcohol and ether, and 
forming with phenyl-hydrazine the compounds 
C^PO^PhN^ [132°] and C 45 H 48 N 12 0 3 (?) 
[162°]. The aoid C h H h PO„ is converted by aniline 
into G 21 H 23 N 2 P0 8 [158^, whence phenyl-hydrazine 
forms [169°]. Tolylene-diamine con- 

verts CpH^POa into CgH^O^C^^Na [178°] (Mes- 
singer a. Engels, B. 21, 334, 2919).— 19. Pyruvic 
acid (50 g.) heated with dry sodium succinate (92 g.) 
and Ac 2 0 (58 g.) at 110° forms di-methyl-maleio 
anhydride (pyrocinchonic anhydride) (Fittig a. 
Parker, A. 267, 204). Pyruvic acid (30g.) heated 
with dry sodium succinate (55 g.) at 110° forms 
uvic (pyrotritaric) acid. — 20. Pyruvio acid (30 g.) 
heated with sodium pyrotartrate (60 g.) and 
AcO (36 g.) at 140° forms methyl-ethyl-maleio 
anhydride (F. a. P.). — 21. Benzonitrile and cold 
H 2 S0 4 form an acid C 17 H )a N 2 0 4 , crystallising in 
tables [172°], insol. water, v. sol. acetone 
(Bottinger, B. 14, 1599). — 22. Phenyl - aceto- 
nitrile and H 2 S0 4 form, in like manner, 
C 19 R 20 N.,O 4 [145°] (B.).— 23. By heating with 
aldehydes R.CHO and baryta- water it is con- 
verted into s-alkyl-isophthadic acids of the form 
C a H 3 R(C0 2 H) 2 (Doebner, B. 23, 2378). — 24. Benz- 
oic aldehyde and aniline in ether form, in the 
cold, C w H 18 N 2 0 or CHPh:CH.C(NPh).CONHPh 
[225°], insol. water, acids, and alkalis, si. sol. 
alcohol and ether. Cuminic aldehyde and 
aniline give G 25 H 24 N 2 0 [216°] (Doebner a. 
Gieseke, A. 242, 290; 249, 102). Benzoic 
aldehyde and p-toluidine form, in like manner, 
C^HjNjO [205°]. — 25. Isobutyric aldehyde and 
aniVme in alcoholic solution reaot forming 
OHPr.CH.C(NPh).OONHPh (?) [222°] crystal- 
Using from HOAo in needles, while isovaleric 
aldehyde and aniline in ether give C 20 H 22 N 2 O 
[160°] (Doebner, A. 242, 275). Isovaleric alde- 
hyde in warm alcoholic solution forms the acid 

C, 4 H, 6 N0 2 . — 26. ThioglycolUc acid gives rise to 
C02H.CMe(0H).S.CH 2 .C02H [110°] with evolu- 
tion of heat; while HOI passed through a mix- 
ture of pyruvio and thioglyooUio aoids produces 
C02H.CMe(S.0H2.G02H) 3 [ 162 °] crystalhsing 
from ether (Bpngartz, B. 19 , 1938 ; 21 , 484 ). — 
27. Phenyl mercaptan forms the compound 
CH,.C(SPh)(0H).0f> f H, while p-bromo-phenyl 
mercaptan forms GH t .O(SO g HJBr) (OH).GOja 
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[114*5°] (Baumann, B. 18, 263).— 28. Ethylene 
mercaptan forms a substance [96°] which crystal- 
Uses from benzene as a fine powder, and may be 

condensed to ^^ 2 ‘^>CMe.C0 2 H [102°], wh}ch 

on oxidation gives ethylene ethylidenedisulphone 
[198°] (Fasbender, B. 21, 1473). — 29. Benzene 
and H 2 S0 4 form CHj.CPl^.COgH, while phenol 
and BLjSO* yield C. 5 H I4 0 4 (Bdttinger, B. 14, 1595 ; 
16, 2071). — 30. Distillation of the K salt with 
KOAc forms acetone and pyrotartario acid (Wi- 
chelhaus, Z . [2] 5, 254). — 31. Pyruvic acid (1 pt.) 
heated with urea (2 pts.) at 100° forms pyvuril 
or * pyruvic diureide ’ C s H 8 N 4 O s , which crystallises 
in tables, 8. 10 at 100°, insol. alcohol and ether 
(Grimaux, C. R. 79, 526, 1304, 1478 ; 80, 53 ; 
A. Gh, [5] 11, 373). Pyvuril is decomposed by 
long heating at 160°, forming amorphous ‘ tetra- 
pyruvic tetraureide* C, 6 H 16 N 8 0„, insol. water. 
Boiling dilute HClAq converts pyvuril into urea 
and * dipyruvic triureide * C B H 12 N 6 O a , which 
crystallises from hot water in needles, 8. *4 at 
100°, decomposed by boiling alkaUs into urea, 
pyruvic acid, and pyvuril. Boiling cone. HClAq 
converts pyvuril into urea and 4 pyruvio ureide * 

C,H,N 2 0, or a crystalline 

powder, m. sol. hot water, insol. alcohol. Nitric 
acid converts pyvuril into nitro-pyruvic ureide 
C 4 H 3 (N0 2 )N 3 0 2 [above 200°], which is decom- 
posed by boiling bromine-water into parabanio 
acid and CBr B .N0 2 . Pyruvic acid heated with an 
equal weight of urea at 100° forms amorphous 
insoluble 4 tripyruvic tetraureide * C 1B H la N 8 0 7 and 
dipyruvic triureide. — 32. Sodium hippurate and 
Ac 2 0 at 100° form the dibasic acid 0, 2 H B N0 4 
[157°] (A. Hoffmann, B. 19, 2555).— 33. A 
solution of indoxyl forms on adding cone. HC1 

the indogenide >C:CMe.OO I H [197°], 

crystallising in red needles forming a blue 
solution in HgSC^ (Baeyer, B. 16, 2199).— 34. 
Glycerin and KHS0 4 form ‘glycuvio acid,* or 
* pyruvin,* which is also got by heating glycerin 
with glyceric acid at 120°, and by distilling gly- 
cerin with citric acid. Glycuvic aoid is probably 

CH s .CO.CO.O.CH r CH<£ H ’ . It ia crystalline 

[82°] (241°), and yields pyruvic aoid when boiled 
with baryta (Bottinger, B. 10, 286; 14, 816; 
A . 263, 246; Jowanovitch, M. 6, 467 ; Erhardt, 
M. 6, 611; Schlagdenhauffen, O. R. 74, 672 ; De 
Clermont, C. R. 105, 620). 

Salts. — The salts crystallise well, provided 
heat is avoided in their preparation ; otherwise 
they beoome amorphous. The acid also is 
changed by evaporation of its aqueous solution 
into a non-volatile syrupy mass.— NaA': large 
prisms.— BaA' 2 aq : scales.— BaA' 2 2aq : amor- 
phous. — PbA' 2 aq : crystalline pp. — ZnA' 2 3aq : 
white miorocrystalline powder, si. sol. water 
(Beckurts a. Otto, B. 18, 227).— CuA', aq. — 
AgA' : scales, si. sol. water. 

Combinations with bisulphites (Clewing, /. 
pr. [2] 17, 241).— HA'NaHSO, aq : crystals.— 
NaA'NaHSO, aq. — NaA'NaHSO, l£aq. — 
HA'KHSO, ; octahedra. — KA'KHSO, aq. — 
CaA'afWHSOJa 3aq.-(CaAy,(Ca(HSO ;l ) 2 ) 2 24aq. 
— (OaA^CatHSO^aSaq.— SrA # 2 Sr(HS0 1 ) 3 5aq. 


— (OaA^CatHSO^aSaq.— SrA / 2 Sr(HS0 1 ) 3 5aq. 
— BaA'-BafHSO,),. 

Von. IV. 


Methyl ether MeA'. (c. 136°). 8.0. * 
1*154. Got from AgA' and Mel. 

Ethyl ether EtA', Oil. Converted by 
aniline into two crystalline bodies [144°] and 
[c. 250°]. The compound 0(CMe(0H).C0 2 Et) 2 , 
formed by the action of nitrous acid on amido- 
propionic ether, is an oil (80°-86° at 120 mm.) 
(Curtius, J. pr. [2] 38, 472). 

Isoamyl ether C S H,,A'. Got by distilling 
the acid with isoamyl alcohol (Simon, BZ. [3] 9, 
136). 

Amide CH 3 .CO.CO.NH 2 . [125°]. Got from 
acetyl cyanide and HC1 (Claisen a. Shadwell, B. 
11, 1566). Prisms or tables (from alcohol). 

Nitrile v . Acetyl cyanide. 

Phenyl hydrazide CH,.C(N 2 HPh).C0 2 H. 
[192°] (F.) ; [185°] (Japp a. Klingemann, B. 20, 
3284 ; A. 247, 208 ; C. J. 53, 619). Ppd. when 
a solution of phenyl-hydrazine hydrochloride is 
added to a dilute (even 1 in 1000) solution of 
pyruvic acid (Fischer, B. 16, 2241 ; 17, 578). 
Prisms, sol. hot water and hot alcohol. Reduced 
by sodium-amalgam to phenyl-hydrazido-pro- 
pionic acid [172°]. At 190° it gives off C0 2 and 
H 2 , and forms the phenyl-hydrazide of di-methyl 
diketone [242°] and the oily phenyl-hydrazide of 
aldehyde. The ether CH 3 .C(N 2 HPh).C0 2 Et[117°], 
crystallises in yellow needles (from ligroln). 

o-Ghloro-phenyl -hydrazide 
CgH^l.NH.NiCMe.COjH. [178°]. Lemon-yel- 
low needles, forming a crystalline ethyl ether 
[168°] (Hewett, O. J . 59, 211). 

p-Nitro-phenyl-hy dr azide 
C K H 4 (N0 2 ).NH.N:CMe.C0 2 H. Yellow plates 
(Fischer a. Aoh, A . 253, 64). V. sol. hot alcohol. 

p-Sulpho-phenyl-hy dr azide 
80jH.CgH 4 .NH.N:CMe.C0 2 H. Solid, insol. ether, 
v. sol. water and alcohol (Pfiilf, A. 239, 217). — 
NaA' aq ; nodules. 

Phenyl -methyl-hy dr azide G l0 H 12 N,O 2 
i.e . NPhMe.N:CMe.COjl. [78°]. Yellowish 
needles (Fischer, B. 16, 2245 ; 17, 659). Con- 
verted by heating with HClAq into methyl-indole 
carboxyHo aoid and NH,. The phenyl-ethyl- 
hydrazide is converted in like manner into 
ethyl-indole carboxylic acid. 

Di-phenyl -hydrazide 
NPh r N:CMe.00 2 H. [145°]. White needles 
(Fischer a. Hess, B. 17, 567). Sol. hot benzene 
and CHClg, forming deep-yellow solutions. Con- 
verted into phenyl-indole carboxylic acid by 
heating with HClAq. 

o-Tolyl-hy dr azide 

C a H 4 MeN 2 H:CMe.CO,H. [156°] (J.); [159°] (R.) 
Formed by saponifying the product of the action 
of o-diazotoluene chloride on sodium methyl- 
acetoacetio ether (Japp, A . 247, 213), and from 
o-tolyl-hydrazine hydrochloride and pyruvio 
acid (Raschen, A . 239, 228). Small yellow 
plates (from benzene). Yields o-tolyl-hydrazido- 
propionio acid [143°] on reduction. At about 
160° it forms the di-o-tolyl-di-hydrazine of di- 
methyl-di-ketone, a yellow crystalline powder 
[198°]. 

p-Tolyl-hy dr azide CyHjNjH-.CMe.COjH. 
[162°]. Formed in the same way as the o-iso- 
meride. Yellow plates (from benzene). At 165° 
it is converted into the dLp-tolyl-hydrazide of 
di-methyl-di-ketone [230°]. Gives an ethyl 
ether C 12 H la N 2 0, [106°], crystallising from ligroln 
in yellowish plates. 

B B 
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Methyl-p-tolyl-hy dr aside GjjHuNjOj. 
[88°]. Yellow prisms (Hegel, A. 282, 215). 

Ethyl-p-tolyl-hy dr azide 0 12 H la N 2 0 a . 

Needles, v. sol. alcohol and ether (H.). 

ty-Gumyl-hy dr azide 
C 8 H 2 Me,NH.N:CMe.C0 2 H. [148°]. Yellow 
needles (Ruhemann, C. J. 57, 55). 

p-Benzoylphenyl-hy dr azide 
OJE^z.NjjHrCMe.COJH. [200°]. Lemon-coloured 
crystals (Ruhemann a. Blackman, 0, J . 55, 616). 

( a)- Naphthyl-hydra side 
C.oH^HiCMe.COja. [159°] (Fischer, A . 232, 
236). Yields EtA' [100°] (Sohlieper, A. 239, 
229). 

($ )-Naphthyl-hydrazide [166°]. Yields 
EtA # [131°] (Sohlieper, A. 236, 176). 

(B. i)-Quinolyl-hydrazide 
C B H 6 N.NH.N:OMe.C0 2 H. [174°]. Formed from 
pyruvic acid and (B. 4)-hydrazido-quinoline 
acetate (Dufton, G. J. 59, 758). Light-yellow 
pp., insol. water, sol. acids and alkalis. . 

Oxim CHs.CfNOHJ.COjH. o -Nitroso-pro- 
pionic acid. Formed by the action of cold 
KOHAq on its ether, which is got by adding a 
dilute solution of KN0 2 (10 pts.) to methyl- 
acetoacetio ether dissolved in water (3 pts.), 
KOH (2 pts.), and some alcohol, the yield being 
16 p.c. of the methyl-acetoacetio ether used (Y. 
Meyer a. Zublin, B. 11, 692 ; Gutknecht, B. 13, 
1116). Got also from pyruvic acid and hydroxyl- 
amine (Y. Meyer a. Janny, B. 15, 1527 : Schafer, 
A. 264, 153 ; Hantzsch, B. 24, 50). Crystalline 
powder, b1. sol. ether, v. sol. water and alcohol. 
Decomposes suddenly at about 177°. Oxidised 
by potassium permanganate to ethyl-nitrolic 
acid CH s .CH(NO)(NOJ. Yields acetonitrile on 
heating with hydroxylamine hydrochloride. Re- 
duced by tin and HCLAq to alanine. Salts. — 
KA' aq : pearly plates, sol. water. — BaA' 2 ; 
soluble prisms. — Cu 2 OA' 2 aq. — AgA' : white in- 
soluble powder. Ethyl ether EtA'. [94°]. 
(288° cor.). Formed as above, and also by the 
action of HNO. on methyl-malonio ether and on 
propionyl-proplonio ether (Bergreen, B. 20, 533). 
Needles or prisms, with weak acid properties. 

References. — Bromo-, Chloro-, and Oxv- 
Pyruvio acid. 

PYRUVIC ALDEHYDE CH,.CO.CHO. Me- 
thyl-glyoxal . Got by the action of dilute acids 
upon CH 2 .C(0H)(S0 3 Na).CH(S0 > Na).NHS0 3 Na, 
which is got from nitroso-acetone and NaHSO, 
(Pechmann, B. 20, 2548). 

Mono -oxim v. Nitroso-acetone. 

Di-oxim CH,.C(NOH).CH:NOH. Methyl- 
glyoxvm. [153°]. Formed by the action of 
hydroxylamine on CHj.CO.CH.NOH or upon 
CHj.GO.CHdj (Y. Meyer a. Janny, B. 15, 1165 ; 
Treadwell, B. 15, 2787). Small prisms (from 
alcohol) or needles (by sublimation). Salt.— 
AgCjHjNjOj pp. — Diacetyl derivative 


C 3 H 4 (NOAc) 2 . [51°]. Prisms (from ligroin) 
(Schramm, B. 16, 2187). 

Phenyl-hydrazide of the oxim 
CH 2 .C(N 2 HPh).CH:NOH. [134°]. Formed from 
nitroso-acetone and phenyl-hydrazine (Peoh- 
mann a. Wehsarg, B. 21, 2994 ; A. 262, 278). 
Prisms or needles (from alcohol). H 2 S0 4 forms 
a reddish-yellow solution, coloured deep blue by 
FeCl 3 . Ac 2 0 yields CH 3 .C(N 2 HPh).CH:NOAc 
[163° j, crystallising in oolourless needles. 

Phenyl-methyl-hydrazide of the 
osimCH 3 .C(N 2 PhMe).CH:NOH. [118°]. Orange 
yellow prisms (from alcohol). 

Phenyl-hydrazide CH 8 .CO.CH:N 2 HPh 
[150°]. Formed from sodium acetoacetic ethei 
and diazobenzene chloride (Japp, A. 247, 198, 
218 ; C. J . 53, 519). Plates (from benzene or 
MeOH). Yields CH a .CO.CH:N ? AcPh [93°] , crys- 
tallising from ligroin in needles. NaOEt and 
cliloro-aoetio ether yield, on saponification of the 
product, CH,.CO.CH:N.NPh.C0 2 H [162°], which 
crystallises from hot water in needles, and is re- 
duced by tin and HClAq to phenyl-amido-acetic 
acid [127°]. 

Di-phenyl -di-hy dr azid e 
CH,.C(N 2 HPh).CH:N 2 HPh. [145°]. Formed by 
heating the phenyl-hydrazide of acetyl-carbinol 
with phenyl-hydrazine hydrochloride and NaOAc 
in alcohol at 100° (Laubmann, A. 243, 248). 
Formed also by warming pyruvic aldehyde or its 
mono- oxim, phenyl-hydrazide, or phenyl-hydraz- 
ide of the oxim with phenyl-hydrazine acetate 
(Pechmann, B. 20, 2543 ; 21, 2755 ; Japp, A . 
247, 207). Yellow plates or needles (from dilute 
alcohol), si. sol. alcohol. Cone. H 2 S0 4 forms an 
olive-green solution, changing through slaty- 
blue to violet. Yields a crystalline hydrochloride 
[197°]. Oxidised by KjCr 2 0 7 and HOAG to 

CMe:N.NPh 0r y staUisin 8 in needles [107°], 

whence boiling HClAq produces cMe-N^^^ 1 

a colourless oil (150° at 60 mm.), oxidised by 
alkaline KMn0 4 to the acid C a H 7 N 3 0 2 [192°]. 

Acetyl derivative of the di-phenyl- 
di-hy dr aside CH 3 .C(N 2 HPh).CH:N.NPhAo. 
[229°]. Formed from the acetyl derivative of 
the phenyl-hydrazide and phenyl-hydrazine 
(Japp, C. J. 53, 519). Yellowish needles. 

Phenyl-methyl-hydrazide 
CHj.CO.CH:N.NPhMe. [64°]. Formed from the 
phenyl-hydrazide, NaOMe, MeOH, and Mel 
(Japp). Flat needles (from MeOH), v. e. soL 
alcohol. Converted by phenyl-hydrazine into 
CHj.C(N 2 HPh).CH:N.NPhMe [152°], crystallising 
in pale-yellow needles. 

Phenyl- ethyl -hy dr azide 
CH 8 .CO.CH:N.NPhEt. [55°]. Prepared in like 
manner . Pris ms (from ligroin). 

PYRUVYL ALCOHOL v . Aoetxl oarbinol. 


Q 


QTJABTEKYLIO ACID v. ISOOROTONIC ACID. 

(OHveri) or GjjHjjO, (Christensen). Quassiin. 
(211°]. S. *25 8 at 22° (0. a. D.) ; *07 at 15° (G.). 
8. (chloroform) 48 at 16° (a). W»-87*5 in 


CHClj. Occurs in quassia- wood (Winckler, Rep, 
Pharm. 54, 85 ; Wiggers, A. 21, 40 ; Christensen* 
Ar. Ph. [3] 20, 481 ; Goldschmidt a. Weidel* 
Sits. W. 74, 869 ; Adrian a. Moreaux, Ph. [31 
14, 507). Prepared by extracting quassia wool 
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(10 pts.) with boiling water (45 pts.), evaporating 
(to 10 pts.) at a gentle heat, ppg. by tannin, 
mixing the pp. with lead carbonate, and extract- 
ing with boiling alcohol. The product is re- 
crystallised from water and alcohol (yield -01'pt.) 
(Oliveri a. Denaro, G. 15, 6). 

Properties . — Slender monoclinic needles, v. 
gol. alcohol and chloroform, si. sol. ether. Sol. 
cone. HClAq and KOHAq, insol. Na^COaAq. Re- 
duces Fehling’s solution (Oliveri), or, according 
to Allen (An. 12, 107), has no reducing power. 
Not coloured by FeCl 3 . Ppd. by tannin. Quassin 
appears to be the dimethyl ether of quassio acid, 
and probably contains two hydroxyls, two CO*Me, 
and two CO groups, and is perhaps a derivative 
of anthraquinone (Oliveri). Phenyl-hydrazine 
forms G 32 H 40 O 3 (N 2 HPh) 2 (?), a yellow amorphous 
powder, decomposing at about 230° without fusion 
(Oliveri, G. 18, 169). 

Reactions . — 1. Boiling dilute (4 p.c.) H 2 S0 4 
forms ‘quasside’ CjjH^O*, a white amorphous 
very bitter substance [194°], which reduces Feh- 
ling’s solution, and is reconverted by boiling 
dilute alcohol into quassin.— 2. Ao 2 0 and NaOAc 
form, on boiling, the amorphous anhydride 
CjoH^Og [150°-158°], sol. alcohol and ether. — 3. 
Bromine forms C S2 H 41 Br 8 0 9 , a very bitter yellow 
powder [155°].— 4. Fuming HClAq in a sealed 
tube at 100° forms MeCl and quassic acid. — 5. 
PC1 # gives O^^ClgOg, a yellow powder [120°] 
decomposed on fusion.— 6. HIAq and P at 150°- 
280° form durene (188°-195°) C M H 1# (220°-240°) 
and anthracene (Oliveri, G . 17, 575). 

Quassic acid O^H^O,,, or [245°]. 

8. *0043 at 23°. Formed, together with MeCl 
(2 mols.), by heating quassin with HClAq. Mono- 
clinic prisms (containing aq), sol. hot alcohol, si. 
sol. ether. Alkalis give a reddish -yellow colour. 
FeClj gives a greenish-yellow colour. Reduces 
Fehling’s solution and ammoniacal AgN0 8 . 
Hydroxylamine forms C ?0 H 3a (NOH) 2 0 8 (?), crys- 
tallising in rectangular prisms [230°].— BaA" 7aq : 
reddish-yellow crystals. — PbA"6aq: white 
amorphous pp. — Fe 2 A" t : brownish -green pp. 

QUEBRACHAMINE. [142°]. Occurs in white 
quebracho bark (Hesse, A. 211, 269). Plates, v. 
sol. alcohol, benzene, CHC1„ and ether. Its 
alooholio solution is alkaline and tastes bitter. 
HjS 0 4 and Kfir 2 0 7 give a dark-violet colour. 

QUEBRACHINE 0 21 H 2t N 2 0 r [216°]. [a] D 

= 62 5 in a 2 p.c. alcoholic solution at 15°; 
— 18*6 in ohloroform. Ooours in white quebracho 
bark (Hesse, B. 13, 2308 ; A. 211, 254). Colour- 
less needles, soL alcohol, ether, benzene, and 
CHOI,, v. bL sol. oold water, NaOHAq, and 
NH,Aq. Dextrorotatory. Its solutions are al- 
kaline, bitter, and poisonous. Its solution in 
H 2 S0 4 is turned blue by PbO a or KjCraO,, and 
finally brown. FeCl, gives no colour. 

Salta.— B f HCL—B # 2 H 8 PtCl # 5aq: crystals.— 
B'gBUSOf Baq : cubes or short prisms, v. sol. hot 
water. — B'JELfifi# — Tartrate B'jH^O* 6aq.— 
Citrate B'jbjELfi,: nodular groups of needles. 

Hypoquebraohine C l2 H*,N 2 O r [80°]. Strong 
base with bitter taste, v. sol. alcohol and ether, 
forming yellow amorphous salts. Platino- 
ehloride.— B'APtOLiaq (Hesse, A. 211, 264). 

CIIIEBRACHITE CgH^MeO.. [187°]. S.G. 
* 1*54. (o. 210° in vacuo). [o]d * — 80°. Occurs 
in the seeds of Aspidospenna quebracho^ from 
which it can be extracted with alcohol (Tanret, 


O. R. 109, 908). Trimetrio prisms with sweet 
taste, v. sol. water and alcohol, insol. ether. 
Does not ferment with yeast or reduce Fehling’s 
solution. Reduces ammoniacal AgNO s . Not 
affected by dilate acids or alkalis at 100°. Ppd. 
by ammoniacal lead acetate, but not by lead sub- 
aoetate. Heated with HI it gives off Mel and a 
little benzene. Ao 2 0 and ZnCl 2 form an acetyl 
derivative [89°]. Gives on heating with HNO s 
the same reactions as inosite. 

QUEBRACHO BARK. Quebracho bianco, or 
white quebracho bark, used as a febrifuge, con- 
tains about *8 p.c. of alkaloids, consisting of Aspi- 

DOSPERMINE, ASPIDOSPERMATINE, AbPIDOSAMINE, 

Quebrachine, Hypoquebraohine, Quebraohamine, 
and Quebrachol (Hesse, A. 211, 251). 

QUEBRACHO GUM. Occurs in quebraoho 
Colorado, the bark of Loxopterygium Lorentii 
•(Jean, Bl. 28,6; Arata, Anales dela Sociedad 
cientifica Argentina , July 1878 ; Feb. 1879 ; O. J. 
34, 986). Brittiered concretions, with astringent 
taste, sol. boiling water and alcohol, insol. ether. 
Quebraoho gum contains quebraobitannic acid, 
a pale-red amorphous mass, m. sol. hot water, 
giving a green colour with FeCl,, turned dark 
red by NaOAc. Quebrachitannic acid ppts. 
Pb(OAc) 2 , gelatin, albumen, and alkaloids. It 
yields pyrocatechin and a liquid (100°-120°1 on 
distillation. Potash -fusion gives protocatechuic 
acid and phloroglucin ; nitric acid yields oxalic 
and picric acids. 

QUEBRACHOL 0^,0. [125°]. [a] D 

« — 293°. Occurs in white quebracho bark 
(Hesse, A. 211, 272 ; 228, 288). Plates, v. e. sol. 
alcohol and ether, insol. water and alkalis. When 
the solution in chloroform is shaken with HJ30 4 
the chloroform is coloured red (cf. Cholesterin). 

Acetyl derivative C^H^OAc. [115°]. 

QUERCETAGETIN C^H^O,, 4aq. Yellow 
crystals, extracted by alcohol from the blossoms 
of the common marigold, Tagetes patula (Latour 
a. Magnier, Bl. [2] 28, 337). 

QUERCETIN 0 24 H la O n 8aq (Liebermann a. 
Hamburger, B. 12, 1178) or C, a H l0 O 7 (Herzig, M. 
12, 172). (j8 yRhamnetin (Herzig, M. 10, 661). 
[above 250*]. S. (alcohol) 6*5 at 78° ; *4 in the 
cold (Stein, J. 1862, 499). Mol. w. (by Raoult’s 
method) 258 (calc. 802). Formed, together with 
isodulcite, by the action of dilute H 2 S0 4 on 
quercitron, a yellow dye-stuff consisting of the 
shavings of the bark of Quercus tinctoria , grow- 
ing in the United States (Rigaud, A. 90, 289). 
Rutin and robinin also yield quercetin when 
treated with dilute HgS0 4 (Zwenger a. Dronke, 
A. 123, 153 ; Suppl. 1, 261 ; Sohunck, O. J. 63, 
262; Hlasiwetz, A. 112, 96; /. pr . 94, 65). 
Oocurs in Persian berries (Kane, A. Ch. [3] 8, 
380 ; Bolley, C. J. 13, 327), in the ripe fruit, 
flowers, and leaves of the horse-chestnut (Roch- 
leder, A. 112, 112), in the berries of the sea- 
buckthorn (Hippophal i rhamnoides), in apple- 
tree bark, in tea-leaves, and in catechu (Loewy, 
Fr. 12, 127). 

Properties. — Lemon - yellow crystalline 
powder, si. sol. water, v. si. sol. ether. Gives off 
water of crystallisation at 130°. May be sub- 
limed as yellow needles. Dissolves in alkalis, 
forming ye! low solutions. Dyes fabrics mordanted 
with alumina yellow ; with iron, grey or black. 
Its alcoholic solution is coloured dark green by 
FeCVthe colour becoming dark red on warming 
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Pb(OAc) 2 give* a brick-red pp. Reduces AgNO, 
in the cold, and Fehling’s solution on heating. 

Reactions. — 1. On fusion with potash it 
yields phloroglucin and quercetic acid, and by 
prolonged fusion, paradatiscetin G, a H 10 O 8 , quer- 
cimerio and protocateohuic acid.— 2. Boiling 
dilute alcoholic potash gives phloroglucin and 
protocateohuic acid (Herzig, M. 6, 863). — 3. KCIO, 
and HC1 yield protocateohuic acid.— 4. Sodium- 
amalgam forms phloroglucin, a compound 
C 18 H 12 0 4 crystallising in needles, si. sol. water, 
and a compound C 7 H 8 0 3 , which forms granular 
crystals [130°], v. sol. water. — 5. Bromine in 
HOAc forms G^H^BrgOj,, crystallising in lemon- 
yellow needles [237°] and yielding O^HyA-CgBrjO, 
Excess of Brin HOAc forms whence 

C^HjACgBr^O,, may be got, crystallising from 
HOAc in needles [253°]. Liebermann obtained 
the compounds C 24 H 14 Br 2 O n , C,, 4 H I2 Ac.J3r.,O n 
[218°], G 24 H 12 Br 4 O u , and Q M H M Ao x Br 4 O ll [228°], 
all crystallising in needles. — 6. Phenyl cyanate 
at 160° forms C 24 H n 0 8 (0.C0.NHPh) 5 , a white 
amorphous powder [200°-205°] (Tesmer, B. 18, 
2609). — 7. Ammonia at 160° forms amorphous 
‘ quercetamide * (Schiitzenberger a. Paraf, Z. 
1862, 41). 

Salts . — C 27 H 20 K 2 O 12 (?). — C 27 H 20 Na 2 O, 3 (?).- 
C 27 H 20 ZnO 14 (H. a. F.). 

Acetyl derivative C^HgACyOn or 
C 15 H 5 Ac 5 0 7 (Herzig, M. 5, 72 ; 6, 890 ; 9, 537 ; 

10, 561 ; 12, 174 ; cf. Liebermann, B. 12, 1178 ; 
A. 196, 319). [191°]. Formed by boiling quer- 
cetin or rhamnetin with Ac^O, and NaOAc. 
Needles (from alcohol). Liebermann obtained 
C 24 H 14 Ac 2 0,. [198°], crystallising in needles. 

Methyl ether 0 15 H,0 8 (0Me). Rhamnetin. 
/ormed, together with isodulcite, by heating 
xanthorhamnin with dilute H 2 S0 4 (Gellatly, 
N ’. E. P. J. 7,256; Liebermann a. Hermann, B. 

11, 1618; Herzig, M. 6, 889; 9,660 ; 12,175. 
Lemon-yellow powder, nearly insol. water, alco- 
hol, and ether, v. sol. hot phenol. Forms a 
yellow solution in KOHAq. Reduoes ammoniacal 
AgNO # and hot Fehling’s solution. Yields proto- 
catechuic acid and phloroglucin on fusion with 
potash or on treatment with sodium -amalgam 
(Smorawski, B. 12, 1595). Converted by HI into 
quercetin and Mel. Dyes iron mordants black 
and alumina yellow. Yields C, s H 5 Ac 4 0 8 (0Me) 
[185°]. KOH and EtI give ethyl-rhamnetin 
[108°], whence Ac 2 0 and NaOAo form an 
aoetyl-ethyl-rhamnetin [167°]. Rhamnetin yields 
also (tetra-?) propionyl [158 0 -162 0 ] and (tetra-?) 
benzoyl [212°] derivatives, and an acetyl-di- 
bromo- derivative [212°]. 

Methyl derivative 0«H 10 Me 8 O,, or 
Ci 5 H,Me 4 O y . [157°]. Formed from quercetin, 
KOMe, and Mel (Herzig, M. 5, 83) and got*also 
by heating xanthorhamnin with KMeSO. and 
MeOH at 120°, and from rhamnetin, KOH, and 
Mel (Liebermann a. HSrmann, A . 196, 317; 
Herzig, M. 6, 889 ; 9, 552). Golden needles, si. 
sol. alcohol, converted by alcoholic potash at 
140° into the di-methyl derivative of proto- 
catechuio acid. Boiling Ac.fi and NaOAo give 
C^HgAcgMeaOj, or C 14 H 6 AcMe 4 0 7 crystallising 
in needles [167°]. 

Ethyl derivative C^H^EteO,, or 
C i4 H t Et 4 0 7 . [122°]. Got by boiling quercetin 
with alcoholic potash and EtI (Herzig, M . 9, 
637). Yellow needles, m. sol. aioohoL Yields 


G 6 H 8 (0Et) 2 C0 2 H when heated with potash at 
140°. Ac 2 0 and sodium acetate give the 
colourless acetyl derivative 0 24 H 8 Ac 2 Et (i 0 11 or 
C 15 H l5 AcEt 4 0 7 crystallising in needles [153°]. 
Mol. w. (by Raoult’s method) o. 426 (Herzig, M . 
12, 172). 

A compound of quercetin and rham- 
netin which sometimes occurs in Persian 
berries (Herzig, M . 10, 561) yields an acetyl 
derivative [171°], an acetyl-ethyl derivative 
[142°], and an ethyl derivative [102°]. 

Paradatiscetin C, 5 H, 0 O 6 . Formed from 
quercetin by potash-fusion (Hlasiwetz a. 
Pfaundler, J. pr. 94, 65). Yellowish needles 
(from dilute alcohol), nearly insol. water, m. sol. 
ether. Acid in reaction. FeCl, colours its alco- 
holic solution violet. Potash forms a yellow 
solution, turning green in air. Reduces AgNO* 
and Fehling’s solution on heating. Potash - 
fusion yields phloroglucin but not protocateohuic 
acid. Boiled with water and BaCO s it yields 
BaA' 2 2aq.— SrA' 2 2aq. 

Quercetic acid C l5 H, 0 O 7 3aq (?). Formed, 
together with phloroglucin, by heating quercetin 
(1 pt.) with moist KOH (3 pts.) till a sample no 
longer gives a flocculent pp. with HC1 and the 
residue quickly turns dark red at the edges 
(Hlasiwetz, A. 112, 96 ; 119, 213 ; /. pr. 94, 65). 
Slender silky efflorescent needles, si. sol. cold 
water, v. sol. alcohol and ether. Its aqueous 
solution turns yellow, and finally crimson, in air. 
HgSO, forms a brown solution, whence water 
gives a red pp. forming a purple solution in 
NH 3 Aq. FeCl, gives a blue-black colour. Re- 
duces AgNO, Potash-fusion gives protocate- 
chuic acid. AcCl forms C I5 H 8 Ac 2 0 7 , crystallising 
from aloohol in prismatic needles. 

Quercimeric acid C 8 H 8 0 5 aq (?). Formed 
from quercetin by potash-fusion. Colourless 
prismB, v. sol. water, alcohol, and ether. Tastes 
bitter. Alkalis colour its solutions purple-red. 
FeCl, gives a dark-blue colour. Reduoes AgNO„ 
and Fehling’s solution. Potash-fusion gives 
protocateohuic acid. 

QUERCIN C 8 H 6 (OH) 8 . [340°]. Occurs in 

oak bark, being obtained from the mother- 
liquors in the preparation of quercite (Gerber, 
A. 48, 348 ; Vincent a. Delaohanal, 0 . R. 104, 
1855; Friedel, 105, 95; Bl. [2] 48, 113). Efflor- 
escent monoclinic prisms (containing x aq), si. sol. 
water, insol. boiling alcohol. Inactive to light. 
Does not ferment with yeast, nor reduce Fehling’s 
solution. Does not react with phenyl-hydrazine. 
Reduces ammoniacal AgNO, after addition of 
NaOH. Gives a gelatinous pp. with lead sub- 
acetate. After evaporation with HNO, it gives a 
rose-red colour with NH,Aq and CaClg. Not 
coloured by boiling NaOHAq. 

Acetyl derivative.— C 8 H 8 (OAc) 8 . [301°]. 

QUERCITANNIC ACID C I7 H 18 0, or 
C 19 H 18 O 10 . 8. *6. S. (ether) *035. Occurs in 
oak bark, from which it is got by powdering, 
sifting from bast fibres, extracting with dilute 
alcohol, and shaking the filtrate with ether and 
EtOAo. The acetic ether when evaporated de- 
posits ellagic acid. The filtrate is evaporated 
to dryness, and the residue washed with ether 
and then extracted with Et 2 0 and EtOAo (Etti, 
Sits. W. [2] 81, 495 ; M . 1, 264 ; 4, 514 ; cf. 
Stenhouse, A. 45, 16; Bdttinger, A . 202,270; 
240, 331 ; 263, 112 ; L6we, Fr. 20, 210). Ooonn 
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also in tea (Bochleder, A. 63, 205). Reddish- 
white powder. Fed, colours the alcoholic solu- 
tion dark blue. Pb(OAc) 2 ppts. the alcoholio 
solution. Quercitannic acid is not a glucoside 

a At 130° to 140° it forms an anhydride 
gives C 34 H 28 Ba0 17 (Etti). On evaporating 
with NaOl it is converted into a mixture of an- \ 
hydrides which give with bromine-water an ! 
amorphous pp. C, B H 14 Br 2 O, 0 , m. sol. alcohol and ! 
EtOAc, v. e. sol. a mixture of these solvents, re- 
acts with hydroxylamine, and is converted by 
Br into C, B H 10 Br 4 O 10 , whence Ac 2 0 forms 
Ci 9 H 6 Ac 5 Br 4 G , 0 . 

QUERCITE G 6 H 12 0 5 . Penta-oxy -benzene 
hexahydride ? Mol w. 164. [234°] Bottinger, 
B. 14, 1598). S.G. i^l-585. S. 9 at 12° ; 11 at 
20°. [«]„ =24-17. H.C. v. 710,100 (Berthelot a. 
Recoura, A. Ch. [6] 13, 341). H.F. 268,200. 
Boo 58-95 in a 7*7 p.c. aqueous solution (Kanon- 
nikoff). Occurs in acorns (Braconnot, A. Ch. 
[3] 27, 392 ; Dessaignes, A. 81, 103, 251 ; Prunier, 
A. Ch. [5] 15, 5 ; C. B. 84, 1318 ; 85, 808 ; 86, 
338, 1460 ; Hofmann, A. 190, 282). 

Preparation. — Acorns are extracted with 
cold water, the extract concentrated at 40°, ppd. 
by lead subacetate, filtered, mixed with yeast to 
remove sugar, and, after fermentation, freed 
from lead by H 2 S, and evaporated to crystallisa- 
tion. 

Properties. — Monoclinic prisms, n:5:c = 
*800:1: *766, £ = 68 °57', insol. ether, benzene, and 
chloroform, v. si. sol. hot alcohol. Does not 
undergo alcoholic fermentation. Dextrorota- 
tory. Does not render borax solution acid. 

Reactions. — 1. At 100° it slowly loses water, 
forming C 24 H 46 0 1# (?). At 240° in vacuo it gives 
[230°], v. si. sol. water. Rapidly heated 
to 290° it swells up and gives off quinhydrone 
and hydroquinone. — 2. Potash-fusion gives 
quinone, hydroquinone, C0 2 , formic acid, and 
oxalic acid. — 3. H 2 S0 4 and MnO* give quinone. 
4. Cone. HClAq forms, at 100°, C ti H 7 Cl(OH) 4 
[200°] , sol. ether, and viscid CAClOj, which is 
converted by baryta-water into amorphous 
quercitan C a H, 0 O 4 , sol. water and alcohol, insol. 
ether. HClAq at 120°-140° gives C fi H 7 Cl a (OH) 2 
[155°] , converted by further treatment with HC1 
into C„H 7 C1 6 [102°]. —5. Distillation with HIAq 
forms benzene, phenol, iodo-phenol, quinone, 
hydroquinone, and hexane. — 6. Nitric acid forms 
mucic and tri-oxy-glutaric acids (Kiliani a. 
Bcheibler, B. 22, 517). — 7. Phenyl cyanate at 
165° forms C 6 H 7 (O.CO.NHPh) ft [120°-140°], a 
white amorphous powder (Tesmer, B. 18, 2606). 
8. Benzoic acid at 200° forms solid ‘benzo- 
quercite ’ (?) insol. water, sol. alco- 

hol and ether. Stearic acid forms a similar 
body, while tartaric acid gives • quercitartaric 
acid CjjjtH^O,, (Berthelot, C. R. 44, 452 ; A. Ch. 
[3] 54, 82). 

Salts.— (C a H n O s ) 2 Ba3aq: amorphous, sol. 
water and alcohol. — (C 6 H 12 0 5 ) 2 CaS0 4 2aq. 

Acetyl derivatives . The compounds 
C e H,,AoO a , CfHmACjOj, C a H B Ac s 0 4 , C 4 H 8 Ac 4 0 6 , 
and C 6 H 7 Ao 5 O a have been prepared. 

Butyryl derivatives . Heating with 
butyric acid gives rise to C <j H n (C 4 H 7 0)0 a , 
C a HyC 4 H T 0) a 0 6 , and C # H 7 (C 4 H,0) 4 0 a , all being 
amorphoas with bitter taste. 

Pentanitrate C e H 7 (NO l ) 5 . Formed from 
queroite (1 pi), ELjS 0 4 (10 pts.) and HNO, 


(4 pts.) (Hofmann, A. 190, 288). Resin, insol. 
water, sol. alcohol and ether. Explodes when 
heated. Zinc-dust and alcoholio Boda give off 
the N as NH 8 . 

QUERCITRIN C^H^O^ or, more probably, 
C 2l H w 0 12 (Herzig, M. 14, 53). [168°]. S. 04 in 
the cold ; *7 at 100°. S. (alcohol) 4 in the cold 
29 at 78° (Stein). S. (ether) *8 (Schunck, C. 0 
53, 264). Occurs in quercitron-bark, the barkot 
Quercus tinctoria (Bolley, A. 37, 101 ; 62, 136 ; 
Rochleder, J. pr. 77, 34 ; Rigaud, A . 90, 283 ; 
Zwenger a. Dronke, A. Suppl. 1, 266; Stein, 
J. pr. 85, 351; Hlasiwetz, A. 112, 109). Occurs 
also in fully-developed horse-chestnut leaves 
(Rochleder a. Kawalier, Sitz. W. 55 [2] 46), in 
leaves of the ash (Gintl, Z. [2] 4, 732), and in 
leaves of Andromeda japonica (Eykman, R. T. C. 
2, 200). 

Preparation.— Quercitron bark is exhausted 
with alcohol, and the evaporated extract dis- 
solved in water and shaken with ether. The 
ethereal solution is evaporated, the residue dis- 
solved in alcohol, and the quercitrin ppd. by 
water and crystallised from boiling water (Ldwe, 
Fr. 14, 233; cf. Herzig, M. 6, 877). 

Properties. — Yellow needles or plates (con- 
taining 3aq). Neutral and tasteless. Nearly 
insol. cold water, sol. alkalis and HOAc. FeCl* 
colours its solution dark green. FeS0 4 gives no 
colour. Ppd. by Pb(OAc) r Reduces aqueous 
AgNO s in the cold, and Fehling’s solution after 
long boiling. Boiling dilute acids split it up 
into quercetin (q. v.) and isodulcite (Liebermann 
a. Hamburger, B. 12, 1178). Bromine forms 
C 36 Hg 4 Br 4 O 20 , which is crystalline and is decom- 
posed by acids into isodulcite and tetra-bromo- 
quercetin. 

Salt. — CgaHaa&jO^: yellow pp. • 

Violaquercitrin C 42 H 42 0 24 . Occurs in Viola 
tricolor (Mandolin, J. 1883, 1369). Yellow 
needles (from water). Split up by dilute acids 
into glucose and quercetin. 

QUILLAJIC ACID C^H^O,,. Extracted by 
water from the bark of Qutllaja Saponaria 
(Robert, C. C. 1888, 972). White flakes, sol. 
water and alcohol, insol. ether. Coloured dark 
red by H 2 S0 4 . Boiling dilute acids split it up 
into sapoginin and an unfermentable glucose. 
The Na salt violently attacks the mucous mem- 
brane, and is very poisonous when injected into 
the blood. 

QUINACETOPHENONE is Di-oxy-aceto- 

PHKNONE. 

QUINALDINE v. Methyl-quinoline. 

QUINALDINIC ACID v. Quinoline carb- 
oxylic ACID. 

QUIN AMINE V. vol. ii. p. 179. 

QUINAMICINE v. voL ii. p. 180. 

QUINAMIDINE v. Cinchona bases. 

QUIN ANIS OLE v. Methyl derivative of Oxy- 

QUINOLINE. 

QUIN AZOLE v. Methyl-indazine. 

QUINAZOLINE. This name is given to the 

ring C a H 4 <^ H ; v. Oxy-qitinazoline. . 

QUINAZOLINE DIHYDRIDE C B H 8 N 2 ue. 

c « h «<N=Tc!- U27 0 ]. Formed by reducing 

o-nitro-benzyl-formamide by Zn and HClAq 
(Gabriel a. Jansen, B . 23, 2814; 24, 3097). 
Yellowish crystals, soL warm water, forming an 
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alkaline solution.-B'HOl.— B'OJOJStfl,. [2X6°]. 
Small crystals, sL sol. water.— B'jftPtCl*. 

QUINENE v. vol. ii. p. 181. 

QUINETHONIC ACID 0 14 H 18 0 S %.e. 
C 8 H 4 (0Et).C 8 H 8 0 7 . [146°]. Occurs in urine 

after a dose of C 8 H 5 .OEt (Kossel, H. 4, 296 ; 7, 
292; Lehmann, H. 18, 181). Crystalline. 

Lsevorotatory. Does not reduce Fehling’s solu- 
tion. Converted by dilute H 2 S0 4 into crystalline 
CgHjoOj. HIAq forms hydroquinone. Oxidising 
agents yield quinone. — KA'aq : monoclinio 
crystals.— AgA'aq. Forms with CgHs.O.SOjH 
the double salt PhO.SOgBaA'aq (dried at 110°) 
and with cresol and indoxyl the corresponding 
CjHjO.SOgBaA'aq and C 8 H 8 NS0 4 BaA', all three 
being crystalline (Hoppe-Seyler, JET. 7, 424). 

QUINHYDRONE C I2 H 10 O 4 . Formed by mix- 
ing aqueous solutions of quinone and hydro- 
quinone ; by oxidising hydroquinone ; and by re- 
ducing quinone (Wdhler, A. 51, 158 ; Liebermann, 
B. 10, 1614, 2000 ; Hesse, A. 200, 248 ; ‘Nietzki, 
A. 215, 180; Wichelhaus, B. 5, 840 ; 12, 1500 ; 
Stenbouse a. Groves, B, 13, 1805). Brownish- 
red prisms, with green metallic lustre. May be 
sublimed. SI. sol. cold water, v. sol. alcohol 
and ether, forming yellow solutions. Decomposed 
by boiling water, giving off quinone and leaving 
a solution of hydroquinone. Its ammoniacal 
solution is green. Reduces ammoniacal AgNO s . 

QUINIC ACID C 7 H l2 0 8 i.e. C 8 H 7 (0H) 4 .C0 2 H. 
Mol. w. 192. [162° cor.]. S.G. «n*637 (Henry a. 
Plisson, B. J. 10, 186). S. 40 at 9°. [a] D - -44° 
at 20° in a 20 p.o. solution (Thomsen, J. pr. [2] 
85, 156). H.C. 833,700. H.F. 238,300 (Berthe- 
lot a. Recoura, C. R. 105, 144 ; Bl. [2] 48, 703 ; 
A. Ch. [6] 13, 342). R^ 66*52 in an 18 p.c. 
aqueous solution (Kanonnikoff, J. pr. [2] 31, 
848). Occurs as calcium salt in cinchona bark 
(Hoffmann, Crell’s Ann. 2, 314 ; Vauquelin, 
A. Ch. 59, 162 ; Pelletier a. Caventou, A. Ch. [2] 
16, 340; Liebig, P. 21, 1 ; 29, 70 ; Baup, A. Ch. 
[2] 51, 6; A. 6,7; Woskresensky, A. 27, 260; 
Hesse, A. 110, 194 ; 112, 62 ; 114, 292; 176, 124; 
Clemm a. Will, A. 110, 345). Occurs also in the 
bilberry plant ( Vaccinium Myrtillus) (Z wenger, 
A. 116, 108 ; 129, 203 ; Suppl. 1, 77), in the leaves 
and beans of the coffee-plant (Z.), and in hay 
(O. Loew, J.pr. [2] 19, 310 ; 20, 476). 

Preparation. — Cinchona bark is extracted 
with dilute H 2 S0 4 , the extract ppd. by milk of 
lime, filtered, and evaporated. The residue is 
boiled with aloohol and the calcium quinate left 
undissolved is crystallised from water and de- 
composed by oxalic acid. 

Properties. — Monoclinic prisms. V. e. soL 
water, m. sol. alcohol, nearly insol. ether. 
LsBVorotatory. 

Reactions. — 1. Eeated to 200°-225° it gives 
off aq, forming quinide CyH,^, a crystalline 
anhydride, v. sol. water, si. sol. dilute aloohol. 
Quinide is acid in reaction, and is reconverted by 
bases into quinio acid. On dry distillation 
quinio acid gives hydroquinone, phenol, benzoic 
acid, and pyrocatechin. — 2. Ac 2 0 at 170° forms 

tri-aeetyl-quinide G 8 H 7 (OAc) 8 <^q [132°] 

and tetra-acetyl-quinic acid (Erwig a. KSnigs, B. 
22, 1458 ; cf. Hesse, A. 200, 233). By further 
heating with Ao 2 0 at 240°-250° monoclinic 
crystals of iso-tri-acetyl-quinide [139°] 
are obtained. — 3. Bromine added to an aqueous 


solution forms prctocatechuio add (Hesse).— 4. 
Hot H^SOf forms CO and hydroquinone distil* 
honio acid. — 5. Hydroquinone is formed by 
oiling the aqueous solution with PbO r Distilla- 
tion with Mn0 2 and dilute H 2 S0 4 yields 
quinone (detection of quinic acid in bark : Sten- 
house, A. 59, 100).— 6. HNO a gives oxalic acid. 
7. KCIO, and HC1 give chlorinated quinones 
and chlorinated acetones (Stiideler, A. 69, 300 ; 
111, 293).— 8. Cone. HIAq at 120° reduces it to 
benzoic acid (Lautemann, A. 125, 9). — 9. Cone. 
HClAq at 150° gives #-oxy-benzoio acid and 
hydroquinone (Hesse, A. 200, 232). Dilute 
(3 p.c.) HClAq at 100°-120° forms phenol, 
hydroquinone, and jp-oxy-benzoio add (Cha- 
dounski, C. C . 1888, 1029). — 10. Fuming 
HBrAq at 130° gives protocateohuic and benzoic 
acids (Fittig, A. 193, 197).— 11. PC1 5 forms 
m-chloro-benzoyl chloride (Graebe, A. 138, 197). 
12. Gives protocateohuic acid on fusion with 
KOH or NaOH.— 13. Boiling with iodine and 
KOHAq yields iodoform.— 14. Calcium quinate 
fermented by schizomycetes in presenoe of air 
yields protocateohuic acid, in absence of air it 
gives propionic, acetic, and formic acids (L6w, 
B. 14, 450). 

Salts . — NaA' 2aq.— NaA' 5aq. S. 200.— 
BaA' 2 6aq ; dodecahedra, very soluble in water. — 
CaA' 2 lOaq. S. 17 at 16°. Plates, insol. alcohol. 
— CaA'Ac aq (Gundelach, B. 9, 852).— SrA' 2 10aq. 
— SrA' g 15aq. — MgA' 2 6aq. — CdA' 2 . S. *4 in the 
cold. — ZnA' 2 . — CoA' 2 5aq. — NiA' 2 5aq : crystals. 
CuA'j 5aq : blue needles. — CuC 7 H 10 O 8 2aq. S. *09 
at 18°.— Pb A' 2 2aq : needles, sol. alcohol, v. 
e. sol. water. — Pb 2 C 7 H 8 0 8 . Amorphous, insol. 
water. — MnA' 2 . S. *5 in the cold. — Fe^H^Oi,. 
— AgA' ; mammellated groups of crystals. 

Ethyl ether EtA'. Viscid mass, with 
bitter taste, v. sol. water and alcohol. Converted 
by boiling Ac 2 0 into C 8 H 7 (0Ac) 4 .C0 2 Et crystal- 
lising from water in plates [135°], si. sol. boiling 
water. 

Tetra-acetyl derivative 
C 8 H 7 (0Ac) 4 .C0 2 H. [130°-*136°]. Formed by 

heating quinio acid with Ac 2 0 and ZnCLf (Erwig 
a. Koenigs, B. 22, 1461). Crystalline crusts, si. 
sol. cold water, insol. ligroin. — AgA' : needles. 

Anilide C IS H 17 N0 5 . [174°]. Formed by 
heating quinio acid with aniline at 180°. Small 
silky needles (containing aq), v. sol. water and 
alcohol, si. sol. ether. 

QUINICINE v . Cinchona bases. 

QUINIDE v. Quinic acid. 

QUINIDINE t>. vol. ii. p. 180. 

QUINIENE v. vol. ii. p. 181. 

QUININE C^K^NA. [173° cor.] (Lenz.FV. 
27, 559 ; Hesse, A. 268, 133). The trihydbrate 
melts at 57° (H.). S. *05 at 15° (Regnauld, 
J. Pharm. Chim. [4] 21, 8). S. (of the trihy- 
drate) *06 at 15° (Hesse, B. 10, 2152) ; *06 at 
20°, *11 at 100° (Sestini, Fr. 6, 359). S. (of the 
anhydrous base) *051 at 15° (H.) ; *07 at 20°, *13 
at 100° (S.). S. (ether) 100 at 10° (Hesse, A. 
135, 327) ; 4*4 at 18° (van der Burg, J. 1865, 
438). A cone, ethereal solution often gelatinises, 
the quinine thus separated being less sol. ether 
S. about 5 at 15°). S. (chloroform) 57*5 
Pettenkofer, J. 1858, 363). S. (benzene) *5 at 
15° ; 3*8 at 80° (Oudemans, J. 1874, 867). S. 
(xylene) *11 at 15°; *645 at 188° (Swaving, 
R. T. 6. 4. 186). Ho- ~ 166 3 *t 15<*; -162° 
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at 25° in alcoholic solution (Hesse, A. 166, 217) 
*« — 146*2 4* *657p in a solution of p grammes in 
100 o.o. of 97p.c. alcohol at 16° (Hesse, A 176,206 ; 
182, 131). [a]p — — 158*7 + l*911jp in an ethereal 
solution containing from 1*6 to 6 p.o. base: In 
solutions containing not more than 1*6 p.o. 
quinine, Oudmans, jun. (Ar. N . 10, 193), found 
[a] D * —167*5° (in alcohol); —136° in benzene; 
— 127° in toluene ; - 117° in chloroform. Dis- 
persive power : Grimbert, J. Ph. [5] 16, 295, 
345. 

Occurrence.— In cinchona bark, v. vol. ii. p. 
175. According to Grimaux (Bl. [3] 7, 304), 
cupreine heated with NaOMe, MeOH, and MeCl 
or MeNO g yields 10 to 15 p.c. of quinine, while 
Mel gives chiefly quinine di-methylo-di-iodide. 

Preparation. — The bark is extracted with 
dilute H 2 S0 4 , and the solution ppd. by NaOHAq. 
The pp. is dissolved in ether, the ether shaken 
with dilute H^SC^, and the boiling solution 
neutralised by ammonia. Quinine sulphate 
separates on cooling. The sulphate is decom- 
posed by ammonia. 

References. — Vide references in articles 
Cinchona bark and Cinchonidine, and also 
Pasteur, C. R . 36, 26 ; 37, 110, 162 ; Schiitzen- 
berger, A. 108, 347, 350 ; Robiquet, A. Oh. [2] 
17, 316; Stratingh, R. P. 15, 139; Pelletier, 
J . Ph. 11, 249 ; Duflos, B . J. 27, 1, 110 ; Strecker, 
A. 91, 155 ; Thiboumery, J. Ph. [3] 16, 369 ; 
Alluard, J. Ph. [3] 46, 192 ; Korner, Z . [2] 1, 
150; Bouchardat, A. Ch. [3] 9, 213; De Vrij, 
N. J. P. 14, 268 ; Laudrin, C . R. 108, 750. 

Properties. — Ppd. by ammonia from solu- 
tions of its salts in an amorphous anhydrous 
form, which quickly changes, especially in 
presence of free ammonia, into the crystalline 
hydrate (containing 3aq), consisting of minute 
four-sided prisms terminated by pyramids. 
The hydrate gives off its water of crystallisation 
over H 2 S0 4 . Quinine is v. e. sol. ether and alco- 
hol, v. sol. CS 2 , m. sol. benzene, v. si. sol. 
ligroin, sol. volatile and fixed oils. It is alkaline 
in reaction. Its solutions are lcevorotatory. 
A 5 p.c. solution of the sulphate gives a == — 22° 
in a depth of 200 mm. (Rozsnyay, Fr . 23, 589). 
Its solutions in dilute H 2 S0 4 , HNO a , H 3 P0 4 , and 
HOAc exhibit blue fluorescence, destroyed by 
HC1, HBr, HI, or H 4 FeCy a . Fluoresoence of the 
Bulphate is prevented by a large excess of sul- 
phate of cupreine (Grimaux a. Arnaud, Bl. [3] 
7, 304). Chlorine- water and ammonia give a 
green pp. dissolving in excess of ammonia to 
an emerald green liquid. On addition of an 
acid the colour changes through blue (when 
neutral) to red, the green colour returning 
on adding ammonia (Brandes, Ar. Ph. 13, 
05 ; Andr6, J. Ph. 22, 132). Excess of 
chlorine-water and of ammonia should be 
avoided. Chlorine does not render a solution of 
quinine sulphate turbid (Lepage, J. Ph. 26, 140). 
Bromine-water and ammonia give the green 
colour even in exceedingly dilute solutions 
(Fliickiger, Fr. 11, 318). The green colour may 
be also got by mixing *01 g. of the salt to be 
tested with an equal bulk of KCIO* and a drop 
of cone. H 2 S0 4 followed by excess of ammonia 
(Mylius, O. C. 1886, 602). Chlorine-water 
followed by K 4 FeCy f gives a red colour in a 
solution of quinine sulphate (Vogel, A. 78, 221 ; 
86, 122). Quinine gives the usual alkaloidal 


reactions. It !b coloured green by potash- 
fusion (Lena, Fr. 25, 31). Potassium sulpho- 
oyanide gives a white pp., sol. excess (Sohrage, 
Ar. Ph. [3] 13, 25). Boiled with dilute H 2 S0 4 
and PbO a quinine forms quinetin, a red substance 
(Marchand). Dilute HNO, gives no colour. Sun- 
light acting on an aqueous solution, even in an 
atmosphere of H, ppts. brown flocculent quini- 
retin, insol. water, alcohol, and ether (Fliickiger, 
Ph. [3] 8, 885). IG1 gives a light-brown crystal- 
line pp., si. sol. HClAq. Quinine is antiseptic, 
hindering putrefaction and the alooholio, lactic, 
and butyrio fermentation. Quinine is a febri- 
fuge. Its salts taste bitter. 

Reactions.— 1. The sulphate is oxidised by 
KMn0 4 to pyridine tricarboxylic acid, oxalic 
acid, and NH, (Hoogewerff a. van Dorp, B. 12, 
158). At 0° the first product is chitenine 
C^H^NjjO^ whioh crystallises in colourless 
prisms [240°-286°], insol. ether and alcohol, 
sol. dilute acids and alkalis (Skraup, B. 12, 
1104 ; M. 10, 39). Quinine (5 g.) is apparently 
oxidised by KMn0 4 (50 g.) to pyridine dicarb- 
oxylic acid (Ramsay a. Dobbie, G. J. 33, 102). 
Boiling nitric acid also forms pyridine dicarb- 
oxylio (cinchomeronic) acid. Aqueous' Cr() 3 
oxidises quinine to quininio or methoxy- 
quinoline carboxylic acid. — 2. A mixture of 
HNO„ and H 2 S0 4 reacts, and on diluting an 
amorphous pp., apparently C 30 H 22 (NO 2 ) 2 N 2 O 2 H 2 O 
is got (Rennie, G. J. 39, 469).— 3. PC1 5 converts 
it into colourless quinine-chloride G^^N^OCl 
[151°] which by boiling with alcoholic # KOH 
gives ohinen (Comstock a. K6nigs, B. 

17, 1988).— -4. Reduced by zinc and dilute H 2 S0 4 
to hydroquinine C 20 H 2a N 2 O 2 , an amorphous 
bitter resin (containing aq), sol. alcohol and 
ether, giving a green colour with chlorine-water 
and ammonia (Schiitzenberger, A. 108, 847).— 5. 
Heated with water at 250° it yields quinoline 
(Reynoso, O . R. 24, 795). The same body is 
formed by heating with cone. KOHAq at 190° 
(Gerhardt a. Wertheim, J. 1840, 870). — 6. 
Fuming HjSC^ forms a sulphonio acid. Cone. 
H 2 S0 4 dissolves quinine, forming isooinchonine. 
Dilute H 2 S0 4 at 125° converts quinine into 
quinicine. — 7. Iodic acid gives off much gas on 
warming (Brett, J. Ph. [3] 27, 116).— 8. Cone. 
HClAq at 150° forms MeCl and apoquinine 
(Hesse, A. 205, 317). Concentrated HClAq 
at —17° slowly forms hydrochloroquinine 
C„H„C1N 2 0, [187°], while hydrogen bromide gives 
C 20 H 25 BrN 2 0 2 , which forms B'H 2 Br 2 (Comstock a. 
Konigs, B. 20, 2510).— 9. Heated for a long 
time with 12 pts. of HIAq. S.G. 1*96 for 8 hours 
at 100° it gives methyl iodide and a yellow salt 
0 1! ,H 22 N 2 0 2 3HI [238°] sol. alkalis. Alcoholic 
NHjAq converts it into Cj^H^N^O^HI mixed 
with a little CnH^N.^O.^HI, which yields an 
oxalate [187°] (C, 9 H 2 ,N 2 0 2 HI)H 2 C 2 0 4 mixed with 
(C 19 H 22 N 2 0 2 H 2 I 2 ) 2 H 2 C 2 0 4 (Schubert a. Skraup, M. 
12, 684). HBrAq acting on quinine at 100° 
forms Cuft^BrN^O^HBr aq, crystallising in 
needles, from which sodium carbonate sets free 
C l9 H 24 BrN 2 0 2 , a powder [210°] (Julius, M. 6, 751). 
10. Quinine dried at 120°, heated with HIAq 
(S.G. 1*7) at 100°, forms CUBJNA8HI [230°J,a 
yellow crystalline mass, v. si. sol. water, sL soL 
alcohol, insol. ether and NaOHAq. Alcoholie 
NH, converts this salt into C 20 H 24 N 2 0 2 HI ? which 
is white, v. sol. alcohol, si. soL ether [155°- 
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160°]. Its solution in dilute H^SC^ shows blue or gelatinous mass. S. 100 in the oold. Melts 
fluorescence, and gives a brownish-yellow pp. at 15° (A. Clermont, J. Ph. [5] 15, 15).-** 
with chlorine-water and ammonia. It gives rise B'H 2 PtCl 8 aq : yellowish flocoulent pp., soon be- 
*to the salts ((C 20 H 24 N 2 O 2 ) 2 H,I a ) a 3H 2 C 2 O4 ? and coming orange and crystalline (Gerhardt, B. J. 
^ja^NgOjjHjjljHNO, ? [217°] (Sohubert a. 23,354). S. *07 in the cold ; *8 at 100° (Duflos). 

Skraup, M. 12, 678 ; cf. Lippmann a. Fleissner, — B'gHjjPtCl,, 3aq : orange amorphous pp. (Hesse, 
M. 12, 329).— 11. Bromine added to a solution of A. 207, 308). — B'B^HgC^. Ppd. by mixing al- 
quinine in dilute H 2 S0 4 ppts. BBr 2 2aq, B' 2 Br 6 , coholio solutions of quinine, HC1, and HgCl 2 
and B'Br 4 as bitter yellow curdy pps., melting (Hinterberger, A. 77, 201). — B'.jH,ZnCl s 2aq : 
at 160°-180° (Colson, C. R. 108, 678). prisms (from alcohol) (Grafinghoff, Bl. [2] 4, 391). 

Estimation.— V. Cinchona bark. V. also — B' 2 H a ZnCl 8 3aq : crystalline. — - B'EyBr^aq: 
Lenz, Fr. 27,549-631. Quinine may be ppd. crystals, v. e. sol. water.— B'HI: lemon-yellow 
as chromate (De Vrij, C . C. 1889, 708 ; Ar. Ph. prisms (Herapath), or heavy white powder. 
[3] 24, 1073 ; Vulpius, Ar. Ph. [3] 24, 1022 ; SI. sol. water, v. e. sol. alcohol (Winckler, 
Schlikum, Ar. Ph. [3] 25,128 ; Hesse, Ph. [3] Jahrb. pr. Pharm. 20, 321). Melts at 150°- 
17, 585). A solution of quinine sulphate re- 155°, but softens at about 100° and then blackens 
quires more ammonia to redissolve the pp. first (Lippmann a. Fleissner, M. 13, 436).— B'HIEt 2 0 
formed than solutions of the sulphates of the (from ether). Crystals. — B'H 2 I 2 5aq (Regnault). 
alkaloids usually present with it (Kerner a. Crystals. V. Reaction 9, supra. — B'H,I,. [230°]. 
Weller, Ar. Ph. [8] 25, 712, 749 ; Fr. 1, 159 ; 27, Converted by NH,Aq into B HI.— B' 2 H.,S0 4 8aq 
115 ; cf. Schafer, Ar. Ph. [3] 25, 1033 ; Ruddi- (Hesse, A. 119, 361 ; 225, 97 ; Carles, Bl. [3] 7, 
man, C. N. 58,202,216,226; Jungfleisch, J.Ph. 108; cf. Cownley, Ph. [3] 7, 189). Commercial 
[5] 16, 6). Use may also be made of the sparing specimens are somewhat effloresced. Monoolinio 
solubility of quinine oxalate in presenoe of efflorescent prisms. Loses 6aq over H 2 S0 4 . S. 
K 2 C 2 0 4 (Schafer, Ar. Ph. [8] 25, 64,1041). (of B'^SOJ *126 at 6° ; 3 at 100° (Howard). S. 

Constitution.— Chitenine C, 9 B^ 2 N 2 0 4 may be (alcohol of S.G. ’85) 1. S. (glycerin) 2*5*. Insol. 
got by oxidation of both quinine and cinchonine, chloroform and fatty oils. [a] D «=— 163° in a 
On further oxidation chitenine yields quinic, 2 p.c. solution in 80 p.c. alcohol. — B'H 2 S0 4 7aq. 
pyridine tricarboxylic, and cinoholeuponic acids. [100°]. Rectangular prisms (from hot solutions) 
From this it may be surmised that one half of or small needles. S. 9 at 13°; 12*5 at 22°. 
the quinine molecule has the same composition Loses 6aq over H 2 S0 4 . [a] D - —164*9 + *31 p in 
as one half of the cinchonine molecule (Skraup, a solution of p g. in 100 o.c. water, where p 
M. 10, 39, 220). Quinine, quinidine, and is between 1 and 6 (Hesse, A. 176, 215 ; 182, 
quinicine are probably stereo-isomeric, Bince 134). — B'(H 2 S0 4 ) 2 7aq : prisms, v. e. sol. water, 
they give the same products of oxidation ; they m. sol. alcohol. Its hot alcoholic solution deposits 
are derivatives of (B. 2)-methoxy-quinoline gelatinous B'(H 2 S0 4 ) 2 5aq. [o] D => —170 + *94p. — 
while cinchonine is a derivative of quinoline. B' 2 H 2 G1 2 H 2 S0 4 3aq. Mass of small needles, v. 
Cincholeuponic acid C fi H, 3 N0 4 [226°] yields sol. water. S. (of anhydrous salt) 86. [120°] 

C 8 H is N 0 4 HC1 [194°J and C 8 H 12 AcN0 4 , and is (hydrated) ; fl65°— 170°3 (anhydrous) (Grimaux, 
converted by nitrous acid into the dibasic Bl. [3] 7, 819). — B' 2 H ( Br 2 H 2 S0 4 3aq. S. 26 at 
nitroso- derivative C 8 H 12 (N0)N0 4 . Oxidation of 21°.— B' 2 H 2 I 2 H 2 S0 4 2aq : yellow crystals, form - 
quinine also yields a base, cincholeupone ing a colourless solution. Crystallises also with 
C„H 17 N0 2 oxidised by Cr0 8 to cincholeuponic 4aq. - B' 2 H 2 C1 2 H 3 P0 4 9aq : small needles, sol. 
acid and other products. Cincholeupone when water. - B' 2 H 2 Br 2 H.,P0 4 7aq.— B' 2 H 2 I 2 H g P0 4 6aq. 
heated with zinc-dust yields (£) -ethyl-pyridine. — 2aq. S. *3 (Wetherill, A. 66, 160; 
By nitrous acid cincholeupone is converted into j How, N. Ed. P. J. [2] 1, 47). — B'HNO s aq: 
CgHjajHOJNOg, which is an acid. Ac 2 0 forms I prisms (Strecker, A. 91, 159). — B'AgNO,4aq: 
acid C 9 H 18 AcN 0 2 . Oxy-quinoline (cynurine) is j crystalline pp. Chlorate. — B'HCIO, 2aq (Tich- 
also a product of oxidation of quinine. From I borne, Z . 1866, 665 ; cf. Serullas, A. Ch. [2] 45, 
these experiments Skraup concludes that quinine 279).— B'(HC10 4 ) 2 7aq ; trimetric octahedra. — 
and cinchonine contain a quinoline nucleus B'(HC10 4 ) 2aq. [210°] (Boedeker, A. 71, 61). — 
united to an ethyl-pyridine nucleus ; quinine B'HI0 4 9aq : needles (Langlois, A. Ch. [3] 31, 
being methoxy-cinchonine. Cupreine heated 274).— B' 4 fHCl) 2 (HI) 5 I 4 ; small brown crystals. — 
with NaOMe (1 mol.), Mel (6 mols.), and MeOH B'„(HC1) 5 (HI) 4 I I0 : olackish -green flat needles 
forms quinine di-methylo-di-iodide (Hesse, A. (Jorgensen, J. pr. [2] 16, 79). — B'HI 2 (Bauer, 

266, 244 ; cf. Grimaux a. Arnaud, C . R. 112, Ar. Ph. [3] 5, 214). — B'HI S . Blaok prisms.— 

774 ; A. 267, 879). The chief product is, how- B' 4 I 4 . Resin. — B' 4 I 8 . — B' 4 (H 2 S0 4 ),(HI) 2 I 4 6aq. 

ever, cupreine mono-methylo-iodide. When Herapathite. Formed by adding an alcoholic 
only 1 mol. Mel is used, no quinine is got. solution of iodine to a solution of quinine sul- 

Salts. — C^HgjAgNgOa. Gelatinous pp. got phate in HOAo (Herapath, P. M. [4] 3, 161 ; 4, 
by adding AgNO s to a solution of quinine in 186 ; 6, 171, 346 ; 7, 352 ; 9, 366 ; 14, 224 ; C. J. 
alcoholic NH a (Skraup, M. 2, 613). — B'HCl 2aq ; 11, 130 ; Haidinger a. Stokes, Situ. W. 10, 106 ; 
groups of white needles (Hesse, A. 176, 210; Jdrgensen, J.pr. [2] 14, 230). Large colourless 

267, 142). Melts (when anhydrous) at 160°, plates with metallic green lustre. Polarises 
without undergoing any change. S. 2*5 at 10°. light, so that two plates at right angles are 
V. e. sol. alcohol and ether. [a] D « —134° in a opaque. S. 190 p.c. alcohol) *125 at 16°. Decom- 
2 p.c. solution at 17° (Oudemans). Its solution posed by cold water. Dried over H 2 S0 4 they 
is not ppd. by silver nitrate (1 mol.) until added become B f 4 (H 2 S0 4 ) 9 I s 8aq (Hauer, Z. [2] 1, 481). 
in excess (Vulpius, Ar, Ph. [3] 20, 361). — — B'*(K 2 S0 4 ) a (HI) 4 I I# ; thin lustrous plates.— 
B'HCl l£aq. Large monoclinio octahedra, de. B' 4 (H 2 SOJ 1 {HI) 2 I 6 2aq. Crystals, resembling 
posited at Q°.~ B'2HC1. Groups of white needles, herapathite, decomposed by hot alcohol into 
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iodine and herapathite.— B r R (H,SO J t (HI) 4 I 14 4aq : 
brownish needles. — B' 2 H 2 S0 4 (HI) 2 I 2 : red needles. 
— B' 2 HjS 0 4 (HI) 2 I 4 : brown rectangular plates 
with olive-green reflex.— B' 2 H 2 S0 4 (HI) 2 I 8 : black 
crystals with green reflex. — B , 8 (H 2 S0 4 ) 2 (HI)iL.— 
B'.pBySOJ.tm)* aq. - B' 3 (H,S0 4 ) 2 (fll) t I 8 . - 
B'H 2 Se0 4 7aq: trimetric tables, insol. alcohol 
(Hjortdahl, J. 1879, 794).-B' 4 (H 2 Se0 4 ) 8 (HI) 2 I 4 . 
Isomorphous with herapathite, which it greatly 
resembles. Almost insol. cold alcohol (Jorgen- 
sen, J . pr. [2] 15, 65, 418).-B' 2 H 2 Cr0 4 . S. 
*042 at 15° (Andr6) ; -037 at 14° ; *05 at 16° (De 
Vrij, Ar. Ph. [3] 24, 1073 ; *025 at 100° (A.). 
Ppd. by adding K 2 Cr0 4 to a solution of the 
neutral or acid sulphate. Tufts of golden 
needles. — B' 2 H 2 Cr0 4 2aq (Hesse, Ph. [3] 17, 585, 
665). Becomes anhydrous at 80°, but re-absorbs 
2aq on exposure to moist air.— B'H 2 Cr0 4 7aq. 
Ppd. by adding KjCr.,0, to a solution of quinine 
in excess of dilute H 2 S0 4 (Andr6, J. Ph. [3] 41, 
341). Orange pp., decomposed by light, and 
turned brown when heated to 60°-65° or when 
boiled with water. More soluble than B' 2 H 2 Cr0 4 . 
— B'H 2 C0 8 aq. Efflorescent needles, with al- 
kaline reaction, deposited from a solution of 
quinine in aqueous C0 2 . Sol. alcohol, insol. ether 
(Langlois, A. Ch. [3] 41, 89).— B' 2 H 8 P0 4 8aq. 
S. *127 at 10° (Hesse). Tufts of long needles. — 
B' g 2H 3 P0 4 5aq (Anderson, A. 66, 59). Crystals. — 
B / 3 2H 3 P0 4 12aq (A.). — B' 2 H S P0 4 2aq (Gerhardt, 
Oerh. iv. 118).— B'H 8 P0 2 . S. 1*33 at 15*5° (L. 
Smith, Z. 1862, 159).— B'HVO* (Ditte, A. Ch. 
[6] 13, 236). — B'H 2 SiF a . Got by passing SiF 4 
into a solution of quinine in absolute alcohol 
(Cavazzi, O. 17, 563). Minute crystals, insol. 
8ther and CS 2 , si. sol. hot alcohol. Its aqueous 
solution is fluorescent. — B' 2 H 3 As0 4 8aq. Prisms, 
v. sol. hot water (Hesse).— B' 2 H 3 As0 4 6aq (Ses- 
tini). — B'H a As0 4 2aq.— B'H 4 FeCy e 3aq (Dollfus, 

A. 65, 227).— B'H a FeCy a l|aq: golden plates. — 

B , H 2 PtCy 4 aq (Wertheim, A. 73, 210). Crystals. — 
B' 2 HJPtCy 4 2aq. S. *054 at 18° ; 1*8 at 57°. S. 
(alcohol) 20 at 16° (Schwarzenbach, Pharm . 
Viertelj. 8, 210 ; Van der Burg, Fr. 4, 312). — 
B , H 2 PtCy 4 2aq. *074 at 18*5°; 5 at 100°.— 
B'HjPtCya. — B'2HCyS. Lemon-yellow mono- 
clinic crystals (W.). — B'HCyS aq. S. *18 at 20° 

< Hesse, A. 181, 48). — B' 8 (HCyS) 2 4HgCl 2 . — 
B' 2 (HCyS) 2 HgCy 2 . - B'(HOr(CyS) 4 (NH 8 ) 2 ) 2 2aq. 
Formed by ppg. a solution of the acid sulphate 
with Reineoke’s salt (Christensen, J . pr. [2] 
45, 866). Red crystals, v. si. sql. hot water. — 
Nitro-prusside. S. *04 (Davy, Ph . [8] 11, 
756). — Cyanurates B'H 8 C 8 N 8 0 8 9aq. [237°]. 
81. sol. hot water (Claus, J.pr. [2] 38,227). — 
B , (H t C 3 N 3 0 3 ) 2 7aq. [243°]. — Oxalates. — 
B' 2 H 2 C 2 0 4 6aq. S. *1 at 10°. Prisms (Hesse, A. 
176, 218 ; cf. Regnault, A. 26, 87).— B'HAO, aq. 
Prisms, m. sol. cold water. — B'H 2 C 2 0 4 3aq. 
[a] =s — 131°. — B'HOAc. [140°]. Long needles, 
v. sol. hot water (R.).— B'Cu(OAc) 2 . Green 
crystals (Skraup, M. 2,611).— Chloro -acetate 
B'C 2 H H C10 2 2£aq. S. 1*6 at 21° (Mazzara, Q. 13, 
525).— Di-chloro-aoetate B'C^HgCljOa 2aq. 
S. 2*4 at 22°. — Formate : colourless needles 
(Bonaparte, J. Chim. Mid. 18, 680).— Valerate 
B'C 9 H l0 O a l§aq (Bonaparte, J. Chim. Mid. 18, 
680; 19, 380; Chatin, J. Ph. [4] 1, 268).— 
B'CJH^O, (Stalmann, A. 147, 132 *, Schmidt a. 
Sachtleben, A . 193, 100). S. *9 in the cold ; 2*5 
at 100° (Wittstein, Bepert. 87, 295 ; Landerer, 


N. Br. Arch. 119, 240). — Succinate 
B'G 4 H a 0 4 8aq. S. *1 at 10°. Prisms, v. sol. hot 
water.— T a r t r a t e B 2 C 4 H B O a 2aq. Crystalline 
powder (Hesse, A. 243, 184 ; cf. Arppo, J. pr. 53, 
334).— B'0 4 H a O a aq (Pasteur, J. 1853, 421). 
The lfflvo- tartrate is more soluble than the 
dextro- tartrate, and has a different crystalline 
form. — B'C 4 H 4 (SbOH)O a 2aq. Resin (Clarke, B. 
15, 1540).— Citrate B' 2 C a H 8 O r 7aq. S. *11 at 
12° (Hesse) ; 44 at 100° (Mandelin, J. 1879, 
796 ; Scribani, O. 9, 284).— B' 8 2C a H 8 0 7 : minute 
prisms. S. *11 in the cold ; 2*4 at 100°. — 
B'C a H 8 0 7 . Small prisms. S. *16 in the cold* 
2-6 at 100°. — Chloro-crotonate B'C 4 H ft C10 2 . 
[201°]. SI. sol. ether (Daocomo, J. 1884, 1385). 
— Trichlorocrotonate B'C 4 H,C1 3 0 2 . [140°]. 
— Tri-chloro-lactate B'C^HaCLjO,,. SI. soL 
ether. — D i-bromo-pyruvate B'CgHjBr./),,. 
[93°] (D.). — Mu cate B' 2 C a H 10 O 8 . Needles 
(Ruheraann a. Dufton, C. J. 59, 754). — B e n z o a t e 
B'HOBz. S. *27 at 10°. Small prisms. — Sali- 
cylate B'C 7 H a 0 8 . S. *44 at 16°. S. (ether) *83 at 
16°. Prisms (from alcohol). — Melitate 
B' 2 C 12 H a O l2 . Crystalline powder, v. si. sol. cold 
water (Karmrodt, A. 81, 170). — Tannates 
B'(C h H 10 O h ) 2 4aq and B'(C, 4 H 10 O w ) s 8aq (Jobst, 
Ar. Ph. [3] 12, 331 ; Neumann, Fr. 28, 664).— 
Meconate B'C 7 H 4 0 7 . Crystals (Austen, Ph. 
[3] 3,1016). — U r a t e B ' C a H 4 N 2 0 3 . Minute prisms. 
S. *117 in the cold, 2*7 at 100°. S. (alcohol of 
S.G. *823) *063 in the cold, 2*2 on boiling (Elder- 
horst, A. 74, 77 ; Andre©, Pham. Viertelj. 10, 
382). Dextro-tropate. [187°]. — Lfflvo- 
tropate. [178°] (Ladenburg, B. 22, 2590). 
Dextro - iso - propyl - phenyl -gly collate 
[193°]. 8. *18 at 19° ; S. (alcohol) 1*44 at 20°. 
[a] D = -79°. — Lfflvo -iso- propyl - phenyl - 
glyoollate [205°]. S. *09 at 15° ; S. (alcohol) 
64. [a] D = - 118° (Fileti, J. pr. [2] 46, 560). 

Compound with benzene B'C 6 H fl . 
Needles (from benzene) (Oudemans, J. 1874, 
867).— Compound with toluene B'G 7 H 8 . 
Needles. — Compounds with phenol 
B'PhOH. Crystals (from alcohol). S. *25 at 16° 
(Romei, Z. [2] 5, 383 ; Jobst, N. B. P. 24, 193). 
— B'2H 2 Cy?hOH2aq: prisms. S.l at 15° (Jobst a. 
Hesse, A. 180, 248).— B'H 2 S0 4 Ph0H 2aq (Hesse, 
Pharm. Zeit. 34, 191). — B^jUjSC^PhOH aq. S. 
•147 at 15°. Prisms.— B' 2 H 2 S0 4 Ph0H6aq (Cotton, 
Bl. [2] 24, 536).— Compound with tri- 
bromo -phenol B'CgHaBrgO. Silky needles 
(from alcohol) (Purgotti, O. 16, 628).— Com- 
pound with anethole B / 2 C, 0 H 12 O2aq. Mono- 
clinic crystals (from ether), si. sol. cold alcohol 
(Hesse, A. 123, 382). Compound with 
eugenol B'C^H^O^ [110°). S. (ether) 8*5 
at 10°. Long silky prisms (Hesse, A. 135, 
329). — Compound with pyrooatechin 
B' 2 C„H H 0 2 H 2 S0 4 aq: colourless needles (Hesse, C. 

C. 1889, 519).— Compounds with resorcin 
B'C a HAH 2 S0 4 |aq : needles (Malin, A. 138, 77). 
— B'jCaHgOgHjSb* aq (Hesse). — Compound 
with phloroglucin B'C^O^SO* 2aq : stel- 
late groups of needles (Hlasiwetz, Z. [2] 1, 618). 
—Compound with orcin B'CyHHOgHjtSOi aq* 
Needles (Hlasiwetz a. Barth, A. 134, 290 ; 138, 
77). — Compound with chloral B'OaHCljO. 
[149°]. Amorphous, si. sol. cold alcohol (Maz- 
zara, Q. 16, 270).— Compound with m- nitro- 
benzoic aldehyde B'C a H 4 (N0 2 ).CH0. [118°- 
118°]. Yellow powder (Mazzara, (7. 13, 868)*--* 
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Compound with nitro - camphor 
B'(0 ie H lg (N0 2 )0) 2 aq. Needles. [c. 131°]. 
[a] D « + 46° in a 2*7 p.c. alcoholic solution 
(Cazeneuve, Bl . [2] 49, 97). — Compound with 
urea B'CONaH^Cl^Saq. S. 6. Small prisms 
(Diygin, C. C . 1878, 622; 1881, 245).-Com- 
pounds with quinidine B'C 20 II 24 N 2 O 2 2Jaq. — 
B'O 10 H 24 N 2 O 2 3aq.— B'C 20 H 24 N 2 O 2 C (f H 6 2aq (W ood 
a. Barret, C. N. 45, 6; 48, 4; Hesse, A. 243, 
146). — Compound with hydroquinidine 
B , C 20 H 26 N 2 O 2 2*aq: slender white needles, v. si. 
sol. water, m. sol. ether. — Compounds with 
oinchonidine B^C^H^N-jO. Bhombohedra, 
very slightly sol. ether (Hesse, A. 243, 131). 
— B'7C 19 HaN 2 0. Crystals (from alcohol). — 
B' 2 (C, 9 H 22 N 2 0) 4 (H 2 S0 4 ) 2 20aq. S. *597 at 15°. 
Needles. — B' 2 (O l9 H 22 N !i O) 4 (C 4 H 6 O e ) 3 6aq. — 
B , 2 (C l9 H 22 N 2 0) 4 (H 2 Cr0 4 ) a 18aq : crystals. — 

fiCBfi.fi 6aq (?). Long colourless 
needles. — Compounds with cupreine 
B'Cj^HjjNjO 4aq. [177°]. [a] D = -236°. Tri- 
metric pnsms (Howard a. Hodgkin, C. «7. 41, 
66 ; Hesse, A. 226, 98 ; 226, 242 ; 230, 72). Its 
solution in dilute H 2 S0 4 shows blue fluorescence. 
— B'C^HjjNjjOH^tClg 2aq : orange-red prisms. — 
B'C I9 R 22 N 2 0R 2 S0 4 6aq : six-sided prisms. S. 3 
at 100°.— B'C^HaNjjOG^O* 2aq : needles. 

Acetyl derivative C^H^cNjO.;. [108°]. 
Formed by heating quinine with Ac 2 0 (Hesse, 
A . 205, 317). Prisms, sol. alcohol and chloroform, 
si. boI. ether. [a] D = - 54° in a 2 p.c. solution in 
alcohol (of 97 p.c.) at 15°. [o] D =-115° in 
presence of 3HC1. Decomposed by alcoholic 
potash into quinine and HOAc. — B'HjPfcCl, 2aq. 
— B'(HAuCl 4 ) 2 aq : yellow flocculent pp. 

Propionyl derivative 
C 29 H 23 (C 8 H s 0)N 2 0 2 . [129°]. Six-sided prisms, 

sol. ether and alcohol. [a] D *» —109° in a 2 p.c. 
solution at 15° (Hesse). — B'H 2 PtCl 8 2aq. — 
B'(HAuCl 4 ) 2 2aq: yellow amorphous pp. 

Benzoyl derivative C^H^BzNjjOg. Amor- 
phous (Schiitzenberger, O. B. 47, 834). — 

B'HjPtCl 8 . 

Methylo-iodide B'Melaq or 
C 10 H 7 (OMe)N.C 9 H 14 NMeIO (Grimaux, Bl. [3] 7, 
673). [233°-236°]. Formed by boiling quinine 
(1 mol.) with Mel (6 mols.) in MeOH (Strecker, 
A. 91, 164 ; Claus a. Mallmann, B. 14, 76). 
Formed also from cupreine, NaOEt and Mel 
(Hesse, A. 266, 240). Colourless needles (from 
water), v. sol. hot water and alcohol. Not at- 
tacked by alkalis in the cold. Boiling KOHAq 
or moist Ag 2 0 converts it into methyl-quinine 
CjdHjaMeNjOj, an oil which yields an amorphous 
hydroiodide, crystalline B'HjPtClj aq (Hesse) or 
B'H 2 PtCl e 2aq (Lippmann, M. 12, 512), and 
C w E^MeN 2 0 2 MeI aq crystallising in needles, de- 
composed at 218°. 

Methylo-periodidee B'Mel,. Blaok 

needles (Jorgensen, *7. pr. [2] 3, 145 ; 14, 261).— 
B' 2 M&jI 8 H 2 S0 4 . Beddish-brown needles (from 
alcohol). — B' 2 Me 2 I 8 H 2 S0 4 . Brown plates. — 
B' 4 Me 4 I lg 2R 2 S0 4 . Almost black laminae. — 
B' 4 Me 4 l222H 2 S0 4 . Almost black needles with 
green lustre. 

Methylo- chloride B'MeClaq. [182°]. 

Needles. — B' 2 MeHPtCl 8 : orange prisms. 

Methylo -bromide B'MeBraq. [126°]. 

Blender needles, b1. sol. cold water. * 

Di-fnethylo-di-iodide B'MejL, 3aq. 
[158°-162°]. Formed by heating B'Mel with 


Mel and MeOH in sealed tubes at 100°. Got also* 
together with B'Mel from cupreine by the action 
of NaOMe followed by Mel (Hesse, A . 266, 240). 
Yellow tables (from water). Converted by oold 
NaOHAq, or better NaOH in MeOH, into a resin 
and a smaller quantity of a yellow crystalline 
body. S. (boiling MeOH) *1, melting about 280°, 
sol. acids and reppd. by alkalis as a jelly. Its 
solutions are yellow with green fluorescenoe. A 
similar body is got by the action of alkalis on 
the methylo -iodide of methoxy-quinoline (ob- 
tained from quinine). — B'Me,PtCl 8 2aq. — 
B'2MeAuCl 4 . 

Ethylo -iodide B'Etlaq (Howard, O. J . 
26, 1180). [211°]. Trimetric needles (from 

ether), with very bitter taste. Lrovorotatory. 
— B'Etl, ; black needles. 

Ethylo- chloride B'EtC13aq. Slender 
needles.— B'EtHPtCl, : yellow pp, 

Ethylo-bromide B'EtBr2aq. 

Ethylo-sulphates B' 2 Et 2 S0 4 8aq. — 

B'EtHS0 4 2aq : needles, v. e. sol. water. 

Ethylo -cyanide B'EtCN. [90°]. White 
needles (Claus a. Merck, B . 16, 2746). 

Di-ethylo-di-iodide B'Et 2 I 2 3aq. [115°]. 
Prepared by heating quinine with EtI and al- 
coholic potash (Skraup, M. 2, 610). Monoclinio 
tables, sol. alcohol, insol. ether. 

Methylo-ethylo-di-iodide B'MeEtljaq. 
[208°]. Formed by boiling B'Mel with EtI and 
alcohol (Claus, B. 14, 76). An isomeride [157°- 
160°] is got from B'Etl and Mel. 

Benzylo-chloride B'C 7 H 7 C1. Amorphous. 
B'(C 7 H 7 )HPtCl 8 2aq: crystalline (Mazzara, G. 

13, 530).— B'(C 7 H 7 ) 2 PtCl 6 : yellow powder. 

Toly 1 -quinine C 20 H 2 ,(C 7 H 7 )N 2 0 2 . Two modi- 
fications are formed by heating quinine with o- 
toluidme, and two from p-toluidine. The o and 
p (a) modifications form oils soluble in ether ; 
the o andp (0) modifications form amorphous 
yellow powders insoluble in ether, soluble in 
chloroform and alcohol. B'^C^PtC^aq : 
yellow crystalline powders (Claus a. Bottler, B . 

14, 80) 

Quinopropyline C^R^NgO,. [164°] Got by 
heating sodium-cupreine with PrNO, andPrOH 
at 110° (Grimaux a. Arnaud, Bl. [3] 7, 310). 
White powder. — B' 2 H 2 S0 4 ljaq. Silky needles. 
[224°]. [a] D = 229 at 22°. 

Quinoisopropyline [154°]. Formed in like 
manner from PrNO,.— B' 2 H*S0 4 aq. S.*3 at 10°. 
[a]i> = 229°. 

Quinoamyline C 23 H 32 N 2 0 2 . [167°]. Formed 
from sodium-cupreine and amyl chloride in amyl 
alcohol at 105°. Amorphous. — B' : .H 2 S0 4 2aq. 
Needles. S. *025 at 11°. Its solution in dilute 
H 2 S0 4 fluoresces. 

Quinine sulphonic acid C 2 oH2 3 (S0 8 H)N 2 0 2 . 
[209°]. Formed by moistening quinine tetra- 
sulphate with Ac 2 0, and treating the product 
with hot water (Hesse, A. 267, 141). Small 
white prisms (containing aq when air-dried). 
[a] D » — 182° in a 2 p.c. solution containing HOI 
(3 mols.).— RjA'^PtCl,, 8aq. 

Quinine (Iso)-sulphonio acid 
C^RaNaOJSOaH). Formed from quinine and 
fuming H.SO, (Hesse, A. 267, 138). V. sol. 
water, forming a slightly acid lfflvorotatory solu- 
tion with blue fluoresoence. Gives a dark-green 
colour with chlorine-water and NH^Lq.— 
HA'RAuCl 4 : yellow flocculent pp. 
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Apoquinine C je H»N t O r [160°]. [«]„-- 178° 
in a 2 p.o. solution of alcohol (of 97 p.o.) at 15°. 
[a] D » — 247° in water containing 3H01. Formed 
by heating quinine or cupreine with HClAq at 
140° (Hesse, A. 205, 323, 341 ; 230, 65). 'Amor- 
phous powder (containing 2aq), sol. alcohol, 
ether, CH01 S , and hot water. A solution of its 
sulphate shows no fluorescence. Chlorine-water 
and ammonia give a dark-green colour in the 
cold. The alcoholic solution gives a dark 
brownish-red colour with FeCl,. Fuming HClAq 
at 160° forms C, 9 H 23 C1N 2 0 2 2aq [160°], which 
gives the salts B'HjCi* 3aq, B'HjPtCl,, 2aq, and 
C 19 H 21 Ac 2 C1N 2 0 2 [184°]. 

Salts. — B'H 2 PtCl fl 3aq. — B'HL Small 
crystals (Lippmann a. Fleissner, M. 12, 331). 

Acetyl derivative CnA^Ac-jN 2 0 2 : amor- 
phous powder, sol. ether and alcohol. 

Isoapoquinine G 19 H«NA. [176°]. Formed 
by the action of boiling alcoholic potash on 
C 19 H 22 N 2 0 2 3HI [238°] (v. Quinine, Reaction 8). 
Crystalline (Lippmann a. Fleissner, M . 12, 331). 
— B'HJPtCl, aq : granules, si. sol. water. 

Isoquinine C^NA. [186°]. [a]* - - 181° 
in a 4 p.o. solution. Formed from the compound 
CaoH^NjjOjjSHI [230°] (v. Quinine, Reaction 9) 
with alooholic potash (Lippmann a. Fleissner, 
AT. 12, 332). Needles (containing aq), v. e. sol. 
benzene, si. sol. ether, v. si. sol. boiling water. 
Coloured green by chlorine-water and ammonia. 
— BHC1 2aq : needles, v. sol. water. — B'2H01, m. 
sol. water. — B'EyPtCl fl : yellow crystalline pp. — 
B' 2 H 2 SO 4 10aq : needles, v. e. sol. water. — 
B'AgNO, : needles. 

^-Quinine C^H^NA* [191°]. Formed, 
together with nichine C 1# H 24 N 2 0 2 (?), by heating 
quinine hydroiodide with alcoholio potash 
(Skraup, B. 25, 2911). Laevorotatory. Yields 
B'HCl, B'HNO* and B^HNO,, all si. sol. water 
and readily crystallised. 

Chinene or Quinene v. Quiniene, vol. ii. 
p. 181. 

Homoquinine v. Cinchona baser. 

QUININIC ACID v. Methyl derivative of 

(B, SJ-OXY-QUINOLINB CARBOXYLIC ACID. 

QUINISATIC ACID CAfNH^.CO.CO.COA 
o-Amido-beneoyl-glyoxylic acid . Formed by 
oxidation of ( Py . l,2,3)-tri-oxy-quinoline with 
FeCl, (Baeyer a. Homolka, B. 16, 2219). Yellow 
prisms, v. sol. water. On reduction with zinc- 
dust and HOAo and exposure of the filtrate to 
the air it forms a dark- blue colouring matter. 

Anhydride [255°-260 3 ]. 

Formed by heating the acid at 120°. Red 
crystals, forming a red solution in alcohol. 
Beadily combines with water, with re-formation 
of the acid. Dilute NaOHAq forms a yellow 
solution, very quickly becoming colourless. 
NaOEt gives a body crystallising in indigo-blue 

needles. Gives an oxim CA^n^C^OH^ 

crystallising in orange prisms [208°]. 

QUINITANNIC ACID. An acid occurring in 
cinchona bark (Schwarz, J. pr . 66, 76 ; cf. Pelle- 
tier a. Oaventou, A. Ch. [3] 15, 337). Hygro- 
scopic yellow mass. Its alkaline solutions absorb 
oxygen. Converted by boiling dilute acids into 
glucose and a brownish-red powder G-AkAo 
which gives acetic and protocatechuic acid when 
fused with potash (Bembold, A. 143, 270). 


QUINflTE C a H,A * £- 

CH(OH)<^g**p>OH(OH). Hydroquinone 

hexahydride. Formed, by reduction with sodium- 
amalgam in a current of C0 2 from the product 
of the action of dilute H 2 S0 4 on the dihydride 
Qf di-oxy-terephthalic ether (succinyl-succinio 
ether) (Baeyer, B. 25, 1037, 1840). Y. sol. water 
and alcohol. Occurs in two modifications, 
trans [144°] and cis [90°], which yield acetyl 
derivatives melting at 106° (trans) and 82° (cis). 
Both acetyl derivatives boil at 244°. ^Quinite is 
converted by HBr into di-bromo-benzene hexa- 
hydride (trans [114°], cis an oil), which on heat- 
ing with quinoline give oily benzene dihydrido 
(81°), which forms a tetrabromide [182°]. 

QUINIZABIN v. Di-oxy-anthbaquinone. 

QUINIZINE. Substances supposed to be 
derived from the hypothetical quinizine were 
subsequently found to be derivatives of phenyl- 
pyrazole. Thus oxy-methyl-quinizine is oxy- 
phenyl-methyl-pyrazole (q. v.). 

QUINOL v. Hydroquinone. 

QUINOLIC ACID C,H 8 NA- Got by oxida- 
tion of cinchonine with HNO, (Weidel, A. 173, 
91 ; B. 12, 1152). Woolly crystals, almost insol. 
water, v. si. sol. aloohol, sol. HClAq. Alkalis 
give a transient crimson colour. Br and water 
at 180° give hexa-bromo-quinoline. HNO a at 
170° forms cinchomeronio acid. — AgA\ — 
HA'HCl.— AA'APtCl,: orange needles. 

QUINOLINE CAN i-e. 

CH-CH C N^-CH* Crinoline. Leucoline. Mol. 

w. X29. * (237*5°) (Young, C. /. 55, 485) ; (234°) 
(Schiff, B. 19, 566) ; (241° cor.) (Kretschy, M. 2, 
80). S.G. ft 1*106 (0. de Coninck, Bl. [2] 37, 
208); ft 1*108 (Skraup). S.V. 139*8 (Schiff). 
Vapour -pressure : Young. Beat of neutralisa- 
tion ; Colson, A. Ch. [6] 19, 409. Absorption of 
ultra-violet spectrum : Hartley, C. J. 41, 47. 
Occurs in coal-tar (Runge, P. 31, 68 ; Hofmann, 
A. 47, 76; 53, 427; 74,15; Greville Williams, 
Tr . E. 21 [2] ; [3] 377 *, O. Fischer, B. 16, 720 ; 
Jacobsen a. Reimer, B. 16, 1084). 

Formation . — 1. By distilling quinine, cin- 
chonine, or strychnine with potash (Gerhardt, 
A. 42, 310 ; 44, 279 ; O. de Coninck, 
C. R . 94, 87 ; Bl. [2] 35, 296). Quinoline free 
from homologues is got from cinchonine by 
treatment with potash and CuO (Wyschnegrad- 
sky, B. 13, 2318).— 2. Bypassing allyl-aniline 
over heated PbO (Konigs, B . 12, 453). — 3. From 
hydrocarbostyril (vol. i. p. 180) by treatment 
with PC1 5 and reduction of the product with HI 
and HOAc (Baeyer, B , 12, 1320).— 4. By distil- 
lation of acrolein-aniline (Konigs, B. 18, 911). — 
5. By distilling anil-uvitonio acid with soda- 
lime (Bottinger, B. 13, 2166).— 6. By heating a 
mixture of nitro-benzene, aniline, glycerin, and 
EL^SO, for three hours with inverted condenser 
(Skraup, M. 1, 316; 2, 139, 535).— 7. By heating 
its carboxylic acids with lime. — 8. By adding a 
few drops of NaOHAq to a cold dilute solution 
of equimolecular quantities of o-amido-benzoio 
aldehyde and acetic aldehyde (Friedlander a. 
Gohring, B, 16, 1833).— 9. By heatingthe hydro- 
chloride of quinoline tetrahydride with water 
and Hg(OAc), at 150° (Tafel, B. 25, 1623).— 10. 
By fusing methyl-acetanilide with ZnClj at 290® 
(Pictet, B. 28, 1903). 
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Preparation . — A mixture of aniline (38 pts.), 
glycerin (120 pts.), nitro-benzene (24 pts.) and 
H a S0 4 (100 pts.) is heated with inverted con- 
denser. Potash is then added, and the base dis- 
tilled over with steam and fractionally distilled. 
It may be further purified by means of the acid 
sulphate and freed from aniline by oxidation or 
•by treatment in acid solution with NaN0 2 . The 
.yield is 60 p.c. (Skraup). 

Properties.— Colourless liquid with peculiar 
odour, slowly becoming yellow. V. si. sol. water, 
miscible with alcohol, ether, and CS 2 . Quinoline 
is very hygroscopic, forming the hydrate 
(0 fl H 7 N) 2 3aq, which becomes turbid on warming 
(Hoogewerff a. Van Dorp, R. T. O. 1, 1, 107). It 
is antiseptic, antipyretic, and antizymotic 
(Donath, B. 14, 178). Quinoline separated from 
solutions of its salts dissolves in excess of NH 3 
or ammonium carbonate, but not in NaOH or 
Na 2 C0 3 . Iodine in KI gives a brown pp., insol. 
HClAq. Phosphomolybdic acid a yellowish- 
white pp., sol. NH s Aq. Picric acid a yellow 
amorphous pp. HgC^ a white pp., sol. HClAq. 
KjHgl^ a yellow amorphous pp., changed to yellow 
needles on adding HC1. K 2 Cr 2 0 7 gives crystals, 
sol. excess. Potassium ferrocyanide an amor- 
phous orange pp. (Donath, B. 14, 1769). On 
shaking with cone. CuS0 4 Aq a green pp. 
(CuS0 4 ) 2 (Cu0 2 H 2 ) 8 4aq is got (Borsbach, B. 23, 
924 ; cf. Lachovitch, M. 10, 884). NaOBr gives 
no reaction (Denig^s, 0. B. 107, 662). Quinoline 
forms very soluble crystalline compounds with 
NaHSOg (Brunck a. Graebe, B. 16, 1785). It 
combines with iodoform (Rhoussopoulos, B. 16, 
202 ). 

Reactions.— 1. On passing through a red-hot 
tube it yields (/3)-diquinolyl (Zimmermann a. 
Miiller, B. 17, 1965). — 2. On boiling with sodium 
or sodium-amalgam it is converted into * diquino- 
line,’ which forms a scarlet hydrochloride which 
dyes silk a transient orange (Greville Williams, 
Pr. 31, 536; C. N. 37, 85). — 3. Reduced by tin 
and HClAq to quinoline tetrahydride (244°) 
(Wyschnegradsky, Bl. [2] 34, 339). — 4. Zinc- 
dust and NH 3 Aq or alcohol and sodium-amalgam 
give the tetrahydrides of quinoline and of di- 
quinoline (KOnigs, B. 14, 99). — 6. Oxidised by 
bleaching-powder or other hypochlorites to oxy- 
quinoline (carbostyril) and cmoro-oxy-quinoline 
(Erlenmeyer, B. 19, 489 ; Einhorn a. Lauch, A. 
243, 342). Chlorine passed into its solution in 
HOAo forms tri-chloro-oxy-carbostyril. — 6. On 
heating with SbCl 5 at 170°-400° and passing in 
chlorine , the products are C 2 C1 # and C 8 Cl fl (Smith 
a. Davis, C. J. 41, 418). — 7. Bromine (2 pts.) 
added to a mixture of quinoline (1 pt.) and water 
(3 jpts.) forms the tetrabromide C*H 7 NBr 4 , 
which crystallises from chloroform in very un- 
stable red needles, and is converted, by heating 
with alcohol, into C*H 7 NBr 2 HBr [86°] crystal- 
lising in red prisms, insol. chloroform, v. sol. 
aloohol and ether, decomposed at 180° into HBr 
and bromo-quinoline-hydrobromide (Grimaux, 
Bl. [2] 38, 125 ; C. B. 95, 85). Bromine added 
to an ethereal solution of quinoline forms the di- 
bromide C^B^NBr,, yielding B'HCl [100°-105°] 
and B'HBr [88° cor.], which form red crystals 
(Claus a. Collischonn, B. 19, 2765).— 8. KMn0 4 
in alkaline solution forms pyridine dicarboxylic 
acid (Hoogewerff a. Van Dorp, R. T. C. 1, 1, 107 ; 
cf. Dewar, Pr. 26, 65). KMn0 4 and cone. H*S0 4 


also give quinolinic aoid. KMn0 4 and dilute 
H^SO, form quinoline (B. 3)-carboxylio acid, di* 
quinolyl being an intermediate product (Georgie- 
vitch, M. 12, 312). — 9. EL 2 S0 4 at 220° forms the 
( B . 4)-sulphonic acid; at 260° the (B. 2)-sul 
phonic acid is produced (Georgievitch, M. 8, 
578, 641). — 10. Oxygen passed through platinised 
asbestos containing quinoline and quinoline hy- 
drochloride at 190° forms (a)-diquinolyl. Oxygen 
acting on a mixture of aniline and quinoline 
hydrochloride forms (Py. 3 ; B. 2)-diquinolyl 
and p-amido-fP^/. 3) -phenyl-quinoline, while 
quinoline and o-toluidine hydrochloride are con- 
verted by oxygen into amido-phenyl-methyl- 
quinoline (Weidel, M. 8, 120; 9, 99). — 11. 
p-Amido -phenyl-quinoline is also formed by 
heating quinoline hydrochloride with aniline. — 
12. BzCl at 240° gives (8)-diquinolyl. — 13. 
Alloxan added to a solution of quinoline saturated 
with S0 2 forms B / 0 4 H 2 N 2 0 4 S0 3 H 2 crystallising 
in yellowish prisms (Pellizzari, A. 248, 150). — 
14. SiCl 4 forms (C 9 H 7 N) 2 SiCl 4 (Harden, C.J. 51, 
40). SiF 4 forms (C 8 H 7 N) s 2SiF 4 , crystallising in 
needles (Comey a. Jackson, Am. 10, 176). — 15. 
Nitroso-di-methyl-aniline and hydrogen cyanide 
form B'(C fl H 4 (NO).NMe 2 ) 2 HCy, crystallising in 
golden plates (Lippmann a. Fleissner, M. 6, 
543). — 16. Glycerin dichlorhydrin forms 
C h H 7 N)C 3 H 3 C1, which is deliquescent and forms 
B'C 8 H 8 Cl) 2 Pt01 4 and B'C 8 H 8 AuC1 4 .— 17. Ethylene 
chloride at 100° forms B' 2 C 2 H 4 C1 2 , crystallising in 
needles, yielding B' 2 C 2 H 4 PtCl 6 (Rhoussopoulos, 
B. 16, 879). — 18. Ethylene * bromide (1 mol.) 
heated with quinoline (1 mol.) at 80° forms the 
bromo-ethylo-bromide B'BrC 2 H 4 Br, crystallising 
from alcohol in needles and yielding B'ClC^Br 
and (B'ClC. 2 H 4 Br) 2 PtCl 4 (Berend, B. 14, 1349). 
Ethylene bromide (1 mol.) with quinoline (2 
mols.) at 40° forms B'C 2 H 4 Br 2 aq crystallising 
from alcohol in needles. — 19. By heating quinol- 
ine (16 g.) with glycolic chlorhydrin (10 g.) and 
water (10 c.c.) for 3 days at 100° there is formed 
B'C1.C 2 H 4 0H, crystallising from alcohol-ether in 
splendid prisms (Wurtz, Pr. 33, 452 ; C. R. 95, 
263 ; 96, 1269). It is hygroscopic, v. sol. water 
and alcohol, insol. ether. On boiling with moist 
Ag 2 0 it forms a caustic liquid that soon turns 
crimson. It yields B'(0 2 H 4 0H)AuCl 4 , crystal- 
lising in minute pointed hexagons, and also 
B / (C 2 H 4 0H)C16Hg01 2 , and (B'^H.OHJGlLPtCl,. 
20. Iodoform (1 mol.) heated with quinoline 
(2 mols.) for 8 days at 100° forms B^GH^, 
crystallising in long needles [132°] (Rhousso- 
poulos, B. 16, 202, 880, 2004). It is converted 
by AgCl into B^CH^Cl* [168°], which gives 
B'gCRjPtClg. Iodoform (1 mol.) added to quinol- 
ine (3 mols.) in ethereal solution forms B' g CHI 8 
crystallising in needles [65°], not affected by 
AgCl.— 21. Chloro-acetic acid forms quinoline- 
betaine C u H fl N0 2 [171°], whioh separates from 
alcohol in thick crystals (containing aq) and 
forms (0 ll H 9 N0 a ) 2 H 2 PtCl 8 2aq (Gerichten, B. 15, 
1254 ; Rhoussopoulos, B. 15, 2006).— 22. Chloro- 
acetic ether forms C 9 H 7 N Cl.CH 2 ,C0 2 Et crystal- 
lising in needles, v. e. sol. water, converted by 
moist Ag 2 0 into quinoline. It yields the salt 
(0 ls H 14 N0 2 ) 2 H 2 PtGl e . — 23. Chloral in ether 
forms C 8 H 7 N OaHOl^O aq [66°], crystallising from 
benzene (Rhoussopoulos, B. 16, 881). It is insoL 
water and decomposed by alcohol. It yields 
(O^NC^GLO aq) 2 8PtCl A . — 24. Resorcin at 
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100° forms (C f H 7 N),G a HA, [102°], S. -25 in the 
cold (Hook f B. 16, 886). It crystallises from 
dilute aloohol in silvery plates, decomposed by 
HGlAq. — 26. Phthalic anhydride at 160° forms 
' quino-phthalone ' CpH^NOj [285°] (Traub, B. 
16, 297). 

Salts. — B'HCl. [94°]. Deliquescent 
nodules, v. e. sol. alcohol, chloroform, and hot 
ether (0. de Coninok, Bl . [2] 87, 208).— 
By-LjPtCl,, 2aq [225°] (Skraup) ; [218°] (Loll- 
mann, A. 237, 323).— B' 2 H 2 PtCl a aq. S. *07 at 
11°. — B'gPtCl, : insoluble powder. — B'JLPtC^.— 
B'HAuC 1 4 . Canary-yellow needles. — B'HCdClsaq. 
— B'CdCl 2 : white pp. — B'HgCl.,. Pearly plates 
(Bromeis, A . 62, 136).— B' 2 H 2 HgCl 4 2aq. [91°]. 
Monoclinic crystals.— ByijPdCl*. Crystals. — 
B'H 2 SnCl 4 2aq : needles.— B'HSnCl 3 . [127°] . 
Thin needles. — B' 2 H 2 SnCl„. [above 240°]. — 
B'jjELjUrOjC^ : yellow prisms. — B'SbCL,. — 
B'HSbCL. — B' 3 H 3 BiCl 6 . — B' 2 K 2 ZnCl 4 .--B' 2 ZnCl 2 . 
— B'HCllCl. [118°] (Ostermayer). Yellow pp., 
converted by ammonia into explosive B'NH 2 I 
(Dittmar, B. 18, 1613).— B'ICl. [160°]. Small 
white needles (Pictet a. Krafft, Bl. [3] 7, 73). — 
B'BrjjHCl. [100°-106°J. Orange crystals (Claus, 
B. 19, 2766).— B'HMnCl 3 : rose-red needles 
(Borsebach, B. 23, 433).— B'HFeCl 4 . [150°]. 
Formed by adding HC1 to a solution containing 
quinoline and FeCl 3 (B.). Small needles, decom- 
posed by boiling water. — B' 2 CoC 1 2 : blue triclinic 
crystals. — B'jCuCL* : nearly black crystals. — 
B'Cu(OAc) 2 . [above 240°J. Green crystalline 
powder. — B' 2 ZnI 2 : white powder, si. sol. cold 
water.— B' 2 ZnBr 2 . -B'CdBr 2 .-B'CdI 2 . — B'.Cdl,. 
— B'HgBr 2 . [204°].— B'HgI 2 . [168°].— B'Br 2 . 
[92°-100°]. Red crystals (Lubavin, J . R. 18, 
484). — BUr,. Red needles.— BHBr 3 . [86°].— 
B'BrjHCl. [100°- 105°]. — B'I 2 . [90°]. Formed 
by adding I to a solution of quinoline in CS 2 
(Claus a. Istel, B. 16, 824). Dark-green lustrous 
needles. — B'HI 3 . [67°]. Ppd. by adding I in 
KI to a solution of quinoline sulphate (Dafert, 
M. 4, 609). Green crystalline pp., sol. alcohol 
and benzene.— BT^SC^. [164°]. S. (alcohol) 2 
at 18° ; 11 at 78° (Krakau, J. R . 17, 364). Deli- 
quescent crystals. — B' 2 H 2 Cr 2 0 7 . [c. 167°]. 

Yellow needles (from hot water). S. *36 at 10°. 
— B'HN0 3 . Needles (from alcohol), v. sol. 
water, insol. ether. — B' 2 AgN0 3 : needles. — 
B'aHgfNO*^ : white crystalline precipitate. — 
B' 2 (HN0 3 ) 2 Ce(N0 3 ) 4 : orange-red plates (G. Wil- 
liams, C. N. 68, 199). — B' 2 H 2 SiF 6 . Long needles 
(Comey a. Jackson, Am. 10, 176),— B'H 2 C 2 0 4 . 
Silky needles (from alcohol). Decomposes at 
100° (Williams).— B';jHgCy 2 : long needles (from 
water) (H. Schiff, A. 131, 112).— Tartrate 
B' 3 4C 4 H 6 (V [126°] (Friese, B. 14, 2805).— 

Cyanurate B' 3 H 3 C 3 N 3 0 3 . Crystals (Claus, 
J. pr. [2] 38, 226). - B'HSCy(Cr(SCy) 3 NH 3 ). 
Red lamellae, sl.sol. hot water (Christensen, J.pr. 
[2] 46, 365). — Picrate: [203°]. — o-Oxy- 
benzoate B'O^O,. Crystalline powder. 

Alkylo-iodides . According to Decker 
(B. 24, 690) the alkylo-iodides B'RI are con- 
verted by alkalis into the hydroxides B'ROH 
which are readily oxidised by the air to crystal- 

line oxy-i/-alkyl-quinolines C e H 4 <^ R '^Q , which 

melt about 100°. The cyanines may be con- 
sidered as derived from one molecule of alkyl- 
quinoline and one moleoule of oxy-r-alkyl-quin- 


oline. The alkylo-hydroxides are converted by 
warming with alcohols R'OH into compounds 
B'ROR'. 

Methylo-chloride B'MeClaq. [126°]. 
On heating with ZnCLj at 180° it is converted 
into a base C^H^NjO [72°~75°] (above 860°) », 
crystallising in large trimetrio prisms, and 
yielding a hydrochloride [112°] and the double 
salts C 20 H 20 N 2 OHAuC 1 4 and ( C^H^N.^) .^RjPt Cl a 
[190°] nearly insol. water (Ostermayer, B, 18, 
593) . — B' 2 Me 2 PtCl a . [230°]. Yellow plates.— 
B'MeAuCl 4 . [205°]. — B'MeClICl. [112°]. 
Formed by adding IC1 to the methylo-chloride- 
in aqueous solution. Large yellow plates. 

id ethylo -tribromide B f MeBr 3 . [128°]. 
Orange-red plates. Converted by picrio acid 
solution into B'Me0C„H 2 (N0 2 ) 3 [164°J. 

Methylo-iodidc B'Mel. [73°] (La Goste, 
B. 15, 192 ; Pictet, B. 23, 1903). Large crystals. 
Converted by moist Ag 2 0 into a strongly alka- 
line solution of the hydroxide B'MeOH. Aqueous 
NaOH in the cold converts B'Mel into the- 
oxide B' 2 Me 2 0, a white powder, reconverted by 
HI into B'Mel (possibly oxy-v-methyl-quinoline)*- 
(La Coste ; Claus, B. 15, 475 ; Bernthsen, B. 18,. 
29 ; Decker, B. 24, 690). Potash, even in cold, 
aqueous solution, forms an oil probably contain- 
ing methyl-quinoline (lepidine) (Skraup, Sitz. 
W. [2] 81, 593). By the action of KOH on a 
mixture of B'Mel (2 pts.) and the methylo- 
iodide of ( Py . l)-methyl-quinoline ^1 pt.)* 
there is formed di-methyl-cyanine iodide 
C 2 ,H, n N 2 I, crystallising in oblong green tablets, 
[291°], si. sol. water, forming a reddish-blue 
solution (Hoogewerff a. Van Dorp, JR. T . G. 2, 
317 ; 3, 337). The alcoholic solution is violet,, 
with green fluorescence. Its solution in acids is 
yellow. The aqueous solution is decolourised by 
C0 2 , the colour re-appearing on boiling. The 
corresponding C 2l H,„N 2 Cl 5aq [c. 300] forms 
C 21 H, 0 N 2 Cl(HPtCl 4 ) £aq as yellow crystals. Quin- 
oline methylo-iodide is oxidised by alkaline 
K 3 FeCy 3 to oxy-methyl-quinoline or y-methyl- 

quinolone [720] (324 „ ^ m _ 

mm.) (Decker, J . pr. [2] 46, 31 ; cf. Bernthsen a. 
Hess, B. 18, 37, who took it for di-methyl-di- 
quinolyl ; Ostermayer, B. 18, 591). This body 
is also got from carbostyril and Mel (Fried- 
lander a. Muller, B. 20, 2009). It deliquesces 
with water, forming an oil. Hydrochloride 
[ 112 °]. 

Ethylo-chloride B'EtClaq. [93°]. Large 
trimetrio tables (Claus a. Tosse, B. 16, 1277). — 
B'.jEt.PtCl*. [226°]. Yellow pp. 

Ethylo -bromide B'EtBr aq. [80°]. Tri- 
metrio tables. By the action of (Py. 1) -methyl- 
quinoline ethylo-bromide it is converted into di- 
ethyl-cyanine bromide GaH^NjBr or C^H^NgBr, 
crystallising in small needles, not melted at 290V 
forming a blue solution in alcohol. 

Ethylo-iodide B'Etl. [118°] (Spalteholz, 
B.16, 1851) ; [160°] (Hoogewerff a. Dorp, B. T.C. 
2, 321). Monoclinic crystals. At 280° it yields- 

! y) -ethyl-quinoline and di -ethyl-quinoline 
Reher, B. 19, 29961. Moist Ag 2 0 forms strongly 
alkaline B'EtOH, which is sol. water and resmi- 
fled by atmospherio oxidation. On heating: 
B'Etl (2 pts.) with (Py. 3) -methyl-quinoline* 
ethylo-iodide (1 pt.) and alcoholic potash, there is- 
formed di-etnyl-isooyanine iodide QJELJUjL* 
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(Hoogewerfl a. Van Dorp, B. T. 0. 8, 344) or 
CjiH^Nal (Spalteholz, B. 16, 1851). This body 
forms lustrous green prisms (containing £aq or 
£ EtOH or | EtOH l£aq) melting at 152°. It is 
insol. ether, si. sol. water, and forms a crimson 
solution in alcohol. By the action of KOH on 
a mixture of B'Etl and (Py. l)-methyl-quinoline 
-ethylo-iodide there is formed di-ethyl-cyanine 
iodide [273°], crystallising in green 

-prisms (Hoogewerfl a. Van Dorp, B . T . C. 2, 
317). Quinoline ethylo-iodide is oxidised by 

alkaline KjFeCy, to C,H 4 <°Et!cO ( 317 °) 

(Decker, J. pr. [2] 47, 36), which body is also got 
from carbostyril and EtI (Friedlander a. Wein- 
berg, B. 18, 1530). Solidifies at -20°. 
C„H 7 NEtIHgCy 2 . [138°]. Needles (from water). 
€„H 7 NEtBrHgCy 2 . [155°J. Crystals (from 
alcohol) (Claus, A . 269, 271). 

Ethylo -nitrate B'EtNO s . [89° uncor.]. 
Large trimetric crystals (Claus, B. 16, 1277). 

Propylo- chloride B'PrClaq. [c.95°J (hy- 
drated) ; [135°] (anhydrous). Colourless crystals 
(Claus a. Collischonn, B . 19, 2504). Crystallises 
from chloroform in prisms (containing CHCl*) 
[79°]. V. e. sol. water. — B'PrClBr 2 . [85° uncor.]. 
Orange-red radiating crystalline mass.— B BrClI 2 . 
[62°]. Brown crystals. 

Propyl-bromide B'PrBr 2aq. [66° uncor.] 
(hydrated) ; [148° uncor.] (anhydrous). Formed 
by heating quinoline with PrBr and a little 
(10 p.c.) alcohol at 100°. Tables, v. e. sol. 
water and alcohol. The anhydrous crystals 
(obtained from absolute alcohol) are very deli- 
quescent. Crystals obtained from chloroform 
(containing CHC1 3 ) melt at 65° -129°.— B'PrCl^Br. 
[c. 60°]. Formed by passing dry Cl into a solu- 
tion of B'PrBr in chloroform. Small sulphur- 
yellow plates. Unstable. — B'PrBr s . [93°]. 
Formed by adding Br to the aqueous or alcoholic 
solution of B'PrBr. Triclinic garnet-red crystals. 
Yields (Py. 3)-bromo-quinoline on heating. — 
B'PrBrI 2 . [60° uncor.]. Formed by evaporating 
a mixture of I in ether and B'PrBr in alcohol. 
Lustrous brown needles. — B'PrBrI 4 . [49°]. 
Slender, nearly black, needles with green 
reflex. 

Propylo-iodide B'PrI. [145°]. Small 
yellow crystals. Not hygroscopic. Crystallises 
from chloroform with CHC1„ partially melting 
At 92°. — B'PrCy:. [87°]. Sulphur-yellow 
needles. — B'PrCl 4 I. [145°]. Converted by long 
Boiling with water into B'Pr Cl.-— B'PrBr^. [77°]. 
Triolinio orange tables.— B'PrBrJ. [48°-58°], 
Very unstable orange powder. — B'PrI,. [62°]. 
Very stable bronzy brown prisms. — B'PrI.. 
150°]. Stable tables. 

leo-amylo- chloride B'C^HuCl.— 
B' t (0 5 H u ) a PtCi*. [220°]. Yellow crystalline pp. 

Iso-amylo-bromide B'C fi H„Braq. [87°] 
jhyfrated) ; [140°] (anhydrous) (Claus a. Tosse, 

Isoamylo -iodide B'C 4 H,,I. [185°]. 

Yellow monoclinic needles (Perkin, O. J . 14, 
246 ; Nadler a. Merz, J. pr . 100, 129 ; Greville 
Williams, C. N. 1861, 219 ; Hoogewerfl a. Van 
Dorp, B. T. C. 2, 40 ; 8, 852 ; Arzruni, R. T. C. 
4, 62). Does not form cyanine on treatment 
with potash unless it contains the isoamylo- 
iodide of (Py. 1) -methyl-quinoline, in which 
case di-isoamyl-oyanine iodide C M H M N^ 


[c. 100°] is produced. This body crystallises in 
lustrous green monoclinic crystals (containing 
l^aq) ; a:b:c - 2-379:1:1*669 ; $ * 88° 45'. It also 
forms brass-yellow crystals. It is very hygro- 
scopic, nearly insol. ether, si. sol. CHC1 S , 
acetone, and isoamyl alcohol. It is v. sol. 
alcohol, forming a deep-blue solution. Iodine 
converts it into C^HjjNjIs [189°], whioh is si. 
sol. alcohol, v. sol. acetone, forming blue solu- 
tions. The solution of di-isoamyl-cyanine 
iodide in HClAq is colourless, and deposits on 
evaporation colourless scales of C 29 H M N 2 I2HC1, 
which at 100° gives off HC1, leaving bronzed 
C^H^NjjIHCl. Moist Ag 2 0 forms uncrystal- 
lisable C 2( ,H S5 N 2 (OH). Alcohol and AgCl pro- 
duce C^HasNjCl 4aq, crystallising in long blue 
i prisms, and yielding (C 29 H 85 N 2 Cl) 2 PtCl 4 . Alcohol 
and AgNO a give C^H^N^NC),) aq", which forms 
lustrous needles giving a blue aqueous solution 
and yielding colourless C 29 H 85 N 2 (NOj,)2HC1 and 
blue CaHjjN^NOgJHCl. Alcoholic ammonium 
sulphide converts the nitrate into reddish- 
yellow monoclinic crystals of C 5B H a8 N 4 S a 0 2 , which 
yields C 58 H 68 N 4 S ; ,Cl 4 2PtCl 4 as an orange pp. 
(N. a. M.). H,s 6 4 converts di-isoamyl-cyanine 

iodide into (G 29 H 3i N 2 ) 2 S0 4 2aq, crystallising from 
hot water in blue needles. 

Allylo-iodide B'C a H ft I. [177*5°] (Pictet, 
C. B. 95, 300). 

Benzylo -chloride B'0 7 H 7 Cl3aq. [65°]. 
Triclinic tablets. It crystallises also as 
B'C 7 H 7 C1 2aq [130°] in trimetrio crystals (Claus, 
B. 13, 2045 ; 16, 1279 ; 18, 1305). V. sol. water 
and alcohol, insol. ether. KMn0 4 oxidises it to 
benzyl-o-amido-benzoio acid and its formyl 
derivative. By treatment with KOH or Ag X) it 
is converted into a strong base, v. sol. water. 
Excess of KOH ppts. an oil which turns red in 
air. The benzylo- hydroxide yields quinoline on 
distillation (Bernthsen a. Hess, B. 18, 35). 
Mercuric chloride yields a crystalline pp. 
[142°].— (B'0 7 H 7 ) 2 PtCl a . [246°]. Yellow pp.— 
B'C 7 H 7 ClBr 2 . [92°]. Crystalline.— B'C 7 H 7 BrCl 2 . 
[80°]. Yellow needles.— B'C 7 H T Br,. [100°]. 
Orange prisms. — B'CjHjBrI,. [110°]. Dark- 
violet needles. 

Phenacylo-bromide B'Br.CHJBz. [115°- 
165°]. Needles, v. sol. water and alcohol, v. si. 
sol. ether (Bamberger, B. 20, 3340). — B'HN0 8 . 

Beferences.— Amido-, Bromo-, Bromo-amido-, 
Bromo-nitro-, Chloro-, Chloro-nitro-, Iodo- # 
Nitro-, Oxy-amido-, and Oxy- quinolines. 

Diquinoline v. Diquinolyl. 

Xsoqumoliue 0„H T N i.e. C„H 4 <;^:§ H .[23 0 ]. 

(241° i.V.). Occurs, as well as quinoline, in 
coal-tar (Hoogewerfl a. Van Dorp, B . T. C. 4, 
125, 285; 6, 305). 

Formation . — 1. By the action of HI at 230® 
or of zino-dust in a current of H at a low red 
heat upon the di-chloro- derivative [128°] ob- 
tained by the action of POGi, on the imide of 

rin gA 

o-carboxy-phenyl-acetio acid 

(Gabriel, B. 18,3470; 19,1656,2361; Le Blanc, 
B . 21, 2299).“ 2. Together with di-isoquinolyl, 
which yields B'-ftPtCl. [177°] by distilling 
benzylidene-ethyl-amine (Pictet a. Popovici, B. 
25, 733). — 3. By heating isocarbostyril or its 
carboxylic acid with zinc-dust in a current of 
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hydrogen (Bamberger a. Kitschelt, B. 25, 1146; 
Zincke, B. 25, 1497). 

Properties, - Hygroscopic tables. Yields 
phthalio and oinohomeronic acids on oxidation 
by KMn0 4 . Tin and HClAq give a tetra- hydride. 
Forms crystalline compounds with HgCl 2 and 
AgNO,. Bromine in ether gives CpHjNBr* 
[82°], which forms very unstable C e H 7 NBrjHBr, 
[c. 133°], converted at 200 J into bromo-iso- 
quinoline [40°] (Edinger, J.pr, [2] 43, 191). 

Salts .— B'^^PtCl* 2aq. [264°]. Reddish- 
yellow crystals.- BRAuC^. [225°]. Yellow 
needles. — B'HgGl 2 . [165°]. White needles. — 
B'H 2 S0 4 . [206°]. — B'H 2 Cr 2 0 7 : needles.— 

Piorate B'CgHgNgOj. [223°]. Yellow needles. 

Methylo- iodide B'Melaq. [160°]. Flat 
yellowish needles. Treatment with AgCl and 
platinic chloride gives (B'MeCl) 2 PtCl 4 [240°] 
(Claus, J. pr. [2] 38, 492). KOHAq added to 
B'Mel forms an oily base which yields 
(B'MeCl) 2 PtCl 4 6aq. Oxidised by alkaline 

KgFeCygto v-methyl-isoquinoline C a H 4 ^£Q 

[40°] (319°), sol. water, and yielding j 

B'H^tCl* 2aq (Decker, J. pr. [2] 47, 37). 

Ethylo-iodide B'Etl. [147°]. Yellowish- 
red tables. Yields ethyl-phthalimide on oxida- 
tion. Gives (B'EtCl).jPtCl 4 . 

Benzylo-chloride B'C 7 H 7 C1. Y. sol. 
water and alcohol, si. sol. ether (Goldschmidt, 
M. 9, 678). Yields benzyl-phthalimide [115°] 
on oxidation by KMn0 4 in a solution kept 
neutral by HC1. 

Phenacylo-bromide B'BrCE^Bz. [205°]. 
Formed from isoquinoline and w-bromo-aceto- 
phenone dissolved in benzene (G.). Prisms 
(from alcohol), v. sol. water. AgNO, forms 
B'NOgfCH^Bz) crystallising in needles. 

Diquinoline v . Diquinoltl. 

QUINOLINE (B. 1)-CABB OXYLIO ACID 

OH:CH^^ O—N-OH* Q uinoline ana-carb- 
oxylic add. Quinoline-m-carboxylic acid. 
[857°]. 

Formation . — 1. Together with a smaller 
quantity of the (B. 8)-acid by heating r»-amido- 
benzoic acid witn glycerin, RjSO,, and w-nitro- 
benzoio acid (Schlosser a. Skraup, M. 2, 518; 7, 
519). — 2. By saponifying its nitrile, which is got 
by distilling sodium quinoline (B. 1)- or (B. 4)- 
sulphonate with KCy (Bedall a. Fischer, B. 14, 
2574 ; 15, 683, 1980).— 3. By heating quinoline 
(B. 1,4) -di -carboxylic acid (Skraup a. Brunner, 
M. 7, 153). 

Properties.— White crystalline powder, sol. 
dilute acids and alkalis, insol. ether and benzene, 
v. si. sol. water and alcohol. 

Salts.— HA'HCl l^aq : white needles.— 
(HA'JaHgPtGl, : yellow plates. — CaA' 2 2aq. — 
CaHA',6aq: needles. — HO.CuA' 2aq : minute 
violet plates, insol. water.— AgA': crystalline pp. 

Nitrile C*H«N.CN. [88°]. (above 360°). 
Formed as above and also from (B. l)-amido- 
qui noline by diazotisation and treatment with 
CuOy 3 (Freydl, M. 8, 681). Crystals, si. sol. Aq. 

Tetrahydride GjAiNO*. [147°]. Formed 
by reducing the add with tin and HC1 (Fischer 
a. KSrner, B. 17, 765). Yields a crystalline 
nitrosamine C, 0 H„N s O s . [186°]. 

i-Isomeride O lo E 7 SO r [338°]. Perhaps 
identical with the preceding. Formed by warm- 


| ing quinoline with w-amido-benzoio acid, nitro- 
I benzene, glycerin, and H. 2 S0 4 (Lellmann a. Alt, 
j A. 237, 318). Got also by saponifying its 
! nitrile which is formed by fusing sodium quinol- 
| ine ^-ana-sulphonate with KCy in a current of 
j hot air (Lellmann, B. 20, 1449 ; 21, 397). Snowy 
powder.— HA'HCl aq.— H 2 A 2 H 2 PtCl B : needles. — 
ZnA' 2 . — AgA'. 

Tetrahydride O io H„N 0 2 . [147°]. Got 
by reducing the acid or bromo-quinoline carb* 
oxylio acid with tin and HClAq. - HA'HCl aq. 

Nitrile C 9 H a N.Cy. [89°J. Needles (con- 
taining l|aq), melting at 70°. Effloresces, and 
then contains iaq and melts at 74*5°. — 
B' 2 H 2 PtCl ? : needles. 

Quinoline (B. 2)-carboxylic aoid 
C0 2 H.C— CH.Q.CH:CH n 

CH CH C— NCH* Q ulno '' irie ‘P~carboxyl%c 

acid. [291°]. Formed by heating jp-amido- 
benzoic acid with glycerin, ^-nitro-benzoic acid, 
and H 2 S0 4 (Schlosser a. Skraup, M. 2, 518). 
Formed also by heating its nitrile with HClAq 
at 140° (Fischer a. Wittmack, B. 17, 440). 
Thick prisms, si. sol. hot water, v. sol. acids and 
alkalis. — HA'HCl.— (HA') 2 H 2 PtCl,. — CaA' 2 2aq. 
—AgA'. 

Nitrile C l0 H a N 2 . [131°]. * Formed by dis- 
tilling potassium quinoline p-sulphonate (from 
sulphanilic acid) with KCy. Needles, forming a 
red solution in HClAq. 

Quinoline (B. 3)-carboxylic acid 

CH:CH.C.CH:CH ~ . .. . 

CO a H.C =CH.C-N:CH- Qumohne-m-carb • 

oxylio acid. [248°]. 

Formation.— 1. By oxidation of (jS)-di- 
quinolyl with CrO. } and HOAc (O. Fischer a. 
Loo, B. 17, 1901 ; 19, 2473). -2. By oxidation 
of (B. 3) -methyl-quinoline (Skraup a. Brunner, 
M. 7, 142).— 3. By heating ths stannochloride 
of c-amido-phthalic acid with c-nitro-phthalio 
acid, glycerin, and H 2 S0 4 (Tortelli, O. 16, 367). 

Properties. — Needles (from water). 

Salts.— Cu(OH)A' aq. -AgA'.— HA'HCl aq ; 
triclinic prisms. — HfA'.^H^PtCl,, : orange prisms. 

Quinoline (B. 4)-carboxylic acid 

CH:CH C.CH:CH ^ . 7 . , 

CH:C(CO,H).d— N:CH‘ Quinoline-o-carboxyhc 

acid. [187°]. 

Formation.— 1. By heating o-amido-benzoio 
acid with o-nitro-benzoic acid, glycerin, and 
H 2 S0 4 (Schlosser a. Skraup, M. 2, 518).- 2. By 
heating its nitrile with cone. HClAq at 150° 
(Lellmann a. Reusch, B. 22, 1392).— 3. Together 
with the (B. l)-isomeride, by heating quinoline 
(B. l,4)-di-carboxylic acid (Skraup a. Brunner, 
M. 7, 153). 

Properties.— Needles, m. sol. cold water and 
aloohol. FeS0 4 gives a purple colour in neutral 
solutions. — HA'HCl : yellowish prisms. — 
H,A' 2 HC1 : golden prisms. —H^HjPtCl, ; orange 
needles. — GaHA', : needles.— AgA': pp. 

Methylo -iodide H A'Mel. Slender yellow 
needles (La Coste, B. 15, 196). Moist Ag 2 0 
forms a solution of the hydroxide which re* 
produces HA r on evaporation. 

Nitrile C.AN,. [84°]. Needles. Yield# 
B'jH^PtClj, crystallising in orange needles. 

Quinoline JPy. l)-oarboxylic acid 

CW<?22Sffi Cinchoninic acid. [254°]. 

Formation.— 1. By oxidation of cinchonine. 



884 QUINOLINE CARBOXYLIC ACID. 


oinohonidine, cinohotenine, cinchotenidine, 
cinchonitine, and cincholepidine (Weidel, A, 
173, 84 ; if. 3, 79 ; Skraup, A . 201, 803 ; M. 2, 
601 ; Forst a. Bohringer, B. 14, 436 ; Schnider- 
schnitsch, M. 10, 55). — 2. By oxidation of (Py. 
l)«*methyl-quinoline (lepidine) (Hoogewerff a. 
Van Dorp, B . T. G. 2, 11). 

Preparation. — By boiling cinchonine with 
nitric acid of S.G. 1*3 (Kdnigs, B . 12, 97 ; Claus, 
B. 18, 362). 

Properties. — Slender needles (containing aq) 
(Skraup) or triolinio crystals (containing 2aq) 
a:b:c** *746:1: *817; a -81° 37'; 0~12O° 2'; 
y 86° 87' (Muthmann a. Nef, B. 20, 637). By 
slow evaporation of an aqueous solution it is 
obtained in monoclinic forms (containing 2aq), 
a:b:c ■» *276:1: *583 ; /3 = 98° B' (Ditscheiner, A. 
173,84; Claus, B. 20, 1604). Y. si. sol. water 
and alcohol, insol. ether. Yields quinoline on 
distillation with lime, and oxy-quinoline carb- 
oxylic acid on fusion with potash. On heating 
with cone. H 2 S0 4 it yields quinoline p-sulphonio 
acid (Georgievitch, M. 8, 644). Sulphuric acid 
and P 2 O a at 176° gives an (a)-sulphonio acid 
C 9 H a N ( SO a H) (CO.JH), which forms very bitter 
triclinio crystals (containing aq), nearly in sol. 
cold water, giving the salts (NHJ-A" 2aq, 
CaA"2jaq, BaA"3aq, PbA" aq, and OuA" aq. 
H 2 S0 4 and P 2 O fl at 260° give a (0)-sulphonio 
acid C 10 H 7 NSO s crystallising in bitter needles 
(containing 2aq), m. sol. cold water, forming the 
salts (NH 4 )HA" 2aq, BaA"aq, and PbA" 4aq 
(Weidel, M. 1, 845 ; 2, 565 ; Georgievitch, M. 
8, 644). — KMn0 4 forms pyridine tricarboxylic 
acid. 

Salts . — HA'HCl. — (HA') 2 HjPtCl a : triclinio 
prisms. — HA'HClIOl 2aq (Dittmar, B. 18, 1618). 
— HA'HNO h . — (HA'LHjSO* : long prisms. — 
KA' £aq.— CaA' 2 l|aq: prisms (Weidel).— CaA' 2 
(Skraup). — CuA' 2 : dark-violet plates, si. boI. hot 
water.— AgA' : crystalline pp. 

Dibromide G^H-NOaBrjj. [188°]. Long 
red needles, decomposed by boiling water (Claus, 
B. 18, 1307). 

Di-iodide 0,^0^. [c. 242°]. Steel- 
blue tables, nearly insol. cold water. 

Ethyl ether EtA'. [13°J. Trimetrio 
crystals, v. si. sol. water, v. sol. ether, si. sol. 
alcohol (Van der Kolf a. Van Leent, R T.G. 8, 
217).— EtA'HgCl*. [153°]. Small needles.— 
(EtA'JjjH^PtClg. [204®], Orange-yellow needles. 

Amide C 10 H 8 N 2 O. [181°]. Needles, v. e. 
soL hot water.— B'jB^PtCle. [250°-255°]. 

Benzylo-bromide CjpHyNO^HyBr. 
[180°]. Silky needles, v. sol. water and alcohol, 
insol. ether. By heating the aqueous solution or 
by treatment with alkalis, it is converted, by loss 

of HBr, into the anhydride which 

crystallises in dimetrio tables (containing 3aq) 
[84°] and has a bitter taste. This anhydride is 
converted by alkalis into C 9 H 6 N(C 7 H 7 )C0 8 H 
[218°] (Claus a. Muchall, B. 18, 863, 1310). 

Tetrahydride C 10 H„N0 2 . Formed from 
cinehonio acid, tin, and HClAq (Weidel, M. 2, 
29; 3, 61). Yields a nitrosamine [137°]. — 
B'HCl 1 Jaq : monoclinic crystals ; a:b:c = 
•932:1:1*942 ; 0 m 90° 41'. Heated with H^SO, it 
gives disulpho-oinchonio acid and methyl- 
quinoline (cincholepidine). — B 'jH^PtCl*. 


Acetyl derivative of the Tetrahydride 
C I0 H 10 AcNO 2 . [164®]. Trimetrio crystals ; 
a:5:c« *848:1: *569. SI. sol. cold water and al- 
cohol.— CaA' 2 2aq : minute needles. 

Quinoline (Py. 2)-carbozylio acid 

c . h *<n=oh 0sH - C 273 °]- 

Formation. — 1. By heating acridinic acid at 
125° (Graebe a. Caro, B. 13, 100).— 2. By oxida- 
tion of (Py. 2) -ethyl- (or methyl-) quinoline 
(Riedel, B. 16, 1609 ; Doebner a. Miller, B. 18, 
1643). 

Properties Slender needles, sol. alcohol, si. 

sol. cold water. Dissolves in acids and alkalis. 
Oxidised by KMn0 4 to pyridine trioarboxylic 
acid. 

Salts.- HA'HCl: needles, v. sol. water. — 
P i c r a t e : [216®].— CuA' 2 .— AgA' : small prisms. 
— (HA'JjjHjPtClp : orange needles. 

Quinoline (Py. 3) -carboxylic acid 

C «H,<n=c.CO H' QuinaUinie acid. [156°]. 

Formed from (Py. 3) -methyl-quinoline by oxida- 
tion with chromio acid mixture (Doebner a. 
Miller, B. 16, 2472). Got also by oxidation of 
(a)-diquinolyl (Weidel a. Strache, M. 7, 300). 
Needles (containing 2aq), v. sol. hot water, acids, 
and alkalis.— CuA' 2 2aq.—CaA' 2 . — AgA'; amor- 
phous precipitate.— AgHA' 2 HNO, aq ; silky 
needles. — HA'HCl aq. — (HA') 2 H 2 PtCl a 2aq. — 
(HA'ljHjCraO, : sparingly soluble red crystals. 

Quinoline (B. l,4)-di-carboxylic acid 
gH:C(C0 2 H).Q.CH:QH r07ft01 . 

CH:0(COjH). 6.N =OH‘ £ 270 * Pormed ** 
heating amido-terephthalic acid with glycerin, 
H,S0 4 , and o-nitro-phenol (Skraup a. Brunner, 
M. 7, 147). Long needles (containing 2aq), v. 
si. sol. cold water. Salts. — HA'HCl ljaq. — 
(HA') 2 H 2 PtCl a . — Cu a A' 2 (HO) 2 aq : bluish pp. 
Quinoline (Py. 2,3)-dioarboxylio acid 

°« H 4<N=aOO^H- Acridi ™0 aM - Formed 
by oxidation of acridine with KMn0 4 (Graebe a. 
Caro, B. 13, 99). Long needles (containing 2aq), 
si. sol. cold water, v. sol. alcohol. Does not 
combine with acids. Decomposed by heat into 
C0 2 and a mono-carboxylic acid [275®]. 
Quinoline (Py. l,3)-dicarboxylic aoid 

[246°]. Formed from 

(Py. 3)-styryl-cinchoninic acid by oxidation 
with alkaline KMn0 4 (Doebner a. Peters, B. 22 r 
3009). Needles, si. sol. oold water and alcohol. — 
CuA" aq. — Ag 2 A" : white pp. 

Quinoline (a)-dicarboxylio acid 
CeH^NfCOijH)^. [270°]. Formed by saponifying 
its nitrile. Slender needles (containing aq), si. 
sol. alcohol and ether. 

Nitrile C 9 H a NCy 2 . [222®]. Formed by 
heating potassium quinoline (a)-disulphonate 
with KGy (La Ooste a. Valeur, B. 20, 99). 
Needles (from alcohol), insol. Aq, v. sol. alkalis. 

Quinoline (B. 2, Py. 3)-dioarboxylio acid 
C0 2 H.C-CH.b.CH:CH r275 o 

CH:0H.C.N*0.C0 2 H* [275 - 280 ^ 

Formed by oxidation of benzylidene-quinolino 
(B. 2)-oarboxylio acid (Yon Miller, B. 23, 2261). 
References . — Bromo-, Nitbo-, and Oxy- 

QTJINOLINK CARBOXYLIC ACIDS. 

QUINOLINE (Py. 3)-CARB0XYLIC ALDE- 
HYDE CgH a N.CHO. [71®]. Formed by oxida- 
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tion of (Py. 3)-quinolyl-acrylic aoid with KMn0 4 
(Miller a. Spady, B. 18, 8404 ; 19, 130). Mono- 
olinio plates (from ligroln), si. sol. water. Re- 
duces ammoniaoal AgNO s . Yields a phenyl- 
hydrazide C 18 H„N B [198°] crystallising in yellow 
plates. 

QUINOLINE HYDRIDES. 

Polymeride of quinoline dihydride 0, g H )t N2. 
[162°]. Formed by reducing quinoline with 
zinc-dust and HOAo, zinc-dust and NH„ zinc 
and HClAq, or alcohol and sodium-amalgam 
(Konigs, B . 12, 101, 252 ; 14, 99 ; Wyschnegrad- 
sky, B. 12, 1481; Lellmann, B . 22, 1337). 
Amorphous powder. Its solution in cone. HClAq 
is ppd. by water and by NaOAo. Yields a 
nitrosamine. 

Quinoline dihydride (?). (220°-226°). Found 
in small quantity among tne products of the 
action of KOH on quinoline (0. de Coninck, 
C. R. 94, 87 ) . — B' 2 H 2 PtCl 8 . 

Quinoline tetrahydride C 0 H,,N i.e. 

c « h *<nh‘.ch'- 10 °]- ( 240 ° «“«».). 

Formation . — 1. By reduction of quinoline 
with zinc or tin and HClAq (Wyschnegradsky, 
Bl. [2] 34, 339; B. 12, 1481; 13, 2400), with 
zinc-dust and NH 3 Aq, with alcohol and sodium- 
amalgam (Kdnigs, B. 14, 99 ; 16, 727), or with 
sodium (Weidel a. Glaser, M. 7, 328).— 2. From 
carbostyril, alcohol, and Na (Knorr a. Klotz, B. 
19, 3302). 

Properties.— Needles, sol. water, volatile with 
steam. Secondary base. IC1 formB in presence 
of HC1 an amorphous pp. CgHglgN (Dittmar, B. 
18, 1619). 

Reactions . — 1. The vapour passed through a 
red-hot tube yields indole and quinoline. — 2. 
Chromic acid mixture yields quinoline. — 3. 
Nitro-benzene yields quinoline. p-Chloro-nitro - 
benzene at 200° does the same (Lellmann a. 
Reusoh, B . 22, 1889). — 4. HI and P reduce it to 
C 0 H„, an oil (147° at 720 mm.) (Bamberger a. 
Lengfeld, B. 23, 1158). — 5. Br forms oily 
O 9 H 10 BrN and C e H 9 Br 2 N. — 6. Benzene sulphonic 
chloride and NaOH form G # H 10 N.SO 2 G g N ft [67°], 
crystallising in plates, si. sol. alcohol, insol. 
water (Schotten a. Schldmann, B. 24, 8695). — 7. 
Methyl chloroformate gives G B H, 0 N.CO 2 Me 
[c. 85°], which may be oxidised by KMn0 4 in 
the oold to an acid [156°] and at 100° to a com- 
pound [175°] crystallising in red needles. — 8. 
Biazobenzene chloride and aqueous NaOAo form 
C # HjoN.N 2 C u H 6 , which is split up by dilute 
H 2 S0 4 into phenol and quinoline tetrahydride.— 
9. Potassium cyanate acting on the hydro- 
chloride forms C B H l0 N.CO.NH 2 [150-5 0 ], crystal- 
lising in needles, si. sol. cold water. It is con- 
verted by cone. H 2 S0 4 and HNO, at 0° into 
C„H 8 (N0 2 ) 2 N.C0.NH a [191°], si. sol. alcohol, and 
CaH^NOjjjN [161°], v. sol. alcohol, which forms 
a nitrosamine [127°] (Thomas, R. T . C . 10, 
148). — 10. Benzoic aldehyde and ZnCl, yield 
CHPh(C„H 10 N) 2 [153°], while jp-nitro-benzoio 
aldehyde forms a corresponding body [177°] 
(Einhorn, B. 19, 1243). 

Salts.— B'HCl. [181°]. — B , 2 H 2 PtCl r — 
B'H 2 S0 4 . [137°]. Prisms (from alcohol) or 

tables (from water). 

Acetyl derivative C^H^NAo. (295°). 
Yields COJH.CO.NH.C.H.COjH [1:2] on oxida- 
tion by KNn0 4 . 

Vol. IY. 


Benzoyl derivative C g H 10 NBz.' [75°]. 
Tables (from alcohol). Oxidised by KMn0 4 to 
benzoyl-isatio acid (Schotten, B. 24, 772). 

Ni t rosa min e C B H !0 N(NO). Oil. Converted 
by alcoholic HC1 into the isomeric (B. 2)- 
nitroso-quinoline tetrahydride [134°], vhich 
separates from benzene in steel-blue crystals, 
converted by NaN0 2 and HOAo into C t H,N s 0 2 
[98°] (Ziegler, B. 21, 864). Phenyl-hydrazine 
forms CfrHjoNjjO.PhNjHj [120°]. Zinc-dust and 
HOAc reduce the nitrosamine to the hydrazine 
CBH^NfNH-J [56°] (c. 255°), which crystallises 
from ligroin, and forms B' 2 H 2 S0 4 2aq, crystallising 
in yellow plates. The hydrazine is oxidised in 
ethereal solution by ppd. HgO to the tetrazone 
c 18 h 2 oN 4 , which forms colourless needles [160°], 
sol. ether, si. sol. alcohol. 

Methylo-chloride v. Hydrochloride of 
v - Methyl- quinoline tetrahydride. 

Ethylo-iodide B'Etl. Changed by alkalis 
into v-ethyl-quinoline tetrahydride, which is a 
liquid (254°-258°) yielding (C B H 10 NEt) 2 H 2 CdCl 4 , 
[105°], and ( CJH , 0 N E t) 2 H 2 Pt Cl a [c. 160°] (Wysch- 
negradsky, B. 13, 2400; Claus a. Stegelitz, B. 17, 
1329). 

Quinoline tetrahydride C 0 H„N. (213°h 
Formed by distilling cinchonine (1 pt.) witn 
KOH (3 pts.) (O. de Coninck, C. R. 94, 87 ; 
A. Ch . [5] 21, 478). Got also by distilling 
brucine with potash (De Coninck, C. R. 99, 1077). 
Slightly hygroscopic oil, v. sol. acids. Reduces 
FeClj. May be oxidised to quinoline.— B'HCl : 
deliquescent needles, v. sol. water.— B^ILjPtClg. 
— B' 2 H 2 PtCl 4 : pale orange plates. 

Quinoline hexahydride G 9 H IB N. (227°) at 
720 mm. A product of the action of HI and P 
at 230° on the hydrochloride of quinoline tetra- 
hydride (Bamberger a. Lengfeld, B. 23, 1155). 
Liquid, turning brown in air, m. sol. hot water. 
FeClj gives a brown colour on warming. Diazo 
benzene sulphonic acid gives a light-red colour- 
ing matter. Phosphomolybdic acid gives a white 
pp. Potassio-mercurio iodide gives no pp. 
NaNO, in acid solution gives an oilv pp. of the 
nitrosamine. — B'HCl. [170°]. Silky needles. 
B'HBr. Long silky needles. 

Quinoline decahydride C B H I7 N i.e . 

O^ScInI’.cS- t 48 ’ 6 ^ (2° 4 °at714mm.). 

Formed by heating the hydrochloride of quinol- 
ine tetrahydride (3 pts.) with HI (16 pts. of 
S.G. 1-9) for 7 hours at 230° (Bamberger a. 
Lengfeld, B. 23, 1145). Needles or prisms (from 
ligroin). Smells like coniine. Fumes with HOI. 
Sublimes, in needles, in the cold. M. sol. water, 
v. sol. aloohol and ether, si. sol. alkalis. Gives 
no oolour with FeCl s or diazo salts. Reduoes 
ammoniacal AgNO s in alooholio solution. 
Phosphomolybdic acid gives a white flocculent 
pp. changing to needles. Potassio-mercurio 
iodide added to the acid solution gives scarlet 
crystals changing to black prisms on warming. 

Reactions . — 1. Phenyl-cyanate forms, in 
ethereal solution, C B H,„N.CO.NHPh, crystallising 
in needles [148°]. — 2. Phenyl thiocarbimide in 
ether forms C B H, e N.CS.NELPh, crystallising from 
chloroform in tables [134*5°].— 8. An ethereal 
solution of OS, gives GtfH'jN.CS.SNE^Hu, 
crystallising in needles [120°], not decomposed 
by boiling aloohol, but converted by iodine into 

OO 
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(0„H 17 N)HI and S 2 (CS.NC*H M ) 2 , which crystal- 
iises in colourless needles [81°J, sol. alcohol. 

Salts.— B'HGl. [276°]. Small tables.— 
B'HI. [253°]. Silky needles.— B'HAuCl,. 
£96°]. Golden needles.— B'^PtCl,. [207*5°]. 

Acetyl derivative C„H ie NAc. Oil. 

Benzoyl derivative C 9 H l(j NBz. [44°]. 

ISOQUINOLINE TETBAHYDBIDE C 9 H„N. 
(232°). Formed by the action of tin and HOI 
upon isoquinoline (Hoogewerff a. Van Dorp, 
j H. T. C . 5, 805). Liquid, smelling like iso- 
quinoline, si. sol. water. Absorbs C0 2 from the 
air, forming a crystalline carbonate. The 
aqueous solution reduces AgNO s . Yields an 
oily nitrosamine.— B'HCl. [196°]. Tables, sol. 
alcohol. Not hygroscopic.— B'gH 2 S0 4 : sol. al- 
cohol. — B^ILjPtCl^. [232°]. Reddish-yellow 
tables, decomposed by hot water. 

QUIN OLINE-H YBBOQU IN ONE v. Di-oxy- 


QUINOLINE. 

QUINOLINE-IODOFORM v. Quinoline, 
Reaction 20. 

QUIN OLINE-QUIN ONE C*H 5 N0 2 t.e. 

CH CO C N^=CH* ■ Forme< ^ *>7 the action of cold 
chromic acid mixture on (B. 4,l)-oxy-amido- 
quinoline (Fischer a. Renouf, B. 17, 1644). Flat 
needles with green reflex (from alcohol), decom- 
posing at 110°-120°. Its salts are decomposed 
by water. Reduced by sulphurous acid to di- 
oxy-quinoline. Aniline in alcoholic solution 
forms, on boiling, the dianilide C, 5 H, 0 N 2 O 2 
crystallising from dilute alcohol in small copper- 
red plates with green reflex [c. 190°], forming a 
violet solution in HClAq. 

Ifono-oxim §h.CO— aS^CH' 


Formed by the action of NaN0 2 and HClAq on 
(B. 4)-oxy-quinoline (Yon Kostanecki, B. 24, 
162). Needles (from alcohol). Gradually 
blackens below 220°, decomposing completely at 
245°. 


. CH.C(NOH).C.CH:CH , 

Di-oxim ch.cInOHi.C.N^CH* * Forme<i 
by adding hydroxylamine hydrochloride to an 
aqueous solution of the mono-oxim (Von Kosta- 
necki a. Reicher, B. 24, 156). Minute crystals. 
Ac 2 0 yields a crystalline di-acetyl derivative de- 
composing below 160° with evolution of gas. 
Dyes cotton mordanted with iron salts greenish - 
black. 

Quinoline-o-quinone C^NO,*. Formed by 
oxidising (B. 2) oxy-(B. 1 or 8)-amido-quinoline 
with FeCl 3 in acid solution (Matheus, B. 21, 
1887). Unstable.— B'HCl : long reddish-yellow 
needles. Decomposed by Na 2 CO„ forming a 
brown solution. The sulphate forms yellow 
plates. 

Mono-oxim G 9 H 4 N(OH)(NOH). Formed 
from p-oxy-quinoline, NaNO s , and HC1 (M.). 
Golden needles (from HOAo), si. sol. ether. 

Di-oxim C„H ft N(NOH) r Needles, decom- 
posing at 190° (Von Kostanecki a. Reicher, B. 
24, 158). Converted by cone. KOHAq into the 
anhydride C^H ft N(N i O), whioh forms colourless 
needles, readily volatile with steam. 

QUINOLINE (B. 1)-SULPH0NIC ACID 

* -"*"•> ■» »» 
suiphonation of quinoline (O. Fischer, B. 15, 
Ccd, 1979 ; 20, 781 ; La Costa a. Valeur, B. 20, 


97). Formed also from amido-benzene m-sul- 
phonic acid, nitrobenzene, glycerin, and H 2 S0 4 
at 160° (Lellmann a. Lange, B. 20, 1446). Mono- 
clinic needles (containing aq). Yields oxy-quino- 
line [224°] by potash-fusion.— CaA' 2 5aq : needles, 
v. e. sol. water. According to Lellmann, there 
exists an isomeric quinoline (B. l)-sulphonio 
acid, also got by suiphonation of quinoline, with 
H 2 S0 4 (containing 60 p.c. S0 3 extra) at 260° 
(Lellmann, B. 20, 2172). This^-acid is converted 
by cone. H 2 S0 4 at 250°-300° into the (B. 2)-acid 
(Lellmann, B. 22, 1391). The i/'-acid forms an- 
hydrous crystals. 

Tetrahydride C^oN.SOsH aq. [315°]. 
Formed by reduoing the above acid (B. 4)-bromo- 
quinoline (B. l)-sulphonic acid and also (B. 4)- 
oxy-quinoline (B. l)-sulphonic acid with tm and 
HClAq (Lellmann a. Lange, B. 20, 3087 ; Claus* 
J. pr . [2] 42, 344). Trimetric crystals (from 
dilute solutions) or monoclinic crystals (from 
cone, solutions). FeCl* gives a brown colour 
passing through purple to grass-green on 
warming. 

Quinoline (B. 2)-sulphonic acid 

SOsH 'ch:Oh.c.n=ch- Formed b y heatin e a 

mixture of amido-benzene-p-8ulphonic acid, 
glycerin, nitrobenzene, and H 2 S0 4 (Happ, B. 17, 
191). Formed also (to the extent of 70 p.c.) by 
heating quinoline with cone. ELjSO* at 240°-300° 
and by heating the (B. 1)- or (/3 4)- acid with 
cone. H 2 S0 4 at 240°-300° (Georgievitch, M. 8, 578, 
639). Monoclinio needles (containing l£aq), si. 
sol. alcohol and cold water. Not melted at 260°. 
Potash-fusion yields (B. 2)-oxy-quinoline [193°]. 
Bromine-water gives a yellow pp. of di-bromo- 
quinoline [126°] and at 100° Br (3 mols.) forms 
tri-bromo-quinoline [170°] (Claus a. Kiittner, B. 
19, 2884). Heating with KCy gives C B H„N.Cy 
[131°] which on saponification yields the carb- 
oxylic acid [288°]. 

Salts. — KA' (dried at 120°). Tables. — 
BaA' 2 (dried at 120°). — AgA' : slender needles. — 
Ag 2 HA' s : needles. — (HA') 6aq : lustrous 
green crystals. 

Ethyl ether EtA'2aq. Crystals, v. sol. 
water (Claus a. Happ, B. 18, 366). — EtA'KI, : 
unstable brown needles, v. sol. water (Claus a. 
Stegelitz, B. 19, 921). — EtA'KBr,. — EtA'HgCLj. 

Benzyl ether C 7 H,A'2aq. Monoclinio 
crystals. — CyHyA'KI, : needles with blue reflex. 

Quinoline (B. 8)-snlphonic acid 

SO s H.C=cI:c:S=CH- [ a ' 30Ve 300°]. Formed 
by heating quinoline with H 2 S0 4 (containing 15 
p.c. SO s extra) at 130° (Claus, *7. pr. [2] 37, 
260). Small needles, v. e. sol. water, v. sol. 
alcohol. Potash-fusion yields oxy-quinoline 
[165°-200°]. Bromine forms di-bromo-quinoline 
[255°] and tri-bromo-quinoline [199°]. — NaA'Saq. 
KA' 2aq. — CaA' 2 4aq. — BaA' 2 4aq. — PbA|,. — 
CuA' 2 2aq : dark-green crystalline powder. 

Ethyl ether EtA'. [275°]. Needles (from 
alcohol). 

Chloride CpHgN.SOjjCl. Viscid mass. 

Amide C^N.SOjNH,. [119°]. Crystalline 

Quinoline (B. 4)-sulphonio acid 

CHic^O^ij.aN^OH- o-sulphonic 

acid. Formed, together with a smaller quantity 
of the p- acid, by heating quinoline with fuming 
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© 2 S0 4 at 170° (0. Fischer a. Bedall, B. 15, 683, 
1979 ; 20, 731 ; Riemerschmied, B. 16, 721 ; La 
-Cost© a. Valeur, B. 20, 95 ; Claus, B. 19, 925, 
2882 ; J. pr . [2] 37, 260). Formed also by; heat- 
ing quinoline with cone. H 2 S0 4 at 220° (Georgie- 
vitch, M. 8, 641). Monoclinic prisms, v. si. sol. 
water. Oxidised by KMn0 4 to pyridine dicarb- 
oxylic (quinolinic) acid (Fischer, B. 17, 755) and 
« small quantity of (l,2,3)-sulpho-amido- 
benzoic acid (Ziircher, B. 21, 180). Changed by 
cone. H 2 S0 4 at 250° to the (B. 2)-isomeride 
-(Georgievitch, M. 8, 578). Bromine-water forms 
a yellow insoluble pp. and, at 100°, tri-bromo- 
quinoline [198°]. 

Salts.— NaA'Saq (Spies, J. pr. [2] 37, 265). 
— KA'2aq. — CaA' 2 9aq. Monoclinic crystals. — 
PbA' 2 . — CuA' 2 2aq : small green needles. 

Ethyl ether EtA'. [66°]. Needles (from 
chloroform). Decomposed by boiling water. 

Chloride C„H«NS0 2 C1. [124°]. Needles. 

Amide C tt H 8 N.S0 2 NH 2 . [184°]. Needles 
(from water) (Hoogewerff a. van Dorp, R. T. C. 
8, 184). Converted by Br and KOHAq into 
C w H (f NS0 2 NBrK2aq, crystallising in yellow 
needles, m. sol. water, and converted by HOAc 
into C 9 H 8 NS0 2 NBrH, crystallising from acetone 
in needles, yielding (0 fl H fl NS0 2 NBr) 2 Ba2aq. 

Quinoline (a)-disulphonic acid 
€„H 5 (SO s H) 2 N. Formed, together with the (0)- 
isomeride, by heating quinoline (B. 4)-sulphonic 
acid with fuming H 2 S0 4 at 250° (La Coste a. 
Valeur, B. 19, 995 ; 20, 98). Yellow needles 
^containing 8aq), v. sol. water, insol. alcohol. — 
K 2 A"3Jaq: satiny plates, v. e. sol. water. — 
BaA" 3aq. S. 4*08 at 15°. 

Quinoline (0)-disulphouic acid 
C w H a N(SO,H) 2 . Formed as above (La Coste a. 
Valeur, B. 19, 998 ; 20, 3199). Needles (con- j 
taining ljaq), v. sol. water, insol. alcohol. — 
K 2 A" aq : crusts, b1. sol. cold water. — BaA" 2aq : 
white powder, si. sol. cold water (difference from , 
(a)- isomeride). 

References. — Bromo- and Oxy-quinoline 

SULPHONIC ACIDS. 

ISOQUINOLINE SULPHONIC ACID 

C^NfSOaH). Formed by heating isoquinoline 
(1 pt.) with fuming H 2 S0 4 (2 pts.) at 100° 
(Hoogewerff a. van Dorp, R. T . C. 5, 305). — 
BaA' 2 9aq. Needles, v. sol. water. 

QUINOLINIC ACID v. Pyridine dicarb- 
oxylic acid. The name is ako given by Dewar 
(Pr. 30, 164) to an acid C^NOj [143°] formed 
in small quantity in the oxidation of quinoline 
^derived from cinchonine) by boiling aqueous 
KMn0 4 . 

(a)-DIQUINOLYL C 18 H 12 N 2 U. 

Diquinolim. 

[176’]. (above 400°). V.D. 8-73 (calo. 8-86). 

Formation.— 1. By heating quinoline with 
sodium at 192° (Weidel, M. 2, 491 ; 7, 327).— 2. 
In small quantity (8 p.c.) by passing dry oxygen 
into a mixture of quinoline and quinoline hydro- 
chloride in presence of platinum-black (Weidel, 
M. 8, 120). 

Properties. — Monoclinic plates, a:5:c — 
1*37:1:1*32; 0-109° 58'. Insol. water, sol. al- 
cohol, ether, and benzene. Oxidised by KMn0 4 
and HOAc to cyclothraustic (C 17 H I2 N 2 O a ), quin- 
oline ( Py . 3)-carboxylic, pxyisooinchomeronic 
<(oxy-pyridine dicarboxylio), and o-amido-benzoic 


acids (Weidel a. Strache, M. 7, 280, 306; 8, 
197). Alkaline KMn0 4 forms isocinchomeronic, 
o-amido-benzoic, andpyridanthrilic (C lft H l0 Nj.O 7 ) 
acid. MeOH and H 2 S0 4 form B"MeS0 4 H 
(Ostermayer, B. 18, 333, 597). 

Salts. — B"H 2 C1 2 4aq : white needles.— 
B"H 2 PtCl d aq.— B"HA uC 1 4 2aq.— B"H 2 S0 4 aq. 

Methylo -chloride B"Me 2 Cl 2 6aq : needles. 
— B"Me 2 Cl 2 2ICl. [238°]. Lemon -yellow pp. 

Methylo-iodide B"MeI. [283°]. 

Ethyl o -iodide B"EtI. Yellow needles 
(from water), si. sol. water (Roser, B. 17, 2769). 

Sulphonic acid C 18 H n N 2 (SO a H). Formed 
by heating diquinolyl with H. 2 S0 4 (containing 
6 p.c. S0 3 extra) (Weidel a. Glaser, M. 7, 308). 
Minute needles, almost insol. hot water, sol. 
cone. HClAq and H 2 S0 4 . Converted by potash- 
fusion into oxy-diquinolyl [208°].— KA' 2aq : 
needles, v. e. sol. water. — CuA' 2 2aq. 

(a)-Disulphonic acid C^H^SOsH),^. 
Formed by heating diquinolyl (10 pts.) with 
H 2 S0 4 (11 pts.) and SO a (34 pts.) at 170° 
(Weidel, M. 2, 503). Minute needles, si. sol. 
water. Yields, by potash-fusion, di-oxy-di- 
quinolyl [239°]. — K 2 A" baq : needles. — CuA"6aq: 
bluish-green crystals, nearly insol. water. 

(&)-Disulphonic acid C^H^fSOjHJjN*. 
Formed, together with the mono-sulphonic acid, 
by heating (a) -diquinolyl (100 pts.) with H,S0 4 


(332 pts.) and SO, 
(Weidel a. Glaser, 




18 pts.) for 20 hours at 190° 
7, 322). Small needles, 
converted by potash-fusion into di-oxy-di- 
quinolyl [above 305°].— K 2 A" (dried at 120°): 
crystalline powder. — CuA" (dried at 120°). 

( 0 ) -Diquinolyl 

CH:CH.C.CH:g.CH:CH NcH rlq201 
CH:N — C.CH:C.CH:N L iy ^ > 

Formation. — 1. By heating quinoline with 
BzCl at 250° (Japp a. Graham, C. J. 39, 174). — 
2. In very small quantity by distilling cinchonmio 
acid with lime (Weidel, M. 2, 501). -3. By 
passing quinoline through a red-hot tube (Zim- 
mermann a. Muller, B. 17, 1965). — 4. By dis- 
tilling quinoline (B. 4) -sulphonic acid ; the yield 
being 10 p.c. (O. Fischer a. Loo, B. 17, 1899 ; 19, 
2472). 

Properties . — Iridescent plates (by sublima- 
tion) or colourless prisms (from ether), sol. hot 
benzene, alcohol, and ether, insol. water. Weak 
base, the salts being decomposed by water. 
Oxidised by CrO„ and HOAc to quinoline (B. 8)- 
carboxylic acid. CrO a and H 2 S0 4 give pyridyl- 
quinoline carboxylic acid C^N.CsHjN.OOjH 
[273°]. Bromine forms C^H^N^^ [192°]. 

Salts.— B"H 2 S0 4 : sparingly soluble oon- 
centric needles. — B"H 2 PtCl fl : granular pp. 

Ethylo-iodide B"EtI. Very unstable 
red crystals, decomposed by hot water. 

Disulphonic acid C^Hj^SOsH^jj. 
Formed by heating the base (1 pt.) with cone. 
ILfSO, (10 pts.) at 180°. V. t. soL water.— 
ILpA" 8aq : prisms. 

( 7 ) -Diquinolyl 

CH:N-C.CH:gH QH:CH.C.N-CH ni ^ 

CH:CH.C.CH:C-C* CH.C.CH:CH* 
quinolyl. [178°]. 

Formation.— 1. By boiling a mixture of 
benzidine, nitrobenzene, glycerin, and H*S0 4 
(Roser, B. 17, 1817, 2767 ; O. W. Fischer, Jf. 5, 
418 ; Colson, C. B. 108, 677). A better yield is 
got by using 0 - or p- nitrophenol instead of nitro- 

00 2 
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benzene (Ostermayer a. Henrichsen, B. 17, 2444). 
When crude benzidine is used there is also 
formed a base G„H l8 N 2 0 3 , whioh yields B'2SnC4 
[186°] and B"H,PtCl a 2aq (Colson, C. R. 107, 
1003; 108, 677).— 2. By heating azobenzene 
with glycerin and HjSC^ (Claus a. Stegelitz, B. 
17, 2380). 

Properties. — Monoclinic crystals, insol. water, 
si. sol. ether, v. sol. hot alcohol and benzene. 
MeOH and I^SO, at 180° form B”(MeHS0 4 ) 2 2aq, 
crystallising in needles. Bromine in alcohol 
forms unstable CjgH^jBrj and C 18 H 12 N 2 Br 4 , con- 
verted by HClAq at 190° into Ci 8 H n BrN 2 [150°- 
155°]. 

Salts. — B^HjCLj 4aq : white needles. — 
B"HAuCl 4 2aq: slender needles. — B"H 2 SnCl 4 : 
colourless needles.— B'TLjPtC^ (dried at 105°). — 
B /, H 2 C1 2 2IC1 : cheesy pp. (Dittmar, B. 18, 1618). 
— B"H 2 S0 4 3aq. — B'2H 2 S0 4 . — B"2H 2 Cr 2 0 7 .— 
B^CgHg^NO.^OH : minute yellow prisms. 

Methylo-iodides B"MeI. Crystals. — 
B^Me^. [c. 300°]. Yellow needles, sol. water. 

Ethylo-iodide B"2EtI. [270°]. Needles. 

Disulphonic acid 

White powder, insol. water and alcohol. — 
NajA" 5aq: small needles. The same, or an 
isomeric, disulphonic acid is got by heating 
benzidine disulphonio acid with o-nitro-phenol, 
glycerin, and H 2 S0 4 . It crystallises in plates or 
needles, and yields KjA" aq. 

(&)-Diquinolyl 

0H:N— Q.CHiQH gH.CH:CH.Q.CH:QH 

CH:CH.C.CH:C C C.N=CH* 

[148°]. Formed by heating o- p - di-amido-di- 
phenyl hydrochloride with nitrobenzene, glycerin, 
and ELtSO,, (O. W. Fischer, M. 6, 546). Leaflets, 
insol. water, sol. hot alcohol and benzene. 
Bromine in presence of water forms orange 
needles of O, t H l2 N s Br 4 .— ! B"H 2 G1 2 : needles, v. e. 
sol. water. — B"H 2 Pt01 6 aq : reddish -yellow crys- 
talline pp.— Pi or ate. [168°]. Yellow needles. 

Methylo-iodide B"MeI. [126°]. Needles. 

Disulphonic acid O^H^SOgHJgNj. Four- 
sided tables, not melted at 300°. SI. sol. hot 
water. — BaA"8aq : needles, m. sol. hot water. 

( Py . 3, B. X or 3)-Diquinolyl C I8 H 12 N 2 . [159°]. 
Formed (7 pts.), together with the isomeride 
[115°], by heating a mixture of ro-amido-fPy. 3)- 
phenyl-quinoline (20 pts.), glycerin (70 pts.), 
o-nitro-phenol (15 pts.), and R 2 S0 4 (60 pts.) 
(Miller a. Kinkelin, B. 18, 1910). Small mono- 
clinic tables, si. sol. ether, oold alcohol, and 
chloroform. — B"H a GLj2aq : plates.— B''H 2 PtCl fl . 
— B"H 2 S0 4 ; easily soluble needles. — B"C 8 H 3 N 8 O y . 
[240°]. Crystalline powder. 

Methylo •iodide B"MeI. [263°], Needles. 

(Py. 8, B. 8 or l)-Diquinolyl C,^,^ 
[115°]. Formed as above (M. a. K.). Light- 
yellow triclinic crystals, v. sol. alcohol, ether, 
and benzene, b1. sol. ligroSn.— B"H 2 C1 2 3aq : 
tables, v. e. sol. water.— B"H 2 PtCl 8 : crystalline. 

(Py. 8, B. l)-Diquinolyl 
« « y-CHiQH gH.CH;CH.Q.CH:(pH rmoi 

u «^Sn»-G O O.N— CH* 1144 J * 

Formed from j>-amido-(Py. 3) -phenyl-quinoline, 
glycerin, nitro-benzene, and H 2 S0 4 (Weidel, M. 
8, 140). It is also a produot of the action of 
oxygen on a mixture of quinoline hydrochloride, 
aniline, and platinised asbestos at 180°. Mono- 
clinic tables (from alcohol). — B"H 2 PtCl a : crystal- 
line powder. — B"HC1 ; yellow.— B"H 2 C1 2 . 


Methylo-iodide B"MeIaq. [ 282 °]. Small 
needles (from water), si. sol. boiling water. 

Sulphonic acid G Ig H, ,(80*11)^ In- 
soluble powder. Potash-fusion yields an oxy- 
diquinolyl [187°]. 

IB., Py. l)-I)iquinolyl C 18 H I2 N r [122°]. Got 
by heating (a)-amido-(Py. 1) -phenyl-quinoline 
[150°] with glycerin, nitro-benzene, and BLjSO* 
Koenigs a. Nef, B . 20, 632). Large crystals- 
from benzene). May be distilled. V. e. sol. 
alcohol, v. si. boI. ether. Strong base. — 
B"H 2 PtCl 8 : granules, sol. cone. HClAq. 

(£., Py. l)-Diquinolyl C l8 H 12 N 2 . [117 0 ]. 

Got by heating (j8)-amido-(Py. l)-phenyl- 
quinoline [198°] with glycerin, nitro-benzene, 
and H 2 S0 4 (Koenigs a. Nef, B. 20, 634). Tables 
(from benzene), v. e. sol. alcohol. May be dis- 
tilled. Strong base. — B"KjPtGl e : yellow 
needles. — Pi crate. [248°]. Bulky flakes. 

(Py. 2,3)-Diquinolyl 

O.H 4 <CH:g— g=N H>0A> [17eo] Forme(J 

by the action of (Py. 3)-quinolyl-acetio alde- 
hyde on o-amido-benzoio aldehyde in alooholio 
solution (Carlier a. Einhom, B. 23, 2895). 
Plates (from alcohol). — Aurochloride: [248°]. 
— P latinochloride: [278°]. — B"H a Cl 3 4aq. 

Methylo-iodide B"MeI. 

Diquinolyl tetrahydride C 18 H la N r [118°]. 
Formed by heating (Py. 3)-chloro-quinoline 
with quinoline tetrahydride (Friedlander a. 
Weinberg, B. 18, 1533). Crystals, si. sol. 
ligroin, insol. water. May be distilled. HClAq 
forms a deep-yellow solution. 

Reference . — Oxydiquinolyl. 

(Py. 8)-QUIN0LYL-ACETIC ACID 

C .H.<S=C^H,C0 2 H- [ 276 °]- Formed from 
the aldehyde by potash-fusion or by oxidation 
(Carlier a. Einhorn, B. 23, 2896). Formed also 
by oxidation of o-oxy-quinolyl-propionio acid 
with KMn0 4 . Needles (from alcohol). — Hydro- 
chloride: [243°]; needles. — Silver salt: 
white scales, yielding quin&ldine on distilling 
with lime. 

(Py. 3J-QUIN0LYL-ACETIC ALDEHYDE 
O n H fl NOt.e.C 9 H^.CH 2 .CHO. [104°]. Formed 
by careful oxidation of o-oxy-quinolyl-propionio 
acid (Einhorn, B. 18, 3467; 19, 908). Crystals 
(from alcohol). Yields a phenyl-hydrazide 
[199°]. — B'jHJPtClg 2aq.-B'C 8 H # N,0 7 . (.212°]. 

QUIN 0LYL-ACET0NE v. Acktonyl-quinol- 

INE. 

(Py. 3)-QUIN0LYL-ACETYLENE 
CvH 8 N.C:CH. Formed by distilling a solution of 
di-bromo-quinolyl-propionic acid with Na 2 CO s 
(Carlier a. Einhom, B. 23, 2896). Volatile oil. 
Br forms C 8 H 6 N.CBr}CHBr. 

(Py. 8) -QUIN OLYX- ACRYLIC ACID 

C, 2 H 8 N0 2 t.e. °« H 4 < CN«c.CH:CH.CO Jt H* 

Formed by the action of boiling potassium carbon- 
ate solution upon 1 quinolyl-acrylo-trichloride r 
C 8 H 8 N.CH:CH.CCl 8 aq [145°], which is got by 
heating (Py. 3)-methyl-quinoline with chloral at 
110° (Miller a. Spady, B. 18, 3402,3465; 19* 
130 ; Einhom, B. 19, 908). Plates. Oxidised 
by KMn0 4 to aldehydo-quinoline. HBr forms 
)8-bromo-quinolyl*propionio acid. — *BaA 2 : 
needles, si. sol. oold water. — *HA'HC1: needles. 
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OTINOLYL-ACRYLO-TRICHLORIDE 

tupra. 

TRI-(B. 2)-QTTIN0LYL-CARBIN0L 
<C # H i N),O.OH. [108°]. Formed by oxidising 
tri-quinolyl-methane with H 2 Cr0 4 and'HOAo 
{Noelting a. Schwarz, B. 24, 1608). Needles, v. 
«ol. alcohol, si. sol. ligroln. 

(B. 8, By. 8)-QUINOLYLENE DIACRYLIC 
ACID <?H:CH.Q.OH:QH 

C0 2 H.CH:CH.C= CH.C.N=O.CH:CH.C0 2 H. 
[over 300°]. Formed by boiling tri-ehloro-pro- 
penyl-quinolyl-acrylic acid with ILjCOgAq (Eck- 
hardt, B. 22, 284). Sol. acids and alkalis. Insol. 
water, si. sol. hot alcohol. 

DI-(B. 2) -QUIN OLYL-ETH ANE C 20 H 16 N 2 i.e. 
C 9 H 6 N.CH 2 .CH 2 .C 9 BLN. [124°]. Formed by 
heating di-p-amido-di -phenyl-ethane with nitro- 
phenol, glycerin, and H 2 S0 4 (Comey, B. 23, 
1115). Hexagonal plates, insol. water, si. sol. 
ether. — B"H 2 Cl 2 4aq: needles, v. sol. water. — 
B'^Cl*. — B"HPtCl 8 . 
phate: prisms, m. sol. cold water, 

(Py. 3) -QUIN OLYL-ETHYLENE O n H 9 N i.e. 

<3A<N=0^ H:CH? - Formed hy boiling 0- 
bromo-quinolyl-propionic acid with cono. 
KfiOM (Einhorn, A. 246, 172). Oil. — 
B'gHjPtCla 4aq. [187°].— B'HAuCl 4 . [169°]. 

(B. 3, Py. 3) -Di-quinolyl-ethylene 
. P W/ CH:QH QH:OH.C.CH:QH 
%.e. ^4^ n==c . CH :CH.O= CH.C.N=CH* 
Formed by heating m-amido-(Pp. 3)-Btyryl- 
quinoline with o-nitro-phenol, glycerin, and 
fcLjSOg (Wartmann, B. 23, 8650). Oil, v. boL 
alcohol, si. sol. ether. 

Methylo-iodide B'Mell^aq. [226°]. 
Oolden needles, v. sol. hot water and alcohol. 
Yields Cja^N.^Mel. [210°]. 

QUIN OL YL-DI-ETH YL-PHEN OL C l9 H 19 NO 
i.e. C l ^ 8 N.C 8 H 2 Et 2 .OH. This is probably the con- 
stitution of apocinchene (Comstock a. Kbnigs, 
B. 20, 2674 ; u. vol. ii. p. 174). 

(B. 4)-QUINOLYL-HYDRAZINE C^N, i.e. 

(B. 4)-amido-quinoline by diazotisation and 
treatment with SnCl 2 and HC1 (Dufton, C. J. 
-69, 757 ; BSttinger, B. 24, 8277). Needles (from 
ether) or prisms (from ligroin). — B'^CLj : 
prisms. Converted by potassium cyanate and 
HC1 into C 9 H 8 N.NH.NH.CO.NH 2 [235°], and by 
pyruvic acid into C^HaN.NjjHiCMe.CO^H crystal- 
lising in orange needles, converted by boiling 
HClAq into quinindole (a) -carboxylic acid 

C 12 H 10 NA [286°]. 

(B. 1) -Quinolyl-hydraxine [151°]. Formed 
in like manner from owa-amido-quinoline 
{Dufton, C. J. 61, 785). Yellow needles (from 
water). Yields B'HCl [248°] and is converted 
•by cyanic acidinto C 9 H 8 N.NH.NH.CO.NH 8 [255°], 
by benzoic aldehyde into G 9 H 8 N.NH.N:GHPh 
[194°], by acetone into C 0 H 8 N.NH.N:CMe, 
ri40°] and by pyruvic acid into the acid 
C„H 8 N.NH.N:CMe.CO f H [185 c ], whence boiling 
HClAq forms the corresponding quinindole carb- 
oxylic acid, which decomposes at about 300°. 

DIQUINOLYLINE is Diquinolyi*. 

DI-(B. 2)-QUINOLYL KETONE (GAN^CO. 
{174°]. Formed from di-p-amido-benzophenone, 
glycerin, H 3 80 4 and picric acid (Noelting a. 
Schwarz, B. 24, 1608). Needles, v. sol. alcohol, 


si. sol. hot water. — B"H 2 C1 2 . [over 200°], 
Needles, v. e. sol. water and alcohol. 

(Py. 8) -QUIN OL YL-MERC APTAN 

C « H <<N=C^H- [ 174 °]- Formed by heating 

(Py. 3)-oxy-quinoline with P 8 S 4 at 145° (Boos, 
B. 21, 620). Yellow plates, si. sol. hot water, v. 
sol. hot alcohol. Yellow dye. Combines with 
acids and bases. Does not react with hydroxyl- 
amine or phenyl-hydrazine. 

Ethyl derivative C^HaN.SEt. Formed 
from quinolyl-mercaptan, NaOEt, and EtI. Oil, 
decomposed by distillation.— B'HI. [154°]. — 
B'gH^PtClg aq. [c. 190°]. Octahedra. 

TRI-(B. 2) • QTJ INOL YL-METHAN E 
CHfC^HgN),. [202°]. Formed from p-rosaniline, 
glycerin, B^SOg, and picrio acid at 150° (Noelting 
a. Schwarz, B. 24, 1606). Needles (containing 
EtOH), melting at 98°. Melts at 202° when an- 
hydrous. — B'"3HC1: plates, sol. water. — 
B"C 8 H s N 3 0 7 : yellow needles. — B'^H^tjCl* : 
yellow crystals. — B"'8MeI. [266°]. 

(B. 2) -QU IN OLYL-METHENYL- AMIDOZIK 
C(NOH) (NH 2 ).(p== ! CH.C.CH:QH m5<X] p d 
CHrCH.C.N^CH* L1U0 1,011116(1 
from C 9 H 8 N.Cy, hydroxylamine hydrochloride, 
Na 2 C0 8 , and dilute alcohol (Biedermann, B. 22, 
2761). Yellowish needles, m. sol. hot water. 
Fehling’s solution gives a greyish-green pp. 
FeCl 3 gives a deep-red colour. AgNO, gives a 
white pp. yielding a mirror. 

Reactions . — 1. Phthalic anhydride on warm- 

ing forms C,H„N.C< N ^>O.O.H,.C0 2 H [208°]. 

2. Ao 2 0 yields C„H 8 N.C<^,°>CMe [175°], 

crystallising in needles.— 3. The hydrochloride 
is converted by potassium cyanate into 
C«H 8 N.C(NOH).NH.CO.NH 2 [165°]. — 4. CWoro- 
forrnic ether forms CAN.CfNH^rNO.COaEt 
[97°], which is converted by NaOHAq into 

C„H,N.C<™>0 [155°]. 

Salts . — B'HCl : needles. — B jHjPtCl*. 
Acetyl derivativ e C 9 H 8 N.C(NOAo).NIL. 
[115°]. Formed by means of AcCl in the oola. 
Needles, insol. cold water, si. sol. ether. 

Ethyl ether C^HgN.CfNOEtl.NH*. [85°]. 
Formed from the amidoxim, NaOEt, and EtL 
Needles, v. sol. alcohol and hot water. 

(Py. 8) -QUINOLYL-PROPIONTC ACID 
C 9 H u N.CH 2 .CH 2 .C0 2 H. [116°]. Formed by re- 
ducing quinolyl-acrylio acid with sodium- 
amalgam (Carlier a. Einhorn, B. 23, 2896). 
Ethyl ether EtA'. [116°]. Needles. 
Reference. — Oxy-quinolyl-pbopionio xcn>. 
Dl-(Py. 3)-QBIN0LYL DISULPHIDE 
(CJEgNJjS^ [137°]. Formed by oxidisin* 
quinolyl-mercaptan with in dilute alcohol 
(Boos, B. 21, 622). Plates (from alcohol), insoJL 
water and alkalis. 

QUINONE C t H ( 0, i.e. ^OaCH' Btna> ~ 

quinone. Mol. w. 108. [116°]. V.D. (H-l) 
58-4 (calc. 64) (Hofmann, 3. 8, 688). H.O. 
659,020. H.F. 45,200 (from diamond) (Berthelot 
a. Becoura, Bl. [2] 48, 699; A. Ch. [6] 18, 312, 
335 ; C. R . 104, 1572). 

Formation.— 1. By oxidation of qninio acid 
with Mn0 2 (4 pts.), HJ30 4 (1 pt.), and water 
(i P**) (Woskresensky, A. 27, 268).— 2. Bj 



890 QUINONE. 


oxidation of hydroquinone (Wdhler, A. 51, 148). 
8 . By oxidation of benzidine, of aniline, and of 
p-phenylene-diamine by Mn0 2 and H 2 S0 4 (Hof- 
mann, Pr . 18, 4).— 4. By action of Mn0 2 and 
H^SOi on amido-benzene p-sulphonic acid and 
on phenol p-sulphonic acid (Schrader, B. 8, 
759). 

Preparation . — 1 . By adding cone. Na 2 Cr 2 0 T Aq 
to a oold solution of aniline (1 pt.) in R 2 S0 4 
(8 pts.) and water (25 pts.), and extracting with 
ether (Nietzki, B. 19, 1467). — 2. 20 g. of aniline 
are dissolved in 600 c.c. of water containing 
160 g. of H 2 S0 4 ; 20 g. of finely-powdered potas- 
sium bichromate are added by degrees, with 
constant agitation, keeping the temperature at 
10°-15°. After standing over night 33 g. more 
potassium bichromate are added ; the quinone is 
then extracted with ether, dried over CaCl 2 , and 
the ether removed by distillation. The yield is 
about 86 p.o. of the theoretical amount (Schniter, 
B. 20, 2283 ; cf. Seyda, B . 16, 687 ; Nietzki, B. 
11, 1102; A. 215, 127). — 3. From p-amido- 
phenol. p-Amido -phenol sulphate is dissolved 
in water, some H 2 S0 4 added, and then Pb0 2 
gradually, with shaking, till the violet colour 
first formed disappears. The quinone is ex- 
tracted with ether. Yield theoretical (Schmitt a. 
Biepermann, J.pr. [2] 19, 317). 

Properties . — Yellow monoclinic prisms (from 
water) or plates (from EtI) (Hesse, A. 114, 299), 
or needles (by sublimation). Its odour is 
characteristic. V. si. sol. cold water, m. sol. 
alcohol and ether. The solutions turn the skin 
brown. Sol. HClAq and cone. HNO,. Its alka- 
line solution turns brown in air (Laurent, C. B. 
26, 85). An alcoholic solution of hydrocceru- 
lignone deposits, even in dilute solutions, 
crystals of cmrulignone with steel-blue reflex. 

Reactions. — 1. Chlorine forms tri - chloro- 
quinone.— 2. HOI and KC10„ give tetra-chloro- 
quinone (Hofmann, A. 52, 55).— 3. Cone. HClAq 
forms chloro-hydroquinone (Wohler ; Stadeler, 
A . 69, 808). — 4. HIAq forms quinhydrone and 
hydroquinone. — 5. HBr passed into a solution 
in chloroform ppts. quinhydrone, and finally forms 
bromo-hydroquinone. HBrAq forms, on heating 
di-bromo-hydroquinone (Sarauw, A. 209, 99).— 

6. Bromine. (1 mol.) in GHC1, is instantly ab- 
sorbed. Excess of bromine (2 mols.) appears to 
form C a H 4 Br 4 03 , which is split up by heat into 
HBr and two di-bromo-quinones C 8 H 2 Br 2 0 2 
[2:5:4:13 and [2:6:4:13 (Nef, J.pr. [2] 42, 167).— 

7. HNO, on heating yields oxalic and picric acids 
and HCy (Nietzki, A. 215, 138). — 8. Ammonia 
gas forms emerald-green quinonimide C,H ft NO, 
sol. water, the solution soon turning black 
(Woskresensky). NH, in presenoe of chloroform 
produces hydroquinone, quinhydrone, and brown 
CgH a N0 2 (Zincke, B. 16, 1556).— 9. An alooholic 
solution exposed to sunlight yields hydroquinone 
and aldehyde (Ciamician, O. 16, 111). — 10. 
Hydrazine hydrate gives hydroquinone and a 
compound CaH/OHJ-jN/I^ (Curtius a. Thun, 
/.pr. [2] 44, 191). — 11. Heated in a sealed tube 
alone at 160°, or with water at 100°, it yields 
hydroquinone and quinhydrone (Scheid, A. 218, 
227).— 12. PCI, forms a thick oily product, 
C 12 H,0 4 P,C1 8 . Water acting upon this forms 
mono- and di-chloro-hydroquinone.— 13. Heated 
with POC1,, quinone gives mono- and di-ehloro- 
hydroquinone. An amorphous body Gs»H fi * » 


is also formed. — 14. Alcoholic H,S form C n H 12 S0 4r 
a yellowish crystalline mass, melting below 
100°.— 15. AcCl forms in the cold the di-acetyl 
derivatives of chloro-hydroquinone. On warm- 
ing it also forms C a H 2 Cl 2 (OAc) 2 (Schulz, B. 15*. 
652). AcBr, in like manner, gives C a H,Br(OAo)* 
and C a H 2 Br 2 (OAc) 2 . — 16. Ac 2 0 does not act below 
200°, when it forms C«H 4 (OAc) 2 and a brown mass- 
17. Cold dilute NaOAc converts it into hydro- 
quinone (Hesse, A. 220, 365). — 18. Aniline in boil* 
ing alcoholic solution forms di-phenyl-di-amido- 
quinone and hydroquinone 3C 8 H 4 0 2 + 2NH 2 Ph 
= C 8 H 2 (NHPh) 2 0 2 + 2C 6 H 4 (OH) 2 . Other primary 
and secondary bases act in like manner. — 
19. o- and p- Nitro-anilinc form red crystals- 
C a H 4 0 2 C a H,(N0 2 ).NH 2 melting at 97° and 120 a 
respectively (Hebebrand, B. 15, 197(^. o-Nitro- 
aniline in HOAo forms C a H 2 0 2 (NH.C 8 H 4 .N0 2 ) z 
[1:4:2 :5] [305 u ] crystallising from alcohol in red 
needles (Leicester, B. 23, 2794). — 20. o-Amidio - 
phenol in hot alcohol forms a base (C 24 H lg N 4 0 4 ?)• 
which crystallises in violet needles [250°], si. sol. 
alcohol (Zincke a. Hebebrand, A. 226, 61). In 
dilute acids it forms a red solution. Ac 2 0 yields 
C 24 H, 8 Ac 2 N 4 0 4 [285°], while Bz 2 0 at 150° gives 
C 24 H, jBz-jN^ [265°]. Yields a crystalline ni- 
trosoamine C 24 H ltj (NO) 2 N 4 O r Forms the salts 
B"H 2 C1 2 , crystallising in needles with green 
lustre, B''H,S0 4 , B"H 2 PtCl tt , and a pi or a to 
crystallising in steel-blue needles [236°]. — 
21. C a H 4 (NH s ) (OMe) [1:2] forms C^H^N.O, or 
C g H 2 0 2 (NH.C a H 4 .OMe) 2 crystallising in reddish- 
violet needles [230°], forming a blue solution in 
H^SO^ — 22. p-Amido-phenol hydrochloride gives- 
C rt H 2 0 2 (NH.C 8 H 4 .0H) 2 crystallising in violet- 
brown needles, not melted at 290°.— 23. (1,3,2)- 
Amido-o-cresol forms a compound [285°], which 
gives a crystalline acetyl- derivative.— 24. (2,4, 1)- 
Nitro-toluidine forms C 8 H 3 0 2 .NH.C 7 H 8 N0 2 , de- 
composing at 300°, and C 8 H 2 0 2 (NH.C 7 H 8 .N0 2 ) 2 
L.). — 25. Acetoacetic ether and ZnCl 2 at 100° 
orm C, 8 H 18 0 8 [184°], crystallising in needles, 
insol. water, sol. hot alcohol. Cone. H 2 S0 4 forms 
a deep-blue solution. Alcoholic potash forms 
C l4 H 10 K 2 O 8 2aq, the salt of an insoluble acid 
C 14 H 12 O g (Yon Peohmann, B. 21, 3005). — 
26. C a H 4 |OH)(OMe) [1:4] in hot ligroin forms- 
di-methyl-quinhydrone C^H^O,, crystallising in 
lustrous greenish-black prisms, decomposed by 
warm water (Hesse, A . 200, 253). 

Hono-oxim C0 <ch-CH> C:N - 0H or 

C(OH) <ch!cH^ C - N0 - p-Nitroso-phenol. 
Mol. w. 123. ’ 

Formation. — 1. By boiling nitroso-di-methyl- 
aniline (or nitroso-di-phenyl-aniline) hydro- 
chloride with dilute NaOHAq (Baeyer a. Caro, 
B. 7, 809, 967 ; Ter Meer, B. 8, 622 ; Fischer, B * 
19, 2995). — 2. By adding KN0 2 and HO Ac to an 
aqueous solution of phenol (B. a. C. ; cf. Sten- 
house a. Groves, A. 188, 360). — 8. By adding 
hydroxylamine hydrochloride to a cold dilute 
aqueous solution of quinone (Goldschmidt, B+ 
17, 213). — 4. Formed also from aqueous phenol, 
hydroxylamine hydrochloride andBL,0 2 (Wurster, 
B. 20, 2631). Free hydroxylamine merely re* 
duces quinone to hydroquinone. 

Properties . — Nearly colourless needles or 
greenish trimetrio plates; a:b;c*» *593;1:2*469. 
M. sol. water, forming a light-green solution 
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which turns brown on boiling. V. sol. ether, 
acetone, and aqueous alkalis, si. sol. HOAc. 
Decomposes at 120°~130°. Decomposed by hot 
cone. HClAq. When dissolved in phenol it 
gives, on addition of H 2 S0 4 , a cherry-rdd solu- 
tion turned blue on addition of KOHAq. In this 
reaction the compound C lg H ls NO s is formed. 
Polyhydric phenols, containing two hydroxyls 
in the w- position, give by like treatment 
fluorescent ‘ dichroins * ; thus resorcin gives 
C w H 14 N0 6 , CjgH^NjO,,,, and azoresorcin (Brunner 

а. Ghuit, B. 21, 249). 

Reactions.— 1. Oxidised by alkaline K s FeCy a 
to p-nitro-phenol. — 2. Reduced by tin and 
HClAq to p-amido-phenol. — 8. Nitrous acid gas 
passed into an ethereal solution forms diazo- 
phenol nitrate (Jaeger, B. 8, 894).— 4. Gaseous 
HC1 passed into a cooled ethereal solution forms 
di-chloro-amido-phenol [175°] and tri-chloro- 
amido-phenol (J. ; Hirsch, B. 13, 1908). — 5. A 
solution of HC1 in MeOH in presence of ice 
forms C 6 H 2 Cl 2 (NH 2 )(OMe) [72°] ; while EtOH 
and HC1 give C tt H 2 Cl 2 (NR 2 )(OEt) [46°] (275 u ). 

б. Cone. KOHAq at 180° forms azophenol 
C 12 H 10 N 2 O 2 [214°] (Jaeger). — 7. KC10 S and 
HClAq form G„H 4 C1N0 2 , crystallising in yellow 
needles, v. sol. fdcohol, insol. water, and ex- 
ploding at 70° (Mohlau, B . 19, 281). — 8. 
CIO ) 2 Me added to its sodium salt forms 
C a H (N0).0.C0 2 Me [137°], while ClC0 2 Et yields 
C 6 H,(N0).0.C0 2 Et [109°] (Walker, B. 17, 400). 
9. BzCl added to the sodium salt in ether forms 
C fl H 4 (NO).OBz, crystallising in yellowish needles 
[168°-175°], sol. hot alcohol (Walker).— 10. 
Aniline forms azophenine C fl K 2 (NPh) 2 (NHPh) 2 . 
p-Chloro-aniline forms, in like manner, tetra- | 
chloro-azophenine [265°] (Fischer a. Hepp, B. 
21, 677).— 11. Bromine forms CeHjBrjjOJNOH), 
crystallising in small leaflets, decomposed by 
water (O. Fischer, B. 21, 674). — 12. Phenyl 
cyanate gives C 8 H 4 O.NO.CO.NHPh, crystallising 
in short yellow prisms decomposed at 160° with- 
out melting. It is converted by alkalis into the 
oxim, aniline, and C0 2 (Goldschmidt a. Strauss, 
B. 22, 3105). 

S alts . — G a H 4 (NO) (ONa) 2aq. Red needles 
(from alcohol), v. sol. water, insol. ether. De- 
composed by boiling water. Ppd. by NaOH 
from aqueous solution. — (C <4 H 4 (N0).0) 2 Ba (dried 
at 100°). Red needles (from warm water). — 
— C 6 H 4 (NO).OAg aq. Violet orystals with green 
reflex. 

Dioxim C(NOH)<^:£g>C(NOH). Formed 

by the action of hydroxylamine hydrochloride 
on the mono- oxim, on hydroquinone, and on p- 
nitroso-aniline (Nietzki, B. 20, 613; 21, 430; 
Fischer, B . 21, 685). Yellowish needles (from 
hot water). Decomposes at 240°. Reduced by 
SnCljandHCltop-phenylene-diamine. Oxidised , 
by alkaline K,FeCy 6 into insoluble di-nitroso- j 
benzene. Ac 2 0 forms a crystalline di-acetyl 
derivative, sol. hot alcohol. 

Quinono-ehlorimide C,H,<^ C1 . [85°]. 

Formed by the action of bleaching powder on a 
solution of the hydrochloride of p-amido-phenol 
(R. Schmitt, J. pr . [2] 8, 1 ; 19, 316 ; Hirsch, B . I 
11, 1980 ; 13, 1903 ; Fogh, B. 21, 890 ; Andresen, 

J . pr. [2] 23, 167) or O.H^NHJ.OEt. Purified by 
steam-distillation. Golden crystals (from HOAc). 


SI. sol. cold water, v. sol. alcohol and ether. 
Explodes above 86°. Smells like quinone. 
Stains the skin brown. Turned brown by al- 
kalis. Reduced by tin and HC1 to p-amido- 
phenol. Water at 100° forms quinone. Aqueous 
S0 2 forms amido-phenol sulphonio acid. HC1 
gives chlorinated amido-phenols. Gives Lieber- 
mann’s colour reaction with phenol and H,S0 4 . 
Quinone-di-chlorimide C 6 H 4 N 2 C1 2 i.e. 

C 6 H 4 <^^q|. Formed from p-phenylene-diamine 

hydrochloride and bleaching-powder solution 
(Krause, B. 12, 47). Needles (from water), de- 
composing at 124®. Almost msol. cold water. 
Its solution stains the skin brown. Reduced by 
SnCl 2 to p-phenylene-diamine. HC1 forms tetra- 
chloro-p-phenylene-diamine. Br gives di-chloro- 
di-bromo- quinone. (£)-Naphthylamine forms 
amido-naphthophenazine. (j8)-Naphthol forms 
C, fl H, 0 N 2 0, which dyes silk crimson and yields 
B'HNOj (Nietzki a. Otto, B. 21, 1745). 
Quinone-phenylimide 0, 2 H,,NO i.e . 

C fl H 4 <^ ^ [97°]. Formed by oxidising p-oxy- 

di-phenyl-amine in benzene by HgO (Ban- 
drowski, M. 9, 134, 415). Red crystals, v. sol. 
alcohol, ether, and chloroform. Decomposed by 
water and alkalis. Acids reproduce quinone. 
Reacts with aniline, forming p-oxy-di-phenyl- 
amine and di-phenyl-di-amido-quinone-phenyl- 
imide. 

Quinone-p-tolylimide C, s H„NO. [70°]. 
Formed in like manner from p-oxy-phenyl-p- 
tolyl-amine (B.). Dark -red scales (from ligroin), 
sol. most solvents. 

Di-methyl-amido-phenylimide 0 14 H )4 N 2 0 i.e. 
C,H,^- C » H < NMe ». Phenol-blue. Formed by 

the action of nitroso-di-methyl-aniline on an 
alkaline solution of phenol, or by oxidation of a 
mixture of phenol and phenylene-di-methyl-p- 
i diamine (Mohlau, B. 16,2851 ; 18, 2913). Formed 
also from quinone-chlorimide and di-methyl- 
aniline (Fogh, B . 21, 889). Steel-blue prisms 
(from water) (containing Its solution in 

HClAq is blue. Cone. H 2 S0 4 forms quinone and 
C 8 H 4 (NH 2 )(NMe 2 ). Boiling NaOHAq forms 

NMe,H and 0„H,^- C « H4 - OH . The anlphonio 

acid C I4 H, 4 N 2 S0 4 ^aq, formed from p-amido- 
phenol-sulphonic acid in water by successive 
treatment with Cl and dimethylaniline, crystal- 
lises in bronzed needles, forming a blue solution 
in NaOHAq. 

Quinone tetr&hydride CO<^^*q^>CO. 

Diketohexamethylene. [78°]. Formed by heat- 
ing the dihydride of di-oxy-terephthalio acid 
(succinyl-Buccinio acid) of 200° and distilling 
the product under reduced pressure (Hermann, 
A. 211, 322 ; Baeyer a. Noyes, B. 22, 2170). 
Prisms, v. sol. water. FeCl* does net colour its 
solution. Its alkaline solution turns brown in 
the air. Bromine forms CaB^O*. Reduces 
Fehling’s solution. HCy forms C 8 H g (OH) 2 Cy a 
[180°]. Yields a di-oxim which when quickly 
heated melts at 200° ; when slowly heated at 192°. 
The di-phenyl-di-hydrazide CgH^N.jHPbJa is ob- 
tained as a white pp. [125°] crystallising from 
alcohol in yellow prisms [150°], yielding a crystal- 
line hydrochloride WB-fiig. 
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An itomeride of the tetrahydride C g H 8 0 2 , 
[17(P], is got by the action of NaOHAq on 
succinyl-suocinic ether. It crystallises in prisms 
(containing Jaq). It changes into the preceding 
isomeride on distillation. It reduoes Fehling’s 
eolation. 

References.— kmoo -, Bbomo-, Bromo-nitbo-, 
Chloro-, Chloro-nitro-, Iodo-, Nitbo-amido-, 
Oxy-amido-, and Oxy-quinone. 

TRIQUINONE v. Benzene -tri- quin one. 

QUINONE DICARBOXYLIC ACID dihy. 
dr ids v. Di-oxy-tebephthalio acii>. 

Tetrahydride v. Dihydride of di-oxy- 

TEREPHTHALIC ACID. 

Quinone tetracarboxylic aoid. Methyl 
ether C g 0 2 (C0 2 Me) 4 . [207°]. Formed by oxida- 
tion of C g (0H) 2 (C0 2 Me) 4 with HNO s (Nef, A. 258, 
818). Colourless prisms (containing 2MeOH) 
(from MeOH) or yellow needleB (by sublimation). 

Ethyl ether C g 0 a (C0 2 Et) 4 . [149°]. 

Formed by oxidising di-amido-pyromellitic ether 
with cone. HNO, (Nef, C. J. 53, 428; A. 237, 
28). Golden needles (from aloohol). Hay be 
suolimed. On treatment with KOHAq or with 
H a S0 4 in HOAc it yields hydroquinone tetra- 
carboxylic ether. Zino-dust and HOAc also re- 
duce it to hydroquinone tetracarboxylic ether. 

QUINOPHENOL v. Oxy-quinoline. 

DIftUIKO-PHENAZINE C„H 4 <j£>C,0 4 . 

Formed by the action of dilute HNO a on 
C i H 4 ;N 2 ;C fl O a (OH) J , which is got from rhodi- 
zonic aoid and o-phenylene-diamine (Nietzki a. 
Schmidt, B. 21, 1228). Yellowish needles (con- 
taining Baq), si. sol. water. Converted by 
o-phenylene-diamine sulphate into C 24 Hi.jN g , 
crystallising in greenish needles. 

DIQTTINOftUIHOHE ch <^cqco / CH - ^ 

quinoyl. The di-oxim C„H 2 0 2 (N0H) 2 is di- 
nitrosoresorcin (q. v.) (Goldschmidt a. Strauss, 
B. 20, 1611; Eehrmann a. Messinger, B. 23, 
2816). The dioxim is converted by hydroxyl- 
amine into the tetra-oxim, which, on heating 
with Ac/), yields the anhydride CJK/^Oa crystal- 
lising in needles [61°], sol. ether. The tetra- 
oxim may be reduced by SnCl 2 and HC1 to tetra- 
amido-benzene. 

Triquinoquinone v. Benzene tbiquinone. 

Reference. — Oxy-diquinoyl. 

DIQTJINO-fOLAZIKE C s H,Me<^>C B 0 4 . 

Formed from rhodizonic acid and tolylene-o- 
diamine, the product being oxidised by HNO s 
(Nietzki a. Eehrmann, B. 20, 324). Yellow 
needles (containing 2aq). On warming with an 
aqueous solution of a salt of tolylene-o-diamine 
it is converted into C 27 H, 8 O e , which crystallises 
from chloroform in needles (containing CHCl a ). 

QUINOVATANNIC ACID C H H ia O § ? Occurs 
in the bark of Cinchona nova (Quina nova ) 
(Hlasiwetz, A. 79, 129). Translucent yellow 
mass, sol. water and aloohol, insol. ether. FeCl s 
gives a dark-green eolour. NH„Aq colours its 
solution brown. Its alkaline solution absorbs 
oxygen from the air. Boiling dilute HjS 0 4 splits 
It up into sugar and * quinova red ’ C OT H w O, 2 
(Bembold, A. 148, 273), which also occurs in the 
bark. Quinova red is a nearly black resin, nearly 
insol* water, v. sel aloohol, ether, and alkalis. 


gives no colour with FeCl a , and yields proto- 
catechuic aoid on fusion with potash. 

QUINOVIN C 80 H 48 O 8 (Hlasiwetz) or C w H a4 0„ 
(Oudemans, jun., R. T. C. 2, 160). Quinova • 
bitter. Quinovic acid . [o] D « + 59°. Ocourf 
in false cinchona bark from Cinchona nova 
(Pelletier a. Caventou, J . Ph . 7, 112 ; Winokler, 
Rep. Pharm. 61, 193 ; Buchner, jun., A. 17, 161 ; 
Peterson, A. 17, 165; Schnedermann, A. 45, 
277; Rochleder a. Hlasiwetz, A. 79, 129; 111, 
182). Occurs also in true cinchona bark (Schwarz, 

A. 80, 330 ; De Vrij, J. Ph. [3] 37, 256), in all 
parts of Cinchona Calisaya (from Java), and in 
tormentilla root (Bembold, A. 145, 9). 

Preparation. — The bark is extracted with 
boiling milk of lime, the extract ppd. by HOI, 
and the pp. repeatedly dissolved in aloohol 
and thrown down by water. 

Properties.— Needles (from alcohol), almost 
insol. hot water, v. si. sol. ether, v. sol. dilute 
alcohol. Tastes bitter. Dextrorotatory. Sol. 
aqueous alkalis. Resolved by acids into quinovic 
aoid and quinovite. Does not reduce Fehling’s 
solution. 

S a 1 1 s.— PbC^H^O* aq.— (CuO) a 4C, 0 H 49 O 8 . 

(0) -Quinovin. [o. 235°J. [a] D » -»• 28* in a 2*7 
p.c. alcoholic solution. Occurs in cuprea bark 
(from Remijia) (Liebermann a. Giesel, B. 16, 
928). Scales (from dilute alcohol). Insol. ether, 
v. e. sol. alcohol. Dextrorotatory. Forms with 
alcohol the compound C 88 H a2 0,,5EtOH, crystal- 
lising in large prisms. Split up by dilute acids 
into quinovic acid and quinovite. 

Quinovite C h H 12 0 4 i.e . C 8 H s O(OH) 8 . Quinova- 
sugar, (c. 800°). [a] D «60° (O.) ; « +78° (L. 
a. G.). Formed by the action of HOI on a hot 
alcoholic solution of quinovin ; quinovic acid 
crystallises out, and the mother-liquor is neu- 
tralised by BaCO s , filtered, and evaporated. 
Hygroscopic mass, sol. ether. Has a bitter- 
sweet taste. Does not ferment with yeast. 
Reduces Fehling’s solution. 

Tri-acetyl derivative CaH^OfOAc)*. 
[47°]. (o. 803°). White needles (Liebermann, 

B. 17, 872). 

Quinovic acid (Oudemans, R. T. C. 

2, 160) ; C 24 H 8S 0 4 (Hlasiwetz a. Gilm, A. Ill, 
182); C^H^O* (Liebermann). [a] D «*+86°. 
Occurs in tormentilla root (Bembold, A. 145, 6). 
Formed from quinovin as above. White sandy 
powder composed of minute trimetric six-sided 
larainfe, insol. water, v. sol. hot alcohol, si. sol. 
ether. Tasteless. Ppd. from alkaline solu- 
tions by acids in a gelatinous form, gradually 
becoming pulverulent. Dextrorotatory. H 2 S0 4 
gives oft CO and forms novic aoid, quinochromin 
Cj^H^Oj (crystallising in needles), quinovene 
C S2 H 42 (?), and apoquinovic acid (crys- 

tallising in needles ; whence C|«H, s NaO, 8 Jaq). 

Salts.— E jjC^H*^ ljaq : bulky pp. — 
CuA"Cu,(OH) 8 5aq : light-blue pp. — AgjA" : 
bulky pp. 

Ethyl ether C 92 R i6 Et i 0 9 . [127°-130°]. 
Crystals, v. sol. aloohol and ether. 

Pyroquinovio aoid G 8I H 48 0 4 . (above 360°). 
Formed by heating quinovic acid (Liebermann 
a. Giesel, B. 16, 936). Needles, insol. water, v. 
sol. aloohol and ether. Its alkaline solution i« 
hevorotatory. On distillation, the distillate 
solidifies to a clear glassy mass, easily soluble 
in ether, and resembling gum copal in its proper* 
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ties. When this substance is heated with HI 
and P it yields a terpene (quinoterpene) which 
probably has the formula C^H^. This terpene 
is also formed by direct reduction of pyroquino- 
vic acid with HI and P (Liebermann, vB. 17, 
869). 

Salts. — KA' (dried at 110°).— BaA' 2 . 

Quinoterpene C S0 H 48 . (above 360°). Formed 
as above. Dextrorotatory. 

Oxy-quinoterpene C^H^O^ or C^H^O. 
Cholestol . [139°]. (above 360°). Accompanies 
quinovin in false cinchona bark (Liebermann, 
B. 17, 871; 18, 1803; Hesse, A. 234, 877). 
Needles (from alcohol). Reduced by HI and P 
to quinoterpene. Yields an acetyl derivative 
[126°] and a benzoyl derivative [144°]. 

QUINOX ALINE O.H.N, *.«. C„H 4 <^*[- 


[27°]. (222° uncor.). Formed by the action of 
o-phenyle&e diamine on glyoxal in aqueous solu- 
tion (Hinsberg, B. 17, 320; A. 237, 334). White 
crystals, smelling like quinoline and piperidine, 
miscible with cold water, alcohol, ether, and 
benzene. Partially separated from aqueous 
solution by warming or by adding KOHAq. Its 
aqueous solution gives white pps. with HgOlg 
and AgNO x . Yields a sparingly soluble oxalate. 
Little attacked by oxidising agents. Sodium 
reduces it, in alcoholic solution, to phenyl- 
ene-ethylene-diamine (Merz a. Bis, B. 20, 
1190). — B'HCl : needles, v. sol. water. Decom- 
poses at 184°. — B'H 2 S0 4 . [187°]. Silvery 
plates, v. sol. water.— B'-jH^PtCl. (dried at 100°). 
Needles. 

References . — Amldo- and Oxy-quinoxalinj. 
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RACEMIC ACID v. Tartaric acid. 

RACEMIC CAMPHOR v. Camphor. 

RADICLE. Lavoisier and his followers re- 
garded an acid as a substance formed by the 
combination of much oxygen with another 
body; the body with which the oxygen was 
combined was called by de Morveau the radicle 
of the acid, and the name was used in this sense 
by Lavoisier. 4 II faut done distinguer dans 
tout acide la base acidifiable, k laquelle M. de 
Morveau a donn6 le nom de radical, et le principe 
acidifiant, c’est-&-dire, l’oxig&ne * (TraiU 616’ 
mentaire de Chimie [1789] 1, 69). That the 
radicle of an acid might be either a Bimple 
or a compound substance is evident from de 
Morveau’s use of the term ; in speaking of the 
nomenclature of acids of unknown composition, 
he says: 4 Nous nous sommes contends de 
designer l’6tro simple qui y modifie l’oxig&ne 
par l’expression de base acidifiable , ou, pour 
abr6ger, de radicle , de t6t acide * [Memoir e sur 
le D6veloppement des Principes de la Nomencla- 
ture M6thodique [1787]). Lavoisier, in 1789, 
extended the meaning of the term radicle when 
he said [TraitA , 1, 209) that most of the oxidisa- 
ble and acidifiable radicles of mineral com- 
pounds were simple bodies, whereas the radicles 
of compounds of vegetable and animal origin 
were generally composed of at least two simple 
bodies. The notion of radicles was here, and 
elsewhere, extended by Lavoisier to mean the 
bases or foundations whereon more complicated 
bodies were built up, generally by the addition 
of oxygen. 

As organic chemist^ advanced, and many 
compounds . were obtained from animal and 
vegetable sources, attempts were naturally made 
to find some reason for the existence of so vast 
a number of compounds all composed of but 
three or four elements. Lavoisier’s assertion 
that the radicles of organic compounds are 
themselves composed of two or more elements, 
was revived, adopted, and developed. Berzelius, 
Liebig, Dumas, and other earlier workers in 
organic chemistry were struck by the enormous 
number of oamfK>unds produced by the union 


of the four elements carbon, hydrogen, oxygen, 
and nitrogen. They said the true elements of 
organic chemistry are the radicles cyanogen, 
amidogen, benzoyl, ethyl, <fec.,&c. Dumas (C. R. 
6, 300) said : 4 In mineral chemistry the radicles 
are simple, in organic chemistry they are com- 
pound; therein consists the whole difference. The 
laws whereby the compounds are formed and 
their reactions are regulated are the same in 
both.* Liebig said : 4 Organic chemistry is the 
chemistry of compound radicles.’ In 1882 
Liebig and Wdhler made apparent the meaning 
and wide applicability of the dictum that 
4 organic chemistry is the chemistry of com- 
pound radicles ’ by their researches into the 
constitution of the compounds obtained from 
oil of bitter almonds. By regarding these bodies 
as compounds of the radicle benzoyl, G,H*0, 
they became comparable with the compounds 
of the radicles potassium and other metals. 
From this time the conception of the radicle 
was firmly established. 

The elements are the simple radicles, on 
which, and by the combinations of which, com- 
pounds are built up. The reactions of a series 
of compounds often show such similarities that 
we are obliged to conclude that the compositions 
of these compounds are also similar ; in many 
cases this similarity of composition oan be made 
apparent only by supposing that a certain group, 
or collocation, of elements enters into the com- 
position of all the compounds. Such a group of 
elements, playing the part of a simple body 
throughout a series of reactions, but neverthe- 
less separable into two or more elements, is 
called a compound radicle. 

For an example of the working out of the 
conception of the radicle v . Ammonium com- 
pounds, vol. i. pp. 200-201. 

M. M. P. M. 

RADI OIL. The product of the distillation of 
the wood of a juniper. Contains a sesquiterpene 
C^R^, whose hydrochloride C^H^HCl melts at 
118° (Waliach, A, 238, 82). 

RAFFINOSE C 18 H w O l8 6aq (Morris a. Brown* 
C. J. 88, 619 ; De Vries, B. T. O. 8, 326 ; O. B. 
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106, 731; Tollens a. Mayer, B. 21, 1569). 
Melitose. Qossypose . Melitriose. Mol. w. 528 to 
644 (by Raoult’s method) (cal. 594) ; 596 (by rate 
ol osmosis in leaves of Tradescantia). [c. 87°]. 
S. 17 at 16° (R.) ; 14 at 20° (Loiseau). S. (80 
p.o. alcohol) 1*4 at 70°. [a] D = 104*6 (M. a. B.). 
[a]j « 116*6. H.0. 2,019,700 (Stohmann, J. pr. [2] 
45, 320 ; c/. Berthelot a. Matignon, C. R . Ill, 
18). Discovered by Johnston (O. S. Mem. 1, 
159) in a manna, which drops from various 
kinds of eucalyptus in Tasmania. Further 
examined by Berthelot (C. R . 41, 392) and 
Rischbiet a. Tollens (B. 18, 2611). Occurs also 
in cotton-seed (Ritthausen, J. pr. [2] 29, 351 ; 
Bdbm, J. pr. [2] 30, 37), in beet-root molasses 
(Loiseau, Bl. [2] 26, 365 ; Tollens, B. 18, 26 ; 
A. 232, 201; Lipmann, B. 18, 3087; Lindet, 
C. R. 110, 795 ; Bl. [3] 3, 682). 

Preparation.— Cotton-seed cake is extracted 
with spirit (S.G. *848). The extract is boiled 
down to a small bulk, and then shaken with 
ether (to remove colouring matters). After a 
time lumps of sugar separate; these are dis- 
solved in 80 p.c. alcohol at 70°, boiled with 
animal charcoal, and allowed to stand. In a 
week glittering needles, arranged in hemispheri- 
cal masses, separate (H. Ritthausen, J. pr. [2] 
29, 351). 

Properties . — Groups of needles, v. e. sol. hot 
water, v. si. sol. alcohol. Has a slightly sweet 
taste. Does not reduce Fehling’s solution. Not 
turned brown by boiling KOHAq. At 108° it 
gives off its water of crystallisation without 
melting; the anhydrous raffinose is not very 
hygroscopic. A second hydrate (containing 
6aq) may be got as lamellae by crystallisation 
from dilute alcohol (Berthelot, C . R. 109, 548 ; 
Bl. [3] 2, 666). Readily ferments, giving with 
good yeast approximately as much alcohol as 
cane-sugar, while with feeble yeast only one- 
third of that quantity is formed. Raffinose can 
be assimilated by young plants, being converted 
into starch (Brown a. Morris, O. J. 57, 486). 

Reactions.— 1. Boiling dilute ILjS 0 4 splits it 
up into lffivulose and ‘melibiose’ G 12 H 22 O n , 
which yields with phenyl-hydrazine the osa- 
zone The mixture of lffivulose and 

melibiose shows [<*] D - 50°. On further boiling 
with dilute H 2 S0 4 the melibioee is hydrolysed, 
the product consisting of galactose (1 mol.), 
lfevulose (1 mol.), and dextrose (1 mol.) (Scheib- 
ler a. Mittelmeier, B. 22, 1678, 3118 ; Tollens, 
A. 238, 308 ; 249, 227). Melibiose is identical 
with eucalyn, and may be reduced by sodium- 
amalgam to melibiotite C 12 H 24 0,,, a syrup which 
does not reduce Fehling’s solution, but yields 
galactose on boiling with dilute acids. Invertin 
also splits up raffinose first into lffivulose (which 
may be fermented by yeast) and melibiose, and 
then this melibiose may be split up at 86° by a 
cone, solution of invertin into dextrose and 
galactose. The Pneumococcus of Friedlander 
sets up fermentation in suitable solutions of 
raffinose (Percy Frankland, C . 'J. 69, 270). — 
2. NaOEt gives a compound containing 6 to 7 
p.c. sodium.— -3. Boiling HNO a (S.G. 1*15) gives 
23 p.c. of mucic acid. Saccharic acid is also 
formed. 

Salts (Beythien a. Tollens, A. 255, 195). — 
NaC lH H 2l 0 16 . — Na^^H^O,,, aq. Crystals. — 
CnJIuO^SrOhaq. SI. boI. water .— C, 8 H w O ltf SrO. 


— C, 8 H 82 O ]0 BaO. — C 18 H 32 0, 6 2Ba0. Crystals.— 

^i8-^s20i 8 (CaO) 8 2aq. — C l!t H w 0 16 8Pb0. 

Estimation . — In a mixture of cane-sugar and 
raffinose, the amount of raffinose may be deter- 
mined by observing the change of rotatory 
power after hydrolysis (Creydt, B. 19, 3115 ; 
Gunning, Fr. 28, 45). The raffinose may also be 
ppd. by lead acetate from a solution in methyl 
alcohol, and the effect on the polarising action 
of the liquid observed (Lotman, Chem. Ze.it. 12* 
391 ; Gunning). 

RANGIF0RMIC ACID C n H 18 O s . [106°]. 
Occurs, together with atranorio acid, in the 
lichen Cladonia rangiformis (Paterno, <7. 12, 
259). Plates (from benzene), sol. ether. Its 
ammoniacal solution gives a flocoulent pp. of 
AgA' on adding AgNO s . 

RAPIC ACID C 18 H 34 0,. Ocours as glyceride, 
together with the glycerides of erucic and be- 
henic acids, in rape-seed oil (Reimer a. Will, B. 
20, 2387). Oil. Yields stearic acid on fusion 
with potash. The zinc salt melts at 78°. The 
Na salt is gelatinous, v. sol. water, si. sol. alcohQl. 

REDUCINE C l2 H Zb N a OB or C b H n N 3 0 4 . An 
alkaloid occurring, as well as para-reducine 
C a B;N 3 0, according to Thudichum ( C . R. 100, 
1803) in urine. It reduces ferric, cupric, mer- 
curic, and silver salts, and forms an insoluble 
barium compound. 

REDUCTION. This term is used as 
synonymous with deoxidation in its widest sense. 
v. Deoxidation, vol. ii. p. 377 ; and cf. Oxida- 
tion, vol. iii. p. 657. 

REGIANIN v. Juglone. 

RENNET v. Milk and Proteids. 

RE8ACETIC ACID v. vol. i. p. 18. 

RES ACETOPHENONE v. Di-oxy-aceto- 

PHENONE. 

RESINS. Amorphous substances, occurring 
in all parts of plants, but especially in the bark 
(Wiesner, Site. W. 52 [2] 118). Frequently as- 
sociated with essential oils. Resins are also 
formed from various oils by atmospheric oxida- 
tion or by the action of alcoholic potash. Boil- 
ing aqueous potash resinifies aldehydes. P 2 0 4 
converts various aldehydes (e.g. benzoic alde- 
hyde) into resins. These resins are solid, 
translucent, with conchoidal fracture, insol. 
water, wholly or partially sol. alcohol and 
aqueous alkalis. The resins, therefore, contain 
acids. The resins soften when heated, but are 
decomposed by distillation. By potash-fusion 
protocatechuic acid is obtained from guaiacum, 
benzoin, dragon’s blood, asafoetida, esparto 
resin, myrrh, acaroid resin, and opopanax. By 
potash-fusion p-oxy-benzoic acid is got from 
beDzoin, dragon’s blood, aloes, and acaroid resin ; 
phloroglucin from dragon’s blood, esparto resin* 
and gamboge ; and resorcin from galbanum, 
asafoetida, gum ammoniac, sagapenum, and 
acaroid resin (Hlasiwetz a. Barth, A. 134, 265 ; 
138, 61 ; 139, 83). Dammar, sandarac, mastic, 
and incense-resin are not attacked by fused 
potash. Resins containing gum or mucilage* 
soluble in water, are called gum-resins. Resins 
mixed with essential oils are termed balsams. 
The following resins are completely soluble in 
alcohol of 95 p.o. : benzoin, caranna, resins and 
balsams from conifers (oolophony), dragon’s 
blood, guaiacum, mani-resin, mastic from Alex- 
andria and from Bombay, black balsam of Peru, 
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podocarpue resin, sandarao, balsam of Tolu, 
xanthorrhoea resin. The following resins are 
only partially dissolved by alcohol of 95 p.o. : 
ammoniac, asafoetida, bdellium, Canada bal- 
sam, ceradia resin, copaiba balsam, copal, dam- 
mar, elemi, euphorbium, euryops resin, galba- 
num, gamboge, liquidambar, common mastic, 
Meooa balsam, myrrh, olibanum, opopanax, 
white balsam of Peru, sagapenum, sonora-lac, 
and liquid storax (Hirschsohn, Ar. Fh. [3] 
10, 481 ; 11, 54, 152, 247, 312, 434). Ether dis- 
solves completely: caranna, Canada balsam, 
conifer resins, copaiba balsam, dragon’s blood, 
elemi, guaiac-resin, mani-resin, mastic, podo- 
carpus resin, and sandarac. Most other resins 
are partially soluble in ether. FeCl 3 gives in 
alcoholic solution a blue colour with guaiacum 
and caranna, a dark-green colour with benzoin 
and some sorts of asafoetida, and a black colour 
with gamboge, balsam of Peru, opopanax, storax, 
sagapenum, shellac, and xanthorrhoea resin. 
FeClg gives in an alcoholic solution of Canada 
balsam and of some sorts of dammar, a pp. which 
disappears on heating, and with copal and 
sonora-lac a pp. which does not disappear on 
heating. Alcohol containing HC1 is coloured 
brick-red by white balsam of Peru and ceradia- 
resin ; red to violet by common myrrh and 
euryops-resin ; blue to violet by some sorts of 
elemi; yellowish-brown to green by guaiac- 
resin ; yellow, changing through brown to cherry- 
red, by benzoin and balsam of Tolu ; crimson by 
xanthorrhoea resin ; greenish, changing to dingy 
violet, by asafoetida; yellow by gamboge and 
caranna ; light rose-coloured by podocarpus 
resin ; and brown by other resins. Cone. H,S0 4 
forms a cherry-red solution with benzoin from 
Siam and with balsam of Tolu ; a yellow solu- 
tion with gamboge ; a solution with yellowish - 
brown fluorescence with asafoetida ; and brown 
with other resins. A drop of H 3 S0 4 added to a 
solution of pine-wood resin in HOAc gives a red 
or violet colour as the liquids mix (Morawski, 
C. C. 1888, 1630). Fossil resins ( e.g . amber) 
are often found in beds of coal and lignite, 
being clearly derived from plants. Schmidt 
a. Erban (Af. 7, 655; c/. Kremel, Fr . 26, 
262) have determined, for a great variety of 
commercial resins, the quantity of alkali neces- 
sary to neutralise an alcoholic solution, and the 
amount required for saponification, and also the 
amount of iodine the resins can take up. They 
also base a method of separation upon the rela- 
tive solubilities of resins. A classification of red 
resins according to their solubility in chloroform, 
benzene, and CS 2 is given by Dobbie a. Hender- 
son (Tr.E. 30, 624). Colophony softens under 
boiling water, while powdered shellac, mastic, 
elemi, and dammar agglomerate, and sandarac, 
copal, and amber remain unchanged (Kliebhau, 
C. C. 1888, 87). The products of distillation of 
colophony have been examined by many chemists 
(Fremy, A . Ch. [2J 59, 13 ; A. 16, 284 ; Pelletier 
a. Walter, A. Ch . [2] 67, 267 ; Th6nard, Robiquet, 
a. Dumas, C. B. 1838, i. 460 ; Schiel, A. 115, 96; 
Couerbe, J.pr. 18, 165 ; Curie, C. N. 30, 189 ; 
Kelbe, jB. 13, 1157 ; B. 14, 1240 ; A . 210, 1 ; B. 
15, 30$; Renard, C. B. 91, 416; B. 13, 2000; 
Bl. [2] 36, 215 ; Tilden, B . 13, 1604 ; Anderson, 
C . JV. 20, 76 ; Mills, * Destructive Distillation,* 
31 ; Tioh borne, Fh, [3] i. 302 ; Morris, C. J. 41, 


167) by whom the following substances have 
been described as constituents : water, reti- 
naphtha CjHg (108°) (P. a. W.), retinyl C,H I2 
(150°) (P. a. W.), retinol C h H 8 [150°] (236°-246°) 
(P. a. W.), retisterene [67°J (325°) (T. R. a. D.), 
carbonic aoid, carbonic oxide, ethylene (S.), pro- 
pylene (S.), heptane (97°) (T.), octane (S.), a 
valerylene (50°) (C.), cymenes (170°-178°) (K.), 
heptinene C 7 H l2 (104°) (R.), colophenone 

C 1? H I3 0 2 (S.) (97°), a terpene (160°) (S.), abietic 
acid (K.), isobutyrio and methyl-propyl-acetic 
acids (K.), hydrocarbons C n H 18 (190°-200°) (K.) r 
and iso-butyric aldehyde (T.). Renard (A. Ch. 
[6] 1, 223) found among the products of distilla- 
tion of colophony (rosin oil), pentane, amylene, 
hexane, hexylene, toluene, toluene tetrahydride, 
toluene hexahydride, xylene, xylene tetrahydride, 
xylene hexahydride, m-ethyl-propyl-benzene, 
terpenes, isobutyrio aldehyde and acid, and 
valeric aldehyde and acid. Lwoll (B. 20, 1017) 
found, in resin oil, valeric, heptoic, ennoio, and 
hendecoic acids. Resin oil is coloured violet by 
tt 3 S0 4 of S.G. 1*53 (Holde, C. C. 1888, 952). 

Resin of Pinus Laricio (Poir). [c. 100°]. V. 
sol. alcohol, ether, and oil of turpentine ; insol. 
ligroin. Contains much methoxyl (Bamberger, 
M. 12, 441). Turned red by air, and finally 
brown. It contains a little free caffeic acid 
C u H 3 (0H) 2 CH:CH.C0 2 H [195°] and ferulio acid 
[4:3:1] C tt H ? (OH)(OMe).CH:CH.CO a H [169°j. 
4 p.o. of caffeic and 1 p.c. of ferulio acid may be 
extracted by boiling with water. The resin also- 
contains some vanillin C a H 3 (OH)(OMe).CHO. 
The resin yields pyrocatechin and protocatechuie 
acid on fusion with potash. 

Resin of Ficea vulgaris (Link), [c. 100°]. 
Contains methoxyl (Bamberger, M. 12, 456). 
Contains p-coumaric acid and vanillin. Potash - 
fusion gives protocatechuic and jp-oxybenzoie- 
acids. 

Resin of Pinus sylvestris contains an acid 
C 40 H M O ft [143°], insol. water, v. sol. alcohol r 
ether, and HOAc. [a]j®-74°. It yields thr 
salts CjoH^gOj,, (CJElaOjJjBa 2aq, (C^H.^O^Ca. 
and (CjoH^Oj^Cu, and oily C w H w EtOj,, which on 
distillation forms oily C 20 H 27 Et0 2 . Alcoholic 
HC1 converts the acid into an isomeride [160°j* 
[a]j s=* — 93° (Shkateloif, J. B. 20, 477). 

Resin from Ficus rubiginosa contains * syco- 
ceryl acetate * C 34 H M 0 2 [121°] which on saponi- 
fication gives acetic acid and sycoceryl alcohol 
C 83 H 4 ,0 [114°] (De la Rue a. Muller, Tr. 1860. 
43 ; Rennie a. Goyder, C. J. 61, 916). 

References.— Abietic acid, Aldehyde resin. 
Amber, Arbol-a-brea resin, Asaf(etida, As- 
phalt, Benzoin (gum), Canada balsam, Colo- 
phony, Copaiba balsam, Copal, Dammaua resin * 
Dragon’s blood, Elemi, Euphorbium, Gal- 
ban um, Guaiacum, Gum ammoniac, Gutta perch a. 
Jalap, Lac, Larch fungus, Larrea resin, Masopin, 
Mastic, Maynas resin, Mecca balsam, Myrrb, 
Olibanum, Opopanax, Palisander resin, Podo- 
carpic acid, Podophyllin, Sagapenum, San- 
darac, Scammony, and Storax. 

RESORCIN C tf H„O a i.e. C # H 4 (OH) 3 [1:3]. 
[112°J. (267°) (Kopp). S. 86-4 at 0° ; 147*3 at 
12-5°; 228*6 at 30° (Calderon, Bl [2] 29, 234j. 
V.D. 3*85 (calc. 3*81) (Troost, C. B. 89, 351)* 
H.C.v. 683,100. H.C.p. 683,400. H.F. 87,600 
(Stohmann, J.pr. [2] 45, 335). S.V. 103 (Lo* 
sen, A . 254, 59). S.V.8. 93*05. 
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Formation. — 1. By potash-fusion from gal- 
banum (Hlasiwetz a. Barth, A. 180, 854), 
m-iodo-phenol (Kdrner, Bl. [2] 7, 261), phenol- 
-sulphonic acid (Glutz, Bl. [2] 8, 361),p-chloro- 
enzene sulphonic acid (Oppenheim a. Vogt, A . 
Suppl. 6, 376), from umbelliferone (Hlasiwetz a. 
Grabowski, A. 139, 99), from asafoetida, from 
gum ammoniac, from sagapenum, from acaroid 
resin (Hlasiwetz, A . 130, 354 ; 188, 63 ; 139, 78), 
from o-, m-, and p - bromo-phenol (Fittig a. 
Mager, B. 8, 362), from p-ohloro-phenol (Faust, 
B. 6, 1022), from p-iodo-phenol above 165° 
(NOlting a. Wrzesinsky, B . 8, 820), from phenol 
(Barth a. Schreder, B. 12, 420), and from benzene 
m - or p- disulphonic acid (Barth a. Senhofer, B. 
8, 1483 ; Fahlberg, Am. 2, 195). —2. By dry 
distillation of brazilin (E. Kopp, B. 6, 446).— 
3. By the action of nitrous acid on m-amido- 
phenol (Bantlin, B . 11, 2101). 

Preparation.— By fusing benzene ?n-disul- 
phonic acid with NaOH (Muhlhauser, D. P . J . 
268, 164). 

Properties. — Colourless trimetrio tables (from 
water, alcohol, or ether); a:b:c *» *912:1:1*059 j 
(Calderon, C. R. 84, 779) or needles (from benz- ! 
ene). V. sol. water, alcohol, and ether, insol. j 
chloroform and CS 2 . Acquires a reddish tint on i 
exposure to air. Neutral to litmus. Has a sweet I 
taste. FeClg colours its aqueous solution dark 
violet. Its ammoniacal solution, exposed to the 
air, becomes rose-red and finally brown. The 
ammoniacal solution leaves on evaporation a 
dark-blue mass, which forms a blue solution, 
turned red by acids. Bleaching-powder gives a 
transient violet colour. A drop of a solution of 
NaOCl gives a violet colour, quickly changing to 
yellow, and on heating to dark-red or brown 
(Stark, Ph. [3] 21, 848 ; Bodd6, Ar. Ph. [3] 27, 
656). Resorcin reduces boiling ammoniacal 
AgNO, and boiling Fehling’s solution. On heat- 
ing resorcin with a few drops of nitro-benzene 
and cone. H 2 S0 4 a blue mass is got which, when 
poured into water and made alkaline, gives a 
solution with vermilion fluorescence. If resor- 
cin is added to cone. H 2 S0 4 and a little NaNO*, 
and the mixture is heated to 100°, a product is 
got whioh, when mixed with water and rendered 
alkaline by NH S , imparts to fusel oil a crimson 
solourwith vermilion fluorescence (Bindschedler, 
M. 5, 168). Resorcin fused with phthalic an- 
hydride forms fluoresoefn, whioh dissolves in 
iqueous alkalis with strong gTeen fluorescence 
[Baeyer, A . 183, 8). Resorcin heated with alco- 
lol, beet-sugar, and HClAq gives a reddish - 
riolefc colour (Ihl, Chem. Zeit . 18, 264). A solu- 
ion of resorcin (1 pt.) in absolute alcohol 
2 pts.), mixed with an aldehyde and a few drops 
if oono. HClAq, gives, after standing for some 
lours and then pouring into water, a resinous 
>r crystalline pp. (Michael a. Ryder, Am. 9, 134). 

1 mixture of resorcin and f urfuraldehyde touched 
vith a drop of HC1 gives an indigo-blue sub- 
nance, which dissolves with green colour in 
vater, and is ppd. by HC1 in blue flakes (Baeyer, 

3. 5, 25). On warming a liquid containing 
ihloral or chloroform with resoroin and NaOH 
i yellowish-red colour with green fluorescence 
b got (Schwarz, Fr. 27, 668). Cupric sulphate 
md excess of ammonia form a deep-black liquid, 
vhioh dyes wool black (Wagner, D. P . J. 220, 
16 )* 


Titration. — 1. Bromine- water is run in until 
all the resoroin is converted into tribromo-re* 
sorcin, which is ppd.: C 8 H 4 (OH) 2 + 3Br t ® 
C tt HBr a (OB + 3HBr. The excess iB determined 
by adding KI and titrating with hyposulphite 
(Degener, J. pr. [2] 20, 822).— 2. Potash and 
potassium iodide are added to the solution, and 
then a neutral solution of bleaching-powder is 
run in. On adding HC1 a pp. of tri-iodo-re- 
sorcin is formed, and the excess of iodine is 
titrated by hyposulphite (Degener). 

Reactions . — 1. Soda-fusion gives phloro- 
glucin (65 p.c.), some pyrooatechin (3 p.c.), and 
tetra-oxy-diphenyl (1| p.c.) (Barth a. Schreder, 

I B. 12, 603). — 2. Exhaustive chlorination in pre- 
sence of I forms CC1 4 and CO a (Ruoff, B. 9, 
1483). — 3. IC1 forms tri-iodo-reBorcin (Michael 
a. Norton, B. 9, 1752). — 4. An alkaline solution 
gives with KI a violet-red pp. of CgH^KO, 
(Messinger a. Vortmann, B. 22, 2320). — 5. A 
solution of resorcin (10 g.) in water (100 c.c.) 
gives a purple colour with *6 c.o. of very dilute 
solutions of nitrates, to which a drop of 15 p.c. 
HClAq and 2 c.c. of H,S0 4 have been added 
(Lindo, C. N. 58, 176). — 6. Resorcin (15 g.) dis- 
solved in water (70 c.c.) and warmed with a 
mixture of (60 c.c. of) HBrAq (8.G. 1*47) and 
(20 c.c. of) HNO s (S.G. 1*39) gives C 48 H 34 BrN 2 0 13 
as a lustrous violet mass, which forms a red 
solution in alcohol, changed by alkalis to a blue 
liquid (Brunner a, Kramer, B. 17, 1873; 21, 
2481). It yields C 4H H OT Ac a BrN 2 O w as an orange- 
red amorphous powder [120°], v. sol. hot alcohol. 

7. Resorcin (15 g.) heated with water (60 g.), 
HNO s (20 c.c. of S.G. 1*89), and HC1 (60 c.c. of 
S.G. 1*2) for half an hour on a water-bath forms 
a violet mass C w H 48 ClN s O, g , insol. chloroform, 
sol. alcohol and ether. It yields yellowish-brown 
flocculent C 66 H 40 Ac 8 C1N 8 O I8 (Brunner, B. 21, 
2479). — 8. A blue colouring matter (laemoid) is 
got by heating resorcin (55 pts.) with NaN0 2 (18 
pts.) at 130^, dissolving in NH g Aq and reppg. by 
HCl (Benedikt a. Julius, M. 6, 634). — 9. Bromine 
in CS 2 forms CaHjBr^OHL [111°] (Zehenter, M. 

8, 293).— 10. With A1. 2 C1 8 it gives the compound 
(C fl H 4 0 2 )Al 2 Cl 4 , which is v. sol. hot CS 2 , less 
sol. cold CS a ; decomposed at once by water into 
resorcin, A1 2 0 3 , and HCl (Claus a. Merklin, B. 
18, 2934). — 11. Dry ammonia passed into a solu- 
tion of resorcin in dry ether forms (C u H a 0 2 )NH g , 
whioh separates as a liquid, solidifying as co- 
lourless deliquescent crystals, turning green and 
afterwards blue in the air (Malin, A. 138, 80). — 
12. Hg0 2 and NH 3 Aq give, after acidification, a 
brown pp. (‘ laemoid ’) which forms an indigo 
blue solution in alkalis (Zulkowsky a. Peters, M. 
11, 243 ; cf. Wurster, B. 20, 2934). — 13. Ammo- 
nium carbonate solution at 125° forms (4,2,1)- 
and (6,2,1)- di-oxy-benzoic acid (Senhofer a. 
Brunner, Site. W. [2] 80, 504).— 14. Ammoniacal 
CaCl? at 300° forms a brownish-red colouring 
matter [72°], insol. water and alkalis, sol. alco- 
hol (Seyewitz, C . B. 109, 946).— 15. Sulphur 
and NaOHAq form, on boiling, C a H 4 0 2 S s , a yel- 
low powder, sol. alkalis, insol. water, and de- 
composing before fusion (Lange, B. 21, 263). — 
16. KjS^O, acting on potassium resorcin forms 
0 i E( ft (0Hi(0.80 t K) and C i H 4 (0.80 f K) r The 
latter salt is converted, by heating in the dry 
state at 160°, into a salt of resoroin disulphonic 
acid (Baumann, B. 11, 1911). *-17. COOL forma 
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C 8 H 4 :CO„ a red amorphous substance, insol. 
water, v. sol. alcohol (Birnbaum, B. 14, 1753). — 
18. An alcoholic solution of potassium xanthate 
forms C 8 H $ (OH) 2 .CS 2 H, crystallising in yellow 
needles [131°], sol. hot water (Lippmann a. 
Fleissner, M. 9, 296). — 19. Acetone dicarboxylic 
add and conc.H. 2 S0 4 form (8) -umbellif erone-acetic 



crystallising in needles (containing aq), insol. 
ether (Michael, J. pr. [2] 37, 469).— 20. Benzene 
sulphomc chloride added to a solution kept 
slightly alkaline forms C 8 H 4 (0.S0 2 C 8 H 5 ) 2 , crys- 
tallising from hot alcohol in needles [70°] 
(Georgesen, B. 24, 417). — 21. Hydrogen ammo- 
nium o-sulphobenzoic add forms C, 8 H, 8 NSO fl 2aq 
as pale-yellow crystals, v. sol. water and alcohol. 
Its alkaline solutions are slightly fluorescent. 
Cone. HClAq at 220° reconverts it into the 
parent substances (Fahlberg a. Barge, B. 22, 
754). Resorcin (4 mols.) heated with o-sulpho- 
benzoio acid (1 mol.) forms C 8 ,H 20 NSO 8 4aq. — 
22. Chloro-acetic acvd forms C 0 H 4 (O.CH 2 .CO 2 H) 2 
[194°], which yields a di-bromo- derivative (Ga- 
briel, B. 12, 1640). — 23. ClC0 2 Et acting on 
C 8 H 4 (OK) 2 forms C 8 H 4 (0.C02Et) 2 , a thick oil 
(300°) (M. Wallach, A. 226, 84).— 24. Dry oxalic 
acid (1 mol.) in a sealed tube at 200° forms 
‘ resoroin-oxalein * C^H^O,, a hygroscopic red 
powder, sol. alcohol and ether (Claus, B. 10, 
1305 ; 14, 2563). At 100° it becomes C 20 H, 2 O 8 , 
which is less sol. alcohol. Dilute alkaline solu- 
tions are yellow, with dark-green fluorescence. 
Bromine gives C2oH 7 Br 4 0 8 . HNO g forms 
C^NO^O,,. H 2 S0 4 yields C 20 H ft (S0 8 H) 8 0 6 . 

Ao a O forms red C^H^Ac./),, and colourless 
CjoHgACjOg. — 25. Crystallised oxalic acid (1 mol.) 
heated with resorcin (2 mols.) at 120° yields two 
compounds G 14 H 8 O ft one of which fluoresces green 
in alkaline solutions (Gukassianz, B . 11, 1184). 
26. HOAc and ZnCl* at 145° form di-oxy-aceto- 
phenone. Resorcin (100 g.) boiled with HOAc 
(200 g.) and ZnCL, (300 g.) for two hours forms 
* aoetfluorescein * C 24 H 18 0 4 and 4 resacetein * 

CiJEjgO^ Resacetein crystallises by spontaneous 
evaporation of its ammoniacal solution in red 
needles. Its solution in KOHAq is red, but soon 
turns brown. It yields the salts B'HCl 2aq 
and B' J H a S0 4 (dried at 110°) and a triacetyl 
derivative C le HgA0sO 4 [229°]. Aoetfluorescein 
forms minute brownish-red crystals. Its dilute 
alkaline solutions exhibit green fluorescence 
(Nencki a. Sieber, /. pr. [2] 23, 540 ; Rasinski, 
J. pr . [2] 26, 58).— 27. Resorcin (20 pts.) 
heated with formic add (10 pts.) and ZnClg 
(20 pts.) for 80 minutes at 140° forms 4 res- 

aurin* C 10 H 14 O 4 or (C a H 8 (QH) 2 ) 2 C<^ ^^^ ni ^^ 

Resaurin is a brick-red hygroscopic powder, 
forming a red solution in alkalis, sol. alcohol, 
insol. ether and acids (Nencki a. Schmid, J. pr . 
[2] 23, 547). — 28. On heating with ZnCl 2 and 
acetoacetic ether or citric acid 4 resocyanin * 
is formed (Wittenberg, J '. pr. [2] 24, 125 ; 26, 
74 ; Schmid, J. pr. [2] 25, 81). Resocyanin 
can be prepared by heating dry citric acid 
(60 g.) with resorcin (60 g.) and HjSC^ (150 g.) 
for an hour at 180°. Resocyanin C 21 H 18 0„ 
[185°] is insol. cold water, si. sol. ether, v. sol. 
alcohol. Its alkaline solutions are colourless 
with blue fluorescence. Its solutions are not 


coloured by FeCl t . It yields 0 2 ,H 12 Br 8 0, [250°} 
and C 21 H 14 Ac a 0 4 [150°]. Resooyanin yields 
resorcin when fused with potash. It may be re- 
duced to a hydride G 21 H2o0 4 [259°] which yields 
C 21 H, 8 Ac 2 O fl [222°]. NaOMe and Mel give 
C 2 ,H la Me 2 O a [159°]. — 29. A cold alcoholic solu- 
tion of sodium malomc ether forms C,,H,0» 
[191°], which is v. sol. hot alcohol, insol. cold 
water. Its alkaline solutions are fluorescent. 
It splits up when heated above 191° into C0 2 
and methyl-umbelliferone (Michael, Am. 5, 434 ; 
J. pr. [2] 35, 455 ; 37, 469).— 80. Resorcin (7 pts.)* 
heated with phthalic anhydride at 200° forms 
fluorescein (vol. ii. p. 557).— 31. Resorcin* 
(2 mols.) heated with phthalimide (1 mol.) and 
H 2 SOj at 100° forms C^H^NSC)*, a light-yellow 
powder, insol. benzene and ether, v. sol. alcohol. 
It forms C 20 H 12 NaNSO 7 7aq and 0 20 H n Ao 2 NSO T , a 
yellowish-green crystalline powder (Ostersetzer, 
M. 11, 425).— 32. O’BenzoyUbenzoic acid forms, 
on heating, di-oxy-tri-phenyl-carbinol carboxylic 
anhydride ( v . vol. iii. p. 738). — 33. Maleic anhy- 
dride forms, on heating, maleic-fluorescein 

CO-0> C <C.h;|ohI>°> whioh exhibits deep 
green fluorescence in alkaline solution and gives 
crystalline C^HgEtjO,, and C 1B H 8 Ao 2 0 5 [157°] 
(Burckhardt, B. 18, 2864). — 34. Succinic acid 
(13 g.) heated with resorcin (20 g.) and H 2 S0 4 
(40 g.) at 195° forms 4 succinyl-fluorescein * 

O..H. A or C <{gg>0. which 

is crystalline (containing 8aq) and fluoresces in 
alkaline solution. It yields C ltt H 8 Br 4 O ft (Nencki 
a. Sieber, J. pr. [2] 23, 163). — 85. Tartaric acid 
(1 mol.) heated with resorcin (2 mols.) and 
H 2 S0 4 (1 p.c.) at 165° forms resorcin -tartrein, a. 
dark olive-green powder, which fluoresces in 
alkaline solution (Fraude, B. 14, 2558).— 36. 
Na 2 C0 8 added to a solution of resorcin and 
quinone forms a deep-green solution changing 
through yellow to brownish-red on shaking with 
air (Wurster, B. 20, *2934). — 87. Heated with 
aniline and CaClj it yields m-oxy-di-phenyi- 
amine. With aniline and ZnClj it yields di- 
phenyl -m-phenylene-di-amine (Calm, B. 16, 
2786 ; cf. Merz a. Weith, B. 14, 2345).— 38. Alde- 
hyde in presence of weak acids forms c 14 h 14 o 4 
or CH s .CH(O.C 6 H 4 .OH) 2 , yellow crystals, insol. 
water and ether, sol. alcohol. At 120° this body 
is converted into brown crystalline C^H^O,. By 
heating the compound C 14 H l4 0 4 with zinc-dust 
in a current of hydrogen at 300°, resorcin is pro- 
duced. Ac 2 0 at 140° gives 0 )4 H l2 Ac 2 0 4 [282°] 
(Causse, Bl. [2] 47, 89; J. Ph . [5] 18, 854).-39. 
Chloral hydrate in aqueous solution containing 
NaHS0 4 forms silky needles of G, 4 H 12 0 8 , insol. 
water and benzene, sol. ether and alcohol. Its 
alkaline solutions are fluorescent. It yields a 
diacetyl derivative [252°] (Causse, Bl. [3] 3, 861). 
Resorcin and glyoxylic add yield the same 
C 14 H l2 0 8 . By boiling chloral hydrate (5 pts.) with 
resorcin (10 pts.) and water (40 pts.) there is 
formed C 8 H 6 O s crystallising from dilute alcohol 
in yellowish needles, and yielding C 8 H 4 Ac 2 0 2 
[159°] and 0 8 H 4 Bz 2 0 8 [165°] (Michael a. Comey, 
Am. 5, 350).— 40. Benzoic aldehyde , alcohol, 
and a little HC1 give C 28 H a# 0 4 ®aq [above 330°], a 
colourless resin, insoL water, v. e. sol. aloohol. 
Its alkaline solution absorbs oxygen from the 
air. kc.fi and NaOAe form C^H^Ac^. HC1 
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converts it into the isoracnc CsgH^O* 4aq crystal- 
lising from alcohol in dimetric tables, reduced 
by sodium-amalgam to C^H 22 0 4 crystallising 
from alcohol in prisms, and converted by Ac : ,0 
and NaOAc into C 2u H, fl Ac 4 0 4 crystallising 
from xylene in prisms (Michael, Am. 5, 
340).— 41. CH 3 .CC1 8 and caustic soda form 
€H 3 .C(O.C a H 4 .OH) 8 [159°], v. sol. alcohol, si. sol. 
hot water (Heiber, B. 24, 3684). — 42. Camphor 
forms the compounds C a H a O 2 (C, 0 H le O) [29°], 
(o] D = 22*5°, crystallising in hygroscopic rectangu- 
lar plates, and C a H a O 2 (C l0 H la O) 2 , a syrupy liquid, 
S.G. ^ 1*037 ; [o] D - 25*9° (L6ger, C. jR. Ill, 110). 
43. Phenyl-hydrazine (2 molsj rubbed with 
powdered resorcin (1 mol.) forms 0 a H a 0 2 2N 2 H ;J Ph, 
crystallising in unstable satiny needles [76°j, v. 
sol. benzene alcohol, and ether. It is decom- 
posed by water and alkalis (Baeyer a. Kochen- 
•dSrfer, B. 22, 2195). — 44. Quinone il mol.) 
.added to a solution of resorcin (1 mol.) in hot 
benzene forms C ia H 10 O 4 [c. 90°] crystallising in 
dark-red needles with green reflex, m. sol. water 
(Nietzki, A. 215, 136).— 45. Cyanic acid passed 
into an ethereal solution of resorcin forms 
•C s H g N 2 0 4 [120°], si. sol. ether, m. sol. hot water 
^Traube, B. 22, 1579). — 46. Phenyl cyanate 
forms at 100° C a H 4 (O.CO.NHPh) 2 [164°] (Snape, 
C. J. 47, 772).— 47. Urea (2 pts.) in a current of 
C0 2 at 250° forms C^H^NgOj, 6aq, an olive -brown 
amorphous powder, melting above 360°, v. si. 
sol. hot HOAc, sol. alkalis (Birnbaum, B. 13, 
1619).— 48. Heated with aqueous KHCO a or 
ammonium carbonate it yields di-oxy-benzoic 
acid. — 49. Resorcin (1 pt.) mixed with acetone 
(2 pts.) and fuming HClAq (1 pt.) forms C, 3 H ih 0 4 
or CMe 2 (O.C„H 4 .OH) 2 , which crystallises in small 
prisms [213°], insol. water and ether, sol. KOHAq 
and Na 2 G0 8 Aq. It is decomposed by heat into 
acetone and resorcin. It forms a crystalline 
hydrate C lv H, a 0 4 aq. Ac 2 0 yields C, 8 H l4 Ac 2 0 4 
[126°] while BzOl gives C 18 H 14 Bz 2 0 4 [115°] 
<Causse, Bl. [3] 7, 563).— 50. Resorcin (20 g.) 
heated with KjCS* under pressure at 100° forms 
•CjHgSjAj [150°-155°], si. sol. CS 2 , converted by 
potash-fusion into resorcin and (4,2,1) -di-oxy- 
benzoic acid [205°] (Pribram a. Gliicksman, M . 
13, 626). 

Mono-methyl ether C a H 4 (OH)(OMe). 
,(244°). V.D. (H~l) 62-2 (obs.). Formed by 
heating resorcin (1 mol.) with KOH (1 mol.) 
and KMeS0 4 at 160° (Habermann, B. 10, 868). 
Formed also from resorcin, NaOMe, and Mel 
(Tiemann, B. 13, 2362 ; 14, 2019). Prepared by 
heating resorcin with MeOH and KHS0 4 for 
10 hours at 180° (Wallach, B. 16, 151). Liquid, 
sol. hot water, alcohol, ether, benzene, and 
NaOHAq. Slightly volatile with steam. FeCl, 
colours its solution violet. Acetic anhydride 
forms C a H 4 (OAc)(OMe) (255°). KOH and K 2 S 2 0 7 
form C a H 4 (0Me)(S0 4 K), crystallising in plates, 
sol. water and hot alconol. 

Di-methyl ether C a H 4 (OMe) 2 . (215°) 
(R. Schiff, B. 19, 562) ; (224°) (Stohmann). 
V.D. 68*8 (obs.). S.V. 157-13. S.G. £ 1*075. 
H.F.p. 74,034 [C,0 2 =* 94,000; ^,0-69,000] 

(Stohmann, J. pr. [2] 35, 27). S.V. 157-1. 
Prepared by heating resorcin (1 pt.) with MeOH, 
KOH (1*6 pts.), and Mel (3 pts.) for 6 hours at 
250° (Oechsner de Coninck, Bl. [2] 34, 149). 
Oil, v. sol. alcohol and ether. Volatile witn 
steam. Not coloured by Fe01 r 


Methyl ethyl ether C a H 4 (OMe)(OEt). 
(216°). Formed from C a H 4 (OH)(OMe), KOH, 
and KEtS0 4 at 165° ; the product being distilled 
with steam (Spitz, M. 5, 488). Liquid. 

Methyl propyl ether C 6 H 4 (OMe)(OPr). 
(226°). Colourless liquid. 

Methyl isobutyl ether 
C a H 4 (0Me)(0CH 2 Pr). (234°). Liquid. 

Methyl isoamyl ether 
C a H 4 (OMe)(OC 6 H u ). (236°). Liquid. 

Mono-ethyl ether C a H 4 (OH)(OEt). 
Liquid. HNO a saturated with nitrous acid 
added to its ethereal solution at 0° forms 
C a H 3 (N0 2 )(0H)(0Et) and two colouring matters ; 
C 24 H 20 N 2 O a [230°] crystallising in red needles, 
insol. water, si. sol. boiling alcohol, forming a 
purple solution in H 2 S0 4 ; and C )1 H 11 N0 3 [228°] 
crystallising in orange-red needles, forming a 
bluish -violet solution in H 2 S0 4 (Weselsky a. 
Benedikt, M. 1, 891). 

Di- ethyl ether C a H 4 (0Et) 2 . [12-4°]. 

(229°) (Pukall, B. 20, 1140) ; (235°) (Herzig a. 
Zeisel, M. 11, 300). Formed from resorcin, 
KOH, and EtI. Colourless prisms, volatile with 
steam. On adding one drop of KN0 2 solution 
followed by HClAq to its solution in HOAc, an 
intense emerald green colour is produced. 
Yields two di-bromo- derivatives [101°] and [77°]. 
Converted by dissolving in HOAc, adding NaN0 2 , 
and passing in HC1 into C b H 3 (NO)(OEt) 2 [123°] 
and C a H s (NO)(OH)(OEt), whence BzCl forms 
yellow crystals of C 8 H 3 (NO)(OEt)(OBz) [155°] 
(Kraus, M. 12, 374). 

Hexa-chloro-di-vinyl ether 
C u H 4 (OC 2 Cl a ) 2 . [54°]. Formed by heating 
C fl H 4 (OAc) 2 with PC1 5 at 100° (Michael, Am. 9, 
210). Long prisms, insol. hot water. 

Di-propyl ether C a H 4 (OPr) 2 . (251°). 
V.D. 7-02 (obs.). Liquid, m. sol. hot water, 
sol. alcohol, ether, and ligroin (Kariof, M. 1, 
258 -, B. 13, 1677). Br forms C a H 8 Br(OPr) 2 [70°]. 

Mono-benzyl ether C a H 4 (OH)(OC 7 H 7 ). 
Formed from resorcin, KOH, alcohol, and benzyl 
bromide (Sohiff a. Pellizzari, A. 221, 376 ; Q. 13, 
504). 

Di-benzyl ether ^H^OCyH,)*. [76°]. 

Glittering tables (from alcohol). 

Tetra-nitro-di-phenyl ether 
CaH^O.CaH^NOa)^. [184°]. Formed from 
resorcin, NaOEt, and (1,2,4) -chloro-di-nitro- 
benzene in alcohol (Nietzki a. Schiindelen, B. 
24, 3586). Colourless plates. Converted by 
HNO s into a penta-nitro- derivative [68°], and 
by H 2 S0 4 and HN0 8 into the hexa-nitro-di- 
phenyl ether [220°]. 

Di-acetyl derivativ e C a H 4 (OAc) r 
(273°) (Nencki, J. pr. [2] 23, 147) ; (278° i.V.) 
(Typke, B. 16, 562). Formed from resorcin 
andAcCl (Malm, A. 138, 78). Oil. 

Di-benzoyl derivative C a H 4 (OBz)j. 
[117°]. H.F. 124,598 (Stohmann, J. pr. [2j 
36, 10). From resorcin (5 g.), benzoic acid (11 g.) 
and POC1, (13 g.), the latter being added slowly 
(liasihski, J. pr. [2] 26, 64). Formed also by 
shaking resorcin with BzCl and NaOHAq (Hina- 
berg, A. 254, 254). Plates (from ether). 

Anhydride C, 2 H l0 O 8 t.«. 0(C a H 4 .OH) r 
Resorcinyl oxide . Resorcin ether. Formed by 
heating resorcin with NaOH and CO, (Bottinger, 
B. 9, 182), with Na and C0 2 (Barth, B. 9, 308). 
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with HClAq under pressure (Barth a. Weider, 
B. 10, 1464), or with HJ30 4 (Barth, A. 164, 122; 
Eopp, B. 6, 447 ; Annaheim, B. 10, 976). 
Formed also by heating resorcin at 196° with 
the disulphonic acid of resorcin or of phen- 
anthrene (Hazuraa. Julius, ilf. 6, 191). Brownish- 
red amorphous powder, acquiring by pressure a 
green metallic lustre. Nearly insol. water, v. 
si. sol. cold alcohol and ether. KOHAq forms a 
dark red solution with green fluorescence. Pot- 
ash-fusion reconverts it into resorcin. Oxidised 
by nitric acid to isophthalic acid. Yields 
C 12 H fi Ac 2 0 8 , which forms a reddish-violet solution 
m alkalis, and Oj^HgPr^Qin. 

Anhydride C 24 H 18 O ft . Formed, together 
with C 12 H l0 O 8 , by heating resorcin with HClAq 
at 180°. Brick-red powder, v. sol. alcohol and 
ether. Its alkaline solution is brownish -yellow 
with violet -blue fluorescence. Yields C 24 H 16 Ac 2 0 3 
and C 24 H 12 Br tt 0 5 . Oxidised by nitric acid to 
isophthalic acid. 

Resazurin C, 2 H„N0 4 (B. a. K.), or C 12 H 7 N0 4 
(Nietzki, B. 22, 3021 ; 24, 3366). Diazoresorcin. 
Azoresorcin. ResazoXn. Formed by the action 
of nitrous acid on an ethereal solution of resorcin 
(Weselsky, B. 4, 613 ; M. 1, 889 ; 6, 607). Formed 
also by the action of Mn0 2 and H 2 S0 4 on an al- 
coholic solution of resorcin and nitroso-resorcin. 
Prepared by adding fuming HNO, (6 c.c.) to re- 
sorcin (10 g.) dissolved in ether (500 c.c ) at - 7°. 
Dark-red prisms with green reflex. Insol. water 
and ether, v. si. sol. cold alcohol and HO Ac. Its 
alkaline solutions are bluish-violet. Cone. H 2 S0 4 
forms a red solution. HC1 forms a crystalline hy- 
drochloride. Yields Ba(C l2 H 8 N0 4 ) 2 crystallising 
in brown needles, and a sodium salt, which forms 
greenish needles, v. sol. water, si. sol. NaOHAq, 
fluorescing brick red in dilute alcoholic solution. 
Resazurin forms C 12 H 3 Br 4 N0 4 on bromination. 

Reactions. — 1. AcCl in a sealed tube at 100° 
forms C, 2 H 9 C1 2 N0 8 (?) crystallising from HO Ac 
in golden plates and amorphous C 2fi H 2 ,Cl 8 N 2 0 6 (?) 
(Weselsky, A. 162, 288 ; Brunner a. Kramer, 

B. 17, 1854).— 2. Cone. H 2 S0 4 at 210° and cone. 
HClAq at 100° form resorufin. — 8. On heating 
with tin and cone. HClAq an emerald-green solu- 
tion is got, from which on cooling 1 hydrodiazo- 
resorufin hydrochloride ’ separates as colourless 
leaflets or needles, which, when exposed to air, ac- 
quire a coppery lustre, and when heated in a cur- 
rent of air produce resorufin. Hydrodiazo-reso- 
rufin is dioxyphenoxazine, the formula being 

C, H,(OH) <nh> c « h ,OH (Nietzki, B. 22, 3020). 

4. Hot cone. HNO s forms ‘tetrazoresorcin nitrate’ 
C )8 H 6 N 7 0, 5 (?), crystallising in lustrous garnet- 
red needles, sol. water, alcohol, and ether with 
indigo-blue colour. According to Brunner a. 
Kramer (B. 17, 1864 ; 18, 587) these crystals are 
tri-nitro-resazurin C, 2 H 8 (N0 2 ) 8 N0 4 . By heating 
them with oonc. HNO, Weselsky obtained 
4 tetrazoresorufin nitrate ’ C 86 H e N, 4 0 27 (?), crystal- 
lising from NHOj, in dark-red needles, and from 
wet ether in purple needles (containing 11 aq). 
Tin and HClAq acting upon either of these 
bodies form a red body, probably tri-amido- 
resorufin hydrochloride, and a colourless body, 
probably tri - amido - di - oxy - phenoxazine. By 
passing air through an ammoniacal solution of 
the colourless body there are formed lustrous 
green crystals of * hydroimidotetrazoresorufin ’ 


Azoresorufin . Diazo- 


C w H 2S N, 4 0 9 aq (W.) or C, 2 H B (NH 2 ) 3 N0 4 (B.) 
(possibly tri-amido-resorufin). — 5. Bromine 
added to its solution in NaOHAq forms 
(C 1 ,H 7 Br 2 N0 4 )HBr as a lustrous green mass, 
forming a blue alcoholic solution with red 
fluorescence (Brunner a. Kramer, B. 17, 1862). 
Nietzki obtained C l2 HjBr,N0 4 , which gave 
C 12 H 2 NaBr 4 N0 4 2aq, crystallising from dilute 
alcohol in lustrous green prisms. — 6. Oxidised 
in KOH solution by H 2 0 2 to oxyresazurin 
C, g H 12 N 2 0 7 (?), which forms almost colourless 
crystals giving a reddish -yellow solution in 
alkalis. This compound is also formed by 
alkaline KMn0 4 . It is reduced by zinc-dust to 
C 1 h H, b N 2 0 7 (?), crystallising in colourless needles 
(Ehrlich, M. 8, 425). 

Acetyl derivative C l2 H 8 AcN0 4 . [222°]. 
Formed by heating the sodium compound with 
NaOAc and Ac 2 0 at 100° (Nietzki, B. 22, 3024). 
Ruby-red needles. 

Ethyl ether C 12 H 6 EtN0 4 . [215°]. Formed 
from the A g salt, alcohol, and EtI. Dark-red 
needles. According to Weselsky the formula of 
the ether [202°] got from resazurin, alcohol, and 
HC1 at 100° is C, 8 H 8 Et 2 N 2 O e . 

Beaorufin C r H 7 NO„ i.e. 
QO.CH:C.O.O.CH:Q.OH 
CH:CH.C:N.C.CH:CH * 
resorufin. 

Formation. — 1. By heating resazurin with 
cone. H 2 S0 4 at 210°.— 2. By heating resorcin 
with a solution of nitrous acid in H 2 S0 4 (Brunner 

а. Kramer, B. 17, 1847).— 3. By warming nitroso- 
resorcin with resorcin and R,S0 4 (Fevre, Bl. [2] 
39, 593). — 4. By heating resorcin with nitro- 
benzene and H 2 S0 4 at 170°.— 5. By the action 
of zinc-dust on an ammoniacal solution of 
resazurin (Weselsky a. Benedikt, M. 5, 608). — 

б. By boiling resazurin (1 pt.) with FeCl 2 (2 pts.) 
and fuming HClAq (10 pts.) and ppg. with water 
(W. a. B.).— 7. By action of nitroso-phenol on 
resorcin or of nitroso-resorcin on phenol in 
presence of H 2 S0 4 (Nietzki, B. 22, 3020 ; 23, 
718).— 8. By adding Mn0 2 to a solution of p - 
amido-phenol and resorcin in cone. H 2 S0 4 . 

Properties. — Small dark-red grains (from 
dilute HClAq), insol. water and ether, si. sol. 
alcohol. Forms a bluish- violet solution in H 2 S0 4 . 
Alkalis form a crimson solution with scarlet 
fluorescence. 

Reactions— 1. Reduced by tin and HClAq 
or by zinc and HClAq to dioxy-phenoxazine 
CjjH^NO,, crystallising in nearly colourless 
needles, which soon become green in the air, and 
yielding C^H^ACaNO* [216°] crystallising in 
colourless needles, si. sol. hot alcohol.— 2. Bro- 
mine added to the alkaline solution yields the 
sodium salt CjjHjB^NOaNa 2aq, crystallising in 
lustrous green needles.— 3. Nitric acid (S.G.1*37) 
forms a body crystallising in green needles, 
forming a purple solution in water, alcohol, and 
ether. This body is probably tri-nitro-resorufin. 
4. Fuming HC1 at 100° forms * azoresorufyl 
chloride’ C 24 H,„C1 4 N 2 0 4 (?) crystallising in red 
plates, sol. ether (Brunner a. Kramer, B , 17, 
1857). Its alkaline solution exhibits red 
fluorescence. 

Acetyl derivative CjjH^cNO^ [223°]. 
Formed by heating resorufin with Ac 2 0 and 
NaOAc. Orange scales, v. sol. acetone, sL sol. 
alcohol aci ether. 
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Ethyl ether CjjH^EtNO,. [225°]. Orange- 
red needles (Nietzki). 

Nitroso-resorcin v. vol. iii. p. 619. 

Diresoroin v. Tetra-oxy-diphenyl. 
References.— Amoo-, Amido-di-imido, Bromo-, 
Di-bromo-amido, Bromo-nitro-, Chloro-, IODO-, 
Dliodo-nitbo-,Nitbo-,Nitbo-amido-, and Nitboso- 

REBOBCIN. 

RESORCIN- AZO- v. Azo- compounds and 
Disazo- compounds. 

RESORCIN -BENZElN v. Tetra-oxy-tri- 

FHENYL- CARBIN 0L. 

RESORCIN CARBOXYLIC ACID v. Di-oxy- 

BENZOIO ACID. 

Besoroin (a)-dicarboxylic aeid 

[276°]. Formed, together 
with di-oxy-benzoio aoid, by heating resorcin 
(1 pt.) with ammonium carbonate (4 pts.) and 
water (5 pts.) in a sealed tube (Senhofer a. 
Brunner, Bn. 2, 1266). Minute tables (from 
water), v. si. sol. hot water. Fed, colours its 
aqueous solution red.— KHA" aq : needles. — 
K^A^Saq : needles, v. e. sol. water. — BaA" 5Jaq: 
needles.— CuA" 5 Jaq. — Ag^A" : amorphous pp. 

Besoroin (0) -dioarboxylio aoid 
C fl H2(0H) 2 (C0 2 H) 2 . [250°]. Formed by heating 
(1,8, 5) -dioxy-benzoic acid with ammonium car- 
bonate and water (S. a. B.). Four-sided prisms 
(containing aq), si. sol. cold water. Fed, colours 
its solution violet. — K 2 A' ' .— Ba(HA") 2 7 aq. — 
BaA" 4aq : needles. — Ba 2 C g H 2 0 6 2aq (dried at 



C,H 2 (0H) 2 (C0 2 H) 2 [4:2:6:1] (?). [192°]. Formed 
by oxidising the corresponding aldehyde [127°] 
(Tiemann a. Lewy, B. 10, 2212). Slender needles. 

Diresorcin dioarboxylio aoid v. Tetra-oxy- 

DIPHENYL DIOARBOXYLIO ACID. 

BBSOBCIN ALDEHYDE v . Di-oxy-benzoio 

ALDEHYDE. 

Besoroin dioarboxylio aldehyde v. Di-oxy- 

ISOPHTHALIC ALDEHYDE. 

RESORCIN -INDOPH ANE CyH 4 N 4 0 8 . Ppd., 
as E salt, by warming potassium tri-nitro- 
resorcin with aqueous KOy (Schreder, A . 163, 
297). Small lustrous needles, forming a bluish- 
violet aqueous solution. — Na 2 C 8 H 2 N 4 0, aq. — 
KjCgHjN^O, aq : dark-brown laatrouB crystals, 
exploding when heated. — Ba0 9 H 2 N 4 0, aq. 

DIRESORCIN- PHTHALEtN 0,^0,* 5Jaq 
(Link, B. 13, 1654) or Oj^H, 2 O g (Benedikt a. 
Julius, M. 6, 182). [245°]. Formed by heating 
diresoroin (tetra-oxy-diphenyl) with phthalic 
anhydride and SnCl 4 or BLjSO* at 115°. Silvery 
plates or needles, forming an indigo-blue solu- 
tion in alkalis. Converted by heating with zinc- 
dust and caustio soda into diresorcin-phthalin 
CjKHftOjo 8^aq (L.) or C 80 H 14 O g 2aq (B. a. J.), 
crystallising from water in colourless plates 
[238°], forming a colourless solution in alkalis. 

RESORCIN SULFHONIC ACID 
C^afOHMSOaH). Formed by potash-fusion 
from the aisulphonic acid (H. Fischer, M. 2, 
387).— KA' 2aq : crystals. 

Resorcin disulphonic acid 
Prepared by sulphonation of resorcin (riccard a. 
Humbert, B. 9, 1479 ; Tedesohi, B. 12, 1267). De- 
liquescent needles (containing 2aq), sol. water 
and alcohol, insol. ether. FeCl* gives a red 
colour. Gives phloroglucin on fusion with 


potash. Bromine forms tri-bromo-resoroin even 
in the cold. — KjA" aq : needles. — K*A" 4aq : deli* 
quescent needles. — Na 2 A" aq. — BaA" 3aq. — 
BaA" 3£aq.— Ba 2 C 8 H 2 S 2 0 8 4aq.— CuA" lOaq: tri- 
clinic crystals.— BajCgB^SjjOgSaq: crystals. — 
Pb. 2 C 8 H, 2 S. 2 0 9 4aq. 

Resorcin disulphonic acid 
GgBL^OHJ^SOjH)*. Formed from di-amido- 
benzene disulphonic acid by the diazo- reaction 
(Limpricht, B. 8, 290). Long four-sided needles. 
BaA" 2aq : crystalline pp., got by adding alcohol 
to its aqueous solution. 

Besoroin trisulphonic acid 0 8 H(0H) 2 (S0,H) s . 
Formed by heating thp disulphonic acid with 
fuming H 2 S0 4 at 200° (Piccard a. Humbert, B. 
10, 182). In neutral solution it gives a violet 
oolour with FeCl,. — BajA'",, 8.iaq. Insol. water 
and HClAq. 

References . — Iodo-, Nitro-, and Nitroso- 

BE80RCIN 8ULPH0NI0 ACID. 

RESORCYLIC ACID v. Di-oxy-benzoio acid. 
RESORCYLIC ALDEHYDE v . Di-oxy-benzoio 

ALDEHYDE. 

Resorcylic dialdehyde v . Di-oxy-isophthalic 

ALDEHYDE. 


RETENE 0„H„ t.«. c H .C a H 2 MePr[l:2:C:3]' 
Mol. w. 234. [98-5°]. (394°) (Sohweizer, A. 264, 
195). V.D. 8-3 (oalc. 8-1) (Knecht, B. 10, 
2074). S. (95 p.c. alcohol) 3 in the cold; 69 at 
78°. S.G. (solid) 1-13 at 16°. H.C.v. 2,823,600. 
H.C.p. 2,326,100. H.F. -13,100 (Berthelot a. 
Vieille, A. Gh . [6] 10, 447). Occurs in scales in 
fossil pine-stems, accompanying fichtelite in 
peat bogs, and is a product of the distillation of 
wood (Fritsche, J.pr. 75, 281 ; Fehling, A. 106, 
388 ; Wahlforss, Z. [2] 5, 73 ; Krauss, A. 106, 
391 ; Ekstrand, Bl. [2] 24, 53 ; A. 185, 75 ; 
Bamberger a. Hooker, A . 229, 115). Produced 
by passing acetylene through a red-hot tube 
(Berthelot, J. 1866, 516). White plates, sol. 
alcohol, v. sol. hot HOAc, ether, and CS 2 . Not 
attacked by potash -fusion or by alkaline KMn0 4 . 
Dissolved by fuming HNO s . It is not attacked 
by sodium-amalgam or HIAq at 200°. 

Reactions . — 1. Absorbs chlorine , forming 
CjgHuC^, which splits up on heating into HG1 
and chloro-retene G, g H, T Cl, a crystalline body. — 
2. Bromine and water form di-bromo-retene 
G 18 H ir Br 2 [I80°] crystallising from CS 2 in colour- 
less tables. Excess of Br at 100° forms viscid 
0 18 H l8 Br fl and crystalline G, 8 H l4 Br 4 [212°]. — 
8. Oxidised by chromic acid mixture to retene- 
quinone, phthalic acid, and HOAc. GrO t in 
HOAc forms retenequinone, retenioacid G ]8 H )8 0 8 , 
and an acid 0 1# H, 8 0 8 crystallising from hot aloo- 
hol in plates (189°], forming NaA' and B&A' 2 , 
both crystallising in plates. 

Compound with picric acid 
C^H.gCj^NO^OH. [124°]. S. (95 p.c. alco- 
hol) 2*8 at 10°; 20 at 78°. Orange-yellow 
needles (from alcohol). Decomposed by water. 
Crystallises as (0, 8 H 18 )(0 8 H 8 )0 8 H 1 N g 0 T from 
benzene. 

Compound with di-nitro-anthra - 
quinone . Dark orange-red needles (from 
HOAc). 

Tetra-hydride C^H**. (280° at 50 mm.). 
Formed by adding Na to a solution of retene in 
isoamyl alcohol (Bamberger a. Lodler, B. 20 r 
8076). Pale-yellow liquid. 
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Do & tea, -hydride C^H^. (336° uncor.). 

Formed by heating retene with HI and P at 
260° (Liebermann a. Spiegel, B. 22, 780). 
Colourless oil with bluish fluorescence. Yields 
no retenequinone when oxidised by HN0 3 . 

Per hydride C 18 H s2 . [48°]. (335° i.Y.) at 

719 mm. V.D. 8*69 (calc. 8*58). This is pro- 
bably the constitution of fichtelite (Bamberger 
a. Strasser, B. 22, 3361 ; Spiegel, B. 22, 3369 ; 
cf. vol. ii. p. 648). By heating with iodine it is 
converted into C, 8 H S0 (346° cor.) at 714 mm. 
RETENE-FLUORENE v. Methyl-isopropyl- 

FLUORENE. 

RETENE-GLYCOLLIC ACID C 18 H 19 0 3 i.e. 
C 18 H la :C(0H).C0 2 H. Formed by boiling retene- 
quinone with NaOHAq (Bamberger a. Hooker, 
A. 229, 132). White crystals, si. sol. hot water. 
— AgA' : flocculent pp., si. sol. hot water. 

RETENE KETONE v. Methyl-isopbopyl- 

DIPHENYLENE KETONE. 

RETENEQUINONE C 18 H Ifl 0 2 i.e. 

CO C H 

CO C RMePr* Retistenequinone. Dioxy - 

retistene. [192°]. S. (95 p.c. alcohol) *15 at 
0° ; 2*2 at 78°. Formed by oxidising retene 
with CrO s in HOAc (Wahlforss, Z . [2J 5, 73; 
Ekstrand, A. 185, 75 ; Bamberger a. Hooker, B. 
18, 1024 ; A. 229, 117). Orange-red prisms, v. 
si. sol. cold alcohol and ether, si. sol. aniline 
and HOAc, sol. benzene and chloroform. Not 
attacked by Cl in the cold. Not affected by hot 
HNOj. Cone. H 2 S0 4 forms a green solution. 
Alcoholic potash imparts to its alcoholic solu- 
tion a claret colour which disappears on shaking 
with air, but reappears on warming in absence 
of air. 

Reactions.— 1. Bromine forms C, 8 H 14 Br 2 O g 
[262°], crystallising from HOAc in orange prisms. 

2. Cold NaOHAq does not dissolve it, but on 
boiling converts it into retene-glycollic acid. — 

3. On distillation with baryta it yields retene- 
ketone and oily C 21 H 24 (216-220°). — 4. Distilla- 
tion with zinc-dust forms retene. — 5. HI and P 
reduce it to retene.— 6. In boiling alcoholic solu- 
tion it is reduced by sodium-amalgam to retene 
diphenio acid C 18 H, 8 (C 02 H) 2 , an unstable resin 
yielding Ag-jA". — 7. KMnO, forms oxy isopropyl- 
diphenylene ketone carboxylic acid.— 8. Phenyl - 

ene-o-diamine forms 0 U H, 8 <^.*;^>G 8 H 4 , crystal- 
lising in needles [164°], insol. water, si. sol. alco- 
hol, v. sol. ether, resinified by strong acids.— 
9. Alcoholic ammonia added to a solution of the 
quinone in chloroform slowly forms the imide 
0 18 H,„0(NH), crystallising in unstable golden 
needles. — 10. Aqueous S0 2 forms hydroretene- 

quinone 0 l8 H, s <^j crystallising in white 

plates, sol. alcohol ancl alkalis. The same body 
is got by reducing the quinone with Zn and 
NaOHAq. It is oxidised by air to retenequinone. 

Oxim 0 1m H I 8 01N0H). [128-5°]. Golden 

needles (from alcohol), decomposed by acids into 
the quinone and hydroxylamine. Forms green 
compounds with iron mordants (Yon Kostanecki, 
£. 22, 1347). 

RETENE DISULPHONIC ACID 
C l# H l8 (80 8 H) r S. c. 40 in the cold. Formed 
by sulphonation (Ekstrand, A. 185,86). Needles I 
(containing 10 aq), v. sol. water and alcohol. | 
Its aqueous solution is ppd. by H^SO*, forming j 
Vol. IV. 


H 2 A"5H 2 S0 4 , crystallising in hair-like needles. — 
K 2 A"£aq (dried at 100 J ). S. c. 18. Small silky 
needles.— Na 2 A''£aq (dried at 100°). S. c. 40 in 
the cold. — BaA" 6aq. S. 1*6.— SrA" l£aq. S.4.— 
CaA"8aq. S.5. — MgA"2aq (dried at 100°). S.4. — 
CuA'Saq: long needles. S. c. 30.— PbA"aq 
(dried at 100°). S. 2. 

Chloride C 18 H 18 (S0 2 C1) 2 . [175°]. Prisms 
(from HOAc). 

Betene trisulphonio acid C 18 H l;> (S0 8 H) f . 
Got by heating retene with fuming H 2 S0 4 at 
100°. Crystalline mass, v. sol. water, alcohol, 
and ether; not ppd. by H 2 S0 4 .— Ba^A'^ISaq. 
Needles. S. 7.— Pb 3 A"' 2 18aq : slender needles. 

BETENIC ACID C 18 H 18 0 2 . [222°]. A pro- 
duct of oxidation of retene (Ekstrand, A. 185, 
111). Needles (from alcohol), v. sol. alcohol, 
ether, and HOAc. May be sublimed. — NaA ; 
plates, m. sol. water. 

BETINAPHTHA is Toluene. 

BETINDOLE v. Indole. 

BETISTENE is Betene. 

BHAMNETIN is the Methyl ether of 
Quercetin ( q . v .). 

RHAMNiTE C 8 H 14 0 5 i.e. 
CH v CH(OH).CH(OH).CH(OH).CH(OH).CH 2 OH. 
[121°]. [a] D => 10*7°. Formed by reducing isodul- 
cite with sodium-amalgam in a solution kept- 
nearly neutral by H 2 S0 4 (E. Fischer a. Piloty, B . 
23, 3104). Triclinic crystals, with sweet taste, 
v. sol. water and alcohol, si. sol. chloroform, v. 
si. sol. ether. Dextrorotatory. Does not reduce 
Fehling’s solution. 


Wd»8°. 


RHAMNOKEPTOSE C 8 H 18 0 7 
QH(OH).CH(OH).OH(OH).CH, 
CH(OH).CH(OH).CH(OH).CHO* 

Formed by the action of sodium-amalgam 
on the lactone, [c. 160°], [o] D = 65-6°, of hexa- 
oxy-octoio acid, which is formed from rhamno- 
hexose by successive treatment with HCy and 
baryta (Fischer a. Piloty, B. 23, 3106). Sweet 
syrup. Dextrorotatory. Yields C 8 H lt) O ri (N 2 HPh) 
[200°] and C 8 H l4 0 5 (N 2 HPh) 2 [o. 200°]. Con- 
verted by treatment with HCy, followed by 
saponification, into hepta-oxy-ennoio acid 
QH(OH).CH(OH).CH(OH).CH, 
CH(OH).CH(OH).CH(OH).CH(OH).C0 2 IP the 
lactone of which [c. 172°] is hevorotatory 
[«] d =-51°. 

RHAMNOHEXITE C 7 H lfl 0 8 U. 
QH(OH).CH(OH).CH(OH).CH g - 17q0 , 

CH(OH).CH(OH).CH,(OH) [o< 173 ] * 

[a] D - 1 1 *6°. Formed by reducing rhamnohexose 
with sodium-amalgam (Fischer a. Piloty, B. 23, 
8106). Small colourless prisms (from hot al- 
cohol). Does not reduce Fehhng’s solution. 

RHAMNOHEXOSE C 7 H I4 0 8 i.e . 

CH,.C/H(OH).OH(OH).OH(OH).CH(OH ).OH(OH).CHO. 
[181°]. [a] D » —61°. Formed by reducing the 
lactone of isodulcite carboxylic acid with sodium- 
amalgam in acid solution at a low temperature 
(Fischer a. Piloty, B 23, 3104). Small tables, 
si. sol. alcohol. Its aqueous solution * tastes 
sweet. Yields a di-phenyl-di-hydrazide [200°]. 

RHAMNOSE v. Isodulcite. 

RHaTANINE C I8 H u NO,. 8. -8 at 100°. 
S (alcohol) -01 at 15° ; -04 at 78°. Occurs in 
the extract of rhatany root (Witts tein, J. 1854, 
656 ; Huge, Viertelj . d . nat. Oes. in Zurich , 6, 
Heft 3 ; Gintl, Site. W. [2] 60, 668 ; Kreitmair, 
A. 176, 69). Spherical groups of white needle 

D D 
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insol. ether. Not ppd. by lead acetate or sub* 
acetate. Resembles tyrosine. On heating with a 
little solution of Hg(NOJ 2 it becomes rose-red, 
and gives a brown pp. on further addition of 
HgfNO,,)*. Boiling HN0 3 gives a red colour 
changing to blue, and finally to a fluorescent 
green. Sulphuric acid forms a sulphonic acid 
CjoHuNO^SOjH) aq crystallising from alcohol in 
plates yielding BaA' 2 2£aq and BaA' 2 5aq. 

Salts. — H 2 A"HC1: monoclinio prisms, de- 
composed by treatment with water or alcohol. — 
(H 2 A") 2 H 2 PtCl a . — NajjA" : deliquescent amor- 
phous mass. — K jA". — B aA" 2aq.~ SrA" 2aq. — 
CaA". — MgA". — Ag 2 A" : minute needles, si. sol. 
cold water.— HaA^HNOg. — HgA 1 "£[2804 : tri- 
metric crystals. — H 2 A"H s P0 4 : small prisms. 

RHATANITANNIC ACID C^O, (Raabe, 
J, . 1880, 1060). Occurs in rhatany extract from 
the root-bark of Krameria triandra (Wittstein, 
« T. 1854, 656 ; Grabowski, A . 143, 274). Amor- 
phous, sol. water. Reduces Fehling’s solution. 
Gives a dark-green colour with FeCl a . Yields 
phloroglucin and protocatechuic acid on fusion 
with potash. Boiling dilute HjSC^ forms * rha- 
tania-red ’ C-joH^O*, which yields pyrocatechin 
on distillation. 


RHINACANTHIN C I4 H 18 0 4 . Occurs in the 
root of Rhmanthus communis (Liborius, J. 1881, 
1022). Tasteless resin, sol. alcohol. Does not 
form glucose on boiling with HClAq. 

RHINANTHIN C^O*, (L.) or C 54 H M O 40 . 
A gluooside occurring in the seeds of the yellow 
rattle (Rhinantkus crista-galli ), and giving rise 
to the violet colour of bread prepared from rye 
contaminated with these seeds. Occurs also in 
the seeds of Alectrolophus hbrsutus (Ludwig, Z . 
[2] 6, 303; Ar. Ph. [2] 142, 199), and in the 
leaves and stalks of the snap-dragon ( Anti - 
rhinum majus) (Phipson, O. N. 58, 99). Stel- 
late groups of prisms, with bitter-sweet taste, v. 
sol. water and alcohol. Gives a bluish-green 
solution on warming with alcoholic HOI. Re- 
solved by dilute HClAq into brown amorphous 
rhinanthogen and a sugar. 

RHIZOPOGONIC ACID 0^0,. [127°]. 

Obtained from the mushroom Rhizopogon rvr 
bescens by extracting with ether (Oudemans, 
R. T. G. 2, 155). Red needles, insol. water, v. e. 
sol. ether, chloroform, and boiling alcohol. Its 
alkaline solutions are intensely violet. — KA' aq : 
minute dark- violet crystals. 

RHODAMMINES t>. Rhodium-ammonium 
compounds, p. 405. 

RH0DANIDE8, another name for Sulpho - 
cyamdes (a. v . vol. ii. p. 348). 

RHODANIC ACID CgH,NS 2 0 i.e. 

HS.OHpCO.S.ON or ^ (Andreasch, 


M. 10,73). [169°]. Formed by wanning an aqueous 
solution of chloro-acetic acid (1 mol.) with am- 
monium sulphooyanide (3 mols.) (Nencki, J . pr. 
[2] 16, 1 ; B. 17, 2279 ; Ginsberg a. Bondzynski, 
B. 19, 113). Formed also by passing HC1 into 
an alcoholic solution of thioglycollic acid and 
potassium sulphooyanide (Freydl, M. 10, 82). 
Yellow six-sided prisms and tables, v. sh sot 
cold water, v. soL alcohol and ether. Acid in 
reaction. Boiling baryta-water splits it up into 
HOyS and thioglycollic acid. Water at 200° 
forms CO r H-S, NH a , and thioglycollic acid. 
Reacts with aldehydes in presenoe of HOI, form* 


ing compounds of the typeR.CH:C(SH).CO.S.CN. 
Ethylidene-rhodanic acid C 5 H a NS 2 0 [148°] 
forms yellow needles, boI. hot water. Benzyl- 
idene-rhodanic acid C, 0 H 7 NS 2 O [200°] also forms 
yellow needles, converted by hot *H 2 S0 4 (4 pts.) 
into C 10 H 7 NS 2 O 5 , crystallising in needles, yield- 
ing NaA', KA', and NII 4 A', and converted by 
HN0 3 into C, 0 H b N 2 S 2 O 7 , crystallising in yellow 
needles yielding NaA' aq. o-Nitro-benzyhdene- 
rhodanic acid O, 0 H tf N 2 S 2 Ojj [189°] crystallises 
from dilute alcohol, and may be reduced to 
o-amido-benzylidene-rhodanic acid, which yields 
C 10 H 7 AcN 2 S 2 O [280°-285°] and C, 0 H 6 Ac 2 N 2 S 2 O 
[189°]. p-Nitro-benzylidene-rhodanic acid [252°] 
is also crystalline (Bondzynski, M. 8, 857). 
FeClj added to a hot solution of rhodanic acid 
forms a brown pp., from which alcohol extracts 
C # H & N s S a O ? as a brownish-red powder, forming 
a red solution in alkalis. 

Salts. — CuA' 2 aq: yellowish-green amor- 
phous pp. — (C 3 H,NS 2 0) 2 CuCl : golden needles. 

RHODATES. No salts have been isolated 
the acidic radicle of which is composed of Rh 
and 0 ; but there is some reason to think that 
such salts exist in the solution obtained by pass- 
ing Cl into an alkaline solution of Rh 2 (OH) a ; v. 
under Hydrated rhodium dioxide, p. 405. 

RHODINOL C, 0 H |s O i.c. 

CH 2 :C(C 3 H 7 ).CH:CH.CHMe CH 2 OH. (217°). S.G. 

*88. Occurs in German and Turkish oil of 
roses (Eckart, B. 24, 4205). Oxidised by chromic 
acid mixture to an aldehyde, rhodinal, and rhodi- 
nolic acid. P 2 O ft yields a terpene. KMn0 4 forms 
valeric, butyric, acetic, oxalic, and carbonic acids 
and C tt H N O a , possibly an alcohol. 

RHODIUM. At. w. 102-7. Mol. w. unknown. 
Melts at c. 2000° (Pictet, C. R. 88, 1317). S.G. 
12-1 (Deville a. Debray, J. 12, 240). S.H. -05803 
(10° to 97°; specimen contained trace of Ir) 
(Regnault, A. CK [3] 63, 1). C.E. *0000085 at 
40° (Fizeau, G. R. 68, 1125). 

Occurrence. — With the other Pt metals in 
platinum-ore ; the p.c. of Rh varies from 0 to 0. 5 ; 
as much as 12*3 p.c. was found in a South 
American ore by Deville a. Debray (A. Gh. [2] 
29, 187 ; cf. Kern, G. N. 35, 88). 

Del Rio ( v . D. a. D., I.c.) found an alloy of Rh 
and Au in Mexioo, containing from 34 to 43 p.c. 
Rh. Rhodium was separated from the other Pt 
metals in 1803 by Wollaston (T. 1804. 419), at 
the same time as he isolated Pd. The name 
rhodium was given by W. because of the rose- 
colour of the salts a rose). 

Formation.—- 1. By reducing Rh01 s .3NaCLAq 
by Zn, H, formic acid, cfeo. — 2. By strongly heat- 
ing RhCl 8 .3NH 4 Cl. 

Preparation. — Rh is generally prepared by 
adding iron to the mother-liquors from which 
Pt has been extracted (v. Platinum, this vol. p. 
286), and then treating the solid so ppd. The 
processes for the treatment of this residue are 
many ; that described here is the one employed 
by Claus (J. pr. 85, 129), and by Gibbs (J. pr. 84, 
65 ; 94, 19), and is a modification of Glaus's 
older method (cf. Deville a. Debray, G. R. 78, 
1782). The platinum-residue — which contains 
Rh, Ru, Pd, Ir, Or, Cu, and Pb — is fused at a 
bright red heat with 1 pt. Pb and 1 pt. PbO ; 
the regulus, after separation of slag, is treated 
with nitric acid (equal vols. cone, acid and water) ; 
the insoluble residue is washed, dried, and mixed 
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with its own weight of NaCl, and this mixture 
is heated to low redness, in a large porcelain 
tube, in a stream of 01, for some time ; the 
treatment with NaCl and 01 is repeated ; after 
cooling, the contents of the tube are lixiviated 
with water, when RhClj.SNaCl dissolves with 
small quantities of the corresponding salt of Ir 
and traces of some of the other metals. The 
solution is heated with HNO^Aq, to transform 
IrCl s into Ir01 4 , and Ir is then removed, as 
IrCl 4 .2AmCl, by fractional ppn. with cone. 
AmClAq. The filtrate from the last pp.* of 
IrCl 4 .2AmCl, which is almost quite free from all 
metals except Rh, is evaporated to dryness with 
HN0 3 Aq, to decompose the AmCl ; the residue is 
mixed with 8 or 4 times its weight of S, and 
heated to bright redness in a oovered porcelain 
crucible, which is packed in powdered charcoal 
in a larger earthen crucible. The regulus thus 
•obtained is boiled for some time with aqua, 
regia , and then with cone. H 2 S0 4 ; it is then 
fused, at a low red heat, with 3 or 4 pts. Zn, 
whereby an alloy of Rh and Zn is formed, with 
the production of so much heat that part of the 
Zn is volatilised. After cooling, the alloy is 
■digested with cone. HClAq, to remove impurities, 
and is then dissolved in aqua regia . NH 3 Aq is 
added to this solution till the pp. which forms 
has dissolved; the solution is boiled, and evapo- 
rated until yellow Rh 2 (NH 3 ) |0 Ol a separates ; the 
whole is then evaporated to dryness at 100°, and 
the residue is treated with warm dil. HClAq 
until the washings show no yellow colour; the 
residue is dissolved in boiling water, and the 
liquid is filtered, hot, into dil. HClAq ; the small 
yellow crystals of Rh 2 (NH 3 ) I0 Cl a which separate 
are re-crystallised several times from hot, dil. 
NH„Aq, whereby the salt is obtained quite pure. 
The pure Rhj(NH 3 ) I0 Cl 6 is decomposed by heat- 
ing strongly in a graphite crucible, and the Rh 
thus obtained is fused in a lime crucible in the 
O-H flame (v. vol. iii. p. 642). The fusion re- 
moves the last traces of Os and Si. For other 
methods of preparing Rh v. Bunsen, A . <146, 
265 ; Fremy, O. R. 88, 1008 ; Lea, Am . S. 88, 81, 
248 ; Schneider, P. Supp. 5, 261 ; Philipp, D. P. J . 
220, 95 ; Martius, A. 67, 357 ; Wilm, Bl. [2] 34, 
fi79. 

Properties . — A very hard, white metal, with 
a tinge of blue-grey ; about as ductile and malle- 
able as Ag. Melts only in the full O-H flame, 
without volatilising ; Bpits on cooling ; is super- 
ficially oxidised when very strongly heated in 
air. Insoluble in acids when compact, but the 
finely divided metal ppd. from solutions is sol. 
HN0 3 Aq, and also si. sol. HClAq in presenoe of 
air (Wilm, Bl. [2] 34, 679). Alloys of Rh with Bi, 
Cu, Pb, Pt, or Zn are attacked by HNO,Aq. Rh 
is obtained as a black porous solid by reducing 
solutions of Rh compounds by Zn, Hg, EtOH, 
or HC0 2 H (v. Claus, J. pr. 85, 139 ; Wilm, he.). 
The finely divided Rh obtained by heating the 
purpureochloride takes up c. 13 p.c. O when 
heated in a stream of air (RhO requires 13-5 p.c. 
0), and the O is given up by heating in H. 

In its chemical relationships Rh is closely 
allied to Ru and Pd, and less closely to Os, Ir, 
and Pt ; v. Noble metals, vol. iii. p. 628. 

The at. w. of Rh has been determined (1) by 
'analyses of RhCl^KCl (Berzelius, P. 13, 442 
[1828]); (2) by analyses of a large number of 


different Rh compounds (Claus, J. pr. 85, 139 
[1862]) ; (3) by analyses of Rh 2 (NH 3 ) 10 Cl 3 and 
Rh 2 (NH 3 ), 0 Br a (Jdrgensen, J.pr. [2] 27, 433,489 
[1883]); (4) by reducing pure Rh 2 (NH 8 ) 10 Oi fl in 
H, and determining the residual Rh (Seubert a. 
Kobb6, A. 260, 314 [1890]) ; (5) by determining 

5. H. of Rh (Regnault, A. Oh. [3] 63, 1). No 
oompound of Rh has been gasified. The older 
values for at. w. of Rh varied from 104*3 to 103. 
Seubert a. Kobbd have shown that the true value 
is less than 103. 

Reactions and Combinations .— 1. Rhodium 
black heated in air combines with O to form 
RhO, according to Wilm (B. 15, 2225). Leidi6 
(Bl. [2J 50, 664) says that the products contain 
from 14*5 to 17*8 p.c. O (RhO requires 13*5 p.c. 
O).— 2. Oxidised to Rh 2 0„ and then to RhO* 
by fusion withpotash aivd nitre (Claus, l.c.) ; also 
by heating strongly with barium peroxide (D. a. 
D., l.c.). — 8. Fusion of Rh black with potassium - 
hydrogen sulphate produces what is probably a 
double Rh-K sulphate (Claus, lx.).— 4. Heated 
in chlorine to o. 400°, RhCl 8 is formed (v. Leidid, 
Bl. [2] 50, 664). — 5. Mixed with sodium-chloride 
and heated in chlorine , RhCl,.3Na01 is produced; 
KC1 and Cl, and Bad, and 01, act similarly 
(Berzelius, P. 13, 435 ; Bunsen, A. 146, 266). — 

6. RhS is formed by heating Rh black in 
vapour of sulphur (B., l.c.).— 7. Rh dissolves in 
molten phosphoric acid (Fischer, P. 18, 257), 
also in molten acid phosphates (Rose-Finkner, 
Hand. d.anal.Chem. 6th ed., 1,864).— 8. Finely- 
divided Rh dissolves in molten zinc (J6rgensen, 
J.pr. [2] 27,433, 489).— 9. Hydrogen is absorbed 
in large quantities by Rh. The finely divided 
metal obtained by heating RhCl a .8AmOl becomes 
sensibly hot when H is passed over it (Wilm, 
lx.). — 10. Rh black decomposes chlorine water , 
forming HClAq and O, and solutions of hypo- 
chlorites , forming chlorides and O (Jdrgensen, 
lx.). It also decomposes hydrogen peroxide , 
giving off O. — 11. Rh black decomposes formic 
acid solution to H and C0 2 ; alcohol in presence 
of alkali is oxidised to alkali acetate, and H is 
given off, at c. 80° (D. a. D., A. Ch. [2] 29, 137 ; 
56, 385 ; cf. Hoppe-Seyler, B. 16, 117).— 12. When 
Rh black obtained by heating RhCl,.3AmCl is 
heated in coal-gas , or in ethylene , the volume of 
the Rh increases and O is absorbed (Wilm, Bl. 
[2] 84, 679). 

Detection. — Rh may be brought into solution 
in water, either by repeated fusion with KHS0 4 , 
or by mixing with NaCl and heating to low red- 
ness in Cl. To detect Rh in solution, Demarqay 
( C . R. 101, 951) recommends to add AmCl to a 
neutral, or an almost neutral, solution which 
has been boiled with HClAq, then to add fairly 
cone, freshly prepared NaClOAq, and then a 20 
p c. acetic acid solution, drop by drop, with 
constant shaking, till any pp. formed by the 
NaClOAq dissoves to an orange-coloured solu- 
tion ; on standing, this solution decolourises, 
deposits a greyish pp., and finally acquires an 
intense sky-blue colour, which remains for some 
time. Free HNO, or R 2 S0 4 should be absent, 
not much acetio acid should be added, and the 
temperature should not be raised. By taking 
two equal portions of the liquid to be tested, 
diluting one with water to the same bulk as the 
other occupies when the reagents are added, 
and oomparing the two, *00019 g. Rh can be 
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detected in 3 c.c. liquid. The other Pt metals 
give no reaotion with NaClOAq under the above 
conditions. 

Rhodium, alloys of. Eh alloys with many 
metals, by fusion with them. Some of the 
alloys seem to have definite compositions, e.g. 
Bhjpb and RhZiig. Descriptions of the alloys 
will be found in the papers referred to: — As 
(Wollaston, T. 1804. 419) ; Bi (W., Lc.) ; Au (W., 
lx. ; van Riemsdyk, J, . 1880. 1269) ; Fe (Faraday 
a. Stodart, G. A . 66, 167) ; Pb (Debray, G. R. 
90, 1195 ; Deville a. D., C. R. 44, 1101 ; 94, 1557) ; 
Pt (D. a. D., lx.) ; Ag (W., lx.) ; Sn (D., lx. ; 
LeidiS, C. R. 106, 1076); Zn (D. a. D., l.c. ; 
Bunsen, A. 146, 271 ; Jorgensen, J. pr. [2] 27, 
434). 

Rhodium, ammonio-salts of, v . Rhodium- 
ammonium compounds, p. 405. 

Rhodium, chlorides of. The only chloride 
of Bh which has been isolated with certainty 
is RhClj. The lower chloride RhCl, probably 
exists. 

Rhodium diohloride RhCLj. This chloride 
probably exists. Berzelius obtained a greyi sh- 
red powder, to which he gave this composition, 
by heating Rh in Cl, warming the product with 
KOHAq, and treating the hydrated oxide so 
formed with HClAq, when RhCl s dissolved and 
RhCl 2 (?) remained (P. 13, 437). According to 
Fellenberg (P. 50, 63) RhCl, is obtained, as a 
rose-red powder, insol. water, HClAq, or HNOsAq, 
undecomposed by KOHAq, by heating Rh8 in Cl. 
Claus (J. 1855.423) and Leidi6 (C. R. 106, 1076 ; 
107, 234) regard the existence of RhCl 2 as un- 
proved. According to L., no substance of con- 
stant composition is obtained by F.’s method. 

(?) Double salt, Am 4 RhCl a .a;H 2 0. The com- 
pound to which Wilm gave this composition, 
and which he said was obtained by adding AmCl 
to RhCl,Aq in presence of much aqua regia ( B . 
16, 3033), is almost certainly identical with 
Am s RhCl a .NH 4 NO s .3 |EL z O, obtained by Leidi6 ( v . 
Ammonium chlor-rhodite, infra). 

Rhodium trichloride RhCl„ (Rhodo- 
chloride. Rhodo-rhodic chloride , RhCL^.RhCl^ 
Rhodium sesquichloride , Rh 2 Cl 8 ). RhCl g is 
the simplest formula possible, but it is not 
necessarily molecular. Leidi6 (C. R. 106, 
1076; 107, 234) prepared RhCl, by heating 
the alloy RhSn„ in a rapid stream of dry, air- 
free Cl at the B. P. of S, until SnCl 2 ceased to be 
formed, allowing to cool, and removing Cl by a 
current of C0 2 . The chloride is thus obtained 
as a sealing- wax-red powder. The alloy RhSn s 
is formed by fusing 1 part finely divided Rh 
with 30 to 50 parts Sn, and treating the product 
for a day or two with fairly cone. HClAq at 0° 
(Debray, C . R. 104, 1470, 1577). RhCl s was 
also formed by Jdrgensen (J. pr. [2] 27, 433) by 
heating Cl^Rh^NH,,)^^ in a stream of Cl. 
Leidie (Bl. [2] 50, 664) says that RhCl 3 is not 
obtained pure by Claus’ method of heating Rh 
in Cl, as part of the RhCl 8 is decomposed at the 
temperature which must be employed to cause 
combination of Rh and Cl. Leidi6 (l.c.) could 
not obtain pure RhCl, by heating Rh 2 S 8 in Cl, 
nor by heating the double chlorides of Rh and 
alkali metals with H,S0 4 , as recommended by 
Claus ; in the latter reactions I*, obtained alkali 
sulphate and Rh 2 (S0 4 ) 3 . RhCl, is a red powder, 
inaol. water and acids ; decomposes to Rh and 


Cl at c. 450°-500° (L., lx.). When moist RhCl, 
is heated in vacuo , or in a stream of N, it is 
partially decomposed at 100°, and wholly at 360°, 
to Rh 2 O s and HC1 (L., lx.). Slowly reduced by 
H at low redness (v. Claus, J. 1855. 423). 

Hydrate of rhodium trichloride* 
RhCl 3 .4H 2 0. Said to be formed by Claus (l.c.y 
by dissolving freshly ppd. Rh(OH) 3 in HClAq, 
and evaporating ; by Berzelius ( P . 13, 437) by 
decomposing K 3 RhCl e Aq by H 2 SiF a Aq, filtering, 
and evaporating. Described as a dark-red, glassy , 
delftjuescent solid; e. sol. alcohol, insol. ether. 
Leidi6 (Bl. [2] 50, 664) could not obtain this, 
nor any definite, hydrate of RhCl 9 . 

Double salts. G hloro-rhoditcs 
RhCl a .3MCl, or M 3 RhCl a . M =» Am, JBa, £Pb, Hg,. 
K, Ag, Na. AI 30 M 2 RhCl 5 ; M = ?Am, and K. 

Ammonium chlor-rhodite 2Am 3 RhCl eJ .3H 2 0 
(Ammonium-rhodium trichloride ). Large, red, 
rhombic prisms (v. Keferstein, P. 99, 275) ; by 
adding cone. HClAq to Na,RhCl a Aq, filtering 
from NaCl, and adding cone. AmClAq (Claus,, 
l.c.; Wilm, B. 16, 3033 ; Leidie, l.c.). Sol. water, 
or dil. AmClAq ; insol. alcohol. The salt 
Am 2 RhCl 5 .H 2 0, Baid to be formed by heating a 
solution of the preceding salt (Vauquelin, A. Ch. 
93, 204), could not be obtained by Leidie (l.c.). 

Double salt with ammonium, 
nitrate, 2(Am„RhCl a .NH 4 N0,).7H 2 0. Obtained, 
as violet-red crystals, by adding HNO s Aq to- 
Am s RhCl a Aq, and then excess of AmClAq, con- 
centrating, and drying the crystals in vacuo . 
Scarcely sol. HN0 3 Aq ; when boiled with water 
gives off same gases as are obtained by boiling, 
AjnClAq with aqua regia. 

Potassium chlor-rhodites (1) K„RhCl a .3H,0. 
Dark-red triclinic prisms; by adding cone. 
KClAq to RhClgAq, and allowing to evaporate 
(Claus, l.c.). Obtained by Seubert a. Kobb6 (B. 
23, 2556) by saturating the filtrate from the salt. 
KJthClj (infra) with HC1, filtering from KC1, 
and evaporating. Leidie (lx.) failed to obtain 
this salt. 

(2) KjjRhC^.^O (no water, according to L.). 
Brown triclinic prisms, si. sol. water. Gives Rh, 
KC1, and Cl when heated to redness. Formedi 
by heating a mixture of 1 part spongy Rh with 
2 parts KC1, in a stream of Cl, so long as Cl is 
absorbed, dissolving in water, filtering, and 
evaporating under reduced pressure (S. a. K.^ 

I.C.). 

Sodium chlor-rhodite Na,RhCl a .9H 2 0. Pre- 
pared like the K salt (Berzelius, Claus, Leidi6). 

The lead, mercurous , and silver salts are 
obtained by adding PbfNO^jAq, HgNO a Aq, or 
AgNOjAq, to solution of an alkali salt (Claus,. 
l.c. ). The barium salt is obtained like the K 
and Na salts (Bunsen, A 146, 276). Compounds 
of RhCl, with methylamine chlorides are de- 
scribed by Vincent (Bl. [2] 44, 513). 

Rhodium, cyanides of, and derivatives, v. voL 
ii. p. 346. 

Rhodium, hydrosulphide of, 
RhS 8 H 3 (=»Rh 2 S 8 .3H 2 S). A brownish - black, 
voluminous pp., obtained by passing H^S into 
solution of a Rh salt at c. 100° (Leidi6, Bl. [2] 
50, 664). Insol. acids, or alkali sulphide solu- 
tions ; decomposed by Br and aqua regia. Givea 
off H 2 S, and forms Rh 2 S 8 when boiled with much, 
water in N, or when heated* with water in a» 
sealed tube to 100°* 
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Rhodium, hydroxides of, v. Rhodium oxides 

KND HYDRATED OXIDES. 

Rhodium, iodide of. The black substance 
obtained by Jorgensen in making Rh 2 (NH a )„I 6 
»(D. IODOPU IIP UREORHODIU M IODIDE, p. 406) Was 
probably Hhl a ; analysis gave 21*8 p.c. Rh, the 
formula requiring 21*3 p.c. According to Claus 
>(l.c.) an iodide of Rh is formed when KIAq is 
•added to solution of a salt of Rh. 

Rhodium, oxides and hydrated oxides of. 
Rh and 0 combine, when Rh is strongly heated 
in 0, probably with formation of RhO. The 
only oxides of Rh which have been isolated with 
certainty are Rh 2 0 8 and Rh0 2 ; RhO also pro- 
bably exists, and there are indications of the 
iormation of RhO s . The hydrated oxides, or 
hydroxides, are Rh,0 3 .3H 2 0 [ = Rh(OH) 8 ], and 
Rh0 2 .2H 2 0 [ = Rh(OH)J. 

Rhodium monoxide RhO (Rhodous oxide). 
Probably formed when Rh black is heated in a 
stream of air (Wilm, B. 15, 2225). Leidie (Bl. 
(2] 50, 664) says that from 14*5 to 17*8 p.c. 0 is 
taken up ; RhO requires 13*5 p.c. 0. The grey 
powder obtained by heating Rh(0H)„was looked 
on by Claus as probably RhO. Devilie a. Debray 
(A. Ch. [3] 61, 83) obtained what they regarded 
as RhO containing a little PbO by melting Rh 
with PbO, Pb, and borax, cupelling, and treating 
the residue with HN0 3 Aq. RhO is said to be 
fairly easily reduced to Rh by heating in H. 

Rhodium sesquioxide Rh 2 0 8 (Rhodo-rhodic 
oxide). This oxide may be formed when Rh 
black is heated to redness in air. Leidi6 found 
from 14*5 to 17*8 p.c. 0 taken up (Bl. [2] 50, 
<J64) ; Rh 2 0 8 requires 18*92 p.c. 0. Rh 2 0 8 was 
obtainod by Claus ( J . pr. 76, 24 ; 80, 282 ; 85, 
129) by heating Rh(N0 8 ) 8 in a Pt crucible till 
oxides of N ceased to come off ; also by fusing Rh 
with Ba0 2 and Ba(N0 8 ) 2 . Fremy (A. Ch. [3] 44, 
-385) says that Rh/) 8 is produced by heating 
Na 3 RhCl a to redness in a stream of 0. Rh 2 0 8 is 
also formed by heating Rh0 8 H 8 . Rh 2 0 3 formB a 
grey solid ; insol. acids ; reduced by H to Rh 
<(Claus, l.c.). Fremy obtained it as lustrous, 
metal-like, crystals, somewhat volatile when 
heated in a stream of 0, which decomposed 
ClAq giving HClAq and 0. 

Hydrated rhodium sesquioxide. (1) 
Rh 2 0 8 .3H 2 0 (Rhodo-rhodic hydroxide , RhO s Hs). 
A black gelatinous pp. formed by adding excess 
of KOHAq, and a little alcohol, to Na 8 RhCl„Aq. 
SI. sol. cone. HClAq (Claus, l,c.). (2) Rh 2 0 8 .5H 2 0 
-( Hydrated rhodo-rhodic hy dr oxide , Rh 0 8 H 3 .H 2 0 ) . 
■Obtained by adding KOHAq to solution of RhC31 8 , 
the latter being in excess, allowing to stand till 
the pp. is citron-yellow (the first rose-red pp. 
•contains the hydrate mixed with KgRhClJ, and 
washing with hot water (Claus, l.c.). The whole 
of the KOH cannot be removed from the pp. 
by washing. Sol. HClAq, HNOgAq, KjSChAq, 
HjjSOjAq, and when freshly ppd. also in acetic 
&cid. Also sol. cone. KOHAq, but reppd. on 
dilution (Descotils, Qm.-K. 8, 1261). Said by 
Leidi6 ( C . R. 107, 234) to be sol. in solution of 
alkali hydrogen oxalates. Solutions of this hy- 
drate in acids yield the salts RhgSX on evapora- 
tion; X«2NO a , C 2 0 4 , S0 4 , S0 8 , &c. 

Rhodium dioxide Rh0 2 (Rhodi- or rhodic 
oxide). A brown solid ; obtained by repeatedly 
fusing finely divided Rh with KOH and KNO r j 


Insol. acids, or boiling KOHAq. Reduced to Rh 
by H at a high temperature (Claus, l.c.). 

Hydrated rhodium dioxide Rh0 2 .2H 2 0 
(Rhodic hydroxide , Rh0 4 H 4 ). Obtained by Claus 
(l.c.) by leading Cl into a solution of Rh 2 0 a .5H 2 0 
in KOHAq till a dark-brown gelatinous pp. was 
formed, then adding pieces of KOH from time to 
time, and continuing the passage of Cl until pp. 
became more compact, and green, and the solu- 
tion became blue-violet. A greenish solid, sol. 
HClAq, forming a greenish-blue solution, which 
evolves Cl and becomes the deep-red colour of 
RhCl 3 solution (cf. Jorgensen, J. pr. [2] 27, 
446). 

Rhodic acid and rhodates (?). The 
blue- violet solution obtained by passing Cl into 
Rh 2 0 3 .5H 2 0 in KOHAq (supra) is fairly per- 
manent, but after some time it ppts. a blue 
powder, gas is given off, and the liquid becomes 
colourless. When the blue powder is dried it 
becomes green Rh0 2 .2H 2 0. A blue pp. is also 
obtained by carefully neutralising the blue- 
violet solution byHN0 8 Aq; this powder, when 
moist, is sol. HClAq, with evolution of Cl ; on 
heating, more Cl is evolved, and the liquid be- 
comes the red colour of RhCl, solution. Claus 
(l.c.) regarded the blue-violet solution as contain- 
ing potassium rhodate, and the blue pp. he 
looked on as rhodium trioxide or rhodic anhy- 
dride , RhO„. 

Rhodium, salts of. But few salts are known 
obtained by replacing H of oxyacids by Rh ; the 
chief are nitrate, nitrite, oxalates, phosphates, and 
sulphates ; a few double salts are also known. 

Rhodium, sulphides of. Rh and S combine 
when heated, probably forming RhS. Rh 2 S 8 is 
formed by ppn. from Rh salts. 

Rhodium monosulphide RhS (Rhodous sul- 
phide). Said by Berzelius to be formed by heat- 
ing finely divided Rh in S vapour ; also, accord 
ing to Vauquelin (A. Ch. 88, 167), by heating 
Am 3 RhCl 6 with S. Fellenberg (P. 50, 63) ob- 
tained RhS by heating dry Rh 2 S 8 in C0 2 (?). A 
white-blue, lustrous solid ; heated in air gives 
spongy Rh ; heated in Cl forms RhCl 2 and SaCl^ 
(F., l.c.). RhS is insol. aqua regia, according to 
Debray (C. R. 97, 1333.) (v. also Gibbs, J. pr. 91, 
171 ; Lecoq de Boisbaudran, C. R. 96, 152). 

Rhodium sesquisulphidb Rh 2 S 8 (Rhodo- 
rhodic sulphide). Formed, by passing H^S into 
solution of a Rh salt, as a black pp. according 
to Leidi6 (C. R. 106, 1076, 1533) the pp. is 
RhaSj.SHaS (v. Rhodium, hydrosulphide of, p. 
404), which becomes Rh 2 S 3 by heating for some 
time with water at 100°, in a closed vessel or in 
N. Leidi6 (l.c.) obtained Rh 2 S 8 , in black crystal- 
line tablets, by heating RhCl* to 360° in a stream 
of H 2 S ; according to L., this is the only method 
whereby pure Rh 2 S 8 can be prepared. Loses 
8 p.c. S when heated in N to dull redness ; all S 
expelled only in O-H flame (L., l.c.). Insol. al- 
kali solutions; not acted on by HClAq, HNO,Aq, 
BrAq, or aqua regia (L., l.c.). Forms the 
double salt Rb 2 8„.3Na 2 S, by adding excess 
of cone. Na 2 SAq to Na,RhCl 6 Aq ; decomposed by 
water, stable in presence of excess of alkali 
sulphide (Leidi6, lx.). M. M. P. M. 

RHODIUM . AMMONIUM COMPOUNDS. 
( R hodamrmnes . Ammoniacal rhodium bases.) 
When a solution of Rh in aqua regia is eva- 
porated with excess of NH*Aq a compound 
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Rh 2 Cl 6 .10NH 3 is obtained. By treating this 
body with moist Ag 2 0 and water in the oold 
Bh 4 Cl 4 O 8 H 2 .10NH s iB formed; if heat is used, 
the product is Rh 2 O a H a .10NH s These com- 
pounds react as definite salts, which exchange 
their more negative radicles without losing Rh 
or NH a . The classification of the rhodium- 
ammonium compounds generally adopted is 
similar to that used for the Cr and Co com- 
pounds (v. vol. ii. pp. 158 and 222). In the 
following general formulas M and X represent 
negative radicles, whioh may be the same or 
different : 

M 2 .Rh 2 .10NH 9 .X 4 or N 4 H a (NH 4 ) a (Rh 2 M 2 ).X 4 
Purpureo-rhodium series . 
Rh,.10NH 8 .X fl .2H 2 O or N 4 H a (NH 4 ) a Rh 2 .X a .2H 2 0 
Roseo-rhodium series . 

Rh 2 .12NH 3 .X a or 

Luteo-rhodium series . 

The Rh compounds were investigated by 
Berzelius (Lehrbuch, 6th ed., 8, 956) ; Vauquelin 
(A. Ch. 88, 167); Claus (Beitrdge zur Chemie 
der Platinmetalle , Dorpat, 1854) ; and more 
recently by Jorgensen (J nr. [2] 27, 633 ; 34, 
394; 44,48). 

I. PURPUREO- RHODIUM COMPOUNDS 

M2.Rh3.lONH3.X4. Changed to roseo salts, with- 
out loss of NHg, by boiling with alkali solution. 
The two atoms of radicle represented by M 2 are 
not removed by the ordinary reagents for remov- 
ing this radicle from salts. 

Chloro-purpureo - aertc8(J5rgensen,Z.c.). 

Chloropurpureorhodium chloride 
Cl 2 .Rh 2 .10NH a .Cl 4 . This salt is prepared by 
dissolving the alloy RhZn 2 in aqua regia , 
evaporating to dryness, treating the residue 
with water, filtering, adding excess NH,Aq, 
evaporating to dryness at 100°, heating with 
dil. HClAq, and filtering while hot ; the insoluble 
salt is washed with dil. HClAq, dissolved in 
boiling water, and the hot solution is filtered 
into HClAq (1:1 by volume); the purpureo- 
chloride whioh separates is washed with dilute 
HClAq, and then with alcohol. Small lustrous 
yellow rhombic crystals; isomorphous with 
chloropurpureo -cobalt chloride (v. Tops6e, J . pr . 
[2] 27, 488; Keferstein, A. Ch. 99, 275). S.G. 
2*079 at 18°. S. *56 cold water, considerably 
more sol. hot water. Sol. without decomposi- 
tion in hot cone. H 2 S0 4 , also in boiling NaOHAq. 
Easily reduced to Rh, but not acted on by 
such oxidisers as aqua regia or HClAq and 
KC10 S . Heated in C0 2 gives Rh, NH 4 C1, NHg, 
and N ; heated in H, gives Rh, NH 4 C1, and NH S ; 
heated in HC1 gas, gives Rh and NH 4 C1 ; heated 
in Cl gives RhGl* and NH 4 C1. Reacts with 
various substances to exohange Cl 4 for equi- 
valent quantities of other negative radicles. 
Combines with PtCl 4 to form the double salt 
Cl # .Rh 2 .10NH s .Cl 4 .2PtCl 4 . 

Chloropurpureorhodium hydroxide 
Cl 2 .Rh 2 .10NH ? .(OH) 4 . Known only in solution, 
which is obtained by rubbing the chlorochloride 
with a little water and moist Ag 2 0 for a few 
minutes, and filtering. Reacts strongly alkaline ; 
gives salts by neutralisation with various acids. 
After warming, the solution contains roseo- 
chloride, and hydroxide Rh r 10NH3.Cl 2 (OH) 4 , 
along with Rh 2 .10NH,.(OH) g , and gives a pp. 
with AgNO a Aq. 

The other salts of this series are the 


chloro-carbonate M(C0 8 ) 2 .2aq, chloro-nitrat # 
M(NO s ) 4 , silicofluoride M(SiF„) 2 , and chloro* 
sulphates M(S0 4 ) 2 .4aq and ^3(804)2.811,804. 
M = CL,.Rh r 10NH 9 . 

Bromopurpureo • series (JCrgensen, lx.). 
Bromopurpureorhodium bromide 
Br 2 .Rh 2 .10NHj.Br 4 . Deep-yellow rhombic crys- 
tals ; S.G. 2*65 at 17*5° ; scarcely sol. water. 
Prepared similarly to the chlorochloride, using 
HBrAq in place of HClAq ; also by dissolving 
the chlorochloride in 7 p.c. hot NaOHAq, digest- 
ing for about an hour at 100°, adding excess- 
cone. HBrAq, washing the pp. which forms with dil, 
HBrAq and then with alcohol ; also by saturating 
solution of roseo-hydroxide, Rh 2 .10NH s .(OH) a , 
with dil. HBrAq and heating for some time at 
100°. Forms a double salt with platinio 
bromide, Br 2 .Rh 2 .10NH3.Br,.2PtBr 4 . The bromo- 
nitrate , Br 2 .Rh 2 .10NH v (NO 3 ) 4 , and bromo- 

silicofluoride t Br 2 .Rh 2 .10NH 3 .2SiF g , have beer* 
isolated. 

Iodopurpureo - series (Jdrgensen, l.c.)+ 
Iodopurpureorhodium iodide I 2 .Rh 2 .10NH s .I 4 . 
Prepared by heating the roseohydroxide with 
excess of HIAq for some time ; then transform- 
ing the impure product into iodochloride by 
washing with water, then with alcohol, rubbing 
repeatedly with dil. HClAq, dissolving in hot 
water, and filtering into dil. HClAq. The iodo- 
chloride is then dissolved in hot water and 
poured into KIAq; the ppd. iodo-iodide is 
crystallised from hot water. Reddish-yellow, 
rhombio crystals; S.G. 3*11 at 14*8°; very si. 
sol. cold water. Forms a double salt with 
2PtI 4 . The other salts of this series are the- 
iodo-chloride MC1 4 , iodo-nitrate M(NOj) 4 , iodo - 
silicofluoride M(SiF a ) 2 , and iodo-sulphate 
M (S0 4 ) r 6aq. M - 1 2 JEth 2 .10NH ? . 

Nitratopurpureo - series (Jdrgensen, 
J. pr. [2] 31, 49). Nitratopurpureorhodium 
nitrate (NO 8 ) 2 iRh 2 .10NH3.(NO s ) 4 . Formed by 
heating the roseonitrate Rh 2 .10NH a .(NO a ) a to 
100° ; also by adding an equal vol. cone. HNO g Aq 
to an aqueous solution of the roseonitrate, and 
heating at 100°. Yellowish-white crystals ; de- 
flagrates when heated. The other salts of thia 
series are nitrato-chloride MC1 4 , and nitrato-di - 
thionate M(S 2 O a ) 2 . 2aq. M . (NO s ) 2 .Rh 2 .10NH3. 

Nitritopurpureo - series or Xantho* 
series (Jdrgensen, J . pr. [2] 31, 49). Nitrito - 
pwrpureorhodium nitrate 
(NO 2 l 2 .Rh 2 .10NH 3 .(NO 8 )4 (Xanthorhodvum ni- 
trate). 5 g. chlorochloride are heated with 
50 c.c. water and 80 0.0. NaOHAq (7 p.c.) till 
dissolved ; after oooling, 10 g. crystallised NaNO* 
are added and then a slight excess of dil. 
HNO a Aq (1 acid : 2 water). The powder which 
separates after a time is washed with dil*. 
HNO,Aq, and then with alcohol, and is crystal- 
lised from hot water. Octahedral crystals, iso- 
morphous with corresponding Co salt. Insol. 
alcohol and dilute HNOjAq; si. sol. cold water;, 
easily sol. hot water and cone. HNO,Aq. No 
reaction with ordinary reagents for nitrites, e.g. 
KIAq, KMn0 4 Aq, &c. Cone. HjSC^ does not 
evolve NO r 

The other salts of this series are: xantho ~ 
bromide MBr 4 , xanthochloride MC1 4 , xantho - 
dithionate M(S 2 OJ 2 . 2aq, oxalate M(C 2 0 4 ) 3 , 
silicofluoride MJSiFJa, sulphates M(80 4 ) 2 and 
M(S0 4 ) 2 .3H 2 S0 4 . M - (NO 2 ) 2 .Rh 2 .10NH i , 
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II. Boseorhodium compounds 
Rh 2 .10NH 3 .X a .2H 2 0. All the atoms of the nega- 
tive radicle in these salts react similarly ; e.g. 
AgNO„Aq ppts. 6C1 from the chloride. Heated 
to 100° 2H a O is given off, and purpureo- salt£ re- 
main. These compounds are generally formed 
by treating the chloropurpureo- compounds with 
hot alkali solutions. Many are prepared from 
the hydroxide by the action of acids (Claus, l.c. ; 
Jdrgensen, l.c.). 

Boseorhodium hydroxide Rh 2 .10NH 3 .(OH) d . 
Prepared by heating ohloropurpureochloride with 
excess of moist Ag a O and water for some days, 
filtering from AgCl, and evaporating in vacuo. 
A yellow deliquescent solid, with strongly alka- 
line reaction ; ppts. metallic hydroxides from 
salts; decomposes NH 4 salts, giving of! NH a . 
Neutralises acids, forming roseo- salts. 

Boseorhodium bromide Rh 2 .10NH 3 .Br 8 .2H 2 O. 
Ppd. by adding ccnc. HBrAq to solution of the 
hydroxide ; also by boiling chloropurpureo- 
chloride with NaOHAq, and then adding excess 
of cone. HBrAq. Pale-yellow crystals ; changes 
to the purpureo- salt at 100°, or by crystallising 
from hot water. The other salts of this series 
are : carbonate M(C0 3 ) r aq ; iodo - sulphate 
MI 2 (S0 4 ) 2 ; nitrate MJNOJa, and the double 
salt M(NO a ) 2 .PtCl a ; phosphate M(HP0 4 ) 3 .4aq, 
and the sodium pyropho sphate 
M(NaP a 0 7 ) 2 .23aq ; sulphate M(S0 4 ) 3 .3aq, and the 
double 8 alt M(S0 4 ) 2 .PtCl a . 

IH. Luteorhodium compounds Rh a .12NH s .X a . 
These salts are very stable. Their colours are 
the same as those of corresponding roseo- salts. 
The chloride can be prepared by heating the 
ohloropurpureochloride with oono. NH a Aq ; 
most of the other salts are obtained from the 
chloride (J&rgensen, J.pr. [2] 44, 48, 63). The 
negative radicles are all acted on similarly by 
reagents. 

Luteorhodium chloride Rh a .12NH 3 .Cl 8 . Pre- 
pared by heating ohloropurpureochloride with 
c. 30 times its weight NHjAq (25 p.c. NH a ) for 
several days at 100°-102°, dissolving in hot water, 
and ppg. by cone. HClAq. S. c. 12 at 8°. Not 
changed to chloropurpureoohloride by digestion 
with HClAq at 100°. Forms the double salt 
Rh 2 .12NH 8 .Cl a .3PtCl 4 .6aq. The other salts of 
this series described by Jdrgensen are : bromide 
MBr a , nitrates M(N0 3 ) 8 and M(N0 3 ) a .HNO a , 
•phosphate M(P0 4 ) 2 .8aq and sodium luteo - 
pyrophosphate M(NaP a 0 7 ) 2 .23aq, and sul- 
phate M(S0 4 ) 3 .5aq. 

Rhodium-pyridine compounds. Compounds 
of Rh with pyridine, C ft H 4 N, and negative ra- 
dicles have been prepared by Jdrgensen (J. pr . 
[2] 27, 483). The compounds examined con- 
tain 8C 5 H 4 N, and correspond with the chrom- 
tetrammonium series of ammoniacal compounds 
(vol. ii. p. 159), and with the octammine series 
of ammoniacal Co compounds (vol. ii. p. 225). 
The composition of these pyridine compounds 
is represented by the formula M 4 Rh 2 (C 5 H 6 N),X 2 ; 
where M - Cl and X * Br, Cl, OH, NO s and £S0 4 . 
The salts resemble the NH 3 compounds generally. 
The chloride (X*C1) is prepared similarly to 
chloropurpureorhodium chloride, using pyridine 
in place of ammonia ; the other salts are pre- 
pared from Idle chloride by the action of acids. 
AgNO a Aq ppts. one-third of the halogen only from 
the chloride and bromide. M. M. P. M. 


RH0DIZ0NIC ACID v . Di-oxy-diquinoyl. 

RHCEADINE GyH^NO*. [232°]. S. (80 p.c. 
alcohol) *09. S. (ether) *08 at 18°. An alkaloid 
occurring in all parts of the red poppy Papaver 
Bhccas, and in the white seed capsules of the 
white poppy Papaver sommferum (Hesse, A. 
140, 145 ; 149, 35 ; 153, 47). Small white 
prisms, nearly insol. water, alcohol, and ether. 
May be sublimed. Tasteless, and not poisonous. 
Its solution in very weak HC1 is odourless, but 
in cone. HClAq and in H 2 S0 4 it forms purple 
solutions, the base being partially decomposed* 
The colourless solution is ppd. by tannin and by 
HgCL,. 

Salts B' a H a PtCl a 2aq : yellow amorphous 
pp.— B'HI 2aq : mass of minute prisms. 

Rhmagenine 0 2 ,H 21 N0 8 . [223°]. S. (80 p.c. 
alcohol) *07. S. (ether) *06. Formed by boiling 
rheeadine with dilute H 2 S0 4 . Small crystals 
(from alcohol), si. sol. ether, alcohol, and water, 
v. sol. dilute acids. Its alcoholio solution turns 
litmus blue. Cannot be sublimed. Not coloured 
by acids. Its salts taste bitter. -B'^PtCl^. — 
B'HI ; short prisms, m. sol. hot water. 

RIBONIC ACID G 4 H, 0 O 8 i.e. 
CH 2 (0H).CH(0H).CH(0H).CH(0H).C0 2 H. 
Tetra-oxy -valeric add. Formed by heating 
CH 2 (0H).CH(0H).CH(0H).CH(0H).C0 2 H, ara- 
bonic acid, with pyridine in a closed vessel at 
130° (E. Fischer a. Piloty, B. 24, 4216). When set 
free from its salts it changes into the lactone. — 
HgA' 2 : needles.— CdA' 2 . [a] D »0*6°. Needles. 

Lactone C 6 H 8 0 6 . [72°-76 0 ]. [a] D =* - 18°. 
Colourless prisms, v. e. sol. water and alcohol, 
v. si. sol. ether. Converted by heating with 
pyridine and water at 135° into arabonio aoid. 
HNO a yields tri-oxy-glutario acid. Phenyl 
hydrazine forms 0 a H 8 0 ft (N 2 H a Ph) [164°]. 

RIBOSE *C 5 H l0 O s . Formed by reducing the 
lactone of ribonio acid with sodium-amalgam 
(Fischer a. Piloty, B. 24, 4220). Colourless 
syrup. Yields a phenyl-hydrazide [155°] and a 
p-bromo-phenyl-hydrazide 0 n H u 0 4 N 2 Br [165°]. 

RICINELAIDIC ACID C la H 34 0 3 . [53°]. 

Formed by the action of nitrous aoid on ricinoleio 
acid (Boudet, A. 4, 16; Playfair, A. 60, 322; 
Bouis, A. Ch. [3] 44, 82 ; Ulrich, Bl. [2] 9, 225). 
Got also by saponifying ricinelaidin. White 
silky needles, v. sol. alcohol and ether. Reddens 
litmus. Yields r&-heptoic acid on oxidation with 
HNO a (Krafft, B. 21, 2735). Alkaline KMnO* 
yields two tri-oxy-stearic acids [120°] and [116°] 
(Grussner a. Hazura, M. 10, 196 ; Mangold, M. 
13, 326). Forms oily C, 8 H 34 Br 2 O a , converted by 
KOHAq in the cold into C, e H 3a BrO a , whence 
alcoholio potash forms an acid melting at 71°. 

S a 1 1 s. — BaA' 2 : unctuous powder.— AgA' . 
white powder, sol. NHgAq. 

Ethyl ether EtA'. [16°]. Crystalline. 

Amide C ltj H»N0 2 . [93°1 (Rowney, Chem. 
Gas. 1855, 361). 

Reference . — Bbomo-ricinelaidio acid. 

RICINELAIDIN. [45°] (Bouis) ; [66°] (Bou- 
det). Formed by the action of nitrous fumes on 
castor oil. Solid, v. sol. alcohol and ether. 
Split up by boiling KOHAq into glycerin andi 
potassium rioinelaidate. Yields heptoic alde- 
hyde (cenanthol) on dry distillation (Bertagnini, 
A. 85, 282). Yields octyl alcohol and potassium 
sebacate on distillation with potash (Bouis)* 



408 


RIOINIC ACID. 


BIONIC ACID C, 8 H, 4 0 8 i.e. 
O l7 H w (OH).CO,H. [81°]. (252° at 15 mm.). 

Formed by distilling barium rioinoleate in vacua 
(Krafft, B. 21, 2736). Plates (from dilute alco- 
hol). Yields, on oxidation by HNO s , w-heptoio 
acid and an acid [c. 103°] not volatile with 
steam. Converted by HC1 into diricinic acid 
C I7 H 32 (0H).C0.0.C 17 H 32 .C0 2 H, triricinic acid 
C 17 H 32 (0H).C0.0.C 17 H 32 .C0.0.C 17 H 32 .C0 2 H, and 
polyncinic acids. Sulphuric acid forms these 
acids, as well as S0 3 H.0.C 17 H 32 .C0 2 H, 

so 3 h.o.c 17 h 32 .co.o.o 17 h 32 .co 2 h, &c. H 2 S0 4 

acting on castor oil forms the compound 

S° 2 <0; C cja”/co'.C 17 H K OH ftnd the above 

acids, constituting Turkey red oil. The poly- 
ricinic acids are converted by boiling KOHAq 
but not by Na 2 CO s intoricinic acid. Hot water 
decomposes the polyricino-sulphuric acids into 
HjjSO* and polyricinic acids (Juillard, Bl. [3] 6, 
638). 

RICININE. An alkaloid occurring, accord- 
ingto Tuson (C. J. 17, 195; C. N. 22, 229; cf. 
Werner, C. N. 22, 203), in the seeds of the 
castor oil plant (Ricinus communis). Rectan- 
gular prisms or laminae, insol. water, nearly 
insol. ether, sol. alcohol. 

RICINISOLIC ACID v. Tri-oxy-steabio acid. 

RICIN OLEIC ACID C ih H 34 0 8 i.e. 
CH 3 .[CH 2 ] 5 .CH(0H).CH:CH[CHJ (l .C0 2 H (?). 
[17°]. Occurs as glyceride in castor oil (Bussy 
a. Lecanu, J. Ph. 13, 70; Saalmiiller, A. 64, 
108 ; Svanberg a. Kolmodin, J. pr. 45, 431 ; 
Bouis, A . Ch. [3] 44, 103 ; 48, 99 ; Petersen, A. 
118, 69). Prepared by saponification of castor 
oil by KOH or HC1 and purified by means of its 
Ca or Ba salt (Claus, B. 9, 1916; Krafft, B. 21, 
2731). Crystalline mass, miscible with alcohol 
and ether. Its alcoholic solution is alkaline in 
reaction. Does not absorb oxygen from the air. 
Yields O^H^AcO,. Yields polymerides when 
heated with water in closed vessels (Scheurer- 
Kestner, C. R . 113, 201). 

Reactions. — 1. Oxidised by HNO s to azelaic 
acid C„H )8 0 4 , oxalic acid, and heptoic acid. — 
2. Alkaline KMn0 4 forms two isomeric tri-oxy- 
stearic acids (Dieff, /. pr. [2] 39, 345 ; B. 20, 
1211; Hazura a. Griissner, M. 8, 475; Mangold, 
M. 13, 326). — 2. Nitrous acid forms ricinelaidic 
acid. — 3. Yields methyl hexyl ketone (173°) and 
an acid C, g H, 4 O g [81°J on distillation of the Ba 
salt. — 4. The Na salt on distillation with NaOH 
yields methyl hexyl ketone, sec-octyl alcohol 
and sodium sebacate Na 2 C l0 H l(J O 4 . — 5. Bromine 
forms oily C 18 H, 4 Br 2 0„ converted by alcoholic 
potash into C l8 H M Br0 3 , whence Br forms oily 
C 18 H 88 Br 8 0 8 , converted by alcoholic potash at 
120° into ricinostearolic acid C I8 H 32 0 3 , which 
combines with bromine forming unstable oily 
C, 8 H 32 Br 4 0,.— 6. PCI, forms HI 

and P give C^H^IO^ 

Salts.— BaA' 2 : soft scales (from alcohol), 
si. sol. water.— Sr A' 2 : small grams (from alco- 
hol).— CaA'* (dried at 100°). [80°J. — MgA' 2 : 

slender needles, v. sol. alcohol.— PbA' r [100°]. 
Crystalline mass, v. sol. ether. — ZnA' 2 .— AgA' : 
ourdy pp. 

Ethyl ether EtA'. Oil. 

Amide G l ,H 8r C0NH r [66°]. Nodules 
(from alcohol). 


References.— Bromo- and Oxy- rioinoleio 
acid. 

RICINOLIC ACID v . Tri-oxy-stearig acid. 

RICINOSTEAROLIC ACID C, 8 H S2 0 8 . [51°]. 
Formed by heating the dibromide of rioinoleio 
acid with alcoholic potash (Ulrich, Z. 1867, 
547). Groups of needles (from alcohol), v. sol. 
ether. Volatile. — BaA' 2 : plates (from alcohol) 
[135°].— AgA' : granular pp. 

RICINOSTEAROXYLIC ACID C 18 H 32 0 4 . 
[78°]. Formed by heating ricinostearolic acid 
with moist Ag 2 0 (Ulrich, Z. 1867, 550). Den- 
dritic groups of needles (from alcohol), v. sol. 
ether.— BaA' 2 . — AgA'; granular pp. decomposed 
by hot alcohol. 

ROBININ C 25 H 30 O 16 . [195°1. Occurs in the 
blossoms of the acacia (Robinia pseudacacia) 
(Zwenger a. Dronke, A. Suppl. 1, 257). Thin 
yellow needles (containing 5Jaq). Neutral in 
reaction. Tasteless, si. sol. cold water and alco- 
hol, insol. ether. Sol. alkalis, forming yellow 
solutions. The ammoniacal solution turns 
brown in air. FeCl s gives a brown colour. Its 
alcoholic solution is ppd. by lead subacetate. 
Reduces hot Fehling’s solution. HNO, forms 
oxalic and picric acids. Split up by boiling 
dilute acids into quercetin and a sugar. 

ROCCELLIC ACID C, 7 H j 2 G 4 . [132°]. 8. (boil- 
ing alcohol of S.G. *819) 55. Occurs in various 
species of Roccclla (Heeren, S. J . 69, 346; 
Liebig, P. 21, 31 ; Schunok, A. 61, 64 ; Hesse, 
A. 117, 332). Four-sided prisms, insol. water, 
v. sol. alcohol and ether, si. sol. warm benzene. 
Sol. Na 2 CO,Aq and borax. 

Salts.— BaA" (dried at 100°).— CaA" aq : 
amorphous pp.— Pb d A" 2 (OH) 2 2aq: white powder. 
— Ag 2 A" : amorphous pp. 

Ethyl ether Et 2 A". Oil. 

Anhydride C J7 H d0 O 3 . Got by heating the 
acid above 220°. Oil, v. sol. hot alcohol and 
ether. 

Anilide C 17 H^ 0 O 2 (NHPh) 2 . [65°]. Got by 
heating the acid with aniline at 190°. Colour- 
less lamin© (from alcohol), insol. water, NH 3 Aq, 
and HClAq. 

R0CCELLININ C 18 H J8 0 7 . Occurs in Roccella 
tinctoria (Stenhouse, A. 68, 69). Silky needles 
(from alcohol), nearly insol. cold alcohol and 
ether. Its solutions in alkalis are not coloured 
by air. Not decomposed by boiling KOHAq. 
Does not pp. metallic salts. 

ROCHELLE SALTS. Potassium-sodium tar- 
trate ; v. Tartrates. 

ROSANILINE C. >0 H 21 N a O i.e. 

([4:l]C a H 4 (NH 2 )) 2 C(OH).C 8 H 3 Me(NH 2 )[l:8:4]. 
Tri-amido-di’phenyl-tolyl-carbinol. Formed by 
oxidation of a mixture of aniline, o-toluidine, 
and p-toluidine (Hofmann, J. pr. 77, 190; 87, 
226 ; Pr. 12, 2 ; Miihlhauser, D. P. J. 266, 455, 
503, 547). SnCl 4 , As 2 0 4 , HNO,, Hg(NO,) 2 , 
FeCl 3 , ana nitrobenzene may be used as oxidising 
agents. For the production of a red colouring 
matter it is essential that there should be pre- 
sent a base with methyl in the p - position to 
amidogen (p-toluidine, (l,3,4)-xylidine, or mes- 
idine), and also a base with H in thep- position 
to amidogen (e.g. aniline, o-toluidine, or (1,3,2)- 
xylidine) (Rosenstiehl, C. R. 82, 415 ; 94, 
1319; 95, 238; 98, 433; A. Ch. [ 6 ] 2 , 860 ). 
When nitro-benzene is nsed as oxidising agent 
it appears to be itself reduced to benzene and 
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nitrogen, and not to take part in the formation 
of rosaniline. Thus, when chloro-nitro-benzene, 
nitro-aniline, or di-nitro-benzene is used, a sub- 
stituted rosaniline (e.g. chloro-rosaniline) is not 
formed (Lange, B. 18, 1918). Colourless needles 
or plates, obtained by ppg. a solution of one of 
its salts with NH 3 Aq and recrystallising. Nearly 
insol. water, si. sol. NH a Aq, m. sol. alcohol, 
insol. ether. Turns red in air. Dyes silk and 
wool in acid, neutral, and even in slightly am- 
moniacal solutions. 

Reactions. — 1. Reduced by ammonium sul- 
phide or powdered zinc to tri-amido-di-phenyl- 
tolyl-methane (leucaniline) (Hofmann, Pr . 12, 
■2).-- -2. Yields alkyl derivatives on heating with 
alkyl iodides and phenyl derivatives on heating 
a salt with aniline (Hofmann, Pr. 13, 9). Benzyl 
ohloride, methyl iodide, and MeOH form 
O 20 H lb (C 7 H 7 ) a N a MeI, crystallising in lustrous 
green needles (Hofmann, B. 6, 263).— 3. The 
hydrochloride, heated with water at 235°, forms 
NH,C1, phenol, red crystals of C 20 H 20 N 2 O 2 [176°], 
and colourless crystals, which turn red in air 
and then crystallise from alcohol in red needles 
C 2 () H ih NO s (Liebermann, B. 5, 144; 6, 951). — 

4. The hydrochloride, heated with dilute HClAq 
at 240°, yields aniline and toluidine (L.). — 

5. Water at 270° forms di-oxy-benzophenone, 
di-amido-phenyl-tolyl-ketone,oxy-amidophenyl- 
tolyl-ketone, phenol, and NH, (Liebermann, B. 

6. 951; 11, 1435; 16, 1927).— 6. Potassium 
cyanide added to rosaniline acetate in alcohol 
yields C 21 H 20 N 4 , a white crystalline powder, sol. 
HClAq, and reppd. by NH 3 Aq. It separates 
from alcohol in monoclinic crystals. It forms 
•crystalline salts. — 7. A solution of a rosaniline 
salt is decolourised by S0 2 , and the solution is 
turned red, and afterwards violet, by aldehydes, 
and gradually deposits copper-coloured scales 
•of alkylidene derivatives (Schiff, Bl. [2] 7, 518). 
Thus oenanthol forms C # H 13 .CH:C 20 H, 7 N 3 , 
which yields B'HAb 0 2 and B'R 2 PtCl a . — 
8. (Enanthol reacts with rosaniline acetate in 
the cold, forming (C 7 H l4 ) a (C 2< ,H, a N 3 ) 2 (Schiff, Bl. 
[2] 5, 2911. — 9. By exhaustive chlorination it 
yields CC1 4 and per-chloro-benzene (Merz a. 
Weith, B. 16, 2876). — 10. Boiling kc.fi yields a 
tetra-acetyl derivative as a reddish amorphous 
powder. The same body is got by treating tri- 
acetyl-tii-amido-di-phenyl-tolyl-methane with 
KAA and HOAc (Renouf, B. 16, 1303). A 
mono-acetyl derivative C^H^AcNj, got by heat- 
ing rosaniline hydrochloride with acetamide, is 
reddish-brown and yields dark-blue B'HCl with 
metallio lustre (Beckerhinn, J. 1870, 768). — 11. 
May be sulphonated by H 2 S0 4 containing S0 3 at 
130° (Schoop, Chem. Zeit. 11, 572).— 12. By 
diazotisation followed by reduction with tin and 
HC1 in the cold it is converted into ‘ roshydraz- 
ide,* the hydrochloride of which forms green 
crystals, and dyes cotton brownish-red (Ziegler, 
B. 20, 1557).— 13. Br forms a tetra-bromo-ros- 
aniline (?) crystallising from benzene in prisms 
<Caro a. Graebe, A . 179, 203).— 14. Aldehyde 
forms a blue product which is converted by 
Na 3 S 2 O s into aldehyde green CjzH^NgS-.O, an 
amorphous green mass, sol. alcohol and ppd. by 
ether (Cherpin ; Us£be, J. pr. 92, 837 ; Hof- 
mann, B. 3, 761 ; Gattermann, B. 22, 227). 

Salts.— These are derived from the anhy- 
drous base C 7 H,N:O(C <i H 4 .NH 2 ) 2 .-C 20 H 1# N 3 HC1. 


Red crystals with green lustre. Insol. ether, si. 
sol. water, m. sol. alcohol. Its solution in water 
or alcohol is crimson. Dyes wool and silk 
magenta. The absorption-spectrum has been 
studied by Hartley (C./.51, 169).— O 20 H ib N 3 3HC1. 
Ppd. by cone. HClAq. Yellowish-brown needles, 
more sol. alcohol and water than B"'HC1. — 
Decomposed by much water, forming B"'HC1. — 
C 20 H 19 N 3 4HC1 or (C 7 H fi NH 3 Cl).CCl(C 6 H 4 NH 3 Cl) 2 . 
Got by passing dry HC1 into rosaniline powder 
(Rosenstiehl, Bl. [3] 9, 122). Reddish-brown and 
hygroscopic, forming a magenta solution. Fumes 
in air, giving off HC1. After keeping it is not 
completely soluble. — C 2n H,„N 3 4HBr. Resembles 
the preceding salt.— C 20 H 1B N a HOAc. Large crys- 
tals with green metallio lustre ; v. sol. water 
and alcohol. - (C 20 H, B N 3 ).>H 2 PtCl a . Amorphous. 
— (C 20 H 10 N 3 ) 2 3H 2 PtCl 0 .— C 20 H, 9 N 3 HBr. SI. sol. 
water. — C 20 H !9 N 3 HI. Green needles, v. sol. 
water. — C 20 H iy N H BNO 3 : small crystals. — 
(C 20 H 19 N 3 ) 2 H 2 SO 4 (dried at 130°). Crystals with 
green lustre. Does not form an alum with 
A1 2 (S0 4 ) 3 (Wood, C. N. 38, 1).- C^U^fifi^fi,. 
Red needles, very slightly sol. water. — 
(C^H^NJ^C^ aq. — Tannate: ppd. by 
adding tannin to an aqueous solution of a salt 
of rosaniline. Red mass, insol. water, sol. al- 
cohol and HOAc (E. Kopp, J. 1862, 694). — 
Au r i n a t e : Got by heating equivalent quantities 
of rosaniline and aurin with alcohol (Dale a. 
Schorlemmer, C. J. 43, 186). Hexagonal 
crystals with green lustre (Dyson, C. J. 43, 471). 
More sol. alcohol than either constituent. Dyes 
silk magenta. — Phenate C 20 H„ r N 3 C JJ H 6 O. Got 
by heating rosaniline with phenol, dissolving in 
alcohol, and ppg. with water (Dyson, C. J. 43, 
470). 

Para-rosaniline C 1B H I# N s O i.e. 
([l:4]C a H 4 (NH 2 )) 8 COH. Tri-amido-tri-phenyl - 
carbinol. 

Formation. — 1. From tri-nitro-tri-phenyl- 
methane by oxidation by CrO s and HOAc fol- 
lowed by reduction of the resulting tri-nitro-tri- 
phenyl-carbinol with zinc-dust and HOAc (E. a. 
O. Fischer, B. 11, 195, 473, 612, 1079, 1598 ; A. 
194, 242). — 2. By heating a mixture of aniline 
and p-toluidine with arsenic acid (Rosenstiehl, 
A. Ch. [5] 8, 192) ; formed therefore in the pre- 
paration of rosaniline (Graebe, B. 12, 2241). — 3. 
By heating p-nitro-di-amido-tri -phenyl-methane 
with FeCl 2 at 170° (O. Fischer, B. 15, 678J.-4. 
By heating p-nitro-benzylidene bromide with 
aniline (Zimmermann a. Muller, B. 17, 2936). — 
5. Hy heating aurin with NH 3 Aq at 180° (Dale 
a. Schorlemmer, B. 10, 10161. — 6. By heating 
di-amido-di-phenyl-methane (from aniline and 
formic aldehyde) with aniline, aniline hydro- 
chloride, and nitro-benzene or arsenic acid. 

Properties. — Crystalline plates. Nearly 
colourless ; si. sol. water ; absorbs C0 2 from air. 
Its solution in cone. HClAq is coloured grass- 
green by a crystal of KCIO*. 

Reactions. — 1. Yields o-toluidine and di- 
amido-benzophenone [237°] on boiling with 
HClAq for a long time (Wichelhaus, B. 19, 110). 

2. HlAq at 190° forms aniline and p-toluidine 

3. Nitrous acid forms the tri-diazo- derivative, 
which on boiling is converted into aurin. —4. Re- 
duced by zinc-dust and HClAq to tri-amido-tri* 
phenyl-methane. — 5. KCy added to its hydro- 
chloride in presence of alcohol forms ‘hydro- 
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cyanpararosaniline * G, 8 H 17 N a HCN, crystallising 
from hot alcohol in colourless prisms, forming 
B'HsOl, 2aq.— 6. Pararosaniline (5 g.) is slowly 
converted by cone. HClAq (55 g.), water (55 g.), 
and aldehyde (22 g.) in the cold into aldehyde- 
blue, a dark-blue hygroscopic powder, ppd. by 
adding NaCl to the product after dilution with 
water (Gattermann, B. 22, 227). Aldehyde blue 
yields, on distillation, a solid base C 10 H„N. 

Salt . — C lfl H| 8 N s Cl. S. *24 at 9°. 

Tri-raethyl-rosaniline v. Tri-methyl-tri- 

AMIDO-DI-PHENYL-TOLYL-OABBINOL. 

Hexa-methyl-pararosanilinev. Hexa-methyl- 

TBI-AMIDO-TRI-PHENYL-GARBINOL. 

Phenyl-rosanilines v. Hexa-phenyl-tri- 

AMIDO-TBI-PHENYL-CABBINOL and TRI-PHENYL-TRI- 
AMID0-D1-PHENYL-T0LYL-GARBIN0L. 

KOSElNE. A name for salts of Rosaniline. 

ROSEMARY OIL. S.G. *905. -f 42' 
to +9° 48' in 100 mm. (Sohimmel, Ph. [8] 21, 
940; 22, 328). Obtained by steam-distillation 
from Rosmarinus officinalis (Kane, Trans. Irish 
Acad. 18, 135 ; Lallemand, A. 114, 197 ; A. Ch. 
[3] 57, 404; Gladstone, J. 1863, 549; Mont- 
golfier, Bl. 1876, 18 ; Bruylants, J. Ph. [4] 29, 
508). Contains aterpene (165°), dextrorotatory 
camphor, borneol, and cineol C, 0 H 18 0 (176°- 
179°) (Weber, A. 238, 89). The cineol forms a 
hydrochloride (O^H^OJ^HCl, a tetra-bromide 
[124°], and the iodide C I0 H 18 I a [79°]. 

BOSE OIL. Obtained by steam-distillation 
from rose leaves. Contains a stearoptene C 18 H ;l4 
[34°] (365°) which is not attacked by chromic 
aoid mixture and appears to be a paraffin (Mar- 
kownikoff, B. 23, 3191 ; J. pr. [2] 48, 811 ; of. 
Blanchet, A. 7, 154 ; Gladstone a. Dale, G. J . 
17, 1 ; Salkiiliinski, N. R. P. 24, 129 ; Bauer, 
D. P. J. 204, 253 ; Fluckiger, Z. [2] 6, 126 ; 
Panajotofl, B. 24, 2700; Eckart, B. 24, 4205). 
Bose oil also contains rhodinol (q-v.). Bulgarian 
oil of roses contains roseol CjoHjpO (225° cor.), 
which is oxidised by KMn0 4 to O 10 H, fl (OH), 
(240°) S.G. § 1*0445 ; f 1*0343 ; and is reduced 
by HI toO^H* (159°) S.G. § *7700; y *7554 
(Ladenburg, J. pr. [2] 48, 293). 

ROSEOCOBALT SALTS v . Cobalt amines, 
vol. ii. p. 226. 

ROSEOCHROMIUK SALTS v . Chbom- ammo- 
nium salts, vol. ii. p. 160. 

ROSEORHODIUM SALTS v . Rhodium-ammo- 
nium compounds, this vol. p. 407. 

R08EW00D OIL. The oil got by steam- 
distillation from the wood of Convolvulus scopa - 
rius contains a terpene Ci 0 H, 6 (249°) (Gladstone 
a. Dale). Rosewood also contains a black resin 
OnHttO* [95°] S.G. ** 1*266, which is insol. 
water, sol. alcohol, and gives a blood-red colour 
with H 3 S0 4 (Terreil a. Wolff, Bl. [2] 33, 435). 

R0SIND0LE3. Bed colouring matters, 
greatly resembling rosaniline, formed by heating 
indoles with BzCl, and by oxidation of benzyl- 
idene derivatives of indoles (E. Fischer a. Wag- 
ner, B. 20, 815). Thus methyl-ketole yields di- 
methyl rosindole, C 2 JEL,N a ,whioh may possibly be 

BOSlKDOmt c.H 4 <^^g;» ph >o.H 4 . 

Rosindulons. [262°]. Formed by heating rosin- 
duline with cone. HClAq at 170° under pressure 
(Fischer a. Hepp, A. 256, 238; 262, 244). 


Formed also from oxy-naphthoquinone and 
phenyl-o-phenylene-diamine (Kehrmann, J. pr . 
[2] 43, 269 ; B. 24, 586). Bed hexagonal tables, 
insol. hot water, m. sol. boiling alcohol, forming 
a scarlet solution with brick-red fluorescence. 
Reduced to naphthophenazine by distilling in a 
current of H over zinc-dust. Converted by 
jp-toluidine at 130° into y>-tolyl-rosinduline. 
Oxidised by CrO a to rosindonic aoid G M H, 4 N 2 O a , 
which crystallises in colourless needles, si. sol. 
alcohol, insol. water, v. sol. ether. 

B0SINDUL1HE C 22 H 15 N 8 i.e. 

C '> H < < Cc(NH).CH:C.'NPh/' C « H * - [199°]. 

Formed by heating- benzene- azo- (a)-naphthyl- 
amine with aniline and alcohol at 165° under 
pressure (Fischer a. Hepp, A. 256, 236). Formed 
also by heating phenyl-o-phenylene-diamine 
with oxy-naphthoquinone imide, HOAo, and 
alcohol at 100° (Kehrmann, J. pr. [2] 43, 269 ; 
B. 24, 587). Reddish-brown plates, v. sol. alco- 
hol and ether, insol. water. Cone. H 2 S0 4 forms 
a green solution, becoming red on dilution. The 
alcoholio solutions exhibit reddish-yellow fluor- 
escence. — B'HCl 3|aq : red needles. 

Rosinduline. This name has also been given 
to the phenyl derivative of the preceding body 
( v . vol. iii. p. 9). 

BOSOLIC ACID v. Tri-oxy-di-phenyl-tolyl- 
carbinol and Tri-oxy-tri-phenyl-carbinol. 

BOTTLERIN C u H, 0 O # ? [200°]. A yellow 
substance occurring in the fruit of Rottlera 
tinctoria , which grows in India (Anderson, 
N. Ed. P. J. [2] 1, 300 ; Jawein, B. 20, 182). 
It is identical with Mallotoxin ( q . v.). 

RUBAZONIC ACID C 20 H l7 N 6 O 2 . Formed by 
oxidation of oxy-amido-phenyl-methyl-pyrazole- 
(Knorr, A. 238, 137). Got also by boiling pyr- 
azole-blue with NH^Aq. Prepared from tho 
phenyl-hydrazide of oxy-phenyl-methyl-pyrazole 
by reduction with zinc-dust and HOAc, followed 
by oxidation with FeCl, (Buchka a. Sprague, 
B. 22, 2551). Insol. water and dilute acids, v. 
sol. ether and benzene. Its solutions in alkali* 
are deep violet, but on boiling become yellow. 

RUBERYTHRIC ACID OJB 2s O M i.e. 
C M H a 0 z (0H).0.C 12 H, 4 0 8 (0H) 7 . Rubianic acid . 
[260°]. Obtained from madder-root by extracting 
with boiling absolute alcohol (Rochleder, A. 80, 
821 *, 82, 205 ; Schunck, A. 66, 176 ; Liebermann 
a. Bergami, B. 20, 2241). Lemon-yellow needles, 
v. sol. hot water, v. el. sol. alcohol, insol. ether. 
Its alcoholio solution is yellow. Alkalis form 
blood-red solutions. It does not ferment with 
yeast. Boiling dilute acids split it up into 
alizarin and sugar. Ac 2 0 and NaOAc yield 
O 2a H 20 Ac g O, 4 , crystallising in yellow needles 
[230°]. - CjH, T KO l4 .--BaA' 2 aq. 

BUB IAN 0 28 H 34 0 u . A glucoside in madder 
root, split up by acids, alkalis, or the madder- 
ferment (erythrozym) into glucose, alizarin, and 
other bodies (Schunck, P. M. [4] 12, 200, 270 ; 
J. pr. 59, 465). Amorphous resin, v. sol. water, 
m. sol. alcohol, insol. ether. Its solutions are 
very bitter. Yields ruberythric acid on treat- 
ment with baryta. It is probably a mixture of 
ruberythric acid and other bodies. 

BUB I ABIC ACID v. Ruberythric aoid. 

BU BIDIN E. A general name for homologue* 
of pyridine of the formula OuH^N, e.g. di-methyl* 
isobutyl-pyrxdinx. 
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Rubidine O^H^N. (280°). S.G. *2 1*017. 
Occurs in ooaltar (Thenius, Rep. Chim. app. 4, 
181). Liquid, si. sol. water, miscible with alco- 
hol and ether. Its salts redden in the air. 
Bleaching- powder gives a red colour. Colours 
acidified fir-wood red. — B' 2 H 2 PtCl # : reddish 
crystalline powder. 

RUBIDIUM. Bb. At. w. 85*2. Mol. w. un- 
known. Melts at c. 88*5° (Bunsen, A. 125, 367). 
S.G. c. 1*52 (B., l.c.). Refraction-equivalent 12*1 
(Gladstone, Pr. 18, 49) ; 11*6 (Kannonikoff, J, R. 
1884 [1J 119). Chief lines in emission-spectrum 
are two in the red, Rb* and Rb y , 7800 and 6297 ; 
and two in the violet, Rb$ and Rb a , 4216 and 4206 
(Kirchoff a. Bunsen, JP. 113, 337 ; Lecoq de 
Boisbaudran, Spectres lumineux [1874] 46 ; v. 
also B. A. 1884. 438). Beketoff ( J . R. 1888. 363) 
gives [Rb*,0] *94,900. 

Occurrence . — Never free. Salts are widely 
distributed, but in very small quantities, along 
with salts of Cs, and frequently also salts of Li, 
K, and Na. Many lepidolites contain Rb salts 
amounting to c. *24 p.c. Rb (K. a. B., P. 113, 337 ; 
119, 1 ; Grandeau, A. Ch. [3] 67, 155 *, Allen, 
Am. S. [2] 34, 367). Traces of Rb salts have 
been found in specimens of orthoclase (Erdmann, 
J. pr. 86, 377, 448 ; Laspeyres, A. 134, 349 ; 
petalite (Grandeau, l.c.) *, micas (Schrotter, J.pr. 
85, 468) ; basalt (Engelbach, A. 135, 126) ; 
eamallite (Erdmann, l.c.) ; in alum obtained on 
the island of Volcano (Cossa, Acc. dei Lincei , 
11, 9) ; saltpetre (Dieulafait, C. R. 98, 1545). 
Small quantities of Rb salts, varying from c. 
*0002 to c. *03 g. RbCl per litre, ooour in mineral 
springs ( v . Bunsen, A. 122, 347 : Grandeau, 
A. Ch [3] 67, 155 ; Schrotter, J. pr. 85, 458 ; 
Bedtenbacher, J. pr. 85, 458 ; Bottger, J. pr. 89, 
378). Traces of Rb salts have been found in 
sea water (Sonstadt, C. N. 22, 25, 44) ; in 
fumarolcs giving out boric acid (Hofmann, 
J. G. T. 1863. 354) ; in coffee , tea t cocoa , and 
tobacco (Grandeau, lx.) ; in the ashes of beetroot 
(G., lx. ; Lef &vre, C . R. 55, 430) ; in the ashes of 
various plants (von Than, A. Suppl. 2, 84) ; 
in normal human urine (Schiaparelli a. Peroni, 
G. 10, 390). According to Lockyer a well- 
marked Rb line occurs in the solar speotrum 
(Pr. 27, 279). 

Historical. — In 1860 Bunsen applied the 
method of spectroscopic analysis, then being 
worked out by him along with Kirchoff, to the 
examination of the residue obtained by eva- 
porating very large quantities of the water from 
a mineral spring at Diirkheim. Two red lines 
appeared which were not known to belong to 
any element. By further investigation Bunsen 
separated the chloride of the element, and on 
electrolysing the molten chloride he obtained 
metallic globules, which rose to the surface and 
took fire. By strongly heating an intimate mix- 
ture of the oarbonate of the new element with 
finely divided charcoal and distilling into a re- 
ceiver under rock-oil, Bunsen obtained the metal 
in some quantity. The name rubidium was given 
because of the characteristic lines in the red 
part of the spectrum (ruber * dark red) (v. Bun- 
sen, A. 113, 337; 122,347). 

Formation. — 1. By distilling the mixture of 
Rb 2 CO, and O obtained by carbonising Rb.H 
tartrate (Bunsen, l.c . ; Setterberg, A. 211, 100).— 
t . By distilling a mixture of RbOH and A1 (Beke- 


toff, J. R. 1888. 363). — 3. By passing a strong 
electrio current through molten RbCl, the posi- 
tive electrode being graphite, and the negative 
an iron wire, globules of Rb rise to the surface, 
and there take fire. If the negative electrode 
is surrounded with H (v. Lithium, vol. iii. p* 
148), a smalt-blue substance is formed, which 
dissi ves in water with formation of RbOH and 
H ; this blue solid is probably a lower chloride 
than RbCl, perhaps Rb 2 Cl (Bunsen, l.c.). 

Preparation. — The saline residues from the 
manufacture of lithium compounds from Saxon 
lepidolite (at Struve’s works in Leipzig) were 
found by Bunsen (Z.c.), Heintz (J. pr. 87, 310), 
and Erdmann (J. pr. 86, 294) to be rich in Rb 
salts. The specimen examined by Bunsen con- 
tained 19-75 p.c. RbCl. Cossa (B. 11, 811) re- 
commended the natural alum from the island 
of Volcano as a good raw material for preparing: 
Rb salts. 

1. Bunsen’s method (A. 122, 351) for separa- 
ting Rb is based on the different solubilities in 
water of the platinochlorides of K, Rb, and Cs ; 
these solubilities at 17° are in the ratio of 
15:2:1. One kilo, of the saline residue from the 
preparation of Li compounds from Saxon lepi- 
dohte is dissolved in 2*5 kilos, water, and ppd., 
when cold, by 30 g. Pt in aqua regia. After 
settling the liquid is drawn off, and the pp. 
is boiled 25 times in succession with small 
quantities of water (1*5 kilos, in all), each portion 
being poured into the liquid which was drawn 
off from the pp. by the PtCl 4 . The 4 kilos, of 
liquid and washings are evaporated to 2*5 kilos- 
While this evaporation is proceeding, the washed* 
platinochloride pp. is dried at 100°, heated 
nearly to redness in a stream of H until a mix- 
ture of Pt with RbCl, and perhaps a little CsCl,. 
remains (if the solid melts reduction is incom- 
plete) ; and the RbCl is dissolved out in hot. 
water. The Pt which remains is dissolved in 
aqua regia % and added to the liquid which has- 
been evaporated. The pp. is washed with small 
quantities of water as before, dried, and reduced 
in H, the supernatant liquid and washings being 
evaporated. The reduced Pt is dissolved and 
added to the liquid, and so on. These processes- 
are repeated seven or eight times. From 1 kilo* 
material Bunsen obtained *125 kilo. RbCl, con- 
taining 8-4 p.o. KC1 and a little CsCl. To 
separate KC1, the approximately pure RbCl is dis- 
solved in water (36 g. in 1 litre), heated to boil- 
ing, and a boiling solution of PtCl 4 (30 g. Pt itt 
aqua regia , diluted to 1 litre) is added ; the pp* 
is washed repeatedly with water at 40°-50°, then 
dried, and reduced in H ; the RbCl is dissolved 
in water, and the Pt in aqua regia y and these 
processes are repeated until the RbCl shows no 
trace of the red lines of K in the spectro- 
scope. Finally, Bunsen separated CsCl by trans- 
forming the chlorides into carbonates, and treat- 
ing the powdered salts with boiling absolute 
alcohol until the insoluble RbCl ceased to show 
the blue lines of Cs in the spectroscope (RbCl i» 
insoluble, while CsCl dissolves, in absolute alco- 
hol). This process has been modified by Heintx 
(J. pr. 87, 310), Grandeau (A. Ch. [3] 67, 155),. 
Piccard (J. pr. 86, 449), Bdttger (J. pr. 89, 878), 
Schrdtter (J. pr. 85, 458), de Boisbaudran (BU 
[2] 17, 551), and others. 

2. Redtenbacher’s method (J. pr, 95, 148) it 
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based on the different solubilities of the alums 
of £, Bb, and Cs ; the solubilities in water, at 
17°, are as 22:4:1. The method has been modi- 
fied by Stolba (J. pr. 99, 49), Godeffroy (A. 181, 
176), Petersen (D. P. J . 224, 176), Cossa (B. 11, 
811), Setterberg ( A . 211, 100), Robinson a. 
Hutchins ( G . N. 49, 263). The mother-liquor 
from which Li 2 CO s has been separated by 
Schrfltter’s method (vol.iii. p. 149) is evaporated 
with H,S0 4 Aq, with addition of A1 <! (S0 4 ) 3 , 
whereby Rb and Cs alums are obtained mixed 
with K alum. Or lepidolite may be decomposed 
hy heating with H 2 S0 4 and CaF 2 , the residue 
boiled with five or six volumes water, KOH added 
■equal to 6 p.c. of the quantity of lepidolite used, 
the whole boiled with water, and filtered hot, 
when the alums crystallise out on cooling 
(Stolba, l.c.). The alums are dissolved in half 
their weight of boiling water, half as much cold 
water is added, and after stirring the whole is 
let cool to 45°, when almost all the Rb and 
•Cs alums separate, leaving much K alum in 
-solution. The solution in water, and cooling, 
are repeated, temperature being allowed to fall 
to 40° ; the alum which separates is dissolved 
in water equal to half the weight of the original 
quantity of mixed alums, boiled for some time, 
and allowed to cool to 60° while being stirred. 
The crystals which separate are almost pure Cs 
alum; the mother-liquor, when evaporated, yields 
•almost pure Rb alum. 

To prepare the metal, RbCl or Rb alum can 
he transformed into RbOH, and Rb prepared 
therefrom; or the RbOH may be dissolved in 
the proper quantity of tartaric acid to form 
RbH tartrate, which may then be charred, and 
Rb obtained from the mixture of Rb 2 CO a and C 
ao formed. 

To prepare RbOH, the RbCl is converted 
into Rb 2 S0 4 by H 2 S0 4 Aq, the Rb 2 S0 4 is dis- 
solved in water, boiled, BaOAq is added, the 
liquid being kept boiling. BaS0 4 is removed by 
■decantation, and the liquid is evaporated to 
dryness in a silver dish as quickly as possible. 
RbOH is obtained from Bb alum by dissolving 
an hot water, ppg. A1 2 0 8 by slight excess of 
NH,Aq, filtering hot, evaporating to dryness in a 
Pt dish, strongly heating till (NH 4 ) 2 S0 4 is re- 
moved, and then proceeding to decompose the 
Bb 2 S0 4 by BaOAq as already described. RbOH 
is mixed with A1 clippings in the ratio 2RbOH:Al 
(al part A1 to 7*5 parts RbOH), and the mix- 
ture is heated to full redness in a furnace, in an 
iron cylinder, connected by an iron tube with a 
glass receiver. The Bb distils over, and appears 
like Hg in the receiver. As H is given off, the 
Bb is surrounded by a non-oxidising atmosphere 
{ IRbOH 4- 2A1 - Rb 2 O.AlA + 2Rb + 2H,). From 
28 to 33 p.c. of the Rb in BbOH is obtained 
{Beketoff, J . B. 1888. 363 ; abstracts in C. J. 68, 
108, and B. 21, Bef . 424). For a description of 
the method of preparing Bb from Rb 2 C0 8 and C 
v . Bunsen (A. 126, 367) and Setterberg (A. 211, 
100). An explosive compound similar to the 
compound of K and CO (this vol. p. 300) is liable 
to be formed. 

For a method of separating Bb from Cs and 
E, based on the formation of double compounds 
of RbCl with SbCl 8 , and with SnCl 4 , t;. Muth- 
mann (B. 26, 1019 [1898]). 

Properties.— A very lustrous, white metal, 


with an extremely faint tinge of yellow. Soft 
as wax, even at -10°; melts very easily (c. 
38*5°). Lighter than water. Bunsen {A. 126, 
367) made one determination of S.G., which gave 
1*52, but the result is not final. Heated in ab- 
sence of O, the metal distils below redness, 
forming a blue vapour. Rb dissolves in liquid 
NH 3 (Seeley, C. N. 23, 169). When exposed to 
air Rb is at once covered with a greyish-blue 
film, which is supposed to be a suboxide ; much 
heat is produced, and the metal soon takes fire. 
Decomposes cold water very rapidly, with evolu- 
tion of H, which takes fire. Rb is the most 
positive element next to Cs. It closely resembles 
K in its chemical relations (v. Alkalis, metals 
of the, vol. i. p. 114). The at. w. of Rb has 
been determined (1) by determining Cl in RbCl by 
Bunsen (P. 113, 339 ; 115, 584 [1861]), Piccard 
(J. pr. 86, 454 [1862]), and Godeffroy (A. 181, 
189 [1875]) ; (2) by determining V.D. of RbCl 
and Rbl at c. 1200° (Scott, Pr. E. 14, 410). 
The S.H. of Rb has not been determined ; but 
from observations of the molecular heats of RbCl 
and Rb 2 C0 8 , and comparisons of these with those 
of the corresponding salts of metals that have 
normal atomic heats, it is probable that the 
atomic heat of Rb is c. 6-4, and, therefore, that 
the S.H. is c. *076. The atom of Bb is mono- 
valent in the gaseous molecules RbCl and Bbl. 

Reactions and Combinations. — 1. Rapidly 
oxidises in air ; much heat is produced, and the 
metal ignites. Beketoff (J. B. 1888. 363) gives 
[Rb’,0] » 94,900. — 2. Decomposes cold water , 
with rapid evolution of H and production of 
RbOHAq ; Beketoff (l.c.) gives [Rb,H z OAq] 
« 96,400, with formation of BbOHAq and H. — 
3. Burns in vapour of chlorine , bromine , iodine , 
sulphur , and arsenic , forming compounds with 
those elements (Bunsen, l.c.). 

Detection and Estimation. — Phospho- 
molybdio acid gives a yellow pp. insol. acids 
(Debray, Bl. [2] 5, 404). Silicotungstic acid 
(SiW, 2 0 42 H 8 .a:H 3 0) ppts. Bb salts, but not salts 
of K (Godeffroy, B. 9, 1365). As Cs salts are 
ppd. by SbCl s in cone. HClAq, added to solu- 
tions containing cone. HC1 (as 6CsCl.SbCl a ), 
while Bb salts give no pp., Bb can be separated 
from Cs salts by addition of HClAq and SbCl, 
in HClAq (G., B. 8, 9). Bb is best deteoted by 
the spectroscope. The most characteristic lines 
are in the blue-violet, Rb„(A = 4206), and 
Rb /8 (A»4216) : *0002 mgm. RbCl can be de- 
tected (Bunsen, l.c.). Bb is determined in the 
form of RbCl. For the separation of Rb from 
K, and estimation of the Bb, v. Bunsen (l.c.). 
Bunsen determined RbCl in presence of GsCl by 
finding the sum of the two chlorides, then esti- 
mating the total Cl, and calculating the quantity 
of each salt. 

Rubidium, amalgam of. When cone. 
RbClAq is electrolysed, using Hg as negative 
electrode, a solid, white, lustrous, crystalline 
amalgam is formed. Decomposes cold water 
rapidly ; becomes oxidised superficially in air, 
and then deliquesces with formation of BbOH. 
Is electropositive to E amalgam (Bunsen, A. 122, 
347). 

Rubidium, bromide of. RbBr. Formula 
probably molecular, from analogy of RbCl and 
Rbl. Formed by burning Bb in Br. Also by 
saturating HBr Aq with Rb 2 CO s , and evaporating* 
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White, lustrous, regular octahedra. S. 98 at 5°, 
104*8 at 16° (Keissig, A. 127, 33). Melts at c. 
683° (Carnelley, C. J ’. 33, 279). Combines with 
IBr, to form RbBr.EBr; and with Br to form 
RbBr.Br a (Wells a. Wheeler, Am. S. [3] 43, 475). 

Rubidium, chloride of. BbCl. Mol. w. 
120*57. V.D. at 1200°-1500° 69*7 (Scott, Pr. E. 
14, 410). Melts at o. 710° (Carnelley, C. J. 33, 
279). By burning Rb in Cl. Also by saturating 
HClAq with Rb 2 CO s , evaporating, and crystal- 
lising from water. Also by reducing Rb 2 PtCl 6 
in H, and dissolving out RbCl in water (cf. 
Preparation , p. 411). White, lustrous, cubi- 
cal crystals ; unchanged in air ; decrepitates 
when heated, and then melts, and volatilises at 
a very high temperature. S. 76*38 at 1°, 82*89 
at 7° ; sol. alcohol (Bunsen, l.c.). Molten RbCl 
is a good conductor of electricity (Hampe, Chem. 
Zeitung, 1887. No. 54). Double compounds : 
RbCl combines with many metallic chlorides ; 
some at any rate of the products, e.g. the platino- 
and platini-chlorides RbjPtC^ and Rb 2 PtCl ? , are 
best regarded as Rb salts of acids containing 
metals and Cl. The following compounds have 
been prepared: M = RbCl. — GM.SbCl 3 (1) ; 
3M.2SbCl s (6) ; 6M.BiCl 3 (1) ; 2M.CdCl„ 
M.CdCl 2 .ccH/) (1) ; 2M.CrCl 3 .aq (2) ; 2M.CuCl 2 (1)‘; 
M.AuCl s (3) ; 3M.FeCl„ (1), 2M.FeCl 3 .aq (2) ; 
2M.MnClj. 3aq (1) ; 2M.HgCl a , 2M.HgCl 2 . 2aq, 
M.2HgCl 2 , M.4HgCl 2 (1) ; 2M.NiCi a (1) ; 
2M.PtCl 2 (4), 2M.PtCl 4 (5); 3M.T1C1* (2); 

2M.SnCl 4 (1) ; 2M.ZnCl 2 (1). 

References to above . — (1) Godeffroy, B. 8, 
9 ; (2) Neumann, A. 244, 329 ; (3) Rosenbladt, 
B. 19, 2535; (4) Nilson, Bl. [2] 27, 210; (5) 
Bunsen, A . 122, 347 ; (6) Muthmann, B. 26, 
1019, 1425. 

RbCl also combines with IBr to form 
RbCl.IBr; with IC1, to form RbCl.ICl; with 
BrCl, to form RbCl .Br Cl ; and with Br to form 
RbOLBr 2 (Wells a. Wheeler, Am. S . [3] 43, 475). 

Rubidium, cyanide of. Setterberg (A. 211, 
100) probably obtained a cyanide of Rb oy pass- 
ing dry HCN into an alcoholic solution of RbOH. 
Reissig (A. 127, 33) failed to obtain the salt 
free from products of decomposition. 

Rubidium, ferrocyanide of ; v. vol. ii. p. 335. 

Rubidium, fluoride of, RbF. Formula pro- 
bably molecular, from analogy of RbCl and 
Rbl. S.G. 3*202 at 16*5° (Clarke, Am. S. [3] 
13, 293). Melts at o. 753° (Carnelley, C. J. 33, 
279). Forms a double compound with 
uranyl fluoride, 4RbF.UO2Fj.6aq (Ditte, G. R . 
91, 166). 

Rubidium, hydroxide of, RbOH. A white, 
brittle solid, with slight greyish tinge; very 
alkaline and caustic; easily sol. water, with 
production of much heat ; sol. alcohol. Formed 
by decomposing EL/) by Rb ; also by boiling 
Rb 2 S0 4 Aq till air is driven out, adding BaOAq 
gradually, keeping the liquid boiling till BaS0 4 
ceases to be formed, decanting from BaS0 4 , 
which separates out rapidly, and evaporating 
in a silver dish. Melts below redness; is not 
decomposed by heating. When molten attacks 
Pt. Beketoff (J. R. 1888. 363) gives [Rb,0,H] 
- 164,800; [Rb 2 0,H 2 0] « 69,900. 

Rubidium, iodide of, Rbl. Mol. w. 211*53. 
V.D. 110*8 at 1200°-1500° (Scott, Pr. E. 14, 
410). Melts at c. 642° (Carnelley, G. /. 33, 279). 
Lustrous, white, regular octahedra ; unchanged 


in air. S. 137*5 at 6*9°, 152 at 17*4®. Formed 
by saturating HIAq with Rb 2 C0 8 , evaporating, 
and crystallising from water. Also by heating 
Rb in I vapour (Reissig, A. 127, 33). Rbl com- 
bines with I to form RbI.I 2 (Wells a. Wheeler,. 
Am. S. [8] 43, 475). 

Rubidium, oxides of. No oxide of Rb has 
been isolated. Rb burns in air, possibly with 
formation of an oxide and peroxide similar to- 
K 2 0 and K 2 0 4 . The greyish-blue film which is 
formed on the surface of the metal when ex- 
posed to the air is perhaps a suboxide. According 
to Beketoff (J. R. 1888. 363), the thermal valuo 
of [Rb',0] is 94,900. 

Rubidium, salts of. The principal salts- 
formed by replacing H of oxyacids by Rb are 
borate, carbonates , chlorate and perchlorate ,. 
chromate and dichromate , molybdate , nitrate, 
oxalate , silicotung state , sulphate , and thio- 
sulphate (v. Carbonates, Nitrates, &c.). 

Rubidium, silicofluoride of. Rb 2 SiF„. White, 
regular crystals. S.G. 3*338 at 20°. S. c. *16 at 
20°, 1*35 at 100°. By ppg. hot Rb alum solu- 
tion by CuSiF a (Stolba, J.pr. 102 , 1). 

M. M. P. M. 

RUBIJERVINE v. Jervine. 

RUE OIL. The essential oil ( 0 . 229°) ob- 
tained by distilling Ruta graveolens contains 
methyl ennyl ketone CpH^O (224°), a ketone 
C 12 H 24 0 (232°), and a small quantity of terpen© 
(Gerhardt, C. R. 26, 225, 361 ; Cahours, C. R . 
26. 262 ; Greville Williams, T. 1858 [1] 99 ; A. 
107, 374; Hallwachs, A. 113, 108; Harbordt,. 
A. 123, 293). By boiling oil of rue with nitric 
acid (S.G. 1*2) an acid C fl H, 8 N 2 0 4 may be ob- 
tained (Chiozza, A. 85, 225 ; Alexejeff, Z. 1865, 
736). This acid is a heavy oil, forming KA' and 
NaA', crystallising from alcohol in greenish- 
yellow tables (Limpach, A. 190, 298). 

RUFICOCCIN v. Carminio acid. 

RUFIGALLIC ACID v . Hexa-oxy-anthra- 

QU1NONE. 

RUFIN C 21 H <2t) 0 9 . A product of the action 
of heat on phlorizin (Mulder, Rev. Scientif. 3,. 
50 ; Stas, A. oO, 198). Dark-red resin, sol. alco- 
hol, nearly insol. ether and water. Its alkaline 
solutions are red. Ac 2 0 forms C 2I H 1# Ac0 8 (Sohiff, 
A. 156, 5). 

RUFIOPIKE is Tetra-oxy-anthraquinonk. 

RUFOL v. Di-oxy-anthracenk. 

RUTHEN AMMINE S v. Ruthenium - 
AMMONIUM COMPOUNDS, p. 418. 

RUTHENATES v. Ruthenium, salts or 
OXYACIDS OF, p. 417. 

RUTHENITES v. Ruthenium, salts or 
OXYACIDS OF, p. 417. 

RUTHENIUM. At. w. 101*4. Mol. w. un- 
known. Melts at highest temperature attainable 
by O-H flame, which is above 2000° (Deville a. 
Debray, A. Ch. [3] 56, 385). S.G. 12*26 at 0° 
(crystallised) (D. a. D., G. R. 83, 928) ; older de- 
terminations varied from 8*6 to 11*4. Joly (G. R. 
116, 430) gives S.G. of Ru melted in an electric 
furnace as 12*63 at 0° referred to water at 4°. 
S.H. *0611 from 0° to 100° (Bunsen, P. 141, 1). 
C.E. at 40° (linear) *00000963 (Fizeau, O. JR. 68, 
1125). 

Occurrence. — In many platinum ores *, Ru is 
a constant ingredient of osmiridium (vol. iii. p. 
47), the quantity varying from 3 to 6 p.o. (tv 
Glaus, A. 56, 257 ; 59, 234 ; Gibbs, Am. 8 . [2] 29, 
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427 ; 81, 63 ; 34, 341). Wohler found Ru 2 S 3 in 
laurite , a rare mineral occurring in Borneo and 
in Oregon (J. pr. 98, 226). 

In 1828 Osann (P. 13, 283 ; 14, 329 ; cf. 64, 
197) thought he had discovered three new metals 
in the portion of a Pt ore in sol. in aqua regia ; 
to these metals he gave the names polin , plura- 
nium , and ruthenium (from Ruthenia = Russia). 
In 1846 Claus (A. 66, 257 ; 69, 234 ; cf. 63, 359) 
examined the substance called ruthenium oxide 
by Osann, and found it to consist chiefly of Si0 2 , 
TiO a , Fe 2 0„ and Zr0 2 ; frqm this material Claus 
isolated a new metal, to which he assigned Osann’ s 
name, ruthenium. 

Formation . — 1. By reducing Ru 2 0 3 by 
heating in H or C.— 2. By strongly heating 
(NH^uCl*, (NH^uCl*, Ru(NH 3 .NH 3 Cl) 2 , or 
Ru(NH 3 .NH 3 Cl) 2 .HgCl 2 . — 3. By heating RuSn 2 in 
a graphite boat in a stream of HC1. 

Preparation. — Deville a. Debray (C. 22.82, 926) 
prepared pureRu by heating the ordinary metal in 
a stream of 0 till every trace of Os was removed 
as 0s0 4 (vol. iii. p. 646), fusing with KOH and 
KNO„ dissolving in water, saturating with Cl, and 
distilling off Ru0 4 into KOHAq, by heating in 
a stream of Cl on a water-bath, ppg. Ru 2 0, by 
adding alcohol to the solution of KRu0 4 , heating 
the pp. in coal-gas till reduced to Ru, melting in 
a graphite crucible with 5 to 6 parts pure tin, 
treating with boiling HClAq, washing and drying 
the crystalline RuSn 2 which remained, and heat- 
ing this strongly in a graphite boat in a stream 
of HC1. — 2. Osm-iridium is mixed with 2 parts 
KNO, and 1 part KOH, and the mixture is heated 
to redness in a large silver crucible, embedded in 
MgO in an earthenware crucible; the molten 
portion is poured off, and the residue is heated 
with more KNO, and KOH. The fused mass is 
lixiviated with water; the orange solution, which 
contains KOH and K salts of HN0 2 , HNO„, 
H 2 0 s 0 4 , and H.jRu 0 4 , is neutralised by HN0 3 Aq, 
when a black pp. forms containing 0s0 2 .a;H 2 0 
And Ru 2 O s ^cBLjO. This pp. is filtered off, the 
.filtrate being set aside, and is washed and boiled 
with HClAq and HNOgAq in a retort connected 
with a receiver which is kept very cold; the 
.boiling is continued till a drop of the distillate, 
when brought alternately into the oxidising and 
reducing parts of the Bunsen flame, ceases to 
give a bright flash in the former, i.e. until 0s0 4 
oeases to distil off. The residue, which con- 
tains RuC 1 3 and RuC1 4 , is dissolved in a little 
water, excess of NH 4 C1 is added to the hot 
cone, solution, the liquid is poured off from 
'(NH 4 ) 2 RuCl a , evaporated and mixed with more 
NH 4 C1, when (NHJjRuCl* ppts. Excess of 
NH.C1 is removed from the pps. by washing with 
alcohol. By strongly heating the pps. Ru is ob- 
tained. The solution filtered from the pp. of 
0 s 0 2 .»H 2 0 and Ru 2 0 8 urH 2 0 contains 0s0 4 and 
Ru 0 4 ; it is made strongly acid by HClAq, 0s0 4 
is distilled off, the solution is evaporated till most 
of the KNO, crystallises out, the mother-liquor 
is evaporated to dryness, the residue is dissolved j 
in water, and Ru a S, is ppd. by adding (NH 4 ) 2 SAq ; 
.and then acidifying ; after washing and drying, ! 
the Ru 2 S, is roasted, and the Ru 2 O a so formed is 
reduced by heating in H, or by strongly heating 
in a graphite crucible ; or the Ru a O, may be j 
-dissolved in HClAq, and NH 4 -Ru chlorides ob- j 
tained from this solution and decomposed by j 


heat (Claus, J. pr. 85, 129 ; Carey Lea, Am. 8. 
[2] 38, 83). 

For other methods of separating Ru from 
osm-iridium v . Deville a. Debray (A. Oh. [3] 66, 
385 ; C. 22. 83, 927; Fremy, A. Ch. [3] 44, 385; 
Gibbs, Am. S . [2] 34, 343; 37, 61). Debray ob- 
tained ruthenium in crystals by dissolving the 
spongy metal in molten lead, heating strongly, 
and, after cooling, dissolving out the lead (with 
which Ru does not alloy) in HNO,Aq ( C . 22. 90, 
1195). 

Properties . — A white, lustrous, hard, heavy, 
brittle metal. As obtained by heating the double 
ammonium chlorides, Ru forms a white spongy 
mass ; the metal formed by reducing the oxide 
by H appears in white porous fragments, which 
can be powdered; after fusion in an electric 
furnace Ru appears greyish (Joly, C. 22. 116, 430). 
Next to Os, Ru is the most infusible metal ; small 
pieces can be melted at the highest temperature 
of the O-H flame (D. a. D., A. Ch. [3] 6b, 385) ; 
a little Ru 0 4 is formed and then decomposed to 
Ru 0 2 (D. a. D., C. 22. .80, 457). Insoluble in all 
acids if in compact pieces ; very finely divided 
Ru dissolves slightly and slowly in boiling aqua 
regia. Not attacked by molten KHS0 4 ; oxidised 
to K^RuO* by fusion with KOH, KNO s , or KC10 V 
Ru dissolves in molten Zn or Pb ; treatment with 
HN0 3 Aq leaves the Ru undissolved. Small quan : 
tities of Ru when alloyed with Pt metals soluble 
in acids go into solution, with the Pt metals, in 
these acids. Finely divided Ru combines with 
0, when heated in O or in air. 

Ru is closely related to Rh and Pd, and less 
closely, but very distinctly, to Os, Ir, and Pt ; 
v. Noble metals, vol. iii. p. 628. 

The atomic weight of Ru has been deter- 
mined (1) by determining the ratio of Ru to 
KC1 in KgRuCl* (Claus, P. 65, 218 [1845]; 
(2) by analyses of the salts M 2 Ru(NO)Cl 5 , where 
M = K, Na, and NH 4 (Joly, C. 22. 107, 994; 108, 
946 [1889]; (3) by determining Y.D. of Ru0 4 
(Debray a. Joly, C. R. 106, 828) ; (4) by mea- 
suring S.H.-of Ru (Bunsen, P.141, 1). Claus’s 
determinations gave values from 102*2 to 104*8 
for the at. wt. 

The only compound of Ru whose mol. weight 
is known in the gaseous state is Ru0 4 ; the 
valency of the atom of Ru cannot be determined 
from this datum. 

Reactions and Combinations. — 1. Finely di- 
vided Ru, when heated to redness in air or in 
| oxygen , rapidly absorbs 18*5 p.c. O (Claus, J. pr. 

; 42, 364) ; after 10 hourB, c. 23 p.o. O has com- 
| bined (D. a. D., C. R. 87, 441) ; the product is a 
mixture of Ru0 2 and Ru (Claus failed to obtain 
: a lower oxide than Ru0 2 in this way). Crys- 
tals of Ru 0 2 are obtained by heating the metal 
in a tube in a rapid stream of O ; according to 
Debray and Joly ( C . 22. 106, 1494), Ru0 4 is 
formed and then decomposed ( v . Ruthenium 
tetroxide, p. 417). — 2. Heated in chlorine , a 
small portion is onanged to a chloride ; mixed 
with sodium chloride and heated in chlorine , 
Na,RuC 1 4 is formed (Claus, l.c .). — 3. Spongy Ru 
is said to form HClAq when plaoed in chlorine 
water ; and to produoe chlorides in solutions of 
hypochlorites , O being given off (Schonbein, 
J. pr. 98, 76).— 4. Very finely divided Ru dis- 
solves slightly when kept in boiling aqua regia 
for some time, RuOl, being formed.— 5. M.^RuO* 
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soluble in water, is formed by fusing Ru with 
■caustic alkalis , alkali chlorates , or alkali ni- 
trates* Alkaline earth nitrates or chlorates also 
form ruthenates (v. Ruthenates, p. 417). 

Detection . — A few mgms. of the substance to 
t>e tested are heated, in a spoon of Pt, with ex- 
cess of KNO a until the whole melts and ceases 
to give off gas ; when cold, the mass is dissolved 
in water, when a strongly coloured orange-yellow 
solution is obtained ; a little HN0 3 Aq is added to 
this solution, followed by HClAq, and warming 
till the voluminous black pp., produced by 
HNO s Aq, dissolves to an orange-yellow solution ; 
H. 2 S is passed into this liquid, until it appears 
black from the presence of suspended Ru sul- 
phide (or oxysulphide) ; on filtering, an azure- 
blue liquid is obtained, probably containing 
RuCl, (Bunsen, A . 146, 266). For estimation 
v.Deville a. Debray ( C . R. 86, 927). 

Ruthenium, alloys of. An alloy with iridium 
was obtained by Deville a. Debray ( A . Oh. [3] 
66, 386). A crystalline alloy with tin, RuSn 3 , is 
formed by melting Ru with 10 to 16 parts Sn, and 
when cold treating with HClAq. The tin is 
removed, and crystalline Ru remains, by heat- 
ing, in a graphite boat, in HClgas (D. a. D., l.c. ; 
v . also C. B. 83, 927). Ru alloys with zinc; 
much heat is produced (D. a. D., l.c.). Ru dis- 
solves in molten lead, but separates out again on 
cooling (Debray, C. R. 90, 1196). 

Ruthenium, ammonio-salts of; v . Ruthe- 
nium-ammonium compounds, p. 418. 

Ruthenium, chlorides of. Two chlorides, 
RuClj and RuCl s , are obtained by heating finely 
divided Ru in a stream of Cl. No other chloride 
has been isolated ; the existence of double com- 
pounds of RuG1 4 with alkali chlorides is doubt- 
ful. The molecular weights of the chlorides are 
not known. 

Ruthenium diohloride RuGl a . ( Ruthenous 
chloride. Ruthenoso-chloride.) Prepared by 
heating very finely divided Ru in a stream of 
01. Action begins at c. 360° (Joly, C. R. 114, 
291) with formation of RuCl a , which is removed 
by subliming, and the temperature is kept at dull 
redness for an hour or two; the residue is 
powdered, and again heated in Cl; and this 
treatment is repeated several times (Claus, A. 
69, 234). A black crystalline mass ; insoluble 
water, aoids, or alkali solutions. The azure- 
blue liquid formed by the action of reducers, 
such as Zn or H 2 S, on solutions of RuCl„ was 
thought by Claus (l.c.) to contain RuC1 2 . 

Ruthenium trichloride RuC1 8 . ( Rutheno -, 
or ruthenoso-ruthenic , chloride. Sesquichloride 
of ruthenium.) Obtained, as a brown, crystalline, 
very hygroscopic solid, by dissolving Ru(OH), 
(Claus, A. 69, 234), or Ru0 4 (Joly, 0. R. 107, 
994), in HClAq, and evaporating to dryness. 
Joly ( C . R. 114, 291) obtained RuCl* by heating 
finely divided Ru at 360° to 440° in a mixture of 
CO and Cl, the Cl being in excess. Claus says 
that RuCl a is sol. water, with partial decompo- 
sition to an insol. oxychloride ; and that, on 
heating, the solution decomposes with separation 
of a black powder (partly oxyohloride, partly 
RuOgHg), the colouring power of which is so 
great that 1 mgm. suffices to make 500 c.o. water 
appear quite black. Joly (C. R. 114, 291) says 
that RuC 1 8 , prepared by heating Ru in Cl and 
CO, is insol. cold water, acid solutions, C01 4 , OS* 


CHC1 S , Et 2 0, or PCI* ; it is decomposed slowly 
by hot water ; slowly dissolved by digesting with 
50 times its weight of absolute alcohol, in a sealed 
tube. Solution in alcohol is purple-violet; 
slowly decomposes in moist air, more rapidly at 
CO 3 , giving RuCl 2 .OH (u. Ruthenium hydroxy- 
chloride, p. 416). RuC 1 8 absorbs NH, to form 
2 RuC 1 3 .7NH 3 ; another compound containing 
NH 3 , viz. Ru 2 Cl 4 (0H) 2 .7NH s .3H 2 0, is formed by 
throwing RuC 1 3 in small successive quantities 
into cold saturated NH,,Aq and then heating to 
40° (Joly, C. R. 115, 1299). 

Double salts. Chlor-ruthenites , 
RuC 1 3 .2MC1, or MaRuCl,; M = NH 4 , K, Na 
(Claqs, A. 59, 234 ; 63, 359). Formed by eva- 
porating RuOjHj in HClAq nearly to dryness, 
dissolving in water, and adding cone, solution 
of the alkali chloride ; also by heating a mix- 
ture of Ru with KOI or NaCl in Cl (Joly, C. R . 
107,994). Th e potassium salt , which seems to 
be the most definite, is a brownish-violet, crys- 
talline powder, scarcely sol. cold water, some- 
what sol. boiling water, inBol. alcohol of 80 p.c. 

Joly ( C . R. 108, 854) obtained ruthenium 
nitrosochloride RuCL,.NO.H/), by heating 
RuC 1 3 with a large excess of HNO s Aq, and eva- 
porating at 120°. Heated in vacuo , or in C0 2 , 
at 440°, gives off NO, and leaves a mixture 
of RuCl, and RuO,. Solution of the nitroso- 
chloride is not ppd. by alkalis in the cold ; but 
on boiling with enough alkali to combine with 
3 Cl, a brown gelatinous pp. of nitroso-oxide, 
RuaOg. 2 NO. 2 H 2 O, is obtained. For compounds 
of RuClg with NO and alkali chlorides, v. Nitroso- 
chlor -ruthenates, infra. 

Ruthenium tetrachloride RuC1 4 . (Ruthe- 
nichloride. Ruthenic chloride .) Claus (A. 69, 
2341 supposed that a solution of Ru0 4 H 4 in 
HClAq contained this chloride ; he also de- 
scribed various alkali chlor-ruthenates, MgRuClg, 
obtained by adding alkali chlorides to the sup- 
posed solution of RuC 1 4 . Joly, however (C. R. 
107, 994), has shown that Claus’ salts contain 
NO ; and he asserts that the compound used by 
C. and supposed to be Ru0 4 H 4 itself contained 
NO. Joly failed to obtain either RuC 1 4 or the 
salts M 2 RuClg. The compounds described by C. 
as MjjRuClg, but shown by J. to be M 2 Ru(N0)Gl 4 , 
may be called nitrosochlor-ruthenates. 

Nitrosochlor -ruthenates, 
MgRu(N0)Cl 4 (RuClg.N0.2MCl). M** Am, K, Na. 
These salts were obtained by Joly (C. R. 107, 
994) by heating RuCl, in HNO,Aq for some time 
and adding alkali chlorides, also by adding 
alkali nitrites to warm solutions of RuCl, in 
HClAq. According to Joly, the salts described 
by Claus as M 2 RuC 1 4 are in reality nitrosochlor- 
ruthenates. These salts yield NO when heated 
with CaCO s . Solutions of these salts are not ppd. 
by alkalis in the cold ; on boiling with alkali suffi- 
cient to combine with 3Cl,app.of Ru 2 0„(N0) 2 .2aq 
is slowly formed (J., C . R. 108, 854). The group 
NO evidently forms part of the acidic radicle of 
the salts ( cf . Ruthenium-ammonium compounds, 
p. 418). 

Potassium nUrosochlor-ruthenate , 

KgRu (N O) Cl 5 . Prepared by fusing Ru with KOH 
and KNOg, dissolving in HClAq, and evapora- 
ting somewhat till excess of KC1 and KNO, crys- 
tallise out; by evaporating the mother-liquor 
a mixture of E^EtuGl* and KgRutNOJCl, is ob» 
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tamed, from which water dissolves the latter 
salt. Purified by crystallisation from water, 
wherein the salt is fairly soluble. Black, ortho- 
rhombio prisms; transparent when in thin 
crystals. Solution in water is violet-red. 

Ruthenium, cyanide of, and derivatives ; v . 
Yol. ii. p. 346. 

Ruthenium, hydroxides of; v. Ruthenium, 

OXIDES AND HYDRATED OXIDES OF, infra . 

Ruthenium, hydroxychloride of, Ru(OH)Cl 2 . 
Described by Joly (C. R. 114, 291) as a solid, 
obtained by heating, in moist air to 60°, a solu- 
tion of RuC 1 3 in absolute alcohol. Very sol. 
water; the deep indigo-blue solution slowly 
deposits RuOjHg. 

Ruthenium, iodide of, Rul v This com- 
pound is formed, according to Claus (A. 59, 
234), as a black pp. by adding KI to KjRuCljAq. 

Ruthenium, nitrosochloride of, Ru.NO.Cl,, 
c. under Ruthenium trichloride. 

Ruthenium, nitrosopentoxide of, 
Ru 2 (N0) 2 0 8 .2R 2 0, v . under Ruthenium pent- 
oxide. 

Ruthenium, oxides and hydrated oxides of. 
Claus described four oxides of Ru : RuO, Ru 2 0„ 
Ru 0 2 , and Ru0 4 ; and the hydrated oxides 
Ru 2 0 a .3H 2 0 and Ru0 2 .2H 2 0. According to De- 
bray and Joly, RuO and Ru 2 O s have not been 
isolated, but the oxides Ru 2 0 5 and Ru 4 0 9 exist, 
besides Ru0 2 and Ru0 4 . According to Joly, 
Claus* Ru 0 2 .2H 2 0 contains NO. Ru combines 
with 0 when melted in the O-H flame, with 
formation of Ru0 2 ; it is probable that Ru0 4 is 
formed, and then decomposed to Ru0 2 + 0 2 . 

Ruthenium monoxide RuO. ( Ruthenous 
oxide.) According to Claus (A. 59, 234), this 
oxide is formed, as a dark-grey, metal-like solid, 
by calcining RuCl 2 mixed with rather more than 
an equivalent of Na 2 C0 3 in a stream of C0 2 , and 
washing with water as long as anything dis- 
solves. Debray and Joly (C. R. 106, 328, 1424) 
could not obtain this oxide. 

Ruthenium sesquioxide RiLjO,. ( Rutheno - 
oxide.) When Ru black is strongly heated in a 
Pt crucible, c. 18*5 p.c. 0 is rapidly taken up ; 
O is then slowly absorbed till from 23 to 24 p.c. 
has combined, and a blue-black mass is formed. 
This blue-black solid is Ru 2 0 3 , according to Claus 
(A. 56, 257 ; 59, 234) ; according to D. a. J. (Z.c.) 
it is a mixture of Ru and Ru0 2 . 

Hydrated ruthenium sesquioxide 
Ru 2 0 8 .3H 2 0 or Ru0 8 H 8 . (Black ruthenium 
hydroxide .) A black powder; prepared by ppg. 
solutions of RuC 1 8 by alkali, or by alkali car- 
bonate, phosphate, or borate (Claus, A . 59, 234). 
AIbo ppd.from an aqueous solution of Ru(OH)C1 2 
(v. Hydroxy chloride, supra). Even after washing 
for several days the pp. retains c. 1 p.c. alkali. 
Reduced, but incompletely, by H at ordinary 
temperature. Insol. KOHAq or NaOHAq, si. 
sol. NH,Aq (Claus, Z.c.) ; sol. in aoids. The only 
salts of oxyacids derived from this oxide which 
have been prepared are Ru(N0 2 ) 8 .3KN0 2 and 
the corresponding Na salt (Claus, J . 1863. 697 ; 
Gibbs, Am. 8. [2] 29, 427 ; 31, 63 ; 34, 341). 

Ruthenium dioxide RuO y . (Ruthenic oxide.) 
Formed by strongly heating Ru sulphide, or 
Ru(S0 4 ) 2 , in air (Claus, A. 59, 234). Ru(S0 4 ) 2 
is obtained by ppg. RuCl, solution by H J3, and 
oxidising the pp. by HNO s . Ru0 2 is also fcfrmed, 
as a crystalline sublimate, by roasting osm- 


iridium containing Ru in a porcelain tube 
(Fremy, A. Ch. [3] 44, 385). Also obtained bj 
strongly heating finely divided Ru for some 
time in a stream of 0 (D. a. D., A. Ch. [3] 56 
385 ; C . R. 83, 927 ; 87, 441). The whole oi 
the Ru is not converted into Ru0 2 , but some 
metal remains unoxidised (D. a. J., C . R . 106, 
1494). At a very high temperature Ru0 4 is 
formed, and at a lower temperature this is re- 
Bolved into Ru0 2 and 0 (D. a. D., C. R. 80, 457 ; 
D. a. J., C. R. 106, 1424). D. a. J. ( C . R. 106, 
328) obtained Ru0 2 , partly amorphous and partly 
crystalline, by heating Ru0 4 to 107° ; also by 
heating Ru 4 O b to 440°. 

Dark-violet, quadratic crystals ; isomorphous 
with rutile (Fremy, Z.c.; D. a. J., Z.c.). S.G. 
7*2 (D. a. D., A. Ch. [3] 56, 385). Insol. acids, 
sol. molten KOHAq. Easily reduced by H. The 
only salt of an oxyacid corresponding with Ru0 2 
which has been isolated is Ru(S0 4 ) 2 (Claus, Z.c.). 

Hydrated ruthenium dioxide RuO^SELjO or 
Ru 0 4 H 4 .3H 2 0. The existence of this compound 
is doubtful. Claus (A. 59, 234) gave this com- 
position to the gelatinous, yellow-brown pp. 
formed by decomposing KjRuClaAq by Na 2 C0 8 ; 
but Joly has shown that Claus’ KjRuCl,, contains 
NO (cf. Ruthenium tetrachloride, p.415). Claus 
also obtained hydrated Ru0 2 by evaporating 
RufSOJ^q with KOHAq; but as the sulphate 
employed was obtained by oxidising Ru sulphide 
by HN 0„ it may have contained NO. Joly ( C. R. 
107, 994) gives the formula Ru 2 0„(N0) 2 .2H 2 0 to 
to the brown gelatinous pp. formed by boiling 
Ru(NO)Cl„ or K 2 Ru(NO)Cl 5 with KOHAq or 
K^COgAq. It seems probable that Claus* 
Ru0 2 .5H 2 0 is the same as the nitroso- com- 
pound obtained by Joly (cf. infra Hydrated 
nitroso-pentoxide). 

Ruthenium pentoxide Ru 2 0 5 ( * Ru0 2 .RuO„). 
When Ru0 4 Aq stands for some time in a closed 
vessel, a black pp. settles down and a black 
crystalline crust forms on the sides of the vessel, 
while O is set free and escapes when the vessel 
is opened. The composition of the pp. and 
crystalline crust after drying at 100° is given by 
Debray a. Joly as Ru 2 0 6 (C. R. 106, 328). This 
oxide is also obtained by allowing a dilute solu- 
tion of a ruthenate to stand for a long time, or 
by adding a dilute aoid to such a solution. 
Ru 2 O s dissolves in HClAq, giving off Cl ; heated 
to 360° Ru 4 O e is formed. 

Hydrated nitroso-pentoxide'Ru, i O % (T$0) 2 .2Tifi. 
A black solid, formed by boiling Ru(NO)C 1 8 or 
K^ufNOJClj ( v . Nitrosochloride , and Nitroso • 
c hlor-ruthenates, p. 415) with sufficient alkali 
or alkaline carbonate to combine with 3C1, and 
drying the pp. at 150° (Joly, C . R. 108, 854). 
Slowly decomposes when heated to 360° in C0 2 , 
giving Ru 4 0 9 ; above 440° decomposes violently, 
giving off N oxides ; reduced by H below 100°* 
giving off NH f . Sol. in acids, forming nitroso- 
salts. 

Ruthenium nonoxide Ru 4 0 9 ( » SRuO^RuOg). 
This composition was given by D. a. J. (C. R. 
106, 328) to the black, lustrous, crystalline crust 
obtained by heating Ru0 4 Aq to 100°. The same 
oxide is formed by heating Ru 2 0 8 to 860°. 
Heated to 440 3 this oxide gives amorphous 
Ru0 2 and O. 

Ruthenium tri- oxide RuO r (Ruthenic 
anhydride.) This oxide has not been isolated* 
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but salts derived from it are known. BuO s is 
the hypothetical anhydride of rnthenio aoid 
(H 2 Ru 0 4 ), which has not been isolated. For 
the salts corresponding with this oxide v. 
Buthenates , under Ruthenium, silts of oxy- 
acids of, infra . 

Ruthenium heptoxide Ro,0 7 . (Per-ruthenic 
anhydride.) This oxide, the hypothetical 
anhydride of the non -isolated per-ruthenic 
acid (HRu0 4 ), has not been prepared. For the 
salts corresponding with this oxide v . Per - 
mthenatest under Ruthenium, salts of oxyacids 
of, infra. 

Ruthenium tetkoxide Ru0 4 . (Sometimes 
called per-ruthenic acid t and frequently ruthmic 
acid.) Mol. w. 165*24. Y.D. 83*3 at 100° and 
106 mm. pressure (Debray a. Joly, G. B. 106, 
328). 

Formation. — 1. By passing Cl into a solution 
of the product of fusing Ru with KOH and 
KN0 3 . — 2. By the action of KC10 3 and HC1, not 
aqua regia , on K^RuCljAq (Claus, A. 69, 234).— 
3. By heating finely divided Ru in a stream of 
O to c. 1000°, and cooling rapidly by means of 
ice. If the temperature is allowed to fall slowly 
the Ru 0 4 formed decomposes explosively at o. 
108° (Debray a. Joly, C. B. 106, 100). 

Preparation.— -A mixture of 1 part finely 
divided Ru, with 8 parts KOH and 1 part KNO a , 
is heated to dull redness in a silver crucible till 
fused ; the product, when cold, is dissolved in 
16 parts water; the solution is placed in a 
tubulated retort connected, by a long tube, with 
a very well cooled receiver (the connecting tube 
being also cooled), and a rapid stream of Cl is 
passed into the solution ; a considerable amount 
of heat is produced, and Ru0 4 passes over and 
solidifies in the receiver (Deville a. Debray, A.Ch. 
[5] 4, 637). To free the preparation from water 
D. a. J. (O. B. 106, 328) place it in a tube with 
fused CaCla, contract the tube in the middle, 
pump out the air, and seal off the tube. The 
Ru0 4 slowly sublimes into the upper part, which 
is then separated from the rest. The Ru0 4 is 
finally distilled in vacuo into tubes which have 
been very carefully cleansed from all traces of 
organic matter, and dried by heating to redness 
in a stream of H. Ru0 4 may be obtained in 
well-formed crystals by subliming in vacuo at 
the ordinary temperature. 

Properties. — (D. a. J., O. B. 106, 328.) Golden 
yellow crystals, melting at 25*5° to an orange-red 
liquid, which solidifies slowly to a vitreous solid. 
Smell resembles that of ozone ; the vapour 
causes coughing, but does not affect the eye3 
(Claus, J.pr. 80, 282). Sublimes at 3 to 4 mm. 
pressure on the slightest rise of temperature; 
the vapour is golden yellow. Decomposes at 
106°- 107° without boiling. The vapour-pressure 
of the crystals is almost nil at 0°, 20 mm. at 
42°, and 182 mm. at 100*8°. May be distilled in 
water- vapour containing Cl or HCIO. Gradually 
reduced to RuO, by sunlight (Joly, C. B. 113, 
693). Dissolves in water, forming a golden- 
yellow solution, which gradually decomposes 
with ppn. of Ru 2 O ft .icH 2 0. Ru0 4 attacks Hg, and 
Blowly acts on glass. Ru0 4 does not form cor- 
responding salts, either by reacting with acids 
or alkalis. Moist Ru0 4 is very easily reduced, 
e.0. by contact with paper. 

Reactions. — 1. Decomposed by heat ; no ao- 
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tion below 106° ; at 107° sudden decomposition 
occurs, with a smoky flame and formation of 
amorphous RuO a on the walls of the vessel, and 
crystalline Ru0 2 from the part that has melted 
(D. a. J., l.c.). According to D. a. J. (C. B. 106, 
100), Ru0 4 is formed when O is passed over 
spongy Ru at c. 1000°, and the product is 
rapidly cooled. If oooling is allowed to take 
place slowly the Ru0 4 decomposes at c. 108°. — 
2. Dissolves in water ; solution keeps unchanged 
for some time, but slowly deposits Ru 2 O v .rH/>. 
Decomposition is more rapid at higher tempera- 
tures ; at 100° Ru 4 0„.kH <! 0 is formed (D. a. J., 
l.c.).— 3. Solution in water, or moist RuO„ is 
quickly reduced by alcohol and several other or- 
ganic compounds (Claus, J . pr. 80, 282). — 

4. With solutions of alkalis forms ruthenatea 
and per-ruthenates, with evolution of O. Alco- 
holic solution of potash ppts. Ru 2 0 8 .3H 2 0.— 

5. Heated with hydrochloric acid , Cl is given 
off and RuC 1 3 formed in solution. — 6. Hydrogen 
sulphide gradually throws down a black pp. of 
an oxysulphide, from Ru0 4 Aq (Claus, l.c.). 

Ruthenium, oxyacids of. No oxyacid of Ru 
has been isolated, but some salts of the hypo- 
thetical acids HjRuC^ and HRu0 4 are known 
(v. Ruthenium, salts of oxyacids of, infra). 

Ruthenium, oxysulphide of. A current of 
H 2 S passed into RuO t Aq slowly ppts. all the Ru 
as a blaok substance, which is said by Claus 
(J.pr. 80, 282) to be an oxysulphide, whose com- 
position varies according to the quantity of H 2 S 
passed in. The pp. suddenly glows when dried 
at 100°, and burns, giving off S0 2 . 

Ruthenium, salts of. Very few salts are 
known obtained by replacing the H of oxyacids 
by Ru. The double nitrites Ru(N0,) t .3MN0 2 , 
where M = K or Na, are the only salts which have 
been prepared corresponding with Ru 3 0 3 ; and 
Ru(S0 4 V, is the only salt of RuO,, which has 
been isolated ; the double sulphite RuS0 8 .K 2 S0 3 
corresponds with RuO. 

Ruthenium, salts of oxyacids of. A few 
salts of the hypothetical acid H^Ru0 4 , and two 
salts of the hypothetical acid HRu0 4 , have been 
isolated. 

Ruthenates, M i 2 Ru 0 4 . Salts of hypothetical 
HjRuC^ (formerly called rulhenites). These 
salts are formed by heating Ru, or an oxide of 
Ru, with an oxide, hydroxide, nitrate, or chlor- 
! ate of an alkali metal (Claus, A. 56, 257 ; 59, 

I 234), or of an alkaline earth metal (Deville a. 

! Debray, A. Ch . [3] 56, 385). Ruthenates in 
solution are easfly reduced by organic bodies, 
with ppn. of black Ru v 0 3 .3H 3 0 ; acids added to 
cone, solutions form per-ruthenates, M*Ru0 4 . 

Barium ruthenate BaRu0 4 .aq. Obtained 
by adding Ru0 4 to BaOAq. The solution is at 
first green, probably from formation of per- 
ruthenate ; a black pp. is thrown down, which 
soon changes to the cinnabar-coloured crystal- 
line Ba salt. This salt is also formed by adding 
BaCLjAq to a solution of the K salt (Debray a. 
Joly, C. B. 106, 1494). 

Potassium ruthenate KjRuO^aq (D. a. 
J., l.c.). 50 g. Ru 0 4 , melted under water, are 
slowly added to 70 g. KOH in 500 c.c. water at 
60° ; temperature is kept at 60° until the evolu- 
tion of O has ceased, when the solution is 
evaporated in vacuo ; long, black, orthorhombio 
prisms, reflecting green light, are formed (for 

EE 
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crystalline measurements v. D. a. J .(l.c. p.1497). 
Alter drying in vacuo, the crystals absorb 
moisture and C0 2 from the air. Unchanged at 
106° in vacuo ; loses H 2 0 at 200°, and may then 
be heated to 400° without decomposition. Very 
sol. water ; solution is orange yellow ; it soon 
decomposes in air, depositing Ru 2 0 5 .a?Hj0, and 
probably forming KRu0 4 Aq. Organic bodies 
dipped into the solution become black from de- 
position of Ru.P3.3H2O. Acids hasten forma- 
tion of KRu0 4 Aq and Ru 2 0 5 ; from cone. 
KgRnOjAq acids ppt. KRu0 4 , which decomposes 
to Ru 2 0 5 and RuO, (D. a. D., G. R. 83, 927). 

The magnesium , silver , and strontium salts 
are obtained by adding MgCl^q, AgNO s Aq, and 
SrCl 2 Aq respectively to K 2 RuO,Aq. The sodium 
salt has not been isolated ; it cannot be separated 
from excess of soda. 

Pkr-buthenates, MURiO* Salts of hypo- 
thetical HRu0 4 (formerly called ruthenates). 
Obtained by the action of Cl on ruthenates, or 
of acids on cono. solutions of ruthenates. 
Alkalis produce ruthenates from solutions of 
per-ruthenates. 

Potassium per - ruthe?iate KRu0 4 
(Deville a. Debray, G. R. 83, 927). 50 g. Ru0 4 , 
melted underwater, are slowly added to 60 g. KOH 
in 250 c.c. water at 60° ; O is evolved, and the 
solution becomes green ; after O ceases to come 
off, the liquid is allowed to cool in a closed 
vessel ; the cold (red) liquid, which contains 
iyEtu0 4 , is poured off, and the crystals of 
KRu0 4 that adhere to the sides of the vessel 
are dried in vacuo on an unglazed porcelain 
plate. Black, opaque, quadratic pyramids (for 
crystallographic measurements v . D. a. J., G. R. 
106, 1496). Unchanged in air after drying in 
vacuo ; decomposes suddenly at 440°, giving off 
O (? with formation of KjRu0 4 and Ru0 2 ). Cl 
reacts in the cold to form Ru0 4 and KC1. 
Slightly sol. water; solution is blackish-green 
and soon decomposes, KOH being formed. 
Alkalis added to KRu0 4 Aq produce KgRu0 4 Aq, 
with evolution of O. 

The sodium salt, NaRu0 4 .aq, has been 
isolated; it forms black crystals. Addition of 
chlorides of alkaline earths to solution of KRu0 4 , 
or NaRu0 4 , ppts. M n Ru0 4 , not M n (Ru0 4 ) 2 , and 
the solutions contain Ru0 4 . 

Ruthenium, sulphides of. No sulphide of 
Ru has been isolated with certainty. Claus 
could not obtain a sulphide by heating Ru with 
S in C0 2 (A. 56, 257 ; 59, 234). The pps. formed 
byH 2 S in solutions of Ru compounds vary in 
composition, and contain free S. By ppg. RuC1 8 
solution by H 2 S, and heating the solid in C0 2 , 
S and HgO are given off, and a greyish-black 
metal-like substance remains, which is perhaps 
RujSs (O., lx.). The pp. which H 2 S produces in 
Ru0 4 Aq is probably an oxysulphide (q. v.). The 
mineral laurite , from Borneo and Oregon, con- 
tains RUjS* with Ob sulphide (W5hler, A. 139, 
116 ; 191, 374). M. M. P. M. 

RUTHENIUM- AMMONIUM COMPOUNDS. 
(Ruthenanvmines. Ammoniacal ruthenium 
oases,) These compounds have not been ob- 
tained by treating Ru chlorides with NH s Aq. 
The starting-point for the compounds described 
by Claus was RuC 1 4 .2NH 4 C1. By treatment with 
NH„Aq, Claus obtained RuOl2.4NH,.8aq, and 
from this he prepared various salts RuX 2 .4NH s , 


where X =■ monovalent acidic radicle (N. Petersb. 
Acad. Bull . 1, 97 ; 2, 158). By evaporating a 
solution of the base Ru(OH) 2 .4NH 8 in vacuo 
over H 2 S0 4 , Claus obtained a new base, to which 
he gave the formula Ru(OH) 2 .2NH 8 .4aq ; he 
did not prepare any salts of this base. Joly 
(G. R. 107, 994) found that Claus’ RuCl 4 .2NH 4 Cl 
is a nitroso- compound, and has the composi- 
tion RuCl a N0.2NH 4 Cl. Joly also showed (C. R. 
108, 1300) that Claus’ RuCl 2 .4NH 3 has the com- 
position RuCl 2 .NO.OH.4NH 8 , and that the 
salts obtained by Claus belong to the form 
RuX 2 .N O.OH.4N H,. Whether the base described 
by Claus as Ru(OH) 2 .2NH 8 contains NO or not 
has not been determined ; it is described here 
provisionally. 

The nomenclature adopted in this article 
must be looked on as only provisional. 

Nitroso-rutheni-diamminks, 
X.NO.Ru(NH 8 .NH a R) 2 ; R may or may not be the 
same as X. (Joly, C . R. 108, 1300; 111, 969.) 
Described by Claus as ammonium ruthenoso-di - 
ammonium compounds , N 2 H 4 (NH 4 ) 2 Ru.X 2 , or 
ruthenoso-diammines , RufNH^NH^X^. 

Series I. Hydroxy -compounds, 
OH.NO.Ru(NH 3 .NH 8 R) 2 . The chloride, R- Gl, 
was obtained (Joly, C. R. 108, 1300) by boiling 
Ru(NO)Cl a (described under Ruthenium tri- 
chloride, p. 415) with excess of NH a Aq, until 
the liquid became golden yellow, and deposited 
orange-yellow crystals of the salt. The bromide 
R = Br, and iodide R = I, were prepared similarly. 
The carbonate R = ^CO g , nitrate R NO s , and 
sulphate R - JS0 4 , were prepared by the reaction 
of the chloride with Ag salts. By reacting on 
the chloride with moist Ag 2 0, Joly obtained a 
strongly alkaline liquid which probably con- 
tained the hydroxide , R - OH. The chloride 
forms a double compound with PtCl 4 . 

Series II. Chloro - compounds , 
Cl.NO.Ru(NH 3 .NH 3 R) 2 (Joly, C. R. Ill, 969). 
The chloride , R - Cl, was obtained by dissolving 
the hydroxy-chloride in much HClAq, evapora- 
ting, and crystallising from boiling water ; it 
combines with PtCl 4 . The bromide and iodide, 
R = Br and I, were obtained similarly to the 
chloride. 

Series III. Nitrato - compounds , 
NOs.NO.RufNHj.NHjR)^ The nitrate, R = NO a , 
was formed by the action of AgNO a Aq, or boil- 
ling HN0 8 Aq, on the chloro-chloride (J., l,c,). 

Series IV. Sulpha to - compounds, 
S0 4 .2[N0.Ru(NH a .NH s R) J. Two sulphates, the 
normal salt where R-^80 4 and the acid salt 
2(S0 4 .2[N0.Ru(NH 8 .NH 8 ) 2 S0 4 ]).H 2 S0 4 , were ob- 
tained by the action of H 2 S0 4 Aq on the ohloro- 
ohloride. 

These compounds give off NH 8 when heated 
in KOHAq, and separate Ru nitroso-hydroxide 
Ru(OH) s NO, from which nitroso- salts are ob- 
tained by the action of acids. 

??Rutheno8-ammines, Ru(NH 8 X) 2 , or rut henos- 
diammonium compounds, NH 2 (NH 4 )Ru.X 2 . The 
only compound of this class which has been 
isolated is the hydroxide , Ru(NH 3 .OH) 2 .4aq, 
obtained by Claus (N, Petersb. Acad. Bull . 1, 
97 ; 2, 158) by evaporating, over HjSC^ in vacuo, 
a solution of the base to which he gave the 
formula Ru(NH 8 .NH 8 .OH) 2 . As the compound 
from whioh Claus obtained the supposed 
ruthenos-ammine hydroxide has been found 
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to oontain NO. it is probable that the product 
of evaporation was also a nitroso- compound. 

M. M. P. M. 

RUTIN O 4 ,H 60 O m . [above 190°]. S. *58 at 
100°. S. (boiling alcohol) 20. S. (ether) *29. 
Extracted by alcohol or HOAc from the leaves 
of the garden rue ( Ruta graveolens) (Weiss, 
Phami . Centr. 1842, 903 ; Borntriiger, A. 53, 
385 ; Fdrster, B. 15, 217). Occurs also in 
capers, the flower-buds of Capparis spinosa 
(Bochleder a. Hlasiwetz, A. 82, 197 ; 96, 123 ; 
Zwenger a. Dronke, A. 123, 145), in safflower 
(Stein, J.pr. 58, 399; 88, 280), in rose leaves 
(Filhol, J. 1863, 594), and in the leaves of the buck- 


wheat (Polygonum Fagopyrum (Sohunck, C. J. 
53, 262). Crystallises from water in pale-yellow 
needles (containing 3aq). Sol. alkalis, forming 
a yellow solution, from which it is reppd. by 
acids. EeCl s gives a dark -green colour. Lead 
acetate added to its alcoholic solution forms 
a yellow pp. Pb a C 42 H 44 0 2V Does not reduce 
Fehling’s solution. Decomposed by boiling 
dilute H 2 S0 4 into quercetin (1 mol.) and iso- 
dulcite (3 mols.). 

BUTYL. A name sometimes used for deooyl 
C 10 H 19 O or decyl C 10 H 21 . 

BUTYLENE v. Decinene. 

RUTYLIDENE v. Hendeoineni. 


SACCHARIC ACID C a H l0 O 8 i.e. 
C0 2 H.CH(OH).CH(OH).CH(OH).CH(OH).CO,H. 
Mol. w. 210. Formed by the action of nitric 
acid (6 pts. of S.G. 1*15) on dextrose (glucose), 
and therefore on cane sugar and on milk sugar 
(Scheele, Opuscula ii. 203 ; Trommsdorff, A. 
8, 36; Gu6rin-Varry, A. Ch. [2] 49, 280; 52, 
318 ; 65, 332 ; Erdmann, A. 21, 1 ; Hess, A. 
26, 1 ; Tliauloff, A . 27, 113 ; Liebig, A . 30, 313 ; 
113, 1 ; Heintz, P. 61, 315 ; 105, 211 ; 106, 
93; 111, 265, 291 ; A. 51, 185; Tollens, B. 21, 
2149). Formed also by oxidation of dextrin, 
maltose, and dextrose by Br, and subsequent 
addition of ZnC0 3 (Herzfeld, A. 220, 352), and 
by the action of Br on glycuronic acid (Thier- 
felder, B. 19, 3148). 

Preparation. — 1. Dextrose (5g.) is evapo- 
rated with HNO a (30 c.c. of S.G. 1*15) to a thick 
syrup. The syrup is dissolved in water (20 c.c.) 
and neutralised with KjCOj ; HOAc is then 
added and the solution evaporated until the acid 
K salt crystallises out (Tollens, A. 249, 218). — 

2. Starch (100 g.) is ground up with water (100 
c.c.), poured into HNO a (500 c.c. of S.G. 1*15), 
and heated on the water-bath till red fumes 
begin to come off. The temperature is then 
lowered and kept at 65° until syrupy. The pro- 
duct is converted as above into the acid K salt 
(20 g.), whioh is dissolved in water, neutralised 
with ammonia, and ppd. by AgNO a . The Ag 
salt i3 then decomposed by HC1 (Sohst a. Tol- 
lens, A. 245, 4). 

Properties. — Brittle deliquescent mass, v. sol. 
water and alcohol, v. si. sol. ether. Dextro- 
rotatory, [a] D varying from 8° to 38°. Reduces 
auric chloride and ammoniacal AgNO* (forming 
a mirror) but not Fehling’s solution (Kiliani, 
B. 14, 2529). 

Reactions . — 1. Oxidised by HNO a to dextro- 
tartaric, racemic, and oxalic acids. — 2. Potash 
at 250° yields acetic and oxalic acids. — 

3. PCl a forms chloromuconio acid C 8 H 4 C1 2 0 4 
[260°] (Bell, j B. 12, 1272).-4. Boiling dilute 
(30 p.c.) HClAq forms dehydromuoio acid (S. a. 
T. ; Schr&tter, M. 9, 442).— 6. HIAq and P at 
150° forms some adipic aoid (De la Motte, B. 12, 
1572). — 6. The ammonium salt decomposes at 
160° into C0 2 , NH„ and pyrrole (Bell a. Lapper, 
B. 10, 1961). The ethylamine salt yields, in like 
manner, ethyl-pyrrole. — 7. Phenyl- hy dr amine 
acetate at 100° forms CAO^CO.NjftPh),, a 


s 


t 
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yellowish substance [210°], insol. water, alcohol, 
and ether ; not decomposed by alcoholic potash 
(Maquenne, Bl . [2] 48, 721). 

Salts. — KHA"; trimetric crystals; a:b:c 
= 1*763:1:2.234. b. 1*1 at 7°.-K 2 A" : crystal- 
line crusts, v. sol. water.— (NH 4 ) HA". S. 1*22 
at 15 u ; 24*4 at 100°. Four-sided prisms. — 
BaA" : minute crystals, v. si. sol. water. — 
BaA" 3aq : amorphous. — CaA" aq. — SrA" l£aq. 
— MgA" 3aq : crystalline, m. sol. hot water. — 
ZnA" aq. — CdA". — PbA". — Pb,C tf H tt O # . — 
Pb 3 C I2 H M 0 18 . — Pb 5 G, 2 H 10 O lfi . — Pb 3 C tt H 4 0 8 . — 
Ph,Cl 2 A". — Bi 2 C 6 H 4 O a 2aq.— Ag 2 A" : white pp. 

Ethyl ether Et 2 A". Crystalline mass, v. 
sol. water and alcohol.— (EtA'') 2 CaC l‘<!* Prisms, 
v. sol. water, si. sol. alcohol, insol. ether. 

Tetra-acetyl derivative of the ethyl 
ether C„H 4 Ac 4 Et 2 0 8 . [61°]. Monoclinic tables 
(from alcohol), insol. Aq, v. e. sol. hot alcohol. 

Anhydride C„H 8 0 7 i.e . 

CH(OH)<®q(°^>CH.CH(OH).C0 2 H. Sac - 

charolactone. [132°]. Formed by allowing 
syrupy sacchario acid to stand over H 2 S0 4 for 
some days (Sohst a. Tollens, A. 245, 5). Thin 
plates (from water). Yields pyromuoic acid on 
heating. Reduced in acid solution by treat- 
ment with sodium-amalgam to glycuronic acid 
C0 2 H.CH(OH).CH(OH).CH(OH).CH(OH).CHO 
(Fischer a. Piloty, B. 23, 937 ; 24, 621). 


Di-acetyl derivative of the double 
anhydride C, 0 H l0 O g i.e. 

MS w 

from Ac,0, acid potassium saocharate. and 


ELjSO, (Maquenne, Bl. [2] 48, 720 ; c/. Baltzer, 
Bl. [2] 10, 263 ; A . 149, 238). White plates, v. 
si. sol. alcohol and ether. 


Amide C 6 H 8 O a (NHJ 2 . Amorphous powder. 


Isosaccharic acid C a H 10 O 8 . [185°]. [a] 0 

* 46° at 20°. Formed by careful oxidation of 
glucosamine hydroohloride by dilute HNO g 
(S.G. 1*2) (Tiemann, B. 17, 246; 19, 1258, 
1273). Trimetrio crystals (from water), v. sol. 
water and alcohol, si. sol. ether. Dextrorota- 
tory. Converted by heat into C0 2 and pyro- 
mucio acid. Reduoed by HI to adipic acid. 
Heated in a current of dry HC1 it yields fur- 
furane (oa^-di carboxylic aoid. PC1 S forms 
C^HjClO (CO^H) 2 , which yields Et*A" [40°]^- 

a s 2 
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KHA"£aq: v sol. water.-fNHM".— BaA".— 
CaA". — Sr A". — PbA" 2aq. — CuA". — Ag.A". 

Ethyl ether Et^A". [73°]. (250°). [«] D 
m + 85*5°. Needles, v. sol. water. Yields a 
tetra-aoetyl derivative C 4 H 4 (0Ac) 4 (C0 2 Et) 2 
[47°] v. sol. water and alcohol. 

Amide of the anhydride 
C ,H ,0 ( OH) 2 ( CON H J 2 [226°]. [a] D - 7*2°. 

Anilide of the anhydride. [231°]. 

Acetyl derivative C^H^OAcJ^COjjH^aq. 
[101°]. Needles (from water). 

Parasacchario acid C tt H 10 O g . Formed, to- 
gether with glycyrrhetin, by boiling glycyrrhizin 
with dilute H 2 S0 4 (Habermann, C. C . 1880, 
253). Hygroscopic mass, sol. water and alcohol. 
Its salts are amorphous. 

Metasaccharic acid C a Hj 0 O 8 . The salt 
CaA" aq, got by boiling an aqueous solution of 
the dianhydride with CaCO„, forms crystals, si. 
sol. water. KA' and Ag 2 C u H 8 0 H have also, been 
prepared (Fischer, B. 23, 2621). Solutions of 
metasaccharates turn deep red when exposed to 
air. 

Dilactone C fl H tf O a i.e. 

Eo (OH O.CH-CH(OH) • l-Mannosaccharic 
acid. [68°]. S. 6-5 at 15°. [o]»= -202° 

(Fischer, B. 24, 641). Formed by oxidation of 
arabinose-carboxylic (mannonic) acid C h H 12 0 7 
by digesting its lactone with HNO, (S.G. 1*2) 
for 24 hours at 60° (Kiliani, B. 20, 341, 2710; 
21, 1422). Long colourless needles (containing 
2aq), si. sol. alcohol, insol. ether. Readily re- 
duces Fehling’s solution. Reduced by HI to 
w-adipic acid. Sodium-amalgam reduces it to 
mannite. Phenyl hydrazine hydrochloride and 
sodium acetate solution in the cold form 


QH(OH).<?H(OH) . 0 

OO . O.CH.CH(OH).OO.N 2 H 2 Ph J crys 

tallising in minute plates (containing £aq), v. e. 
sol. hot water. Phenyl hydrazine hydrochloride 
and boiling sodium acetate solution forms 
C 4 H 4 (OH) 4 (CO.N 2 H 2 Ph) 2 , crystallising in minute 
plates [213°], v. si. sol. water. 

Di-acetyl derivative of the dilactone 

00.<? — — CH— CH (OAo) ' IMn Formed b y 
adding a few drops of H 2 S0 4 to a mixture of the 
dilactone and Ac 2 0 (Kiliani, B. 22, 624). Prisms, 
v. sol. hot HOAc. 

Amide C 4 H 4 (OH) 4 (CO.NH 2 ) r [190°]. 
Formed from the lactone and NH s Aq. Mono- 
elinic tables. 

Dextro-metasacohario aoid. d-Mannosaccha- 


ric acid C M H, 0 O 8 . Salts.— CaA" ; crystalline 
powder.™ BaA" : minute tables, m. sol. water. — 
SrA".— CdA" : minute tables, v. si. sol. water. 

Lactone C fl H a O a . [180°-190°]. [a] D = 202* 
at 23°. Formed by oxidation of mannose, of 
mannite, or of d-mannonio aoid by HNO s (S.G, 
1*2) at 60° (Fischer a. Wirthle, B. 24, 639 ; Easter- 
field, C . J. 69, 306). Long needles (from alcohol 
or water), v. sol. hot water. Readily reduces 
Fehling’s solution. Turns yellow on boiling with 


potash. Phenyl-hydrazine acetate in the cold 

forms <?H(OH).QH(OH) - 

lorms co 0 _ CH.CH(OH).CON 2 H 2 Ph Liyi J ’ 

while at 100° it forms C 4 H 4 (OH) 4 (CO.N 2 H 2 Ph) 2 
[212°], almost insol. hot water. 


4mide [189°]. Formed from 

tbq lactone and NH s Aq in the cold. Crystals, j 


Inactive metasaccharic acid C^H^Og. i-Man- 
nosaccharic acid. The salts of this aoid greatly 
resemble those of the preceding acid. 

Lactone C u H a O a . [o. 190°]. Formed by 
mixing equal parts of the dextro- and l»vo- 
lactones in aqueous solution. Formed also by 
oxidising i-mannonic lactone (E. Fischer a. 
Stanley Smith, B. 23, 2622; 24, 644). The 
aqueous solution is inactive to light, and gra- 
dually becomes acid on standing. Phenyl-hy- 
drazine acetate reacts, forming in the cold 
QH(OH).QH(OH) rl90 o 

CO.O — CH.CH(OH).CON 2 H 2 Ph L1JU ~ iy& J 

and at 100° C 4 H,(OH) 4 (CON 2 H 2 Ph) 2 [220°-225°]. 

Amide. [186°]. 

SACCHARIN. The lactone of saccharinio 
acid (v. infra). The name has also been ap- 
plied to the imide of Sulphobenzoig acid. 

SACCHARINIO ACID C a H 12 O a i.e. 

CH,(OH).CH(OH).CH(OH).CMe(OH).C0 2 H. 


Formed by boiling an aqueous solution of dex- 
trose, lfflvulose, or invert sugar with lime(Pdligot, 
Bl. [2] 36, 226 ; C. B. 90, 1141 ; Scheibler, B. 
13, 2212). On setting the acid free it changes, 

- especially on heating, into the anhydride. The 
1 salts are v. e. sol. water. — KA' : monoclinic 


! tables. — NaA'. [a] D =- -17*2°. — CaA' 2 (dried at 
j 100°). Formed by boiling the lactone with 
I water and CaC0 3 . Amorphous. [a] D =— 6*7°.— 
CuA' 2 4aq : blue nodules (Kiliani, B. 16, 2955). 

Anhydride C a H I0 O 5 . [161°]. [a] D =94°. 

S. 13 at 15°. Electrical conductivity : Walden, 
B. 24, 2028. H.C. 656,900. H.F. 252,100 (Stoh- 
mann, J. pr. [2] 45, 313). 

Preparation.— A. cold solution of 1 kg. of 
I invert sugar in 9 litres of water is treated with 
100 g. of powdered lime and allowed to stand, 
agitating at intervals. After 14 days 400 g. 
more Ca0 2 H 2 is added, and the mixture again 
allowed to stand for one or two months, until it 
no longer reduces Fehling’s solution. It is then 
saturated with C0 2 , the remaining Ca precipi- 
tated with oxalic acid, and the filtrate evapo- 
rated nearly to a syrup. The saccharin which 
separates is recrystailised from hot water ; the 
yield is 100 g. (Kiliani, B. 15, 2954). 

! Properties. — Prisms, with bitter taste, v. sol. 
i hot water. Dextrorotatory. Converted by 
alkalis into lcevorotatory salts of saccharinio 
acid. May be volatilised almost without decom- 
position. Can be extracted by ether, even from 
solutions containing Na 2 C0 3 . Does not ferment 
with yeast. Does not reduce Fehiing’s solution, 

! even after long boiling with dilute H,S0 4 . Not 
attacked by dilute HNO s . Cone. HNO a forms 
oxalic acid and saccharonic acid C a H l0 O r 1 g. 
reduces 4*6 g. of KMn0 4 . Oxidised by moist 
Ag 2 0 to formic, acetic, and glycollic acids. Boil- 
j ing HIAq reduces it to the lactone of 7-oxy- 
! isohexoic acid CH 3 .CH(OH).CH r CHMe.CO.,H, 

I which is further reduced by HI at 200° to 
j CHMePr.CO^H (Liebermann a. Scheibler, B . 16, 

I 1821 ; Kiliani, A. 218, 371). I and KOH give 
1 iodoform. Potash-fusion forms formic and lactic 
acids (Hermann a. Tollens, B. 18, 1333). Boil- 
ing HClAq has no action. Phenyl-hydrazine 
forms C a H n O ft (N 2 H 2 Ph) [165°], crystallising from 
alcohol in neeales, v. sol. water (Fischer a. Pass- 
more, B. 22, 2733). Phenyl cyanate at 165° 

I forms OgiHuN^, crystallising in silky needles. 
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[230°-240°], v. boL hot aniline, si. sol. alcohol 
(Tesmer, B. 18, 2607). 

Isosacoharinic aeid C e H )2 0 8 i.e. 

CH 2 (OH).CH(OH).CH 2 .C(OH)(CO.^).CH 2 OH? 
Formed by the action of lime on malt-extract at 
20° or on milk-sugar (Cuisinier, Bl. [2] 38, 512). 
The free acid at once splits up into water and 
lactone. The Na salt is leevorotatory. — CaA' 2 . 
S. 1 in hot water. Crystalline powder. 

Lactone C a H 10 O 5 . Isosaccharin . [95°]. 
[a] D = G3° in a 10 p.c. aqueous solution ; * 74° in 
HOAo. Electrical conductivity : Walden, B. 24, 
2028. Prepared by allowing a solution of milk- 
sugar fl kilo) in water (9 litres) mixed with 
slaked lime (450 g.) to stand for 6 weeks ; filter- 
ing; saturating the filtrate with C0 2 ; boiling, 
again filtering, and evaporating to 500 c.c. The 
calcium isosaccharinate (170 g.) which then 
crystallises is decomposed by oxalic acid (Kiliani, 
B. 18, 631). Large crystals, v. e. sol. water, al- 
cohol, and ether. Dextrorotatory. Does not 
ferment with yeast or reduce Fehling’s solution. 

Reactions.— 1. Reduced by HI and P to the 
lactone of oxy-hexoio acid, and finally to 
CHPrMe.CO.jH. - 2. Oxidised by HN0 3 to di- 
oxy-propane tricarboxylic acid C 3 H 3 (0H) 2 (C0 2 H)s> 
which is split up by heat into CO^ and cry-di«oxy- 

glutaric acid CH 2 (CH(0H).C0 2 H)* (Kiliani, B. 
18, 2514).— 3. Phenyl cyanate at 165° forms 
C 3 ,H 80 N 4 O B [181°] a white amorphous powder 
(Tesmer, B. 18, 2609). 

Anilide C l2 H 17 NO a . [165°]. Formed by 
heating the lactone with aniline at 115° (Sorokin, 
Bl. [2] 47, 168 ; J. pr. [2] 37, 318). Needles, v. 
sol. water. Decomposed by acids and alkalis 
into aniline and isosaccharin. 

Metasaccharinic acid CAA i.e. 
CH,(0H).CH(0H).CH(0H).CH(0H).CH 2 .C0 2 H. 
Formed, together with isosacoharinic acid, by the 
action of lime on a cold solution of milk-sugar, 
its Ca salt being contained in the mother-liquor 
from which calcium isosaccharinate has crystal- 
lised (Kiliani, B. 16, 2625 ; 18, 642). The free 
acid splits up at once into water and lactone. — 
CaA' 8 2aq: crusts of minute prisms, v. si. sol. 
cold water.— CuA' 2 2aq : groups of minute green 
plates. 

Lactone C 8 H 10 O 6 . Metasaccharin. [142°]. 
[a] D =-48°. Large trimetric plates; a:b:c** 
*624:1: *899. V. sol. cold water and alcohol, v. 
si. sol. ether. Lasvorotatory. 

Reactions.— 1. Reduced by HI to the lactone 
of oxy-w-hexoio acid. — 2. Oxidised by HNO s to 
tri-oxy-adipic acid. — 3. Phenyl cyanate at 165° 
forms C^H^NA, a white amorphous powder 
[205°-210 J ] (Tesmer, B. 18, 2608). 

SACCHAR0LACT0NE v. Anhydride of Sac- 
charic ACID. 

SACCHARONIC ACID CgH.A i.e. 

C0 2 H.CH(OH).CH(OH).CMe(OH).CO,H. 
Formed by heating saccharin (1 pt.) with HNO s 
^3 pts. of S.G. 1*375) at 35°, diluting, adding 
CaCO„ filtering, evaporating, and extracting 
with ether (Kiliani, A. 218, 361). The product 
so obtained is the lactonio acid ; the free acid at 
once splits up into water and lactone.— Na^A". 
Formed by boiling the anhydride with Na^COjAq. 
Crystalline. — (NHJ^A".— CaA" : gummy. — 
AggA": fiocoulent pp. 

Lactonio acid CJUfig. Saccharone. 
JMd m — 6°. Formed as above. Large trimetric 


crystals (containing aq), v. si. sol. ether. Cone. 
HIAq converts it into a dibasic acid C„H 8 0 4 
[139°] crystallising from water in small prisms, 
and finally to a-methyl-glutaric acid. Does not 
reduce Fehling’s solution. — NaA' aq. Formed 

from saccharone (2mols.) and Na 2 C0 8 Aq (1 mol.). 
Trimetric prisms with neutral reaction.— NH 4 A': 
crystals. Its aqueous solution is ppd. by lead 
subacetate, but not by lead acetate or AgNO r 
SACCHARUMIC ACID C l4 H ls O M . A product 
of the action of baryta on dextrose (Reichardt, 
Vierteljahrschrift pr. Phami. 19, 384, 503). 
Yellowish- brown powder with bitter taste, v. soi 
water and alcohol, si. sol. ether. Its solution 
becomes dark on exposure to air or on addition 
of alkalis. — BaRjA^. — Ba*A ,T 6aq : pp. — 
Cu^A*’ 3aq : greyish-brown pp. — Pb 2 A ,T . — 

Pb 8 C H H )2 0„. 

SACCULMIC ACID C n H 10 O 4 ? Formed, 
together with sacculmin, by boiling oane-sugar 
300 g.) with H 2 S0 4 (15 g.) and water (420 g.) 
Stein, A. 30, 84 ; Sestini, O. 10, 121). The 
yield of the two bodies is about 10 p.c. of the 
sugar used. Glittering black mass, si. sol. 
water and alcohol, insol. ether. The alcoholic 
solution is red, with reddish-brown reflex. Sol. 
KOHAq and reppd. by acids. AgNO„ gives 
brown amorphous C 44 H 8jl AgO, 8 . BaCl 2 ppts. 
brown C 22 H, 8 Ba0 8 aq. Chlorine passed into 
water in which sacculmic acid or sacculmin is 
suspended gives yellow flooculent di-chloro-oxy- 
saeeulmide C,,H 8 C1 2 0 6 . Di-chloro-oxy-saccul- 
mide boiled with KOHAq forms oxysacculmio 
acid C u H h O„, which is sol. water, but insol. water 
containing H 2 S0 4 . CuS0 4 gives in its aqueous 
solution a brown pp. of C 44 H 30 CuO 2l . Bromine 
and water form amorphous orange C^H^Br^O.^ 
(Sestini, G. 12, 292). 

Sacculmin C 44 H 8tt O, 5 . Formed as above. 
Black amorphous mass, insol. KOHAq. Reacts 
with chlorine water in the same way as sac- 
culmio acid. According to Conrad and Guthzeit 
(B. 18, 443; 19, 2844), sacculmin and sacculmic 
acid are mixtures of variable composition. 
SAFFLOWER v. Carthamin. 

SAFFRANINE (PH EN0-)C 18 H i# N 4 0. Pheno- 
saffranine. The hydrochloride may be represented 

as C„H 3 (NH.J<^ —>0.11^11, (Bernthsen, 

B. 20, 179, 2690; cf. Andresen, B. 19, 2216; 
Nietzki, B. 19, 3017, 8163; Witt, B. 19, 8121), 

or by C a H ) ^ c l(C 8Ht NHJ/ > C.H s (NH i ) [j[ 4] 
(Witt). 

Formation. — 1. Formed by gently warming 
phenylene-p-diamine (1 mol.) with aniline (2 
mols.) and 'Kfir.fi, (Nietzki, B. 16, 466). A blue 

compound C a H 4 <^Q^jjp^^>C 8 H 2 NH 2 (?) is 

first formed, and changes at 100° into the red 
saff ranine (Barbier a. Vignon, Bl. [2] 48, 338 
772 ; C. R. 105, 939). The blue compound ia 
reduced by zinc and hydrochloric acid to 

C « H <<NH> C * H r NHl ’ wMch “ oxidised “ r 
to amido-phenazine. According to Nietzki, how- 
ever, the blue intermediate compound is the 
indamine C 8 H 4 (NH 1 ).N:C g H 4 :NH 8 Cl and yields 
di-amido-diphenylamine on reduction.— 2. From 
benzene-azo-aniline (amido-azo-benzene) by 
treatment with nitro-benzene, Fe, and HClAq 
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iB. a. V.).--8. By oxidising a mixture of 
NH(C 8 H 4 .NH 2 {1:4]) 2 (1 mol.) and aniline (1 mol.) 
with (B.). 

Properties . — Golden plates. When freshly 
precipitated by baryta from the sulphate it is 
Gi (k H lft N 4 OH, but after frequent recrystallisation 
from hot water it approximates to C 18 H, 4 N 4 
(Nietzki a. Otto, B. 21, 1590). V. sol. hot water, 
sol. alcohol, almost insol. ether. Gono. H 2 S0 4 
gives a green colour, changing to blue and red on 
dilution. Oonc.HClAq gives a blue colour. NaN0 2 
added to a solution of saffranine hydrochloride 
forms the diazo- compound C 18 H, 5 N 4 C1 2 , which 
gives a blue solution and yields C^H^NjCl^AuCl*. 
This diazo- compound on boiling with alcohol 
forms C 1S H 18 N 8 , the salts of which form red 
aqueous solutions and dye wool and silk a bluer 
shade than saffranine. The base C 18 H I8 N 8 is 
also got by adding H 2 S0 4 till the colour is vio- 
let, then adding excess of NaN0 2 and boiling: 
it yields B'HN0 8 , B'H 2 S0 4 , and a violet acetyl 
derivative. Alcoholic potash forms NH 3 and 
saffranol. Zinc-dust and HC1 give leuco-saffra- 
nine and, on long boiling, C 18 H, 0 N 8 O [130°], 
crystallising from water in long needles yielding 
C, 8 H I8 AcN 8 0 [173°] and converted by nitrous 
ether into 0 18 H 18 N 2 0 [117°], crystallising from 
alcohol in needles. 

Salts. — (C I8 H 15 N 4 Cl) 2 PtCl 4 . -- C 18 H 14 N 4 C1. 
Flat needles with green lustre, si. sol. cold, v. 
sol. hot water, insol. HClAq. — B'HNO s . Almost 
insol. HNO a . 

Di-acetyl derivative C l8 H 14 Ac 2 N 4 . — 
B'HCl. Got by heating saffranine hydrochloride 
with Ac 2 0 and NaOAc (Nietzki, B . 16, 468). 
Lustrous brown plates, forming a violet solution 
in alcoholic soda.-— B'HI. 

Bi-methyl-saffranine. The chloride of this 
substance 0 20 H 1# N 4 C1 is formed, together with 
N 2 (C 8 H 4 NMe 2 ) 2 , by the action of p-nitroBO-di- 
methyl-aniline (1 mol.) on aniline (1 mol.) in 
alcoholic solution at 100° (Barbier a. Yignon, 
C. R. 105, 672). An isomeric (?) di-methyl- 
saffiranine got by oxidising a mixture of 
C # H 4 (NH 2 )NMe a and aniline yields B'APtOl, 
and B'HNOj (Nietzki, B . 16, 869 ; 19, 3163). An 
isomeride is formed by heating benzene-azo- 
xylidine with aniline at 150° (Menton, A. 263, 
837). Crystalline, forming a rose-red aqueous 
solution. A tetramethyl-saffranine C 22 H 22 N 4 is 
got by oxidising di-methyl-phenylene-green 
mixed with aniline aoetate (Bindschedler, B. 
16, 867). It yields B'HCl, v. e. sol. water and 
B'HNO s aq. 

Ethyl-safflranine C 18 H, 8 EtN 4 . Formed by 
boiling p-phenylene-ethyl-diamine with aniline, 
KjCr 2 0 7 , and dilute HOAc (Schweizer, B. 19, 
150). Formed also by oxidising phenylene-p- 
diamine, aniline, and ethyl-aniline with K 2 Cr a 0 7 
and dilute HOAc (S.). The hydrochloride forms 
bluish-green hygroscopio crystals, sol. water and 
alcohol, insol. ether. Its solutions exhibit olive- 
green fluorescence.— B'aHjsPtCl,: dark lustrous 
needles. 

Di-ethyl-saffranine C 22 H 24 N 4 . Formed by 
oxidising a mixture of C 8 H 4 (NH 2 )(NEt 2 ) (1 mol.) 
and aniline (2 mols.) with K 8 Cr 2 0 7 (Nietzki, B. 
16, 470). Formed also by oxidising a mixture 
of phenylene-p-diamine, aniline, and di-ethyl- 
aniline with K*Cr 2 0 7 (N.). The alcoholic solution 
is fluorescent. The hydrochloride is sol. HClAq. 


NaN0 2 added to its solution in HClAq gives a 
greenish-blue colour due to the diazo-chloride 
which forms O^HjMNaClgPtCl^ — B'^PtClg : 
green needles. 

Acetyl derivative C 18 H n Et 2 AoN 4 . The 
hydrochloride is ppd. as glittering brown 
needles on adding NaCl to its aqueous solution. 
—B'^PtCl*. 

Tetra-ethyl-saffranine C 26 H 82 N 4 or 
C 2e H 83 N 4 .OH. Formed by oxidising a mixture of 
phenylene-di-ethyl-p-diamine, aniline, and di- 
ethyl-aniline with KjCr.,0, (N.).— B' 2 H 2 PtCl b . 

Para-saffranine C 20 H, 8 N 4 . Prepared by dis- 
solving mauveine in dilute acetic acid and boil- 
ing with Pb0 2 . NaOH is added to slight ex- 
cess, and the red filtrate boiled with some pow- 
dered zinc and CaCO, and then NaCl added. 
Commercial saffranine contains some para- 
saffranine (Perkin, G. J. 35, 728). 

Properties . — Red -brown pp., dissolving in 
water or alcohol. It is isomerio or identical 
with commercial saffranine, prepared from equal 
molecules of tolylene p-diamine, o-toluidine, and 
aniline. Salts. — B'HCl. — B'HNO a . These salts 
dye silk a shade more scarlet than saffranine. 

Saffranine C 21 H 20 N 4 or C 2 ,H 21 N 4 OH. Formed 
from o-toluidine by treatment with nitrous acid 
and oxidation of the product with K 2 Cr 2 0 7 (M5ne, 
C. N. 25, 215 ; Hofmann a. Geyger, B. 5, 526 ; Dale 
a. Schorlemmer, G. J. 35, 683). Obtained by 
heating toluene-azo-o-toluidine with o-toluidine 
hydrochloride at 150°-160° (Witt, B. 10, 873), 
and by adding K 2 Cr0 4 to a hot solution of 
tolylene-p-diamine hydrochloride (1 mol.) and 
o- or p-toluidine hydrochloride (2 mols.) (Witt, 
B. 12, 939 ; Bindschedler, B. 13, 207). The 
commercial saffranine (saffranine hydroonloride) 
can be purified by recrystallisation from water 
containing HC1, or by treatment with aloohol 
(BOttger, N. R. P. 23, 181). Reddish-brown 
crystals, v. sol. water and alcohol, insol. ether. 
Cone. HC1 changes the colour of its solution 
through violet to blue. H 2 S0 4 turns it blue and 
finally green. Decolourised by zinc and HClAq. 
Saffranine is also decolourised by glucose and 
NaOHAq on heating, and hence may be used as a 
test for sugar in urine (Crismer, C. C . 1888, 1510) ; 
the colour is restored by atmospheric oxidation. 
Commercial saffranine (*5 g.) is fatal when ad- 
ministered to dogs by subcutaneous injection 
(Weyl, B. 21, 2191).-B'HC1. Thin reddish 
crystals, sol. water and alcohol, insol. ether and 
NaClAq. — B' 2 H 2 PtCl fl . Yellowish-red crystalline 
powder, almost insol. water, aloohol, and ether. 
— K B'HBr : minute needles. — B'HNO s . Slender 
reddish-brown needles, v. si. sol. oold water. — 
Sulphate : needles, m. sol. water. — 
B'C fl H ? N 8 0 7 : brownish-red insoluble needles. 

Substances of the saffranine class are formed 
by heating NH(CJH 4 NH 2 ) a with (4,3,1)- and 
(4,2,1)- xylidine and with (5,4,2,l)-cumidine, 
but not with mesidine, (5,4,8,l)-cumidine, or 
5,2,1)-, (6,2,1)-, (5,3,1)-, and (3, 2,1) -xylidine 
Nietzki, B. 19, 3168). 

Saffranol C I8 H 10 N 2 (OH) 2 . Formed by boiling 
saffranine hydrochloride with alcoholic potash 
for 3 days (Nietzki a. Otto, B. 21, 1593). Ppd. 
as yellowish needles by adding HG1 to its solu- 
tion in alkalis. Nearly insol. water, aloohol, and 
HOAc. Gone. B^SO^ forms a brown solution. 
Yields a crystalline diacetyl derivative. 
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SAFFRON, The dried stigmas of Crocus 
9 atwvu 8 t used as a colouring matter. It oontains 
crooin crocose (q.v.) $ picroorooin (q. u.), 

polychroite, and an oil C 10 H u O (209°) miscible 
with alcohol and ether but decomposed by water 
(Quadrat, J.pr. 56, 68; Weiss, J.pr. 101, 65). 

Polychroite C 48 H a0 O l8 . Dried saffron is 
washed with ether and extracted with water. 
The extract is mixed with alcohol and filtered, 
and the filtrate ppd. by ether. Orange deli- 
quescent mass, v. sol. water, insol. alcohol. 
Yields glucose on boiling with dilute acids. 
8AFE0LE O I0 H, 0 O 2 i.e. 

CHj< CaC.OH:O.CH.CH:CH 3 ' ShlJcimole - l 8 °1- 
(232°). S.G. is 1 0956 (S.) ; n* 1-0963 (Glad- 
stone, C . * T. 59, 290). V.D. 81 (obs. and calc.). 
/a D = 1-539 at 11° (G.). Rqo -45*57 (Briihl, B. 
21, 477). H.O.V. 1,243,800. H.C.p. 1,244,700. 

H. F. 40,300 (Stohmann a. Langbein, J. pr. [2] 
46, 533). The chief constituent of the essential 
oil of sassafras ( Sassafras officinalis) (Grimaux 
a. Kuotte, A. 152, 88 ; J. Schiff, B. 17, 1935 ; 
Poleck, B. 17, 1940 ; 19, 1094 ; 22, 2861). 
Occurs also in the oil obtained from the leaves 
and fruit of Illicium rcligiosum (Eykman, 
B. T. C. 4, 36, 45 ; B. 22, 2757 ; 23, 864), and 
in the oil of the camphor tree, Cinnamomum 
camphora (Fliickiger, Ph. [3] 17, 989). Mono- 
clinic crystals, sol. alcohol and ether. Smells 
like oil of sassafras. Inactive to light. Oxidised 
by dilute KMn0 4 to C0 2 , formic, oxalic, and 
piperonylio acids, and piperonal. Alcoholic 
potash converts it into isosafrole. Does not 
react with hydroxylamine or BzCl. Does not 
combine with NaHSO*. Bromine forms 
C 10 H 5 Br 5 0 2 [170°] S. (chloroform) 7. 

Isosafrole C 10 H, 0 O 2 i.e. 

CH 3 <£>C„H 3 .CH:CH.CH 3 . (247°). V.D.80-3 

(obs.) ; 81 (calo.). H.C.v. 1,233,600. H.C.p. 

I, 234,500. H.F. 50,500. Formed by boiling safrole 
(100 g.) with KOH (250 g.) in alcohol (500 c.c. 
of 94 p.c.) for 24 hours (Schiff; Ciamician a. 
Silber, B. 23, 1160). Liquid, even at -18°, 
miscible with alcohol, ether, HO Ac, and benzene, 
insol. water and alkalis. Cone. H 2 S0 4 forms an 
intensely red solution. Oxidised by K 2 Cr 2 0 7 and 
H 2 S0 4 to piperonal and acetic aldehyde. Alka- 
line KMn0 4 gives piperonylio acid. Bromine in 
CS 2 forms C 1Q Br g H 8 0 2 [110°], crystallising from 
ligroin in colourless needles. Sodium reduces 
it in alcohol solution to C 10 H 12 O 2 or 

C a H 3 Pr<^^>CH 2 (228°), a liquid miscible with 

alcohol and ether. Isosafrole is converted by 
treatment with EOH and MeOH into a com- 
pound, apparently different from methyl - 
eugenol, but yielding iso vanillic acid on oxida- 
tion, and [4:2:1] O fl H 5 (C 8 H Si )(OAc) 2 on treatment 
with Ac 2 0 (Ciamician a. Silber, B. 25, 1470). 

Nitrosite G 10 H 8 N 2 O 4 i.e. 

CHp^CA.G — qMe ?(Angelii B 24> 8994; 

25, 1956). Mol. w. 224 (by Baoult’s method). 
[124°]. Aa 2 0 forms a white modification [124°]. 
Alcoholic potash forms an isomeride [185°] 
which yields a mono-acetyl derivative [129°], 
and a benzoyl derivative [146°]. KMn0 4 oxidises 


it to piperonylio acid. Reduoed by tin and HGlAq 
to C, 0 H s N 2 Oj or OH 2 0 2 :C,H,.g - gMe ? ^ 

Mol. w. 197 (by Raoult’s method). Zinc and 
HOAc yield C, 0 H lo O a » probably represented by 
(CH^OJC^Hj.CHa.CO.GH,, [38°], which yields 
a phenyl-hydrazide C 10 H 10 O 2 (N Jj HPh) [97°]. 
Another produot of the action of zinc and HOAc 
is C, 0 H 1 h N 2 O 4 [180°] ; and a third is O 10 H 10 N 2 O 4 

or CH 2 0 2 :C a H 3 .C CMe r, riggoi which 

N.O.H HON 1 wm<m 


yields a di-acetyl derivative [138°]. 

SAGAPENUM. A gum resin imported frdtn 
Egypt and Persia, consisting of yellow agglo- 
merated granules, smelling like garlic and 
having an acrid bitter taste. Softens in 
the hand. Yields umbelliferone on distillation. 
HNO s forms styphnio acid. Potash-fusion 
forms resorcin (Brandes, N. Tr. 2, 2, 97 ; 
Pelletier, Bull. Pharm. 3, 481 ; Johnston, Tr, 
1840, 361). After moistening with alcohol it 
dissolves in H 2 S0 4 , forming a brown liquid. 
Sagapenum is only partially soluble in alcohol 
and ether, but the ethereal extract is not clouded 
by addition of alcohol. FeCl, colours its solu- 
tions black (Hirschsohn, J. 1875, 859 ; Ar. Ph. 
[3] 10, 481 ; 11, 54, 152, 247, 312, 434 ; C . O. 
1877, 182). 

SAGE OIL. Obtained in the south of Europe 
by distilling sage (Salvia officinalis) with water, 
the plant being cut down in the autumn (M. M. P. 
Muir, C. J. 33, 292 ; 37, 678 ; cf. Rochleder, A. 
44, 4 ; Herberger, R. P. 34, 138 ; Hlasiwetz, 

J. pr. 51, 355). Contains a terpene (156°), 
salviol (q. v.), 0 IO H 18 0 (c. 200°), a camphor 
C 10 H la O, probably a little cymene, and, especially 
when prepared from English plants, cedrene, 
C I5 H 24 (o. 260°). The amount of salviol and of 
camphor is very small at first and increases 
with the age of the oil, being formed by oxida- 
tion of the terpenes. Pure salviol, pure sage 
terpene, and pure cedrene do not rcsinify when 
singly exposed to heat and light ; but a mixture 
of these rapidly darkens. 

SAGO. Balls of starch got from the pith of 
certain species of Sagtis and Cycas by stirring 
with water, allowing to settle, and rubbing the 
deposit through sieves. 

SALaMANDRINE C 31 H tt0 NA- An alkaloid 
obtained from the poisonous Becretion of the 
cutaneous glands of the salamander ( Salaman * 
dr a maculata). Crystalline, v. sol. water and 
alcohol (Zalesky, Bl. [2] 6, 344). Alkaline in 
reaction. Poisonous. — B'H^Clj ; needles. 

8ALICIN C„H, 8 O t i.e. 

C rt H 1) 0 5 .0.C rt H 4 .CH 2 0H. Mol. w. 286. [201°] 
(Schiff, B. 14, 304). 8. 3*3 at 11° (Piria, A. 96, 
378). [o] D - -62-6° (Tiemann, B. 18, 1600 ; cf. 
Hesse, A. 176, 116 ; Sorokin, J. pr. [2] 37, 331). 
Occurs in the bark of several species of willow 
and poplar, e.g. Salix helix, S. amygdalina , 
Populus trcmula , P. graca (Leroux, A. Ch. [2] 
43, 440 ; Braconnot, A. Ch. [2] 44, 296 ; Pelouze 
a. Gav-Lussac, A. Ch. [2] 44, 220 ; 48, 111 ; Piria, 
A. Cll. [2] 69, 281 ; [3] 14, 257 ; Bouchardat, C.R. 
18, 299 ; 19, 602, 1179 ; 20, 610, 1635 ; Gerhardt, 
A. Ch. [3] 7, 215; Tischhauser, A. 7, 280). Occur* 
also in castoreum (Wfihler, A. 67, 360). 

Formation. — 1. By digesting an aqueous so- 
lution of helicin with sodium-amalgam (Lisenko, 
Z. 1864, 577) or with zinc and H 2 S0 4 (Michael, 
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Am* 5, 172).— 2. By boiling populin with lime- 
water (Piria). 

Preparation* — Willow bark (6 lbs.) is boiled 
with water ; the filtrate evaporated (to 18 lbs.) ; 
mixed while hot with PbO (2 lbs.) ; digested for 
24 hours and filtered ; the filtrate evaporated to 
a syrup and left to crystallise (Duflos, A. 8, 200 ; 
ef* Peschier, A* Ch. [2] 44, 418 ; Erdmann, B. J. 
83, 1, 136). 

Properties . — Trimetric tables ; 
a:b:c=* *927:1:2*494. Sol. water and alcohol, 
insol. ether. Ltevorotatory. Tastes bitter. 
Neutral to litmus. Its solutions are not ppd. by 
lead acetate or subacetate, by gelatin, or by 
tannin. Cone. H 2 S0 4 gives a red colour. IClAq 
forms a crystalline body (Stenhouse, G . J* 17, 
827). After injection of salioin, Balicylic alde- 
hyde and salicylic acid are found in the urine 
(Laveran a. Millon, A. Ch. [3] 13, 146 ; Ranke, 
J.pr. 66, 1). 

Reactions. — 1. Decomposed at 240° into sali- 
retin and glucosan. — 2. Split up by emulsin and 
saliva at 40° into glucose and saligenin (Piria ; 
Stadeler, J. pr . 72, 360). — 3. Boiling dilute 
H 2 S0 4 forms glucose and saliretin.— 4. Oxidised 
by chromic acid mixture to C0 2 , formic acid, 
and salicylic aldehyde. — 6. Cold dilute HNO a 
forms helicin. Hot cone. HNO s forms picric 
acid. — 6. Potash-fusion forms salicylic acid. — 
7. Boiling NaOHAq forms saliretin. — 8. HC1 
and KC10 3 give tetra-chloroquinone. 

Metallic derivatives. — C 13 H, 7 Na0 7 . 
Formed from salicin and NaOEt in alcohol 
(Perkin, C * N. 18, 110). Crystalline. — 
Pb 2 C la H 14 0 7 . Got by adding NH s Aq to a hot 
cone, solution of salicin, and then adding lead 
subacetate. Bulky white pp. 

Acetyl derivative C, 3 H 14 Ac 4 0 7 . Needles 
(from alcohol), nearly insol. water (Schiff, Z . [2] 
fi, 61). 

Benzoyl derivative OJEL^Og i.e . 
<C IS H 17 BzO r Populin. [180°]. S. *05 at 9° 
fPiria) ; *04 at 15° ; *24 at 100° (Schiff) ; S. 
(alcohol) 1 at 16°. Occurs in the bark and 
leaves of the aspen (Populus tremula) (Bracon- 
not, A. Ch. [2] 44, 296 ; Piria, A. Ch. [3] 34, 
278 ; 44, 366 ; A. 81, 245). Formed by heating 
salicin with Bz 2 0 (Schiff, A. 164, 6). Prepared 
by boiling the leaves of the aspen with water, 
ppg. with lead subacetate, removing lead from 
the filtrate by H 2 S, and evaporating to crystal- 
lisation. Light silky needles (containing 2aq). 
Tastes sweet. Lavorotatory (Biot a. Pasteur, 
C. R. 34, 607). SI. boI. water and alcohol, nearly 
insol. ether. K 2 Cr 2 0 7 and H 2 S0 4 form salicylio 
aldehyde. HNO„ (S.G. 1*3) forms benzoyl- 
helicin. Cone. HjS 0 4 forms a deep-red solution, 
whence water ppts. a red powder (‘ rutilin ’). 
Boiling dilute acids split it up into glucose, 
benzoic acid, and saliretin. Alcoholic NH 3 at 
100° forms benzamide, benzoic ether, and salicin. 
Populin is not hydrolysed by emulsin. 

Di-benzoyl derivative 0 13 H ie Bz 2 0 T . 
Formed, togetner with the mono- and tetra- 
benzoyl derivatives, by heating salicin with 
Bz 2 0 (Schiff). Flooculent mass, nearly insol. 
water, si. sol. ether. 

Tetra-benzoyl derivative 0, 3 H 14 Bz 4 0 7 . 
Amorphous resin, not coloured by cold H 2 S0 4 . 

Chloro-salioin 0„H, 7 C10 7 . Formed by pass- 
ing Cl into water in which salioin is suspended 


(Piria, A . Ch* [3] 14, 275). Long silky needles 
(containing 2aq), sol. water and alcohol, insol. 
ether. Tastes bitter. Resolved by emulsin 
into glucose and ohloro-saligenin. Yields a tetra- 
aoetyl derivative, crystallising from alcohol in 
prisms. 

Di-chloro-salicin 0, 3 H i# Ci 2 0 7 . Formed by 
the action of Cl on ohloro-salicin. Silky needles 
(containing aq), nearly in3ol. cold water, m. sol. 
alcohol. Gives no colour with FeCl, or H 2 S0 4 . 
Split up by emulsin into glucose and di-chloro- 
saligenin. 

Tri-ohloro-salicin C l3 H, ft Cl 3 0 7 . Formed by 
chlorinating the preceding body in presence of 
water and CaC0 3 . Yellowish needles (contain- 
ing aq) (from dilute alcohol), almost insol. cold 
water. 

Bromo-salicin C, 3 H, 7 Br0 7 . [160°]. Formed 
by slowly adding Br to salicin (1 pt.) in water 
(20 pts.) (O. Schmidt, Z. [2] 1, 320). Four-sided 
prisms, v. sol. water and alcohol. Split up by 
emulsin into glucose and bromosaligenin. 

SALICYL. The radicle o-oxy-benzoyl 
[l:2]CgH 4 (OH).CO. The same name is some- 
times applied to the radicle o-carboxyl-phenyl 
[I^JCOjjH.C^ and, rarely, to o-oxy- benzyl 
C a H,(OH).CH 2 . 

SALICYL A MIC ACID. An old name for 
o-Amido-benzoic acid. 

SALICYLAMIDE. The amide of o-Oxy- 
benzoic acid. 

SALICYLAMINE. A name for o-Oxy-benzyl- 

AMINE. 

SALICYL-GLYCIDIC ACID v. Oxy-phenyl- 

GLYCIDIO ACID. 

SALICYL-GLYCOLLIC ACID is o-Carboxy- 

PHEN OXY -ACETIC ACID. 

SALICYLIC ACID v . o-Oxy-benzoio acid. 
Homosalicylic acid v . Oxy-toluio acid. 
SALICYLIC ALDEHYDE v. o-Oxy-benzoio 

ALDEHYDE. 

SALICYL-LACTIC ACID v* Di-oxy-phknyl- 

PROPIONIC ACID. 

SALICYL-PHENOL v . Di-oxy-benzophenone. 
SALICYL -RESORCIN v * Tri-oxy-benzophen- 
one. 

SALICYL-STJLPHURIC ACID v* Carboxy- 

PHENYL SULPHURIC ACID. 

SALIGENIN v . o-Oxy-benzyl alcohol. 
SALIGEN0L. Another name for o-Oxy- 

BENZYL ALCOHOL. 

SALIRETIN v. o-Oxy-benzyl alcohol. 

SALOL v * Phenyl ether of o-Oxy-benzoio 
acid. 

SALT-FORMING OXIDES. Oxides which 
form salts, either by reaoting with acids (or 
acidio oxides) — in which case the oxides are 
basic — or by reacting with basio oxides or 
hydroxides — in which case the oxides are acidio. 
For a table showing the compositions and gene- 
ral characters of the characteristic highest salt- 
forming oxides of each group of elements, v. voL 
iii. p. 661. M. M. P. M. 

SALTPETRE. A common name for potassium 
nitrate ; v . vol. iii. p. 614. 

SALTS. The earliest use of the word salt 
seems to have been to designate the solid ob- 
tained by evaporating sea-water. The term 
was afterwards applied to solids which more or 
less resembled sea-salt, especially to those solid 
bodies which were easily soluble in water. The 
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study of the compositions of salt-like substances 
led to the view that they were made up of two 
parts, one of which was electro-positive with 
regard to the other. When the compositions of 
acids had been generalised in the statement that 
acids are compounds of hydrogen with non- 
metallic, or negative, elements, the relation of 
salts to acids was indicated by calling salts me- 
tallic derivatives of acids. This conception of 
the composition of salts included the older view, 
inasmuch as the metallic derivative of an acid 
is necessarily a compound of a positive metal 
with a less positive non-metal, or with a (less 
positive) group of elements, which non-metal, or 
group of elements, was combined with hydrogen 
in the parent acid. 

The most general conception of the compo- 
sition of salts is that which formulates them as 
M Z R W , where M is the positive, or basic, or 
basylous part, and R is the negative, or acidic, 
or chlorous part of the salt. Both M and R 
may be either simple or complex. Common 
salt, NaCl, is the type of all salts as regards 
composition ; the positive radicle, Na, may be 
replaced by other metals, or by groups of ele- 
ments which are positive with regard to the 
other part of the compound; so the negative 
radicle Cl may be replaced by other non-metals, 
or by groups of elements which are negative 
with regard to the other part of the compound. 

When an aqueous solution of a salt is elec- 
trolysed, the positive radicle is separated at the 
negative electrode, and the negative radicle at 
the positive electrode (secondary reactions may 
occur). An element may form part of the posi- 
tive radicle of a salt, and the same element 
may form part of the negative radicle of another 
salt. Thus in the electrolysis of a ferric salt 
the iron travels to the cathode, but in the elec- 
trolysis of IC 4 Fe(CN) a the iron travels, with the 
cyanogen, to the anode. In the electrolysis of 
PtCl 4 the Pt is separated at the negative elec- 
trode, but in the electrolysis of Na z PtCl a the Pt 
is separated, with the Cl, at the positive elec- 
trode. We must then regard the radicles of, 
say, FeCl s , as Fe and 301, the radicles of PtCl 4 
as Pt and 4C1, and the radicles of NaCl as Na 
and Cl ; but we must look on the radicles of 
K 4 Fe(CN) a as 4K and Fe(CN) 6 , and the radicles 
of Na z PtCl a , not as 2Na, Pt, and 6C1, but as 
2Na and PtCl 6 . Again, neither the salt 
K 4 Fe(CN) a , nor the salt Na^PtCl,,, in aqueous 
solution, gives the ordinary reactions of iron or 
platinum ; but if these salts were composed of 
the radicles 4K, Fe, and 6CN, and 2Na, Pt, and 
■6C1 respectively, we should expect them to 
show the same qualitative reactions as solutions 
of FeCl* and PtCl 4 . In contrast with these salts 
is the compound formed by evaporating a mix- 
ture of K a S0 4 Aq and CuS0 4 Aq. The salt thus 
produoed, K 2 S0 4 .CuS0 4 .6H z 0, when dissolved in 
water, gives the ordinary reactions of sulphates, 
of K compounds, and of Cu compounds ; more- 
over, on electrolysis the K and Cu appear at the 
cathode, and the group S0 4 is set free at the 
anode (where it reacts with H a 0 to give BLjSO* 
and 0). 

But all these salts— NaCl, Pt01 4 , FeCl,, 
SyFefONh, NajjPtClg, and GuS0 4 .KjS 0 4 — are re- 
presented, as regards composition, by the general 
formula M-jR*. This formula satisfactorily ex- 


presses the composition of all Balts ; but it says 
nothing about the properties of these com- 
pounds. When solutions of two salts are mixed, 
a more or less complete interchange of positive 
radicles generally takes place. This capability 
of reacting as if they were composed of two 
parts— or, one may say, of reacting in a binary 
way — is characteristic of salts. Salts in solution 
are most probably dissociated into two parts, 
each of which carries an electric oharge. Even 
if the whole of the salt is not dissociated, the 
portion which readily takes part in chemical 
changes is most probably dissociated binarily 
(c/. Electrical methods, p. 184). 

Salts, then, may be regarded aB compounds 
of the form M x Ry, which readily exchange M 
and R with other compounds of similar oompo* 
sition, and which in aqueous solutions are wholly 
or partially separated into their positive and 
negative radicles, each radiole carrying with it 
an electric charge. 

Salts are often classified as normal , acid , 
basic, and double salts . 

An acid salt is one whose negative radicle 
contains hydrogen that can be eliminated by 
causing the salt to react with an alkali or basic 
oxide, while a normal salt contains no replace- 
able hydrogen. As an acid is described as a 
compound containing hydrogen, all or part of 
which is replaceable by metal when the acid 
interacts with a metal or a basic oxide, it is 
evident that an acid salt comes under the de- 
scription of an aoid, and, strictly speaking, is an 
acid. According to the meaning already given 
to the term ‘ salt,’ the class of salts includes acids. 
It is, however, convenient to give a special name 
to the compounds of hydrogen with negative 
radicles. A basic salt contains a positive radicle 
or radicles which can be replaced by a negative 
radicle with formation of a normal salt. This 
positive radicle is sometimes the group OH, 
sometimes it is a group M x O y , where M is the 
metal of the salt. Thus Bi(0H) z N0 3 and 
Pb(PbO)NO s are basic salts. When treated with 
nitric acid the former gives the normal salt 
Bi(NO s ) s , and the latter the normal salt Pb(N0 3 ) 2 . 
The basic salt is an intermediate stage between 
the base and the normal salt, just as the acid 
salt is an intermediate stage between the aoid 
and the normal salt. 

Basic salts are formed by fairly weak bases ; 
the very strong bases, NagO, KjjO, OaO, &o. f do 
not form basic salts. 

Normal salts frequently combine with other 
normal salts to form double salts. Generally 
speaking, one of the components of a doable 
salt is a salt of a strong base which forms acid 
salts but not basic salts, and the other com- 
ponent is a salt of a weaker base which readily 
forms basic salts but does not form acid salts. 
That component which is itself the salt of a 
strong base— e.g. K 2 S0 4 , NaCl, <fec.— may be re- 
garded as the more acidic or negative radiole of 
the double salt, while the component which is 
itself the salt of a weaker base — e.g. Al^SOJ,, 
Zn^POJ* &c. — may be regarded as the more 
basic or positive radicle of the double salt. The 
double salt belongs to the type M X R* ; both M 
and R are themselves salts. And just as many 
normal salts are formed by the direct anion of 
their radicles— NaCl by combining Na and 
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01, BaS0 4 by combining BaO and S0 8 — so double 
salts are formed by the union of a more positive 
with a less positive radicle, which is, in such 
cases, itself a salt. 

The reactions of some double saltB indioate 
that these salts are to be regarded as composed 
of the two simple salts which were brought 
together when the double salts were formed ; the 
salt MgS0 4 .KB0 4 . 6aq, for instance, gives, in 
solution, the reaction of sulphates, of Mg, and 
of K, and on electrolysis the Mg and K go to the 
negative electrode. On the other hand, the re- 
actions of some double salts indicate that these 
salts are not to be regarded as composed of the 
simple salts by the union of which the double 
salts were formed ; the salt Cr 2 (C 2 0 4 ) s .K 2 C 2 0 4 , 
for instance, does not give the reactions 
of oxalates, nor the reactions of Cr : this 
salt must be looked on as the potassium 
salt of the acid BLjCr 2 (C 2 0 4 ) 4 . If the salt 
(NH 4 ) 2 Cr 2 (C 2 0 4 ) 4 .2H./) is treated with NH 3 Aq, 
a new salt is formed having the composition 
Cr 2 (C 2 0 4 ) a .(NH 4 ) 2 C 2 0 4 .4NH 3 .a;H 2 0, and the re- 
actions of this salt show that it is an oxalate, 
and therefore that it has a different constitution 
from that of the salt (NH 4 ) 2 Cr 2 (C 2 0 4 ) 4 from which 
it is obtained. 

The salts of the haloid acids combine to form 
many double salts, e.g. PbI v .KI, BiCl„.3KCl, 
AuClg.KCl, <fcc. Most of these double haloids 
are generally regarded as double salts in the 
usual acceptation of the term ; but several of 
them do not give the ordinary reactions of the 
less positive metal they contain, nor the re- 
actions of the halogen which enters into their 
composition. For instance, PtCl 4 .2NaClAq re- 
acts with two equivalents of AgNO a to give 
PtCl 4 .2AgCl ; if PtCl 4 .2NaCl were a double salt, 
reacting in solution as if it were composed of 
the two radicles PtCl 4 and NaCl, it would inter- 
act with six equivalents of AgNO a , and the pro- 
ducts would be Pt(N0 8 ) 4 , NaN0 3 , and AgCl. It 
is evident, then, that the Na-Pt ohloride is the Na 
salt of the acid H 2 PtCl 8 , and that the constitu- 
tion of this salt is similar to that of the ordinary 
simple salts. 

Bemsen (Am. 11, No. 5 [1889]) proposes to 
regard all the so-called double haloids as simple 
salts similar to ordinary oxysalts. It seems to 
me that the constitutions of these salts cannot 
be determined by an examination of their com- 
position only, but that the reactions of each 
salt must be examined. Some of the double 
haloids are undoubtedly simple salts, as some of 
the double oxysalts are certainly simple salts of 
metal-containing acids; but as some oxysalts 
containing two metals react so as to show that 
they are composed of two radicles, each of which 
is a simple salt, bo some of the double haloids 
also give the ordinary reactions of both the 
metals, and also of the acidic radiole, which they 
contain, and must therefore be regarded as true 
double salts. M. M. P. M. 

SALVIOL C 10 H, 8 O. (200°). S.G. i* *938. 

Md 91 1*462 at 20°. 74-2. (M. M. P. Muir, 

C. J. 33, 292 ; 87, 683). A constituent of oil of 
Sage (q. v.). It is a dextrorotatory liquid. On 
distillation some of it splits up into H*0 and 

Reactions . — 1 . Chromic acid mixture or 
dilute nitric acid produces acetic and oxalic 


acids and camphor [174°]. — 2. P 2 O fl produces 
polymerides of C 10 H lfl , a terpene (171°), an 
aromatic hydrocarbon (o. 130°), and a paraffin- 
like hydrooarbon (170°-180°). Oymene is not 
formed. Hence salviol is not C 10 H, a O. However, 
according to Semmler (B. 25, 3350), salviol is 
identical with tanacetone. 

Constitution. — Refractive index appears to 
indicate absence of C:0 groups. 

SALYLIC ACID. A name given by Kolbe to 
a supposed isomeride of benzoic acid got from 
salicylic acid by successive treatment with PC1 S 
and sodium-amalgam. It is identical with 
benzoic acid (Reichenbach a. Beilstein, A. 132, 
309). The name is also applied by Stadeler (A. 
Suppl. 7, 159) to two acids : (a) G, ,H, 4 O ft [101°] 
and (j3) C 2 ,H 22 0 8 [95°], obtained by allowing 
salicylic aldehyde to Btand for 12 years under 
water. The (a)- acid forms small four-sided 
prisms, gives no colour with FeCl 3 , and yields 
Ag;jA". The (£)- acid forms aggregates of needles, 
gives an intense violet colour with FeCl 3 , and 
yields Ag fl A'". Both acids are v. sol. alcohol and 
ether. 

SAMARIUM . This name was given by Lecoq 
de Boisbaudran ( C . R. 88, 322 ; 89, 212) to the 
metal of an earth which he separated from 
what was then known as didymia, occurring in 
samar shite. Delafontaine ( C . R. 89, 632) ob- 
tained from didymia an earth which he called 
dccipia , and when this had been removed by 
ppn. as sulphate, the new earth, samaria, 
remained in solution, and was obtained by frac- 
tionally ppg. by NH s Aq. Cleve ( C . J. 43, 362} 
separated what he regarded as pure samaria 
from orthite ; he prepared and described several 
salts of the new element. Cleve found the at. 
wt. of Sm to be 150, supposing the oxide to be 
Sm^Oj, ; this number was confirmed by Betten- 
dorf! (A. 263, 164). It is still very doubtful 
whether samaria is a homogeneous substance; 
according to Crookes, it contains at least four 
different bodies (v. Metals, rabe, vol. iii. p.244). 
Because of the great uncertainty attaching to 
the homogeneous nature of the so-called samaria 
it does not seem desirable to give an account of 
the bodies which have been described as com- 
pounds of Sm. The student is referred to the 
memoirs cited above, and also to the following: — 
L.de Boisbaudran, C.R. 114, 575; 116, 611 (spec- 
trum and compounds of samaria); Marignac, 
Ar. Sc. [3] 3, 413 (spectrum, and compounds) ; 
Kriiss a. Nilson, B. 20, 2134 ; 21,2310 (spectrum) ; 
v. also, for spectrum, B. A. 1884. 438. The com- 
pounds of the supposed element are described 
by Cleve (l.c., and also Bl. [2] 43, 162) (cf. also 
Earths, vol. ii. p. 422). M. M. P. M. 

SANDAL WOOD. A dye wood furnished by 
Pterocarpus santalinus, which grows in tropical 
Asia. It dyes mordanted cotton red. It con- 
tains santalin (Meier, A. 72, 320). Yellow 
sandal wood (from SantaVum album), yields 
by steam-diBtillation an oil containing santalol 
C^HjwO, and santalal C^H^O (Chapoteaut, BL 
[2] 37, 303). After treatment with Na the oil 
yields a terpene O 10 H, fl , S.G. *919, Ma“ 1*487 
(Gladstone, C. «T. [2] 10, 6). The crude oil 
heated in sealed tubes at 810° forms C^H^O, 
(c. 340°), (350°) and C w H 88 0 (240°) 

whence P f O B forms C 10 H U (o. 177°). 
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Saatalol (310°) is converted by P 2 0 5 into 
water and C la H 84 (260°). HOAc at 150° forms 
the aoetyl derivative C 15 H 23 OAc (298°), and a 
compound O so H 4a O (283°). 

Santalal (300°) is converted by P 2 0 5 into 
O A (248°). 

Sandal wood oil from Santalum Preissianum 
contains a crystalline solid [105°] (Ph. [3] 22, 
328). 

SANDABACH. A gum resin which exudes 
from Thuja articulata growing in Barbary, and 
from various species of Callitris growing in 
Australia and New Zealand (Johnston, J. pr. 
17, 157 ; Maiden, Ph. [3] 20, 562). Transparent 
yellowish mass with vitreous fracture, resembling 
pine-resin in taste and smell. Sol. alcohol. Com- 
pletely sol. ether. Its alcoholic solution is ppd. 
by Pb(OAc) 2 . It appears to contain several resins 
(e.<^. C 4l) Hg 2 0 4 , C 4B H 02 O a , and C^H^Og) differing 
in solubility in alcohol. 

SAN GTJIN AKIN £ C J7 H 15 N0 4 (E. Schmidt, 
Ar. Ph. [3] 26, 622). Prepared from the root 
of Sanguinaria canadensis (Dana, Annals of 
the Lyceum of New York, 2, 245; Probst, A. 
29,120; 31, 241; Schiel, A. 43, 233; Am. S. 
[2] 10, 220 ; Naschold, J. pr. 106, 385). Accord- 
ing to Probst and Schiel it is identical with 
chelerythrine, but Naschold and Schmidt assign 
the formula C 17 H, a N0 4 to sanguinarine and 
C, B H, 7 N0 4 to chelerythrine. Prepared by ex- 
hausting the root with ether and ppg. the 
hydrochloride by HC1. Pearly grains, insol. 
water, sol. alcohol and ether. Poisonous.— 
Salts: B'HCl aq. — B' 2 ILjPtCl e (dried at 100°). — 
B'jjH^PtCyg. According to K6nig ( C . C 1891, 
i. 321) sanguinarine has the formula O 20 H,.NO 4 , 
crystallises with 4aq, melts at 211°, and forms 
the red salts B'HCl 5aq, B'HNO s aq, B'HAuC 1 4 , 
and B^HjjPtClg. 

SANTAL C B H tt O a . Obtained from sandal 
wood by extracting with very dilute KOH, ppg. 
with HC1, and extracting the pp. with ether 
(Weidel, Z. [2] 6, 83). It is accompanied by a 
scarlet crystalline powder C l4 H u 0 4 ? Santal 
crystallises from alcohol in colourless iridescent 
four-sided lamina (containing l^aq), insol. 
water, si. sol. cold alcohol, sol. KOHAq, si. sol. 
NH s Aq. FeCl a colours its alcoholic solution 
dark red. Potash-fusion yields protocatechuic 
acid. 

SANTALIN O l5 H 14 0 4 (Meier, A. 72, 320) ; 
C u H,„O ft (Wegermann a. Haffely, A. 74, 226) ; 
C 17 H la Og (Franchimont, B. 12, 14). [105°]. The 
colouring matter of sandal wood and of coliatur 
wood. Extracted by ether or alcohol, and purified 
by ppg. its alcoholic solution with Pb(OAc) 2 , and 
decomposing the pp. by dilute H 2 S0 4 . Minute 
red prisms (M.) or amorphous (F.), without 
tpste or smell, insol. water. Its alcoholic solu- 
tion is blood-red. Sol. alkalis, forming violet 
solutions in which BaCl 3 ppts.Ba(C 15 H u 0 2 ) 2 as a 
dark-violet amorphous pp. Pb(OAc) 2 added to its 
alcoholic solution ppts.PbC 15 H, 4 O e (dried at 100°). 
On heating with HC1, santalin gives off MeCl 
(1 mol.). Gives resorcin and HOAo on fusion 
with potash. KMn0 4 gives off an odour of 
vanilla. 

SANTONIC ACID U. 

°* H ‘" CcHMeO H CIlloHhCHrCOta W (Can ‘ 

uizaaro, -B.ie, 2748). [171°] (Hvoslef.B.6,1471). 


S. *56 at 17°. [a] D = —74° at 20° in chloroform 
(Nasini, B. 13, 2210 ; G. 13, 164). Formed by 
boiling santonin with baryta-water (Cannizzaro 
a. Sestini, G. 3, 241 ; Hesse, B. 6, 1280). Colour- 
less trimetric plates (Striiver, G. 6, 349), m. sol. 
hot water, v. sol. ether, v. e. sol. alcohol. Acid 
to litmus. Lrovorotatory. HIAq forms C, 5 H 2B 
(235°-245°) and C la H*I (144° at 3mm.) (Can- 
nizzaro a. Amato, B. 7, 1104). Boiling HIAq 
and P form (a)- and (/8) -metasantonin. By boil- 
ing with HOAc and heating the residue it is 
converted into santonide and parasantonide. 
Sodium-amalgam yields hydrosantonic acid. 
Does not react with hydroxylamine. When it® 
chloroform solution is heated with POCl 8 as 
long as HC1 comes off, and a current of damp 
air passed through the product, there is formed 
P0(C, 6 H IB 0 3 C1) 3 [98°] (Cannizzaro, O. 10, 4o9) 

Salts. — NaA'. Stellate groups of needles. 
— BaA'g. — AgA' : white pp. 

Methyl ether MeA'. (86°). Colourless 
needles (Cannizzaro, G. 6, 335). 

Prthyl ether EtA'. [95°]. [a] D =*-45° at 
26°. Trimetric crystals. 

n-Propyl ether PrA'. (220° at 3 mm.). 
S.G. Y 1*125. Md* —40° at 20°. 

I so butyl ether CH 2 PrA'. [67°]. 

[«]d“ -41°. Needles (Carnelutti a. Nasini, 

B. 13, 2208 ; G. 10, 530). 

Allyl ether C 3 H 4 A\ [55°]. [a]„- -40°. 

Acetyl derivative C lv H, B Ac0 4 . [140°]. 
Got by boiling the acid for six hours with AcCl 
(Sestini, G. 5, 121). Prisms (from CHC1,). It 
is accompanied by G 19 H 2(l 0 7 [128°]. 

Chloride C lft H 1B 0 3 Cl. [155°]. 

Bromide C, 5 H 1B O a Br. [145°]. 

Iodide C 16 H 1B 0 3 I. [136°]. 

Hydrosantonic acid C^H^O,. [170°] 

Formed by reducing santonic acid with sodium- 
amalgam (Cannizzaro, G. 6, 341). Colourless 
trimetric crystals (from ether), less sol. alcohol 
than santonic acid. Dextrorotatory. Oxidised by 
Ag 2 0 to metasantonic acid. HOAc at 150 ' forms 
hydrosantonide C 14 H 20 O 3 [156°], which is re- 
converted into hydrosantonic acid by alcoholic 
potash (Cannizzaro a. Valente, G. 8, 809). AcCl 
converts hydrosantonic acid into acetyl-hydro- 
santonide C, a H, B AeO a [204°], which is converted 
by alcoholic NHj at 130° into hydrosantonamide 

C, 4 H 21 O a .NH 3 [190°]. BzCl forms benzoyl- 
hydrosantonide C, 4 H 19 BzO a [157°]. 

Salts.— NaA' 8aq : trimetric crystals.— 
KA' 2aq : monoclinic crystals. 

Santoninio aoid C 1S H 2U 0 4 i.e. 
QH:CH.QH.CHMe.QO m 

CH:CH.CH.CHMe.CH.CH(OH).CH 2 .C0 2 H W 
(Cannizzaro, B. 18, 2746). Santonous acid. 
aj — 26° in alcohol at 22°. Formed by heating 
santonin with KOHAq (Hesse, B. 6, 1280). Tri- 
metric tables, si. sol. cold water, m. sol. ether, 
v. e. sol. alcohol. Not turned yellow by light. 
Acid to litmus. Not coloured red by alcoholic 
potash. At 120° it splits up into water and 
santonin ; dilute H 2 80 4 acts in like manner. 

Salts.— NaA' 3£aq. S. 33 in cold water. 
S. (90 p.c. alcohol) 25 (Lepage, J. 1876, 618). 
Stellate groups of needles. Lasvorotatory ; 
oj= - 18° at 22°. — BaA' s aq. 

Xet&santonie acid C 14 H 30 0 4 . [161 C ]. Formed 
by heating silver hydrosantonate with water. 
Got also by distilling santonic acid at 45 mm. t 
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by boiling santonide with KOHAq, and by the 
action of Na^COjAq on isosantonin. Trimetric 
crystals (from ether). Ltevorotatory. Its K and 
Na salts are very soluble. — AgA # : pp., m. sol. 
water. 

Methyl ether MeA'. [102°]. 

Chloride O li H ia O,GL [139^. 

Parasantonie acid O^H^O*. [173°], 

[o]=—99 0 in chloroform (Carnelutti a. Nasini 
0. 10, 534). Formed by boiling parasantonide 
with NaOHAq or HClAq. Trimetric crystals, 
m. sol. water and ether. Converted by Ac Cl, 
Ac 2 0, or PCl fi into parasantonide. Boiling HIAq 
and P form (a)- and (£)- metasantonin. The 
parasantonates are mostly v. sol. water. — BaA' a : 
slender needles (from water). 

Methyl ether Me^'. [184°]. [a] D »-109° 
in chloroform at 27°. 

Ethyl ether EtA'. [173°]. [«] D --100° 
in chloroform at 20°. 

n-Propyl ether PrA'. [113°]. [a] D » -91° 
at 26°. Colourless prisms. 

Allyl ether C a H fi A'. [149°]. [«] D --92°. 
Lcevorotatory. 

Photosantonic acid C^H^O* i.e. 
QH:CH.CH.CHMe.C0 2 H m 

CH:CH.CH.CHMe.CH 2 .CH(OH).CH 2 .CO a H W 
[155°]. [o] r) ~— 125°. Formed, as ethyl ether 
of the lactonic acid, by exposing a solution of 
santonin in 65 p.c. alcohol to direct sunlight 
(Sestini, Rep. ital. chim . pharm. 1865). Formed 
also by exposing an aqueous solution of sodium 
santonate to sunshine. Prepared by insolation 
of a 1 p.c. solution of santonin in diluted HOAc 
for one month (Cannizzaro a. Villavecchia, B . 
18, 2750, 2859). Trimetric prisms (from alco- 
hol). Gives off H 2 0 at 100°, forming the lac- 
tonic acid C^H^O,, and then melts at 155°. Y. 
si. sol. water, v. sol. alcohol and ether. Lsevo- 
rotatory. 

Salts. — (NHJjA" 6aq. — BaA" aq : white 
amorphous pp. — CaH-jA'^ 3aq : silky needles, si. 
sol. cold water. — CaA" aaq.— Ag.A" : white pp. 

Methyl ether of the lactonic acid. 
[57°]. Got by the action of sunshine on a solu- 
tion of santonin in MeOH. Long prisms (from 
MeOH). 

Ethyl ether of the (< a)4actonic acid 
C 17 H 24 0 4 . [69°J. (305°). [«]„» -118° in a 

6 p.c. alcoholic solution at 14°. Got by exposing 
an alcoholic solution of santonin to sunlight 
(Sestini, J. 1876, 622). Formed also from 
Ag 2 C I& H 20 O a and EtI (V.). Formed also by the 
action of alcohol and H 2 S0 4 on photosantonic 
acid. Thin tableB, almost insol. cold water, v. 
sol. alcohol and ether. Lavorotatory. NaOH 
converts it into sodium photosantonate. 

Ethyl ether of the (B)-lactonic acid 
C 17 H 24 0 4 . [155°]. [«]d *“77” in alcohol at 14°. 
Formed, together with the preceding, by insola- 
tion of a solution of santonin in absolute alco- 
hol. Tables (from ether). Dextrorotatory. 

Anbydrophotosantonic aoid C lv H, 0 0 4 i.e. 
0 ls H li (C0 2 H) t . [133°]. [a] D *» +31*9. Obtained 
by saponification of its ether, which is formed 
by passing gaseous HC1 into a solution of photo- 
santonic acid in absolute alcohol (Villavecchia, 
B. 18, 2862). Crystalline solid. V. sol. alcohol 
and ether.— BaA" : white amorphous solid, v. e. 
sol. water. 


Di-ethyl ether Et a A": (180°-186°). 
[o] D « + 20'4°. Colourless liquid. 

Isophotos&ntonic aoid C lft EL t3 0 5 i.e. 
<?H:CH.QH.CHMe.Q(OH) a m 

CH:CH.CH.CHMe.CH.CH(OH).CH ? .C0 2 H'*' 
[a]n “ 124° in a 3 p.c. alcoholic solution at 11°. 
Formed, together with photosantonic acid, by ex- 
posing a solution of santonin (1 kilo.) dissolved 
in HOAc (52 litres of S.G. 1*054) for several 
months to sunshine (Cannizzaro a. Fabris, B . 
19, 2260). Thick trimetric crystals (from alco- 
hol), si. sol. water, m. sol. ether, v. sol. alcohol. 
Dextrorotatory. At 100° it gives an anhydride 
0,A.0 4 . Sol. alkalis and hot Na 2 CO,Aq, form- 
ing orange-red solutions. — BaA' 2 aq : white amor- 
phous powder, v. e. sol. alcohol and water. 

Acetyl derivative C^B^AcO*. [183°]. 
[“Id ” 59°. Transparent needles. Dextro- 
rotatory. 

Di- acetyl derivative "C^H^Ac.^. [c. 
166°]. Crystals, v. si. sol. alcohol and ether. 
Converted into C lfi H 21 Ac0 5 by heating with 
absolute alcohol at 120°. 

Pyrophotosantonio acid [94*5°]. 

Formed by heating photosantonic acid in a 
current of C0 2 or H 2 (Sestini a. Danesi, Q. 12, 
83). Got also by heating photosantonio acid 
with HI (Cannizzaro a. Fabris, B. 19, 2260). 
Crystals, sol. alcohol and ether. — BaA' 2 . Forms, 
on distillation, C^H.^ (222°). 


SANTONIDE C lft H l8 O s . [127*5°]. [a] I ,«754° 
in chloroform at 20° ; 666° in alcohol at 20°. 
S.V.S. 206. Formed by evaporating a solution 
of santonic acid in HOAc and heating the residue 
at 180° (Cannizzaro a. Valente ; Carnelutti a. 
Nasini, O. 10, 528 ; 13, 149). Trimetric crystals. 
Dextrorotatory. M. sol. chloroform, v. si. sol. 
alcohol. Not attacked by PC1 6 . Boiling KOHAq 
forms metasantonic acid. 

Parasantonide C l5 H l8 0 8 . [110°]. S.G. *£ 

1-202. [a] D «* 897° at 26°. S.V.S. 206. Formed 
by boiling santonic acid with HOAc, evaporating, 
and heating the residue at 260° (Cannizzaro, G . 
8, 309; 10, 528). Trimetric crystals, v. si. sol. 
alcohol, m. sol. Ac v O. Not attacked by Ac 2 0 or 
PC1 5 . Boiling KOHAq converts it into para- 
santonic acid. 


Metasantonide. [138°]. [«]„= — 223° at 

26°. S.V.S. 236. Prepared by heating santonin 
with cone. H 2 S0 4 for some hours at 100° and 
ppg. by water (Cannizzaro a. Valente, Rend . 
Accad. Lincei , ii. ; G. 10, 42). Crystals (from 
ether). Converted by Na 2 C0 8 Aq into metasan- 
tonic acid. 


SANTONIN C 15 H 1# 0, u». 
gH:CH.(?H.CHMe.QO 
CH:CH.CH.CHMe.CH.CH<^^>CO or 

gK 2 .CMe.Q.CH 2 .QH.O v 0Q (C&rmizz&ro) 

CO .CMe.C.CH^CH.CHMe-^ l^ anmzzaro >- 
Mol. w. 246. [170°]. S.G. ^ 1-247. [a]* --174° 
in alcohol of 90 v. p. o. (Hesse, A. 176, 125) ; 
m — 172° in chloroform at 20°. S. *02 at 17*5° ; 
•4 at 100°. S. (alcohol) 2-3 at 22-6° ; 8 at 50° ; 
87 at 80°. S. (ether) 2*4 at 40°. S. (chloroform) 
23 (Schlimpert, N . Br. Arch. 100, 151). Occurs 
in wormseed (semen contra, semen cinss, or 
semen santonici), the undeveloped fiower heads 
of Artemisia Vahliana and other species of 
Artemisia (Kahler, Brandes Archw, 84 , 316 ,* 85 , 
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216 ; Alms, ibid . 34, 319 ; 89, 190 ; H. Tromms- 
dorff, A. 11, 190 ; Heldt, A. 63, 10, 40). 

Preparation. — From Artemisia maritima 
(Linn.) which contains 2 p.c. The seeds (6 pts.) 
are treated with lime (l pt.) and water, and ex- 
tracted with alcohol. The extract is freed from 
alcohol by evaporation and neutralised with HC1, 
when santonin crystallises out. In this process 
a lime- compound (C la H lfl 0 4 ) 2 Ca, is first formed, 
and afterwards decomposed byHCl, which forms 
santonio acid, C^H^O^ whence santonin is 
formed by splitting off H 2 0 (Busch, J. pr. [2] 35, 
822). 

Properties . — Flattened hexagonal prisms, 
which turn yellow in light. May be sublimed. 
Laevorotatory, the specific rotation being but 
little affected by temperature or concentration 
of the solution (Hesse; Nasini, G. 13, 139). 
Nearly insol. cold water, v. sol. hot alcohol and 
ether. Poisonous, exerting an anthelmintic 
action, and producing temporary colour-blind- 
ness (Lavater, Pharm. Viertelj. 2, 110 ; Wells, 
J. Ph. [3] 15, 111 ; Martini, C. R. 47, 259 ; 50, 
545). Reacts with hydroxylamine, forming an 
oxim (Cannizzaro, B. 18, 2746) ; santonin is 
best administered as oxim (Coppola, C. C. 1887, j 
1206, 13011. Not attacked by aqueous KMn0 4 . I 
Besinified by boiling cone. HClAq. KOH turns 
santonin crimson (especially in presence of 
alcohol) and forms C la H ltl K0 4 . AcCl has no 
action. Cone. II 2 S0 4 containing FeCl 3 gives a ; 
violet colour (Lindo, C. N. 36, 222; Knapp, 1 
D. P. J. 268, 42). I 

Reactions . — 1. By treatment with 1 mol. of 
PC1 5 itgiveBaoompoundC l5 H 17 C10 2 [125°uncor.]. ! 
With 2 mols. of PCl a it gives a compound 
C ia H, a Cl 2 0, [182° uncor.] (Pawlewski, B. 18, 
2900). According to Klein (B. 26, 982) the 
compound is C,,H 15 C1 3 0 2 .— 2. Reduced by HI 
and P to santonous acid C^H^O*.— 3. HNO a 
(S.G. 1*123) at 95° forms C0 2 , succinic, oxalic, 
and acetic acids, and HCy (Wagner, B. 20, 
1662). — 4. Boiling baryta-water forms san- 
tonic acid. — 6. Hot KOHAq forms santoninio 
acid. —6. Potash-fusion forms formic and pro- 
pionic acids (Banfi a. Chiozza, A. 91, 112). — 7. 
An alcoholic solution exposed for some months 
to sunlight forms the ethyl ether of the lactonic 
acid of photosan tonic acid (v. supra). — 8. A 
solution in HO Ac exposed to sunshine yields 
photo- and isophoto- santonic acids.— 9. Forms 
santonol on distillation with zinc-dust. Distil- 
lation over red-hot zinc-dust gives di-methyl- 
naphthalene (Cannizzaro, 0. 12,415). — 10. Cold 
cone. HClAq forms an isomeride 0 ia H, 8 0 3 , [260°], 
si. sol. hot alcohol, insol. water (Andreocci, B. 
26, 1373). [a] D « -f 112°. This body is not acted 
upon by hydroxylamine or phenyl-hydrazine, but 
yields an acetyl derivative C la H, 7 AcO s [156°]. 
Like santonin it is insol. NaaCO^Aq, but sol. i 
NaOHAq. It is reduced by zinc-dust and HOAc 
to C^H^Oj, [175°] [a] D * - 53*3° an acid isomeric 1 
with Bantonous acid, which when fused with 
potash yields propionic acid and di -methyl- (3)- j 
naphthol. — 11. Br in glacial acetic acid forms ' 
C ia H 18 0 3 .H0Ac,Br r Crystals (from alcohol), de- I 
composing above 60°. On boiling with alcohol I 
and aniline it yields bromo-santonin C, 5 H I7 BrO s j 
[151°]. On boiling with KOHAq the acetate j 
bromide yields santonin (Klein, B. 25, 3317). | 

Oxim C lt H, g O«(NOH) aq. [209°] (Klein, B. j 


26, 411 ; cf. Gucci, G . 19, 367). Needles (from 
dilute alcohol). Ac 2 0 yields C^H^O.^NOAc) 
[166°] or [170°] (K.) ; [203°] (G.). The oxim 
prepared by alkaline hydroxylamine gives with 
HC1 and FeCl s a violet-red colour [syn-oximic 
acid]. 

Benzyl ether of the oxim [152°]. HIAq 
forms benzyl iodide. 

Phenyl-hy dr azide C, a H l8 0 2 (N^HPh) . 

[220°]. Pale-yellow needles (from alcohol), not 
decomposed by cold acids (Cristaldi, G. 17, 526 ; 
Grassi, C. C. 1887, 1163). 

Chlorosantonin C lft H Iy C10 3 . Formed from 
santonin and chlorine-water (Heldt, A . 63, 84; 
Sestini, Bl. 5, 202). Crystalline. Turns yellow 
in light. 

Di-chloro -santonin C la H l6 Cl 2 0 3 . Formed by 
passing Cl for a long time through water con- 
taining santonin in suspension (Sestini). Groups 
of small plates (from alcohol). Coloured orange- 
red by alcoholic potash. 

Tri-chloro-santonin C la H la Cl„0 8 . [213°]. 
Monoclinic prisms, not coloured by sunshine, m. 
sol. alcohol and ether. 

(a)-Metasantonin C 15 H, 8 0 8 . [161°]. (239°). 
S.V.S. 205. [«]d =* 124° in chloroform at 20®. 

Formed, together with (j8) -metasantonin, by 
boiling santonic acid or parasantonide with 
HIAq and P (Cannizzaro, G. 4, 446, 452; 8, 
318; 10, 461). Trimetric hemihedral plates 
(from ether). Dextrorotatory. Not affected by 
light. YieldB C la H 17 Br0 3 [212°] and C la H la Br 2 O g 
[184°]. 

(£) -Metasantonin C 15 H 18 0 8 . [136°]. S.V.S. 
211. [a] D = 124°. Formed as above. Mono- 
clinic crystals. Yields C lv H 17 Br0 8 [114°] and 
C ia H lu Br 2 0 3 [186°]. 

Photosan tonin. A name for the ethyl ether 
of the (a) -lactonic acid of photosantonic acid ( v . 

| supra). 

! SANTONOUS ACID C^O* i.e. 
C 10 H 8 Me 2 (OH).C 2 H 4 .CO 2 H ? [179°]. [a] D ~74° 

in alcohol at 20°. Formed by boiling santonin 
with HIAq and P (Cannizzaro a. Carnelutti, B. 
i 12, 1574; G. 12, 393; 13, 385). White needles, 

| v. e. sol. alcohol and ether, si. sol. cold water, 
sol. Na 2 CO,A<l* May be distilled in vacuo. 
Distilled over powdered zinc in a current of 
hydrogen it yields di-methyl-naphthalene, di- 
methyl-naphthol, propylene, and a little xylene. 
On heating with Ba(OH) 2 above 360° it yields 
| C0 2 , CH 4 , and di-methyl-naphthol C, 2 H,,OH 
' [135°], which yields C^HnOMe [68°]. Converted 
by heat into the anhydride of isosantonous acid, 

! and, finally, into di-methyl-naphthol dihydride 
and propionic acid. 

Salts.— N a A'. Needles, ppd. by adding 
ether to its alcoholic solution. V. sol. water. — 
BaA' r — *AgA'; white pp., quickly turning black. 

Methyl ether Me A. [82°]. 

Ethyl ether EtA'. [117°]. [a] tt ~78°in 
chloroform or 67° in HOAc at 20°. White 
crystals, sol. alcohol and ether. Dextrorotatory. 
Converted by BzCl into C la H, w BzEtO^ [78°]. Na 
added to its ethereal solution ppts. C, a H, h NaEt0 3 , 
whence EtI produces C la H l8 Et 2 0 3 [32°J, which 
on saponification yields ethyl-santonous acid 
C ia H la Efc0 3 [116°], [«]„- +75° in alcohol. 

Isosantonous acid C ia H.^b { . [155°]. Formed 
by heating santonous acid, dissolving the re- 
sulting anhydride in NaOHAq, and ppg. with 
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HCIAq. Got also by heating santonous acid (1 
pt.) with Ba(OH) 3 (3 pts.) in a bath of molten 
lead (Cannizzaro a. Carnelufcti, B. 12, 1574 ; 
G. 12, 400). Small plates, si. sol. water, sol. 
alcohol and ether. Inactive to light. May be 
distilled in vacuo . 

Ethyl ether EtA'. [125°]. Crystalline. 
BzCl at 100° yields C 13 H, 8 BzEt0 3 [91°]. Na 
added to its ethereal solutions gives no pp., but 
on adding alcohol C l4 H, a NaEt0 8 is thrown down 
as an amorphous powder, readily decomposed 
by water. The Na derivative is converted by 
EtI into C 15 H l8 Et,0 8 [54°], whence alcoholic 
potash produces C l4 H J9 Et0 3 [143°], v. sol. alcohol 
and ether. 

SAPONIFICATION. The conversion of the 
natural fats into soap (and glycerin) by boiling 
with alkalis. In a more general sense it is used 
to denote the resolution of compound ethers into 
acids and alcohols. In the widest sense it- is 
used to denote the production of an acid from a 
neutral substance by hydrolysis. 

SAPONIN C S2 H m 0 18 (Rochleder, Z . [2] 3, 
632); C 19 H 30 O l0 (Stiitz, A. 218, 231); C 82 H 52 0 17 
(Hesse, A. 261, 373). Struthiin. Githagin. 
Polygalin. Poly galic acid. Senegin. Aglucoside 
occurring in the common soapwort (Saponaria 
officinalis) (Schrade, N. Joum . d. Chem . 8, 548), 
in the Oriental soapwort (GypsophAla Struthium ) 
(Bley, A. 4, 283 ; Bussy, A. 7, 168), in quillaja 
bark (O. Henry a. Boutron-Charland, J. Ph. 4, 
249), in the corncockle ( Agrostemma Qithago) 
(Malapert, J. Ph. [3] 10, 339 ; Scharling, A. 74, 
351 ; Christophsohn, Ar . Ph. [3] 6, 432, 461), in 
the root of Polygala Senega (Bolley, A. 90, 211 ; 
91, 117), and in many other plants. White 
amorphous powder, insol. alcohol and ether, v. e. 
sol. water. The dilute aqueous solution froths 
like soap when shaken ; the lather is prevented 
by addition of alcohol. Impure Baponin pro- 
duces sneezing. Saponin begins to turn black 
at 145° (Blyth), but does not melt or sublime 
when heated. Baryta forms amorphous 
(Oj tt H so O, 0 ) 2 Ba(OH) 2 . A solution of saponin is 
ppd. by lead acetate. Decomposed by boiling 
dilute acids into sapogenin and sugar C fl H 12 0 8 
(fo]i>«52 0 at 25°) (Rochleder a. Schwarz, Site. 
W. 11, 339 ; Overbeck, N. Br. Arch. 77, 135 ; 
Schiaparelli; cf. Crawford, Pharrn. Viertelj. 6, 
361 ; Fliiokiger, Ph. [3] 8, 488). 

Acetyl derivative 8 [161°]. — 

C I9 H 34 Ac 4 O I0 . ^.-CAAcA,. [137°].- 
CjjH^AcsOjj. [84°] (Stiitz).— C joH^ACjO^.— 
AraU 44 Ac g O l7 . C 82 H 40 AC| 2 O 17 . C 32 H 40 Ac 15 O 20 

(Hesse). 

Butyryl derivative C, 9 H 28 (C 4 H 7 O) 4 O 10 
(Stiitz) ; C S2 H 45 (C 4 H 7 0),0 l7 (Hesse). [68°-72°]. 
According to Schiaparelli (G. 13, 422 ; Ph. [3] 
14, 801), saponin obtained from soapwort has 
the formula Cg^E^O^, is kevorotatory, [o] D *■ —.8 
at 20°, yields amorphous Ba 2 H 2 (C 82 H 32 O lfi ) 3 , and 
is split up by boiling dilute H 2 S0 4 into glucose 
and saponetin C 40 H 88 O, 4 . 

SAPOGENIN C l4 H 22 O r Formed by hydro- 
lysis of saponin. Concentric groups of needles 
(from alcohol), sol. ether, insol. water. From 
solution in dilute potash it is ppd. by cone. 
KOHAq as flocculent potassium-saponin. Pot- 
ash-fusion gives acetio and butyrio acids and a 
crystalline compound [128°]. 


Oxysapogenin C u H 22 0 3 is obtained by the 

action of HCIAq on a glucoside present in the 
alcoholic extract of Hemiaria (Barth a. Herzig, 
if. 10, 172). 

SAPPANIN Ci 2 H 10 O 4 . Formed, together with 
resorcin and a little pyrocatechin, by fusing 
extract of sapan wood with NaOH (Sohreder, 
B. 5, 572). Crystallises from water in plates 
(containing 2aq), nearly inBol. cold water, v. sol. 
alcohol and ether, insol. CHC1 S . Neutral in re- 
action. FeCl a colours its aqueous solution red. 
NaOCl gives a grass-green colour. May be dis- 
tilled. Pb(OAc) 2 gives a yellowish pp. Reduces 
hot Fehling’s solution and ammoniacal AgN0 3 . 
HNO a forms tri-nitro-resorcin (styphnic acid). 
Yields diphenyl on distillation with red-hot zinc- 
dust. AcCl gives C, 2 H 8 Ac 4 0 4 , crystallising from 
alcohol in prisms. Br and HOAc give C, 2 H 4 Br 6 0 4 , 
crystallising from dilute alcohol in needles. 

SAPBINE G 5 H, 8 N 2 . [From eairpAs, putrid.] 
An alkaloid in putrefying fleBh (Gautier, Bl. [2] 
48, 13), v. Ptomaines. 

SARCINE v. Hypoxanthine. 

SARC0LACTIG ACID v. Lactic acid. 

SARCOLEMMA v. Muscle. 

SARC0SINE v. Methyl-amido-acetio acid. 

SARC0SINIC ACID C 3 H 7 N0 2 . [195°]. Oc- 
curs in a variety of shellac known as Sonora 
gum (Hertz, J. 1876, 912). White silky scales, 
v. sol. water, insol. alcohol and ether. Cannot 
be sublimed. Converted by nitrous acid into 
lactic acid. Forms salts with acids and bases. 
It is a weaker acid than alanine. 

SARCOSINTJRIC ACID v. vol. iii. p. 260. 

SARSAPARILLA v . Pabillin. 

SASSAFRAS OIL. Obtained by steam-dis- 
tillation from the bark and wood of the root of 
Laurus sassafras of North America. Contains 
saffrole ( q . v.) and a terpene C )0 H 16 (156°). S.G. 
2 -835. 

SATIVIC ACID v. Te Tit a- oxy-ste auic acid. 

SATURATION, CAPACITY OF. When a 
base is added to an acid, a point is reached 
whereat the properties of the base are neutralised 
by those of the acid, and the properties of the 
acid are neutralised by those of the base. The 
compound that is produced — a salt — has neither 
the properties of the aoid nor the properties of 
the base. The oapacity of saturation of an acid 
is measured by the quantity of a base, taken 
in formula-weights, which must be added to the 
quantity of the acid expressed by its formula in 
order to form a normal salt. The capacity of 
saturation of a base is measured by the number 
of formula-weights of an acid which must be 
added to a formula-weight of the base in order 
to form a normal salt. The study of the capa- 
cities of saturation of acids and bases leads to 
the classification of acids as monobasic, dibasic, 
tribasic, Ac., and of bases as mono-acid, di-acid, 
tri-acid, Ac. (v. Acids, vol. i. p. 49 ; and Acids, 
Basicity of, vol. i. p. 51). The notion of equi- 
valency also arises from the study of the capa- 
cities of saturation of acids and bases (v. voL ii. 
p. 446). 

When chlorine combines with potassium, one 
atom of the metal is saturated by one atom of 
the halogen ; but three atoms of ohlorine are 
required to saturate a single atom of bismuth or 
antimony. The notion of a definite capacity of 
saturation has been extended from the adds and 
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bases to the atoms of the elements. The develop- 
ment of this conception leads to the hypotheses 
of valency and atom-linking (v. Classification, 
vol. ii. pp. 213-215 ; Equivalency, vol. ii. p. 446 ; 
and Formuljs, vol. ii. p. 572). M. M. P, M. 

SAVINE OIL. Oleum Sabina. The essen- 
tial oil from Juniperus Sabina contains a 
sesquiterpene G 15 H 24 , which has a crystalline 
hydrochloride C 15 H 24 2H01 [118°] (Wallach, A. 
238,82], , 

SAVORY. Essence of savory (from Satureja 
montana) contains 40 p.c. carvacrol (232°) and 
two terpenos (174°) and (183°) (Haller, C . B. 
94, 132). The oil from Satureja hortensis con- 
tains 20 p.o. cymene, 50 p.c. carvacrol, a terpene 
(179°). S.G. 15 *855, and a very small quantity 
of a phenol which differs from carvacrol in not 
being extracted by ether from its dilute alkaline 
solution, and yields a phosphate [69°] (Jahns, 
B. 15,816). 

SCAMMONY. A purgative gum-resin com- 
posed of the dried milky juice of Convolvulus 
scammonia and of other species of Convolvulus . 
It is purified by boiling with alcohol, neutralising 
the alkaline filtrate by dilute H.,S0 4 , filtering, 
and evaporating (Ferret, Bl. [2J 28, 522). It 
contains jalapin (q. v.). 

SCANDIUM. Sc. At. w. 44. Mol. w. un- 
known. The oxide of a new element was 
isolated in 1879 by Nilson (B. 12, 554) from 
euxenite and gadolinite ; the same oxide was 
obtained, about the same time, by Cleve, also 
from Scandinavian minerals (Bl. [2] 31, 486 
[1879]). The name scandium was given to the 
metal of the new earth by Nilson to denote the 
locality of the minerals from which the oxide 
had been obtained. In his first memoir Nilson 
represented scandia as Sc0 2 , and determined the 
at. w. of Sc to be c. 170 ; in his second memoir 
(B. 13, 1439) he adopted Cleve’s correction, and 
formulated the oxide as Sc 2 0 8 , and gave the 
at. w. of the metal as 44. The element scandium 
has not yet been isolated. 

Occurrence . — Sc 2 0 8 is found, along with 
yttria, ytterbia, &c., in very small quantities 
in a few rare minerals — gadolinite , keilhauite , 
yttrotitanite , and euxenite. From 4 kilos. 
gadolinite Cleve obtained *8 g. Sc 2 0 8 , and 1*2 g. 
Sc 2 O a from 3 kilos, yttrotitanite. 

Preparation. — The metal has not been 
isolated (v. Scandium oxide, infra). 

Detection.—- Sc salts give a very brilliant 
emission-spectrum, rich in rays. Thal6n 
(B. 12, 555) gives the wave-lengths of the most 
characteristic lines as 6304, 6079, 6037 in the 
orange; 5526 in the yellow (very marked) ; 
5031 in the green; 4415, 4400, 4374, 4325, 
4326, 4314, and 4249 in the indigo (v. also B. A. 
1884. 440). 

Chemical relations.— Ten years before Nilson 
discovered Sc, MendeUeff asserted that an 
element would be found in the group of which 
boron is the first member, and that this element 
would resemble B and Al. To this unknown 
element MendelSeff gave the name ekaboron , 
and he stated the properties of the element and 
its compounds in detail. The properties of the 
compounds of scandium correspond with great 
closeness with those of MendelGefl’s ekaboron 
iv. tables in vol. i. p. 352 ; cf. vol. iii. p. 815). 
^The properties at dm baron were arrived at fey 


comparing the properties of pairs of elements 
related to one another, as regards positions in 
the periodic arrangement, similarly to ekaboron 
and its atom-analogues. The relations ex- 
pressed by the following scheme were specially 
studied by Mendel5eff : 

Eb:Al = Ca:Mg - Ti:Si = V:P - Cr:S: 

Eb:B = Ca:Be = Ti:C = V:N = Cr:0 = Mn:F. 

These statements mean, the relations between 
the properties of Eb and Al are similar to the 
relations between the properties of Ca and Mg, 
&c. For a brief working out of similar rela- 
tions in the case of eka-aluminium v. Gallium 
(vol. ii. pp. 598-9). Scandium is the second 
even-series member of Group III. It follows B, 
and is followed by Y, La, and Yb in the even 
series of this group. So resembles Al in many 
respects, but the difference between these ele- 
ments is shown, among other ways, in the fact 
that the double sulphate of Sc and K — 
So 2 (S0 4 ) 8 .3K„S0 4 — is not an alum ( v . Earths, 
metals of the ; vol. ii. p. 424). 

Scandium, chloride of, ScCl s (?). White 
hygroscopic needles separate on evaporating a 
solution of the oxide in HClAq to a syrup ; HC1 
is given off on heating, and an oxychloride 
remains as a white powder (Cleve, l.c.). 

Scandium, oxide of, Sc 2 O a . (Scandia.) Pre- 
pared by ppg. solutions of So salts by NH 3 Aq, 
washing the white, gelatinous, very bulky pp. of 
hydrated oxide, drying at 100°, and then heating 
strongly ; also obtained by heating to redness So 
nitrate, sulphate, or oxalate. A white, light 
powder, resembling MgO ; sol. in hot cone. 
H 2 S0 4 Aq or HN0 3 Aq. S.G. 3*864 (Nilson a. 
Pettersson, B. 13, 1461). S.H. from 0° to 100° 
-•153 (N. a. P.). 

Scandia is best obtained from euxenite. 
The finely-powdered mineral is fused with 
KHS0 4 , the product is dissolved in cold water, 
and ppd. by NH 3 Aq, the pp. is dissolved in 
HN0 3 Aq, the solution is boiled for some time, 
filtered from any pp. which forms, and ppd. by 
oxalic acid ; the ppd. oxalates are dried, heated 
strongly, washed with hot water to remove the 
K„CO s , dissolved in HN0 3 Aq, and the solution is 
evaporated to dryness and the residue heated till 
it melts ; the fused nitrates are treated with 
water, when a pp. forms, consisting of oxide of 
Thwith small quantities of oxides of Ce, U, and 
Fe ; the filtered solution is evaporated to dryness, 
the nitrates are partly decomposed by heating, 
and then treated with water ; the residue, which 
contains a basic nitrate of Sc, is evaporated with 
HNO s Aq, and the residue is again heated for 
some time, treated with water, and the insoluble 
evaporated with HNO a Aq, and so on. This 
process separates didymia, yttria, and terbia, the 
nitrates of which earths are not so readily de- 
composed by heat to basic nitrates as So 
nitrate is. By repeating this process 68 times 
Nilson (B. 13, 1442) obtained a nitrate solution 
which showed no absorption bands, and con- 
tained only salts of Sc and Yb. The solution of 
Sc and Yb nitrates is evaporated with cono. 
H 2 S0 4 , saturated K 2 S0 4 Aq is added, the sail 
Sc 2 (S0 4 ) 3 .8K 2 S0 4 which separates (Yb sulphate 
remains in solution) is dissolved in water, and 
ppd. by NH 3 Aq ; the ppd. So 2 0 8 .ajH. 2 0 is washed 
and dissolved in HNO,Aq, and So oxalate is 
ppd. by oxalic acid ; the ppd. oxalate is washed* 
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dried, and decomposed by heat. The So 2 0, 
thus obtained contains only traces of ytterbia, 
which may be removed by transforming the earths 
into nitrates, heating for some time, treating 
with water, again transforming the insoluble into 
nitrate, and so on. 

Scandium, salts of (Nilson, l.c. ; Cleve, lx . ; also 
C.R. 89,419). A few salts of Sc have been prepared ; 
they are white solids, resembling the salts of Al. 
The sulphate forms a double salt with KjS 0 4 , 
viz. Sc 2 (S0 4 ) s .3K 2 S0 4 , which is not an alum. 
The salts which have been isolated are nitrate , 
oxalate , selenites , sulphate, and double sulphates 
of NH 4 , K, and Na. M. M. P. M. 

8CAT0LE v . Methyl-indole. 

SCHEELE'S GREEN. Commercial name for 
CuHAsOj, ; v. Copper arsenites, vol. i. p. 306. 

SCHEIBLER’S REAGENT. Composed of 
sodium tungstate (100 g.), sodium phosphate 
(70 g.), water (500 c.c.) and a little nitric, acid 
(J. pr. 80, 211). It ppts. alkaloids. 

SCHIFF’S REACTIONS, (a) For aldehydes : 
a solution of a rosaniline salt, bleached by S0 2 , 
is coloured purple-red by aldehydes, (b) For 
urea : a purple colour with furfuraldehyde and 
HC1. (c) For cholesterin : a red colour with 
cone. H e S0 4 followed by NH a . 

SCHULTZE’S REAGENT. A saturated solu- 
tion of sodium phosphate (4 pts.) mixed with 
SbCl a (1 pt.). It gives a white pp. with alka- 
loids. 

SCHULZE’S REAGENT. Dry ZnCl* (25 pts.), 
KI (8 pts.), water (8*5 pts.), and sufficient iodine 
to be dissolved on warming for a short time. 
Gives a blue colour with cellulose. 

SCHWEIZER’S SOLUTION. A saturated 
solution of freshly ppd. Cu(OH) 2 in ammonia 
(of 20 p.c.). It dissolves silk, cotton wool, and 
linen. 

SCOPARIN C 21 H 22 O 10 . Occurs, together with 
sparteine, in Spartium scoparium (Stenhouse, 
Tr, 1851, 422; A. 78, 16). Pale-yellow brittle 
mass, tasteless, inodorous, and neutral. Ppd. as 
a jelly by adding HC1 to its cold ammoniacal 
solution, but may be obtained from cold alcohol 
in crystalline stars. V. si. sol. cold water, m. 
sol. hot water and alcohol. Sol. alkalis. Its 
alkaline solution deposits a greenish-brown 
resin on boiling. Bleaching-powder colours its 
solution dark green. Br gives a bluish-green 
colour. HNO s forms picric acid. Potash-fusion 
gives phloroglucin and protocateohuio acid 
(Hlasiwetz, A. 138, 190). 

SCOPOLAMINE C^H^NO*. Eyoscine . [63°] 
(Schmidt) ; [66°] (Hesse^. [o] p = — 13’7° in al- 
cohol at 15°. Ah alkaloid occurring in the root 
of ScopoUa atrepoides and also in hyoscyamus 
seeds (E. Schmidt, Ar. Ph. 230, 207 ; B . 26, 
2601 ; cf. Ladenburg, A . 206, 299 ; 276, 346 ; 
B. 14, 1870; 26, 2388; O. Hesse, A. 271, 100). 
Crystalline. Not affected by nitrous acid. It is 
either identical with hyoscine, or sometimes con- 
founded with that alkaloid. Decomposed by 
baryta-water into atropic acid and scopoline 
(pseudatropine, oseme) C 8 H lt N0 2 [110°] (242° 
uncor.), which yields B'HAuCl, [226°], B'-H^tGl* 
[230°], and C 8 H 12 BzNO, [69°], which gives 
(C g H 12 BzN0 2 ) 2 H 2 PtCl 6 [184°]. — B'HBr 3aq. — 
B'HAuOl*. [214°]. — B'HCl 2aq. — B'HL 

Acetyl derivative 0 1t hJAoN0 4 « 


SCOPOLElNE OpHj^NO, (?). Extracted by 
alcohol from the root of Scopolia japonica 
(Eijkman, B. T. C. 8, 178). Crystals (from 
CHC1 S ). 

SCOPOLETIN C 12 H 10 O b (E.); C 10 H 8 O 4 (T.) 
t.«. GjH^OMe) (OH) <q^’qo • [198° uncor.]. 

Occurs in the root of Japanese Belladonna 
(Scopolia japonica) (Eijkman, B . T. C. 3, 189 ; 
Takahashi, C. C . 1888, 1364). Slender needles 
or prisms, si. sol. cold water, v. sol. alcohol and 
ether. Poisonous. Its solutions exhibit blue 
fluorescence. KOH and Mel yield C 10 H 7 MeO 4 
[144°] identical with di-methyl-sesculetin, and 
converted by Br into C, 0 H a BrMeO 4 , whence 
potash forms C,,H 10 O a , an acid from which 
dimethoxy-coumarin C J0 H 10 O 8 [58°] may be 
obtained. Methyl -scopoletin is converted by 
potash-fusion, extracting with MeOH and heat- 
ing with Mel into C fl H 2 (0Me) 8 .CH:CH.C0 2 Me 
[102°], which may be reduced to the acid 
C fl R 2 (0Me) 3 CR,CH 2 .C0 2 H. 

Acetyl derivative C 10 H 7 AcO 4 . [176°]. 

Benzoyl derivative C, 0 H 7 BzO 4 . [158°]. 

SCOPOLIN C 24 H 30 O, ft 2aq (?). [o.218°]. Occurs 
in Scopolia japonica (Eijkman, R. T. C . 3, 177). 
White needles, sol. hot water and alcohol, insol. 
ether and CHC1 3 . Decomposed by heating with 
dilute acids into glucose and scopoletin. 

SCUTELLARIN C 10 H 8 O 3 . [199°]. Occurs in 
the root of Scutellaria lanceolata (Takahashi, 
C. G. 1889, ii. 100). Flat yellow needles, insol. 
cold water, v. sol. alcohol and ether, boI. NaOHAq 
and Na 2 C0 8 Aq. Does not reduce Fehling’s 
solution. Does not react with phenyl-hydrazine. 
Is not poisonous. 

SCYLLITE. A neutral substance resembling 
inosite, occurring in cartilaginous fishes (Frerichs 
a. Stadeler, J. pr. 73, 48). 

SEA SALT. Common name of sodium 
chloride (q. v. in this volume). 

8EA WATER v. Water (in this volume). 

SEBACIC ACID C 1? H 18 0 4 i.e . (CH 2 ) 8 (C0 2 H) 2 . 
Ipomic acid. Pyrolic acid. Mol. w. 202. 
[133°]. (295° at 100 mm.) (Krafft, B. 22, 816). 
S. *1 at 17°; 2 at 100° (Neison a. Bayne, J. 
1874, 625). H.C.p. 1,295,668 (Louguinine, C.R . 
107, 597 ; 1,296,800 (Stohmann, J.pr . [2] 40, 202). 
H.F. 264,200 (S.). 

Formation . — 1. Dry distillation of oleic acid 
or of fats containing olein (Th6nard f Ann.Chim. 
39, 193; Dumas a. Pdligot, A. Ch . 57, 332; 
Redtenbacher, A. 35, 188). — 2. By distilling 
castor oil or ricinoleic acid with KOH (Bouis, A. 
80, 303 ; 97, 34.-8. By the action of HNO a on 
spermaceti, steario acid (Arppe, A. 124, 98), con- 
volvulic acid, jalapin, jalapic acid (Mayer, A . 
83, 143 ; 95, 160). — 4. One of the products of 
the distillation of crude fatty acids in a current 
of superheated steam (Cahours, C. R. 94, 610). — 
5. The ethyl ether is formed by electrolysis of 
C0 2 Et.CH 2 .CH 2 .CHj.CH 2 .C0 2 K, the yield being 
20 p.c. of the theoretical amount (Crum Brown 
a. Walker, A. 261, 120). — 6. By oxidation of 
hendecenoic acid by HNO, (Becker, B. 11, 
1414). — 7. By reduction of tetracetylene dicarb- 
oxylio acid C^COgH), by sodium-amalgam 
(Baeyer, B. 18, 2271). 

Preparation.— Castor oil is heated with cone. 
KOHAq for some hours at 40°, and the resulting 
hard crust crushed, dried, and heated in an iron 
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vessel till the mass begins to turn brown. The 
product is shaken with cold water and the 
solution ppd. by HC1 (Witt, B. 7, 219). 

Properties. — White needles or plates, si. sol. 
cold water, v. sol. alcohol and ether. Reddens 
litmus. 

Reactions. — 1. HN0 3 forms suocinic, pimelic, 
and adipic acids (Carlet, J . Ph. [3] 24, 176; 
Wirz, A. 104, 280; Arppe, Z. 1865, 295; cf . 
Schlieper, A. 70, 121). — 2. KMn0 4 yields suc- 
cinic, glutario, and adipic acids (Carette, C. R. 
101, 1498). — 3. Distillation with lime yields 
decinene and heptoic aldehyde (Petersen). 
Distillation with BaO forms octane. — 4. 
MeONa at 300° forms ennoic acid (Mai, B. 22, 
2133). — 5. Glycerin at 200° forms (C : ft(OH) J,A", 
which solidifies at —40° (Berthelot, A. Ch. [3] 
41, 293).— 6. Brat 165° forms C 10 H 18 Br 2 O 4 [115°], 
which yields Na. 2 A", KHA", BaA" 2aq, 
CaA" 2aq, PbA", AgA", and Me 2 A" [50°] (Claus 
B. 20,2882). 

Salt s.— K. Z A ' ; crystalline powder, v. sol. 
water.— K1IA" : minute needles, v. sol. water 
(Neison, C.J. 27,301). -Na 2 A": minute crystals. 
— NaHA" : crystalline powder.— CaA" (dried at 
100°) : thin scales, si. sol. water. — CaH 2 A" 2 : 
white pp., si. sol. water.— BaII 2 A" 2 ; needles 
(from water), v. sol. water.— BaA" : crystalline 
crusts, v. sol. water.— SrA". -MgA" : white 
crusts, v. sol. water.— MgH 2 A' 2 : needles, v. sol. 
water. — ZnA": white pp., si. sol. water. — NiA". 
— CoA".- CoA" 2aq.— PbA". ~CuA" : emerald- 
green pp.— HgA" : insoluble pp.— Hg 2 A" : amor- 
phous powder. — A1H 3 A" 3 : white powder, v. sol. 
hot water. — Ag.^A" : white powder, v. sol. HN0 3 . 
—Aniline salt (PhNH. 2 ) 2 H. 2 A". [134°]. Sil- 

very plates, sol. warm water. May be sublimed 
(Gehring, C. R. 104, 1451). 

Methyl ether Me. 2 A". [38°]. (288°) 

(Neison, G. J. 29, 314 ; cf. Carlet, G. R. 37, 130). 

Pearly crystals (from ether). 

Mono-ethyl ether EtHA". Solidifies at 
10° as snow-white needles. 

Ethyl ether Et. 2 A". [c. 5°]. (308° cor.). 
S.G. if -9682 ; \\ *9605. M.M. 14*496 at 14° 
(Perkin, C. J. 45, 518). 

Butyl ether (C 4 H 9 ) 2 A" (344°). S.G. 
fi *942 ; *933. Formed by the action of gaseous 

HG1 on a mixture of sebacic acid and butyl 
alcohol at 150° (Gehring, C.R. 104, 1289, 1625). 
Oil, miscible with alcohol and ether. Chlorine 
in sunlight forms (C 4 C1*) 2 A", crystallising in 
hexagonal prisms [172°]. 

Isoamyl ether (C a H,,). 2 A". (above 860°). 
S.G. 15 *951. Oil. Alconolio NaOH forms 
(O a H n )HA", which solidifies at 10°, forming a 
crystalline mass, splitting up at 325° into sebacic 
acid and (G 5 H n ). 2 A". Chlorine in excess forms, 
in 160 hours, (0*01,,)^" [179°], crystallising in 
volatile trimetric prisms, si. sol. alcohol. 

Chloride C M H !<t (COCl) 2 . (220° at 75 mm.). 
Formed from sebacic acid (40 g.) and PCl a (85 g.) 
(Auger, A. Ch. [6] 22, 361). Thick liquid, de- 
composed by heat. Benzene and A1C1 3 give 
0 8 H l(l (CO.O tf H 4 ) 2 [89°] and C*H 4 .C0.C,H llt .C0 2 H 
[ 79 °]. 

Anhydride CJH lfl <~5>0. [78°]. Formed 

by heating the Na salt with the chloride (Auger, 
A. Ch. [6] 22, 362). Minute yellowiah crystals 
(from benzene). 

Vox*. IV. 


Amide GJH^CO.NH,*),. Formed from the 
ethers and NH 3 Aq (Rowney, A. 82, 123 ; Carlet, 
C. R. 37, 128). Groups of minute needles, 
m. sol. hot water. 

Amic acid C 8 H Ia (C0. 2 H)(C0NH 2 ). Formed 
from EtHA" and NH a Aq, and got also by heating 
(NH,). 2 A" (Bowney, C. J. 4, 834 ; Kraut, J. 1863, 
358). Crystalline, v. sol. alcohol and hot water. 

Anilide C*H l6 (CONPhH),,. [198°] (Pelliz- 
zari, # A. 232, 147). (above 360°). Formed by 
heating sebacic acid (1 pt.) with aniline (1 pt.) 
at 215° (Gehring, G. R. 104, 1451 ; cf. Maillot, 
C. R. 87, 737). Scales (from alcohol), v. si. sol. 
ether. 

Nitro-anilide C 8 H,«(C0.NHC (J H 4 .N0 2 ) 2 . 
[116°]. Formed by the action of HN0 3 on the 
anilide (Gehring, G. R. 104, 1716). Slender 
needles (from water). Tastes sweet. May be 
sublimed. 

References. — Perculor- and Oxy-sebagio 

ACID. 

SEBACIN v. Decinene. 

SEBAC0XYL-AMID9-BENZ0IC ACID v. 

Carboxy-phenyl-sebacamic acid. 

SEBACYL-DIBENZAMIC ACID v. Scbacyl 
derivative of m-AMiDO-BENzoic acid. 

SELENATES. Salts of selenic acid (H. 2 Se0 4 ), 
M 2 I Se0 4 and M I HSe0 4 . These salts are formed 
by dissolving metallic oxides, hydroxides, or 
carbonates in H 2 Se0 4 Aq; the more insoluble 
selenates are formed from the alkali salts by 
double decomposition. The selenates generally 
resemble, and on the whole are isomorphous. 
with, the sulphates (von Gerichten, A. 168, 
214). The selenates generally crystallise with 
less water than the sulphates under the same 
conditions of temperature (Topsoe, Ar. Sc. 45, 
76). Selenates are generally undecomposed at, 
red heat ; heated in H, or with Na. 2 C0 3 , or C, 
they give selenides ; boiled with HClAq, they 
give off Cl and leave Se0 2 Aq. For the crystal- 
lographic measurements of selenates, v. Topsde 
(l.c.) ; Topsoe a. Christiansen (A. Ch. [4J 31) ; 
and Fabre (C. R. 105, 114). For measurements 
of the specific volumes of selenates, v. Pettersson 
(B. 9, 1559, 1676) and Schrdder (J. pr. [2] 22, 
432). 

Aluminium selenates. The normal salt, 
Al 2 (Se0 4 ) s , is a white solid ; by dissolving 
AlOgH, in BLSe0 4 Aq, and evaporating. Yields 
various basic salts by heating with AlOgH, or by 
partially ppg. the normal salt in solution by 
NH 3 Aq. Forms alums with alkali metal selen- 
ates. For accounts of these alums v. Wohlwill 
(A. 114, 162) ; Weber (P. 108, 615) ; Pettersson 
(B. 9, 1559, 1676) ; Fabre (C. R. 105, 114). For 
the alums formed by Al 2 (Se0 4 ), and sulphates of 
alkali metals, and by selenates of alkali metals 
with A1 2 (S0 4 ), and Cr 2 (S0 4 ) s , v. von Gerichten 
(B. 6, 162). 

Ammonium selenates. The normal salt f 
(NH 4 ) 2 Se0 4 , is formed by neutralising H 2 Se0 4 Aq 
by NH 3 Aq and evaporating ; it seems to exist 
in two different crystalline forms ( v . von Lang, 
W. A. B. 45 (2nd part), 109 ; Tops6e, ibid. 66, 
5). When heated, it gives off NH, and leaves 
the acid salt (NH 4 )HSe0 4 (Cameror a. Davy, 
C. N. 38, 133). This acid salt is also formed by 
adding excess of H. 2 Se0 4 Aq to NHgAq (Topsoe, 
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Barium selenate BaSe0 4 . A white salt, 
obtained by decomposing an alkali selenate by 
BaCl^Aq, filtering, and washing. Insol. water 
and HNO s Aq ; boiled with HClAq gives BaSeO a , 
which dissolves. S.G. 4*67 at 22° (Schafarik, 
J. 1863. 15 ; Michel, C . R. 106, 878). 

Beryllium selenate BeSe0 4 . 4aq. Rhombic 
crystals (Topsoe, W. A. B. 66, 6). 

Cadmium selenate CdSe0 4 . 2aq. By dis- 
solving CdO.aHjjO in H 2 Se0 4 Aq, and crystal- 
lising ; lustrouB, rhombic plates ; S.G. 3*632 
(von Hauer, J. pr. 80, 214). Forms double salts 
with NH 4 and K (Topsde, Lc. ; von H.. lx. ; von 
Gerichten, B. 6, 162). 

Calcium selenate CaSe0 4 . 2aq. Resembles 
CaS0 4 ; obtained by ppg. K 2 Se0 4 Aq by 
CafNCXJ^Aq, dissolving in cold water, and ppg. 
by heating (von Hauer, l.c.). Also formed by 
fusing CaCl 2 with K 2 Se0 4 and NaCl (Michel, 
C. R. 106, 878). 

Chromium selenate. Not isolated. Double 
salts , which are alums , are known, of the com- 
position Cr 2 (Se0 4 ) 3 .M 2 Se0 4 . 24aq (Wohlwill, A. 
114, 162; Fabre, C. R. 105, 114; Pettersson, B. 
6, 1466). Alums are also known of the com- 
position Cr 2 (Se0 4 ) 8 .M 2 S0 4 . 24aq (von G., lx.). 

Cobalt selenate CoSe0 4 . 7aq. Hydrated salts 
have been obtained with 6aq and 5aq (v. Mitsch- 
erlich, P. 11, 327 ; Topsde, W. A. B. 66, 5). 
Forms double salts with K 2 8e0 4 , and (NH.LSeO. 
(T., lx. ; von G., lx. ; von H., lx.). 

Copper selenate CuSe0 4 . 6aq. Blue, trans- 
parent, lustrous crystals, isomorphous with the 
sulphate. By dissolving Cu0 2 H 2 in H 2 Se0 4 Aq 
(Mitscherlich, P. 11, 330). Forms double salts 
with selenates of NH 4 , K (Topsde, l.c. ; von G., 
l.c.) ; also with Mg and Zn selenates (Wohl- 
will, l.c.). 

Didymium selenate Di 2 (Se0 4 ) 8 (Cleve, Bl. [2] 
43, 362). Also with 5aq (C., l.c.) ; and with 6aq 
(Frerichs a. Smith, A. 191, 350). Forms double 
ealts with NH 4 and K selenates (O., l.c.). 

Iron selenate FeSe0 4 .7aq (Ferrous selenate). 
By evaporating, in H, a solution of Fe, or 
FeOO„ in H 2 Se0 4 Aq ; resembles FeS0 4 . 7aq 
(Topsde, l.c.). Obtained by W r ohlwill (A. 114, 
189) with 5aq. Forms a double salt with 
K2Se0 4 (von G., l.c.). 

lanthanum selenate La 2 (Se0 4 ),. 12aq (F. a. 
8., l.c.). 

Lead selenate PbSe0 4 . A white powder ; by 
ppg. KjSeO.Aq by PbfNO^q (Sohafarik, J. 
1863. 15). 

Magnesium selenate MgSe0 4 . 6aq. White, 
monoclinio crystals ; isomorphous with the sul- 
phate ; S.G. 1*928 (Topsde, l.c.). Forms double 
salts with NH 4 and K selenates (T., l.c. ; von 
G., l.c.). 

Nickel selenate NiSe0 4 . aq. By evaporating 
solution of NiOO g in H 2 Se0 4 Aq (Mitscherlich, 
l.c.; Wohlwill, lx.). Forms double salts with 
selenates of NH 4 and E (von G., l.c. ; von Hauer, 
/. pr. 80, 214). 

Meroury selenates. 1. Mercuric selenate , 
HgSe0 4 . By digesting HgO with H 2 Se0 4 Aq, or 
by adding excess of HgSeOiAq to merouric 
acetate, and evaporating; a yellowish- white 
solid. Decomposed by water, giving a basic salt 
HgSe0 4 . 2HgO (Cameron a. Davy, Trans. I. 28, 
187). 2. Mercurous selenate , Hg g Se0 4 ; by ppg. 


HgNOgAq by K 2 Se0 4 Aq (C. a. D., lc.). With 
NH 8 Aq forms (NHg 2 ) 2 Se0 4 . 2aq. 

Potassium selenates. The normal salt t 
K 2 Se0 4 , is obtained by fusing Se, K 2 SeO a , or 
native lead selenide, with KN0 8 , dissolving in 
hot water, allowing to cool partly, pouring off 
from excess of KN0 8 which separates, and col- 
lecting the crystals which separate from the 
mother-liquor. Equally sol. hot and cold 
water (Mitscherlich, P. 9, 623 ; 11, 327). Closely 
resembles KjS 0 4 . The acid salt KHSe0 4 is 
obtained like, and closely resembles, KHS0 4 
(M., l.c.). KaSeC^ forms many double salts ; 
with MS0 4 , M = Cd, Co, Cu, Fe, Mn, Hg, and 
Zn (von Gerichten, B. 6, 162) ; with Al 2 (Se0 4 ) 8 
and Cr 2 (Se0 4 ) 9 , the compounds being alums 
(von G., l.c. ; Pettersson, B. 9,1559, 1676 ; Schrd- 
der, J.pr. [2] 22, 432; Fabre, C. R. 105, 114). 

Silver selenate Ag 2 Se0 4 . Similar to, and 
isomorphous with, Ag 2 S0 4 (Mitscherlich, l.c.). 

Sodium selenate Na 2 Se0 4 . Prepared like 
K 2 Se0 4 ; separates with iOaq when crystallised 
below 40° (M., l.c.). 

Strontium selenate SrSe0 4 . Obtained by 
fusing SrCl 2 with NaCl and an alkali selenate ; 
S.G. 4*23. Exactly resembles celcstine in crys- 
tallographic and optical properties (Michel, C. R . 
106, 878). 

Thallium selenate Tl 2 Se0 4 . By dissolving 
T1 2 C0 8 in H 2 Se0 4 Aq, and evaporating. Forms 
white, prismatic needles, isomorphous with 
K 2 Se 0 4 ; si. sol. cold water ; insol. alcohol or 
ether (Kuhlmann, Bl. 1864 [1] 830 ; Oettinger, 
Zeit. Chem. Pharm. 1864. 440). Forms double 
salts , which are alums , with Al 2 (Se0 4 ) s and with 
Cr 2 (Se0 4 ) 3 (Fabre, C. R. 105, 114). 

Zinc selenate ZnSeO,.7aq. Various hydrates 
are known (v. Mitscherlich, P. 11, 326 ; 12, 144 ; 
Topsoe, lx. j. Forms a double salt with Tl 2 Se0 4 
(Werther, Bl. 1865 [1] 60) ; also with K 2 S0 4 
(von Gerichten, B. 6, 162). 

THIOSELENATES M^SeSO*. ( Selenothio - 
sulphates. Selenosulphates.) Solutions of the 
normal alkali sulphites dissolve Se, forming 
these salts. The acid has not been isolated. 
The salts correspond with the thiosulphates, S 
being replaced by Se. 

Potassium thioselenate K 2 SeS0 3 .aq. Formed 
by mixing K 2 SeAq with SCXjAq (Clodz, Bl. 3, 
112 ; [2] 4, 419). Better prepared by digesting 
K 2 S0 3 Aq with excess of Se, filtering the cold 
liquid from Se, and concentrating without heat ; 
crystals of K 2 S0 4 mixed with K 2 SeS.,O a (v. infra) 
separate, and K^SeSO, crystallises from the 
mother-liquor (CloSz, l.c.; Rathke, J.pr. 95, 1). 
White, lustrous, six-sided tablets ; deliquescent 
in moist air; effloresce over H 2 S0 4 . Decom- 
posed rather easily by heat, giving K poly- 
selenides ; cold water separates Se, and forms 
K 2 SeS 2 0 6 ( v . infra) ; acids evolve S0 2 and sepa- 
rate Se ; BaCl 2 Aq ppts. BaSO* and Se from an 
aqueous solution of the salt; am ammoniacal 
solution of Ag 2 0 forms Ag 2 Se and KjSC^Aq on 
heating. 

DITHIO - TRISELENATES Mi 2 SeS 2 O r 
(Selenotritkionates.) These salts may be re- 
garded as derived from trithionates (M* 2 S 8 0 4 ) by 
replacing S by Se ; as the salts MgS s 0 4 are called 
trithionates, so the salts Mi g Se,O f might be 
called triselenates if they were isolated, and the 
salts MigSjSeO, may be called dithio-triselenates. 
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Potassium dithio-triselenate K 2 SeS 2 0 8 . 
This salt is formed in the preparation of potas- 
sium thioselenate (v. supra) ; if KHSO a is 
present in the K 2 S0 8 used considerable quan- 
tities of K 2 SeS 2 0 8 are produced (Rathke, J. pr . 
95, 1). It is also obtained by mixing K 2 SeS0 8 
with excess of KjS 0 8 and cone. H 2 SeO s Aq. 
Forms lustrous, greenish-yellow, monoclinic 
prisms, isomorphous with K 2 S 3 0 6 ; stable in 
air ; sol. water without change (Rathke, J . pr. 
[2] 1, 33). Acids evolve S0 2 and ppt. Se, on 
warming ; ammoniacal solution of Ag 2 0 ppts. 
Ag 2 Se, forming also K 2 S0 4 Aq and H 2 S0 4 Aq. 

Dithio-triselenic acid, H 2 SeS 2 O a , is said to 
be present in the solution obtained by the action 
of excess of S0 2 on SeO.^Aq (Schulze, J . pr. [2] 
32, 390). M. M. P. M. 

SELENHYDBIC ACID H 2 Se ; v. Hydrogen 
sedenide, vol. ii. p. 724. 

SELENIC ACID H 2 Se0 4 . Mol. w. not de- 
termined. S.G. 2*9508 at 15° ; S.G. of super- 
fused acid, 2*6083 at 15° (Cameron a. Macallan, 
Pr. 46, 13). Melts at 58° ; the molten acid may 
be cooled below 5° without solidifying (C. a. M., 
l.c.). H.F. [Se,0\Aq] « 76,660 ; [Se0 2 Aq,0] 
*= 20,500 ( Th . 2, 279). 

Formation. — 1. By passing 01 into HjSeOjAq, 
and evaporating.— 2. By fusing Se or Se0 2 with 
KNO„ ppg. BaSe0 4 from solution of the fused 
mass, decomposing by I^COj, filtering from 
BaCO„, neutralising any K 2 CO„ present by 
HNOgAq, ppg. PbSe0 4 , and decomposing this 
salt by H 2 S (von Gerichten, A. 168, 214). — 
3. By heating Se with HNO„Aq, boiling with 
HClAq (to reduce any H 2 Se0 4 to H 2 SeO a ), ppg. 
traces of H 2 S0 4 by adding a little Ba(N0 3 ) 2 Aq, 
filtering from BaS0 4 , neutralising by Na 2 00 8 , 
evaporating to dryness, heating to dull redness, 
boiling with HNO a Aq, ppg. PbSe0 4 by addition 
of PbJNOJjjAq, and decomposing by H 2 S (Fabian, 
A. Suppl . 1, 241). — 4. By fusing Se0 2 with 
excess of KN0 8 , boiling with HNO a Aq, ppg. 
CaSe0 4 by addition of Ca(N0 3 ) 2 Aq, decomposing 
the CaSe0 4 by addition of CdC 2 0 4 , and decom- 
posing the CdSe0 4 so obtained by H 2 S (von 
Hauer, J . pr. 80, 214).— 5. By adding AgNO a or 
Ag 2 C0 8 to a solution of pure Se0 2 in water, 
digesting the ppd. Ag 2 SeO a with water and a 
slight excess of Br, filtering from AgBr, and 
evaporating the filtrate, which contains H 2 Se0 4 
(Thomsen, B. 2, 598). — 6. By oxidising 
ILSeOgAq by KjCrO^q, Pb0 2 , or MnO a (Wohl- 
will, A. 114, 169, 176). 

Preparation.— Se0 2 is heated till sublimation 
‘begins ; it is then dissolved in water, and BaOAq 
is added so long as a few drops, when filtered, 
continue to give a pp. with BaOAq ; the filtered 
liquid is now free from H 2 S0 4 and H 2 Se0 4 , it is 
evaporated to dryness, and the residual Se0 2 is 
heated till it sublimes (Thomsen, B. 2, 598). 
The pure SeO s thus obtained is dissolved in 
water, excess of AgNO„Aq is added, the ppd. 
Ag 2 Se0 3 is washed with water and shaken with 
water and Br— at first Br is added, and then 
BrAq till the liquid shows a faint orange colour; 
the liquid filtered from AgBr contains only 
H 2 Se0 4 , it is evaporated and treated as described 
hereafter (T., l.c.). Another method consists in 
neutralising the solution of pure Se0 2 by 
evaporating to dryness, fusing with a 


little KNO a for some time, dissolving in water, 
slightly acidifying with HN0 3 Aq, boiling for 
some time to decompose any nitrite present, 
allowing to cool, adding Pb(NO„) 2 Aq, washing 
the ppd. PbSe0 4 , suspending this salt in water, 
and decomposing it by a rapid stream of H 2 S ; 
the filtered liquid is then evaporated (von 
Gerichten, A. 168, 214). 

The solution of H 2 Se0 4 is concentrated by eva- 
poration in an open dish on a water-bath so long 
as water passes off ; an acid containing o. 83-84 
p.c. H 2 Se0 4 is thus obtained ; this acid is placed 
in a small flask connected with a short wide tube 
containing Bolid KOH, which is connected with a 
large U tube also containing solid KOH ; the U 
tube is connected with the receiver of an air- 
pump, or with a vessel in connection with a good 
water-pump. The air is pumped out of the 
apparatus, and when a good vacuum is obtained 
the small flask is heated to 100° so long as acid 
distils over (this is known by the KOH effervescing 
slightly, as ordinary KOH contains K 2 CO s ) ; 
the temperature is then raised to 180° (an oil- 
bath being used to heat the flask), and heating 
at this temperature is continued so long as acid 
distils off ; as soon as the potash ceases to be 
acted on the heating is stopped and the flask is 
at once cooled ; a very good vacuum must be 
maintained throughout the process. H 2 Se0 4 
crystallises as the flask is cooled. A small quan- 
tity of H 2 Se0 4 Aq should be evaporated thus at a 
time (Cameron a. Macallan, Pr. 46, 13). 

Properties . —A white crystalline solid, crystal- 
lising in long hexagonal prisms, and melting at 
58° to a colourless oily liquid. The liquid acid 
may be cooled below 6° without solidifying if it 
is not stirred ; a crystal of H 2 Se0 4 dropped into 
the liquid causes it to solidify at once, the tem- 
perature rising to 58°. The liquid acid is 
specifically lighter than the solid ( v . data at 
beginning of article) (C. a. M., l.c.). H 2 8e0 4 is 
very hygroscopic ; it mixes with water, with pro- 
duction of heat. 

The following table is taken from Cameron 
and Macallan (l.c .) : — 


P.c. 

S.G. H f Se0 4 Aq 

P.c. 

S.G. H a Si*0 4 Aq 

H,Se0 4 

at 16° 

H,Sc0 4 

at 15° 

99*73 

2*6083 

90 

2*3848 

99*5 

2*6051 

89 

2*3568 

99*0 

2*5975 

88 

2*3291 

98*5 

2*5863 

87 

2*3061 

98*0 

2*5707 

86 

2*2795 

97*5 

2*5695 

85 

2*2558 

97 

2*5601 

84 

2*2258 

96 

2*5388 

83 

2*1946 

95 

2*5163 

82 

2*1757 

94 

2*4925 

81 

2*1479 

93 

2*4596 

80 

2*1216 

92 

2*4322 

79 

2*0922 

91 

2*4081 

73*5 

1*9675 


Reactions.— 1. With water much heat is pro- 
duced, and hydrates are probably formed (o. 
infra, Hydrates of selemc acid). H 2 SeO, acta 
as a dehydrating agent, similarly to HjS 0 4 
(C. a. M., l.c.).— 2. Heated in vacuo begins to 
decompose into 0, 11*0, and Se0 2 at o. 200° ; the 
water formed dilutes the remaining acid, which 
then distils over. When dilute E 2 8eO,Aq ia 
heated at ordinary pressure water distils off till 
temperature riaes to 205®, when the acid has tha 



480 


SELENIO ACID. 


composition H 2 Se0 4 .H 2 0 ; traces of H 2 Se0 4 then 
distil over ; at 260° white fumes of H 2 Se0 4 come 
off. When H 2 Se0 4 is strongly heated at the 
ordinary pressure, some of it is decomposed to 
Se0 2 , O, and H 2 0 ; the remaining acid is diluted 
by the water till a dilute acid distils off 
(0. a. M., Z.c.).— 3. Dilute H 2 Se0 4 Aq dissolves 
many metals , with evolution of H ; warm cone, 
acid dissolves copper and gold , with partial re- 
duction to H^SeOg. — 4. Digestion with hydro- 
chloric acid reduces H 2 Se0 4 Aq to BLjSeO s Aq, with 
evolution of Cl ; the acid is not reduced by 
sulphur dioxide nor by sulphuretted hydrogen. — 
5. Sulphur reacts with liquid H 2 Se0 4 at c. 60°, 
forming a deep-blue, very unstable substance 
(? SeSO s ) which decomposes to S0 2 and H 2 SeO a 
(C. a. M., Z.c.).— 6. Selenion dissolves in H 2 Se0 4 , 
giving a green unstable substance — ? Se 2 0 3 
(C. a. M., Z.c.). — 7. Tellurium dissolves in H 2 Se0 4 , 
forming a reddish body, probably TeSeO a 
(C. a. M.). — 8. Heated with phosphoric anhy- 
dride , Se0 2 is given off ; but at a lower tempera- 
ture crystals were obtained which C. a. M. think 
were Se0 3 . 

Hydrates of selenic acid. The mono- 
hydrate H 2 Se0 4 .H 2 0 was obtained by C. a. M. 
(Z.c.) by diluting H 2 Se0 4 to 88*96 p.c., freezing at 
-23°, melting and re -crystallising by freezing 
several times. Thishydrate forms long needles, 
melting at 25°, and remaining liquid even 50° 
below its melting-point ; Pickering (priv. comm.) 
gives melting-point as 16*6°. S.G. of solid 
hydrate =* 2*6273 at 15°; S.G. of superfused 
hydrate ■ 2*3567 at 15°. C. a. M. did not 
succeed in obtaining other hydrates as solids. 
For salts of K 2 Se0 4 v. Selenates, p. 433. 

M. M. P. M. 

SELENIDES. Se combines with most metals 
when heated with them. Se also combines with 
many non-metals, e.g. with B, Br, Cl, F, H, I, 
i\ P, and S. Many metallic selenides are 
formed by heating the elements together (Uels- 
mann, A. 116, 122; Schneider, A. 97, 192; 
Little, A . 112, 211) ; also by the interaction of 
Se and metallic salts (Schneider, P. 127, 642 ; 
Potilitzin, B. 12, 697) ; sometimes by the inter- 
action of Se and metallic sulphides at high 
temperatures (P., l.c.). For thermal data regard- 
ing the formation of many metallic selenides v. 
JS&bte (C. R. 102, 1469 ; 103, 269, 345). Selenides 
of the alkali metals are sol. water ; they are 
formed by saturating the hydroxides in water 
by H 2 Se (Fabre, C . R. 102, 613), by reducing 
the selenites by C (Wohler a. Dean, A. 97, 1), 
by reducing selenates by H at 200° (Fabre, C. R. 
102, 1469), and by heating the elements to- 
gether (Uelsmann, A. 116, 122). The selenides 
of metals other than the alkali metals are insol. 
water. M. M. P. M. 

SELENION. Se. (Selenium.) At. w. 78*8. 
Mol. w. 157*6 fv. infra). M.P. 217° for crystal- 
line variety (Hittorf, P. 84, 214; Draper a. 
Moss, C. R> 38, 1 ; v. Action of heat on selenion). 
Boils at 676°- 683° (Carnelley a. Williams, C. J. 
3d, 568). S.G. c. 4*7 crystalline ; c. 4*3 amor- 
phous (for more details v. description of varieties 
of Se, infra). V.D. 111 at 860°, 92 at 1040°, 82 
at 1420® (Deville a. Troost, C. R. 49, 239 ; 66, 
891). S.H. crystalline - 20° to + 7° « *0732, crys- 
talline20® to 98° * *0762, amorphous - 27° to + 8° 
•» *07 46; amorphous 19° to 87° -*1036 (Regnault, 


A. Oh. [3] 46, 257). C.E. vitreous at 40* 
- *0000368 (Fizeau, C . R. 68, 1125 ; c/. Spring; 

B . 14, 2580). For E.C. v. infra. p k ~ 2*664, 
Pa ** 2*692, Md = 2*98 (v. Sirks, P. 143, 429). 
For emission and absorption spectra v. B. A . 
1884. 440. H.C. [Se f O] = 57,080; [Se,0 2 ,Aq] 
= 66,160 ; [Se,O a ,Aq] = 76,660 (Th. 2, 274). 

Historical. — In 1817 Berzelius (S. 23, 809) 
obtained a new element from the crystals 
formed in the leaden chamber of a sulphuric 
acid works at Gripsholm in Sweden ; as the new 
element was found to resemble tellurium (dis- 
covered in 1798 by Klapstock), Berzelius gave it 
the name selenion (<r€\^i^ = the moon). As So 
is distinctly a non-metallic element, and as the 
termination um is characteristic of the names 
of metals, it seems altogether improper to usa 
the name selenium rather than selenion. 

Occurrence. — In small quantities uncombined 
with other elements ; in combination with various 
metals, such as Bi, Cu, Pb, Hg, Ag, generally 
along with sulphur. Most selenion-contain- 
ing metallic sulphides are very poor in Se ; but 
certain selenides from the Argentine Republic 
contain from 29 to 48*5 p.c. Se, combined with 
Cu, Pb, and Ag. Minerals containing So are 
fairly widely distributed, but occur only in small 
quantities (Stromeyer, S. 43, 452 ; Maclvor, 
G. N. 56, 251 ; Nordstrom, B. 12, 1723 ; Pisani, 
G. R. 88, 391 ; Hensler a. Klinger, B. 18, 2556 ; 
Stelzner, J. 1874. 1234). When sulphides which 
contain Se are roasted, the Se condenses in the 
flues. The deposits that form in sulphuric acid 
chambers often contain Se ; and many specimens 
at the acid also contain this element. Com- 
mercial HClAq sometimes contains Se, derived 
from the H 2 S0 4 used in making the HClAq 
(Kemper, J. 1860. 84; Nilson, B. 7, 1719; 
Lamy, C. R. 74, 1285 ; Scheurer-Kestner, C. R. 
74, 1286 ; Personne, C. R. 74, 1199 ; Drink- 
water, An. 8, 63). 

Formation .— 1. By passing S0 2 into 
H 2 Se0 3 Aq; H 2 SeO a Aq + 2S0 2 + H*0 
« 2H 2 S0 4 + Se. — 2. By allowing the solution of 
an alkali selenide to stand in air (BSttger, J. pr . 
71, 612). — 3. By adding acid to solution of a 
thio-selenate (Bottger, J. pr. 94, 439), or to 
KCNSeAq (Oppenheim, J. pr. 71, 266). — 4. By 
the action of such metals as Zn or Fe on 
H 2 SeO,Aq made strongly acid by HC1 or HgSO,,. 
6. By heating (NH 4 ) 2 Se0 3 or (NH 4 ) 2 Se0 4 . 

Preparation . — 1. From the flue-dust formed 
in roasting sulphides containing Se. The flue- 
dust is washed with water, dried, and distilled ; 
this method is applicable to dusts rich in Se. 
Dusts poorer in Se are washed, the heavier 
particles are lixiviated with dilute HClAq and 
then with water, dried, fused with pearlash and 
soda, and washed with water ; the solution of 
alkali selenide thus obtained is allowed to stand 
in the air, and the Se which ppts. is washed, 
dried, and distilled (Bdttger, J. pr. 71, 512). Or 
the washed dust is made into a thin paste with 
equal volumes of H a S0 4 and 11*0, heated to 
boiling, with addition from time to time of a 
little HNO, or KC10 a , till the red colour of the 
liquid is destroyed, cone. HClAq is added equal 
to half the volume of the liquid, and the whole 
is evaporated to one-fourth its bulk, whereby Cl 
is evolved and HjSeO* is reduced to H*SeO a ; 
SO a ifl passed into this solution, the ppd. Se is 



SELENJON. 


437 


washed, dried, and distilled (W6hler, 0 . A. 69, 
264). — 2. From the deposit in the leaden cham- 
bers of sulphuric acid works . The washed 
deposit is boiled with cone. Na^SO^Aq till it is 
black (from formation of PbS), and the liquid, 
which contains Na^SeO*, is filtered into dih 
HClAq, whereby Se is ppd. This process is re- 
peated several times (Bottger, J. pr. 94, 439). 
Or the washed deposit is digested at 80°~100° 
with fairly cone. KCNAq until the red colour of 
the liquid has changed to grey, the liquid 
is filtered, the residue washed with boiling 
water till HClAq ceases to produce a reddish 
opalescence in the washings, and excess of 
HClAq is added to the filtrate and washings, 
whereby Se is ppd. (KCNAq + So = KCNSeAq ; 
KCNSeAq + HClAq - KClAq + HCNAq + Se). The 
ppd. Se is dissolved in HNO s Aq, the solution is 
•evaporated (slowly, to prevent loss of Se0 2 ) to 
•dryness, tho Se0 2 is sublimed in a tube of hard 
glass in a stream of dry dust-free air, the subli- 
mate is dissolved in water, HClAq is added, and 
Se is ppd. by S0 2 (Oppenheim, J. pr. 71, 266). 

Se, as prepared by reducing cold H 2 SeO„Aq, is 
a red amorphous powder; an amorphous 
vitreous variety is obtained by melting ppd. 
Se and cooling very rapidly by pouring on to a 
porcelain plate (Hittorf, P. 84, 214 ; Rammels- 
berg, P. 152, 151 ; Kegnault, A. Ch. [3] 46, 
257); a black crystalline variety of Se is 
prepared by allowing cone. E,SeAq or Na^SeAq 
to stand in air until a crust forms on the sur- 
face (H., l.c. ; R., l.c.), also by crystallising any 
form of Se from Se 2 Cl 2 (Rathke, A. 152, 181) ; 
•a red crystalline variety is prepared by 
.slowly and repeatedly heating a solution of Se 
in CS 2 in a sealed tube to somewhat under 100°, 
and allowing to cool (R., lx. ; Rathke, A. 152, 
181), also by subliming amorphous Se (Born- 
frager, D. P. J. 242, 55) ; a grey metal-like 
variety is prepared by very slowly heating 
amorphous or red crystalline Se to 96°-97 y 
(H., l.c . ; R., lx . ; Fabre, C. B. 103, 53). Ac- 
cording to Schutze (J. pr. [2] 32, 390) a col- 
loidal soluble form of Se is obtained by 
reducing H^SeO^Aq by S0 2 ; no acid must be 
present. The colloidal Se remains in solution, 
colouring the liquid dark red. The solution is 
not changed by boiling but on adding an acid 
or a salt Se is ppd. in red flocks. 

Properties. — Se exists in several, probably in 
five, forms. 

I. Amorphous selenion; sol. in CS 2 . — 
{ i .) Bed-powdery amorphous Se forms sealing-wax- 
red flocks, or when dried at a low temperature a 
dark-red powder ; when formed by reduction of hot 
H 2 SeO s Aq it appears as a black powder (Hittorf, 
P. 84, 214). S.G. at 20° = 4*3 (Rammelsberg, P. 
152, 151 ; Schaffgotscb, P. 90,66) ; 4-2 (Rathke, 

A. 152, 181). This variety is a non-conductor 
of electricity (Hittorf, l.c.). It is sol. CS 2 ; S. 
at b.p. of CS 2 (46*6°) = *1, at 0° = *016 (Mitscher- 
lich, J. 1855. 314) ; according to Rammelsberg 
{l.c.) the solubility in CS 2 varies much. For 

B. H. v. beginning of this article. Petersen 
{ Z . P. C. 8, 601) gives H.C. of this variety 
(Se,OT « 57,250, and at. vol. 18*4; the change 
from this form to any other form of Se is 
attended with contraction and the production 
of a small quantity of heat. For action of heat 
r. infra. 


(ii.) Amorphous vitreous Se forms a blaok 
lustrous solid, appearing red in thin layers. 
S.G. 4*282 at 20° (Sohaffgotsch, J. pr. 43, 308; 
60, 312). Sol. in CS 2 . No fixed melting-point; 
when heated it softens at 60°, and beoomes 
gradually less viscous till at 250° it is quite 
liquid; if this liquid is rapidly cooled, the 
vitreous variety is re-formed (Hittorf, l.c . ; 
Draper a. Moss, C. N. 33, 1). Heated very 
slowly to 96°-97° this variety cnanges to metal- 
lic Se, with production of heat (R., l.c. ; Regnault, 
A. Ch. [3] 46, 257 ; Fabre, C. B. 103, 53). 

II. Crystalline selenion ; insol. in 
CS.,.—( i.) Black crystalline Se. Small, micro- 
scopic, glittering leaflets. S.G. 4*8 (R., lx .) ; 
4-76 to 4*78 at 15° (Mitschorlich, J. 1855. 314). 
Insol. CS 2 . H.C. [Se.O'] « 55,820 ; at. vol. = 16*5 ; 
change from amorphous Se to this form is ac- 
companied by slight production of heat and 
contraction (Petersen, Z. P. C. 8, 601). 

(ii.) Bed crystalline Se. Small, thin, trans- 
parent, lustrous crystals ; in thicker layers ap- 
pears black and opaque. S.G. 4*46 to 4*5 at 15° 
(Ii., l.c. ; M., lx. ; Rathke, l.c.). Melts at 217° 
(H., l.c. ; D. a. M., l.c.). Insol. in CS 2 . Petersen 
(l.c.) gives H.C. [Se, O-’] | = 56,200 ; and at. vol. 
= 17*7. This variety is a conductor of elec- 
tricity, the conductivity increasing with increase 
of temp, and also by exposure to light. (For 
details, v. infra.) When heated to c. 110° this 
variety becomes black. The crystals are mono- 
clinic, ratio of axes = 1*62:1:1*6 (M., l.c.; Regnault, 
l.c.) ; isomorphous with monoclinic S (R., l.c.). 
For S.H. v. beginning of this article. 

(iii.) Cray metallic Sc. Lustrous, grey, 
metal-like, granular solid, resembling grey pig- 
iron ; somewhat malleable (Regnault, l c.). In- 
sol. in CS 2 . S.G. 4*4 to 4*5 (R., lx.). Melts at 
217° (H., lx.) ; on cooling, the vitreous variety 
is chiefly formed, but if the cooling is stopped 
at 210° after a time there is a sudden rise to 
217°, and the whole solidifies in the metallic 
form. All varieties of Se are sol. Se 2 Cla and 
SeEt r 

Action of heat on selenion. Any one of thf 
crystalline varieties of Se melts at 217° ; when 
the molten Se is allowed to cool slowly it 
gradually becomes less soft, a thermometer 
placed in the cooling substance continuously 
falls and shows no point of rest (Hittorf, l.c . ; 
Regnault, lx.) ; the final product is crystalline 
Se, but if the cooling is caused to take plaoe 
rapidly the amorphous vitreous variety is 
formed ; if the cooling is stopped at 210°, and 
that temperature is maintained for some time, 
there is a sudden rise to 217° and the Se again 
solidifies in the crystalline (metallic) form. 
When amorphous Se is heated it softens at o, 
60°, and becomes gradually less viscous until 
at 250° it is quite liquid ; if the heating is very 
gradual, there is a sudden evolution of heat at 
96°-97° (Regnault, l.c. t found temperature rise 
to 200°-230°), and the metallic variety is pro- 
duced. Se boils at 676°- 683°, forming a reddish 
yellow vapour, the V.D. of which does not be- 
come constant until 600°-700° above the b.p. 

Effects of light and heat on the electrical con* 
ductivity of crystalline selenion. Amorphous 
Se does not conduct electricity ; but when heated 
rapidly it begins to conduct at 165°-175°, and 
conductivity increases until it attains a 
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maximum ate. 217° (Draper a. Moss, 0. N.33, 1). 
Crystalline Se conducts, the conductivity in- 
creasing proportionally with increase of tem- 
perature to 21 7°, after which it decreases and 
reaches a minimum at 250° (Hittorf, P. 84, 214 ; 
D. a. M., Lc.). If Se is heated for a considerable 
time to 200° and is then allowed to cool, con- 
ductivity decreases as temperature rises and 
increases as temperature falls (W. Siemens, 
P. 159, 117). This observation seems to show 
that at c. 200° a variety of Se is formed which 
behaves like a metal, and that on cooling this 
form remains mixed with the ordinary crystal- 
line variety, so that the conductivity depends on 
the relative quantities of the two forms, and 
therefore on the temperature (cf. Kalischer, 
W. 81, 101). The electrical conductivity of 
crystalline Se increases enormously when the Se 
is exposed to light (Sale, Pr. 21, 288; Smith, 
B. 6, 204 ; Rosse, P. M. [4] 47, 161 ; Forssmann, 
W. 2, 613). Adams and Day (Pr. 24, 163) found 
that the resistance of Se varied directly as the 
square root of the intensity of the source of 
light ; also that light caused an electric current 
in Se from the less to the more illuminated part 
(Pr. 25, 113 ; cf. Bidwell, G. N. 52, 191). 

Se may be sublimed and distilled in vacuo , 
or in an indifferent gas (Schuller, J. 1884. 
1550); heated in air it is burnt to Se0 2 . Se 
dissolves in cone. H 2 S0 4 , forming SeSO g , and is 
ppd. again on adding water ; Se is sol. in alkali 
solutions, forming alkali selenides ; also in 
KCNAq, in alkaline sulphite solutions, in Se 2 Cl„ 
SeyBrjj, and SeEt 4 ; the amorphous varieties are 
si. sol. CS 2 

Se resembles S and Te in its chemical cha- 
racter ; it is somewhat less negative than S and 
more negative than Te ; it shows distinct 
analogies with Cr, Mo, W, and U (v. Oxygen 
group of elements, vol. iii. p. 705 ; and Chro- 
mium GROUP OF ELEMENTS, Vol. ii. p. 168). 

The atomic wt. of Se has been determined 

(1) by analysing SeCl 4 (Berzelius, P. 8, 21 [1818]) ; 

(2) by analysing K 2 Se0 4 (Mitscherlich a. Nitzsch, 
P. 9, 627 [1827] ; (3) by oxidising Se to SeO ? , 
by reducing Se0 2 to Se, and by analysing 
BaSeO, (Sace, A. Ch. [3] 21, 119 [1847]) ; (4) by 
analysis of HgSe (Erdmann a. Marchand, J. pr. 
65, 202 [1849]) ; (5) by converting Se into SeCl 4 
(Dumas, A. Ch. [3] 55, 186 [1859] ; (6) by re- 
ducing Se0 2 to Se and by analysing Ag 2 SeO s 
(Pettersson a. Ekman, B. 9, 1210 [1876]; (7) by 
determining S.H. of Se (Regnault, A. Ch. [3] 
46, 257) ; (8) by determining V.D. of, and 
analysing, SeH 2 , Se0 2 , Se 2 Cl 2 , SeCl 4 ,andSeBrCl 3 . 

The molecular wt. of Se has been found by 
determining the V.D. of Se at 860°, o. 1000°, 
and c. 1400° ; the values at 1400° agree with the 
formula Se 2 . 

The atom of Se is divalent in the gaseous 
molecule SeH 2 , and tetravalent in the gaseous 
molecules SeCl 4 and SeBrCl s . 

Reactions and Combinations. — 1. Water and 
osone produce H 2 Se0 4 (Mailfert, C. R. 94, 860, 
1186). Water alone does not react at 160° 
(Cross a. Higgin, C. J 36, 249).— 2. Cone . sul- 
phuric acid dissolves Se on warming, forming 
HaSeO,, and some H 2 Se0 4 , and giving off SO*. 
Fuming sulphuric acid forms a greenish solu- 
tion containing SeS0 8 (u. Thio -oxide, p. 441) ; 
fin boiling H^SeO, is formed and SO* evolved 


(Divers a. ShimosS, B. 18, 1209).— 3. Sot cone, 
nitric acid oxidises Se to H 2 SeO s , with evolution 
of NO. Hydrochloric acid does not react with 
Se. — 4. Se dissolves in alkali solutions , forming 
alkali selenides ; fusion with alkalis produces 
the same compounds. — 5. Fusion with nitre or 
potassium chlorate forms K 2 Se0 4 .— 6. Potas- 
sium cyanide solution dissolves Se to KCNSeAq. 
7. Solutions of alkali or alkaline earth sul- 
phites dissolve Se, forming thioselenates (Rathke 
a. Zschiesche, J. pr. 92, 141 ; Uelsmann, A. 116, 
123 ; v. also Thioselenates, p. 434). — 8. Se 
vapour passed over heated lead fluoride forms 
Se fluoride (Knox, Pr. Irish Acad. 1841. 299). — 
9. Se combines with oxygen to form Se0 2 , when 
heated in O or air. — 10. Se combines with chlor- 
ine, bromine , and iodine at the ordinary tem- 
perature. — 11. Heated to low redness with hydro- 
gen , H 2 Se is formed fUelsmann, A. 116, 122). — 
12. Phosphorus combines at the ordinary tem- 
perature. — 13. Se combines with arsenic and 
antimony, by heating the elements together. — 
14. Selenides of most metals are formed by heat- 
ing Se with metals (v. Selenides, p. 436). Some- 
times the combination is effected without heat, 
under the influence of light (v. Bidwell, P. M. 
[6] 20, 178; Moss, C . N. 33, 203).— 15. Se dis- 
solves in molten sulphur , but no definite com- 
pounds are formed in this way.— 16. With 
sulphuric anhydride Se combines to form 
SeSO, (v. Thio-oxide , p. 441). 

Selenion, acids of. Selenhydric acid H 2 Se, 
vol. ii. p. 724 ; selenic acid H 2 Se0 4 , p. 435 ; 
selewious acid H 2 SeO a , p. 445 ; Selenocyan - 
hydric acid HCNSe, vol. ii. p. 348 ; also Seleno- 
cyanic acid , this vol. p. 443 ; salts of thioselenic 
acids , BL,SeSO s and H 2 SeS 2 0 0 , are known, p. 434 ; 
and salts of selenosamic acids, SefNH.JOM 1 and 
2SeO(NH 2 ).OH.OM 1 , have been isolated, p. 446. 

Selenion, antimonide of; v. vol. i. p. 283, 
Antimony, Combinations of. No. 6. 

Selenion, arsenides and arsenosulphides of ; 
v. vol. i. p. 303, Arsenic, Combinations of, No. 7. 

Selenion, boride of. A yellow-grey solid is 
formed by strongly heating amorphous B in a 
stream of H. 2 Se ; the solid is decomposed by 
water with rapid evolution of H 2 Se (Sabatier, 
C. R . 112, 865). As S. gives the formula B 2 S g 
to the boron sulphide formed by passing H 2 S 
over B, it is probable that the Se compound has 
the composition B 2 Se 3 . 

Selenion, bromides of. Two compounds of 
Se and Br are known, Se^Br* and SeBr 4 ; both 
are formed by the direct union of the elements. 
Both are decomposed by heat, but they are more 
stable towards heat than the corresponding 8 
compounds (Evans a. Ramsay, C. J. 45, 62). 
As the V.D. of neither has been determined, the 
formula are not necessarily molecular; but 
from the analogy of Se 2 Cl 2 and SeCl 4 , which 
formula represent the compositions of gaseous 
molecules of these chlorides, it is probable that 
the mol. wts. of the bromides correspond with 
the formula Se^r* and SeBr 4 . 

Selenious bromide Se 2 Br 2 . (Selenion mono- 
bromide.) Formula probably molecular, from 
analogy of Se 2 Cl 2 . To 15*9 parts powdered Se 
covered with three times its weight of dry GS*, 
16 parts Br are gradually added ; after a time 
the CS s is distilled off ; and Se 2 Br t remains as a 
thin oUy liquid, having a dark reddish-brown 
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eolour (appearing black in a thickish layer), and 
an unpleasant smell resembling that of S 2 C1 2 
(Serullas, A. Ch. [2] 35, 349 ; Schneider, P. 128, 
827). A thin layer of Se*Br 8 transmits rose-red 
light ; the absorption spectrum has been ex- 
amined by Gernez (C. R. 74, 1190). S.G. of 
SejBr.^ 3*604 at 15°. Bris given off on heating, 
then a little SeBr 4 , and at 225°-230° most of 
the Se 2 Br 2 distils over, and finally some Se is 
obtained (Schneider, l.c.). Se 2 Br 2 dissolves in 
all proportions in CS 2 , less easily in CHC1 8 , 
EtBr, and EtI. It sinks in viater , and then de- 
composes to H 2 Se0 3 Aq, HBrAq, and Se. Abso- 
lute alcohol forms SeBr 4 (which remains dis- 
solved) and Se. Se 2 Br 2 dissolves Se (c. 22 p.c.), 
on adding CS 2 the Se separates. Br is absorbed 
by Se.jBr 2 , with formation of SeBr 4 . A solution 
of Se 2 Br 2 in CS 2 shaken with dry AgCN forms 
a little Se cyanide (Schneider, P. 129, 634). 

Selenio bromide SeBr 4 . (Selenion tetra- 
bromide.) Formula probably molecular, from 
analogy of SeCl 4 . To a solution of 1 part Se^Br., 
in OS 2 1£ parts Br are gradually added, the 
SeBr 4 which separates is allowed to stand in 
contact with the CS 2 for some days, whereby it 
becomes crystalline, and the CS 2 is distilled off ; 
the compound obstinately retains some CS 2 . 
By heating to 75°-80° Br is given off, and the 
SeBr 4 , containing Se 2 Br 2 , sublimes in black, 
lustrous, six-sided leaflets, mixed with a little 
pure SeBr 4 in dark-orange crystals, and Se^Br-j 
remains (Schneider, P. 129, 450). SeBr 4 is also 
obtained by dissolving 1 part powdered Se in 
10-12 parts Br, pressing the crystalline mass 
between filter-paper, and removing excess of Br 
by gently warming. SeBr 4 dissolves in CS 2 , 
CHC1„ and EtBr ; it dissolves with decomposi- 
tion in alcohol, also in HClAq. SeBr 4 is very 
hygroscopic; in moist air it gives Br and 
Se^Bra ; in much water it forms H 2 Se0 4 Aq and 
HBrAq. Combines with S0 3 to form SeCl 4 .SO s 
(v. Selenion thio-oxychloride, p. 441). Forms 
compounds with KBr and NH 4 Br, KgSeBr,, and 
(NH 4 ).,SeBr 6 (v. Muthmann a. Schafer, B. 26, 
1008). 

Selenion, bromoohlorideB of. Two com- 
pounds of Se, Br, and Cl were obtained by 
Evans and Ramsay (C. J. 45, 68) by the inter- 
actions of Se 2 Cl 2 and Br, and Se 2 Br 2 and Cl. The 
bromochlorides thus formed are SeBrCL, and 
SeBr„Cl. 

Selenion tribromochloride SeBr 3 Cl. 
Orange, hygroscopic crystals formed by adding 
2*1 parts Br, in CS 2 , to 1 part SejCL*, crystal- 
lising from CS 2 , and gently warming in a current 
of air to remove adhering CS 2 (Se.^C^ + 3Br 2 
=*2SeBr 8 Cl). Decomposes when heated, giving 
off Br ; as V.D. at 200° was c. half that calcu- 
lated for SeBr a Cl, dissociation is probably com- 
plete at that temperature. 

Selenion bromotrichloride SeBrCl s . Mol. 
w. 264*66. V.D. at 179° and 754 mm. pressure 
« 131*5 ; dissociation begins at o. 190°-200°. 
Yellow-brown crystals ; obtained by passing Cl 
into Se,jBr 2 in CS 2 , washing the pp. with CS*, 
and drying in a current of warm air. Gives off 
Br when heated above o. 190°, and yields sub- 
limate of SeBr 4 . 

Selenion, carbide of, v. Carbon selenide, 
rol. i. p. 693. 


Selenion, chlorides of. Two chlorides are 
formed by passing Cl over heated Se ; using an 
excess of Se the product is Se-jCl*, and with an 
excess of Cl the product is SeCl 4 . Attempts to 
form SeCLj, corresponding with SC1 2 , have been 
unsuccessful. 

Selenious chloride Se 2 Cl 2 . (Selenion mono- 
chloride. Selenion selenochloride.) Mol. w. 
228 34. V.D. 110 at 200°-250° (Evans a. 
Ramsay, O. J. 45, 62 ; Chabrid, Bl. [3] 2, 803). 
S.G. 2-906 at 17*5° (Divers a. Shimosd, C . J . 45, 
198). Boiling begins at o. 145°, but no definite 
b.p. can be given (E. a. R., Z.c.). H.F. [Se 2 ,Cl 2 ] 
= 22,150 (Th. 2, 405). 

Formation. — 1. By passing Cl over excess of 
heated Se.— 2. By heating SeCl 4 with Se at 100° 
(Berzelius, P. 9, 225). — 3. By passing HC1 into 
a solution of Se in fuming H 2 S0 4 (Divers a. 
Shimos6, O. J. 45, 194, 198). 

Preparation. — HC1 gas is passed into a solu- 
tion of Se in fuming H 2 S0 4 till a deep-red liquid 
is deposited and the mother-liquor is yellowish- 
brown ; the mother-liquor is then poured off, the 
red liquid is dissolved in fresh fuming H 2 SO* 
and HC1 is passed in ; this process is repeated 
again ; finally, the red liquid is digested, in a 
closed vessel, with dry KC1 (to remove H 2 S0 4 ) and 
decanted (D. a. S., l.c.). The reactions are pro- 
bably (1) 2SeSO a + 2HC1 = SeSO s .SeCl 2 + H 2 SO, ; 
(2) SeSOg-SeClj + HC1 ■ Se 2 Cl, + S0 2 .C1.0H (D. 
a. S.). 

Properties , Reactions , and Combinations . — > 
Se 2 Cl 2 is a heavy, deep-red liquid, smelling some- 
thing like S^Cla ; S.G. 2-906 at 175° ; somewhat 
volatile at ordinary temperatures, giving off 
orange- coloured vapour at 100°, beginning to 
boil at c. 145°, but exhibiting no fixed b.p. 
(E. a. R., l.c.). Y.D. determined ate. 200° gave 
results agreeing with Se 2 CLj. For absorption 
spectrum of vapour v. Gernez, G. R. 74, 1190. 
Se 2 Cl 2 is easily sol. CS 2 , CHClj,, C 6 H 8 , and CC1 4 . 
It is slowly decomposed by ELjO, EtOH, and 
Et 2 0 ; a solution in CS 2 shaken with water 
gives BLjSeOjjAq, HClAq, and Se. Warm Se 2 CL 2 
dissolves Se freely ; on cooling the Se is partly 
ppd. in the metal-like form (Rathke, A. 152, 
181). Se 2 Cl 2 is decomposed by shaking with 
Hg or Ag (D. a. S., l.c.) ; with P it gives PC1 S and 
Se (Baudrimont, A. Ch . [4] 2, 5). Se-jCLf com- 
bines with PC1 A to form a yellow substance 
(B., l.c.). 

Selenio chloride SeCl 4 . (Selenion tetra- 
chloride.) Mol. w. 220-28. V.D. at 180° - 110 
(Evans a. Ramsay, C . J. 45, 65). H.F. [Se,Cl 4 ] 
= 46,160 (Th. 2, 405). 

Formation. — 1. By heating Se, or Se^l* in 
excess of Cl.— 2. By heating Se0 2 with PGl a 
(v. Preparation ). — 3. By the action of SOCl 2 on 
SeOCl 2 . 

Preparation.— To 13 parts PC1 5 in a long- 
necked flask 7 parts Se0 2 are added little by 
little, the reaction being allowed to cease after 
each addition before more Se0 2 is added 
(SeOjj + PCl^SeOCLj + POClg); the mass be- 
comes liquid and then suddenly solidifies 
(BSeOCl, + 2POC1, = 3SeCl 4 + P 2 O s ) ; excess ot 
POCl s is now removed by heating the flask 
while a rapid stream of dry C0 2 is passed 
through it *, a wide tube is then fitted by a cork 
into the neck of the flask, and the flask is placed . 
in a tray containing hot sand (if the flask i* 
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allowed to oool the condensing P 2 0 6 may cause 
it to crack) (Michaelis, J. Z. 6, 79). 

Properties i Reactions , and Combinations . 
A slightly yellow crystalline solid; volatilises 
■when heated, without melting, in yellow vapours. 
Evans a. Ramsay (C. J. 45, 65) found V.D. at 
180° to be 110, agreeing with the formula SeCl 4 ; 
dissociation to Se 2 Cl 2 and Cl began at c. 210°, 
and at 550° c. 66 p.c. was decomposed. 
Clausnizer (B. 11, 2007) got the value 57 for 
V.D. at 218°, at which temperature E. a. R.’s 
value was c. 86 ; at 368° Chabri6 (Bl. [8] 2, 803) 
obtained the number 57, which agrees fairly with 
the results of E. a. R. SeCl 4 is nearly insol. 
CS 2 . In moist air SeOCLj and HC1 are produced 
{Weber, P. 108, 615) ; water forms H 2 Se0 3 Aq 
and HClAq. H 2 S produces HC1 and Se sul- 
phide; S0 2 has no action. NH 8 Aq produces 
Se, N, and H at ordinary temperatures, and 
N selenide at a low temperature (Verneuil, Bl. 
[2] 88, 548). Dry NH 8 combines with SeCl 4 
at -20°, forming a very unstable compound, 
probably SeCl,.4NH f (V., lx.). With PCI* the 
compound SeCl 4 .2PGl 5 is formed (Baudrimont, 
A . Ch. [4] 2, 5). 

Selenion, chlorobromides of, v. Selenion 
BROMOCHLO RIDES, p. 439. 

Selenion, cyanide of; v . Cyanogen selenide, 
vol. ii. p. 358. 

Selenion, fluoride of. No definite compound 
of Se and F has been isolated. According to 
Knox (Pr. Irish Acad. 1841. 299) a fluoride of 
Se sublimes when Se vapour is passed over 
molten PbF r 

Selenion, haloid compounds of. Se com- 
bines with the halogens to form two types of 
compounds, Se 2 X 2 and SeX 4 (the fluorides have 
not been examined) ; the formula are probably 
molecular, as the V.D.s of Se 2 Cl 2 and SeCl 4 have 
been determined. The compounds Se 2 X 2 , where 
X-Cl or Br, are liquids at ordinary tempera- 
tures ; the other compounds are solids. All the 
compounds are fairly easily decomposed by heat, 
but less easily than the corresponding S haloid 
compounds. 

Selenion, hydride of ; v. Hydrogen selenide, 
vol. ii. p. 724. 

Selenion, hydroxides of. The hydroxides of 
Se, SeO(OH) 2 , and Se0 2 (0H) 2 are acids ; v. 
Selenious aced, p. 445, and Selenic acid, 
p. 485. 

Selenion, iodides of. Two compounds of Se 
and I are known, Se 2 I 2 and Sel 4 , corresponding 
with the bromides and chlorides. 

Selenious iodide Se 2 I 2 . (Selenion mono- 
iodide.) Formula probably molecular, from ana- 
logy of Se^l*. Formed by heating the elements 
together in the ratio Se:I(l:l*61) ; also by heat- 
ing Se^Br, and EtI at 100° in a sealed tube 
(Schneider, P. 129, 627). Crystalline, steel-grey, 
somewhat metal-like solid; melting to a dark- 
brown liquid at 68°-70°. Decomposed to Se 
and I by continued heating at 100° ; also by 
solvents of I. Water forms H 2 SeO a Aq, HIAq, 
and Se. 

Selenic iodide SeL. (Selenion tetra-iodide.) 
Formula probably molecular, from analogy of 
SeCl 4 . Formed by heating together Se and I 
in the ratio Se:4I(l:6*44) ; also by mixing SeBr 4 
and EtI in the ratio SeBr 4 :4EtI, the Sel 4 sepa- 
rates after a little. Best prepared by adding 


HIAq to cone. H a SeOjAq as long as a pp. if 
produced ; the pp. is washed, pressed, and dried 
over H 2 S0 4 (Sohneider, l.c.). A dark-grey solid, 
melting at 75°-80° to a blackish-brown liquid. 
Gives up all I when heated to c. 100°, or treated 
with solvents of I ; slowly decomposed by 
water. Attempts to form an iodochloride oj 
selenion were unsuccessful (v. Evans a. Ramsay, 
C. J. 45, 70). 

Selenion, nitride of; v. Nitrogen selenide, 
vol. iii. p. 570. 

Selenion, oxides of. Only one oxide of Se 
has been isolated with certainty ; this oxide is 
Se0 2 . Berzelius thought that an oxide SeO was 
formed, along with Se0 2 , by heating Se in air or 
O, by heating Se and Se0 2 , and by the partial 
oxidation of Se sulphide by HNO s . According 
to Chabri6 (A. Ch. [6] 20, 202) Se takes up O 
! approximately corresponding with that required 
to form SeO, when heated in air to 180°. 
Attempts to prepare SeO„ have failed. By pass- 
ing gaseous Se0 2 and O over hot spongy Pt, von 
Gerichten (A 168, 214) obtained a white sub- 
limate that dissolved in water with a hissing 
sound, forming H 2 Se0 4 , but Cameron a. Macallan 
(Pr. 46, 32) failed to confirm this result ; C. a. 
M. (l.c.) did not get Se0 8 by passing O over hot 
Pt sponge mixed with Se, nor by the action of 
; ozone on Se0 2 , nor by heating selenate of Sb, 
Bi, Fe, Pb, Hg, or Ag. By heating dry H 2 Se0 4 
with P 2 O ft in a closed flask they got a trace of a 
crystalline Bolid, analyses of which pointed to 
the composition Se0 3 . A solution of Se in 
H i ,Se0 4 perhaps contains Se 2 0 8 (v. Selenic acid. 
Reactions , No. 6, p. 436). 

Selenion dioxide Se0 2 . (Selenious oxide. 
Selenious anhydride.) Mol. w. not determined. 
S.G. 8 9588 at 15° (Cameron a. Macallan, Pr. 
46, 27 ; Clausnizer, A. 196, 265). [Se,0*] 

-57,250 from amorphous Se; 65,820 from 
black crystalline Se ; 56,200 from red crystalline 
Se (Petersen, Z. P . C. 8, 601). Melts at 340° 
in a sealed tube ; at ordinary pressure volatilises 
without melting, slowly at 250°, rapidly at 280° 
(Chabri6, A. Ch. [6] 20, 202; C. a. M., l.o.). 
For absorption-spectrum of Se0 2 vapour v. 
Gemez (C. R. 74, 803). 

Preparation.— -1. Se is placed in the lower 
part of a V-tube with one limb longer than the 
other, and the longer limb drawn to a fine open- 
ing ; the shorter limb is connected with a gas- 
holder, from which a stream of dry O is passed 
into the V'tube ; the tube is heated till the Se 
burns ; the SeO a condenses in the longer limb of 
the tube. -2. Se is dissolved in cone. HNO s Aq, 
the solution is evaporated to dryness, best in a 
retort (solidification occurs suddenly, with evolu- 
tion of heat) ; the dry H 2 SeO a is heated in the 
retort till sublimation begins, then let cool, and 
dissolved in water; the solution is ppd. by 
BaOAq ; the solution, after filtering, is evapo- 
rated to dryness, and the residue is heated, when 
Se0 2 sublimes ; traces of H 2 Se0 4 and HgSC^ are 
thus removed, excess of BaO remains in the 
residue (Thomsen, B. 2, 598 ; of. Wohlwill, A. 
114, 176 ; Fischer, P. 67, 412). 

Properties and Reactions. — Long, white, 
lustrous, four-sided needles (form.p. &o.v. begin- 
ning of this article). 1. Slowly withdraws water 
from moist air % forming H 2 SeO a ; dissolves in 
water , forming same acid, with disappearance of 
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heat, [SeO*,Aq]- -920 (Th, 2, 405).--2. SI. sol. 
boiling acetic axhydride, crystallising un- 
changed ; heated to 180°-200° oxidation of the 
Ao*0 occurs (to C0 2 , &c.) and Se separates 
^Hinsberg, A. 260, 40). — 3. Dissolves in aqueous 
acetic acid , H 2 SeO s separating on cooling (H., 
Z.c.).— 4. Dissolves in alcohol of 96 p.c. t and is 
re-obtained on evaporation over H 2 S0 4 (H., l.c.), 
6. Reacts with phosphoric chloride to give SeCl 4 , 
P 2 0 4 , and POC1* ; heated with phosphoryl chlor- 
ide gives SeOCl* and P*0 5 (Michaelis, J. Z. 6, 
79).— 6. Heated with sodium chloride yields 
SeOCl* and Na^SeO, (Cameron a. Macallan, Pr. 
46, 36).— 7. Heated with selenion tetrachloride 
in a closed tube produces SeOCl 2 ; with SeBr 4 
probably forms SeOBr* (Schneider, P. 129, 450). 
8. Decomposed by dry ammonia to H 2 0, Se, and 
N ; when NH., is passed into Se0 2 in absolute 
alcohol, SeO(NHJ.ONH 4 is formed (v. Selenos- 
amic acids, salts of, p. 446). —9. Heated with dry 
HCN and Ac 2 0, Se cyanide is probably formed 
(Hinsberg, A. 260, 40). — 10. Hydriodic acid 
reduces Se0 2 to Se and H,0, even at 10°. — 

11. Se0 2 and sulphur dioxide do not react at 
any temperature (Schulze, J.pr . [2] 32, 390). — 

12. The compounds K 2 SeBr„ and (NH,) 2 SeBr a 
are produced by dissolving Se0 2 in hydrobromic 
acid and adding potassium or ammonium brom- 
ide (v. Muthmann a. Schafer, B . 26, 10081. 

Combinations . — 1. According to Ditte (A. Ch . 
[5] 10, 82), Se0 2 combines with dry hydrogen 
chloride to form two compounds, one of which, 
SeO*.2HCl, is liquid, and the other, Se0 2 .4HCl, 
is solid, at the ordinary temperature. With 
hydrogen bromide Se0 2 .4HBr is formed, and 
when this is kept very cold and HBr is passed 
over it, D. says that SeO*.5HBr is produced. 
Hydrogen fluoride is said also to combine with 
Se0 2 , but the product has not been ex- 
amined.— 2. With alkali halides the compounds 
MX.2Se0. r 2H/> are formed (Muthmann a. Scha- 
fer, B. 26, 1008).— 3. Hinsberg (A. 260, 40) de- 
scribed a compound with alcohol , Se0 2 .C 2 H tf 0, ob- 
tained by evaporating Se0 2 in absolute alcohol over 
CaCl 2 .— 4. Large white crystals of the oompound 
Se0 2 .S0 3 are obtained by warming Se0 2 and pure 
sulphuric anhydride to 100°, distilling off excess 
of SO* at 60°-70°, and allowing to cool. AtlOO 5 
the compound gives up SO* (Weber, B. 19, 3185). 

Selenion thio-oxide SeSO*. (Selenion sulph- 
oxide . Selenion-sulphur trioxide.) Mol. w. not 
determined. Magnus (P. 10, 491) noticed that 
Se dissolved in fuming H 2 S0 4 to produce a 
green solution ; Weber (P. 156, 531) separated 
and analysed the green compound, and gave it 
the formula SeSO*. Divers a. Shimos6 ( C . J 
45, 201) further examined this substance. 
Powdered Se is placed in liquid SO a ; heat is 
given off, and a dark-green liquid is formed; 
after a time the whole solidifies ; after warming 
to 30°-40° for a few minutes the liquid part is 
drained off, and the adhering S0 3 is removed by 
the use of a Sprengel pump (for details v . D. a. 
S. on TeSO s , O. J . 43, 324). SeS0 3 is a green 
solid, which may be heated to c. 35° without 
change ; decomposition begins at c. 40°, and at 
c, 120° SO* and O are rapidly evolved and Se 
separates ; by heating slowly in vacuo it changes 
to a yellow powder, which D. a. S. think to be a 
modification of the thio-oxide. SeSO* is sol. 
cone. H*S0 4 ; on adding much water Se is ppd., 


and H 2 SeO* and H*SO* go into solution. HC1 reacts 
with SeSO a inH 3 S0 4 to form Se 2 Cl* and SO*.C1.0H 
(v. Selenious chloride, Preparation , p. 439). 
Schulz-Sellack (B. 4, 113) observed that the 
vapours of S0 3 react with Se to form a yellow 
powder. 

Selenion, oyacids of, and their salts. The 
oxyaoids of So are selenious acid H 2 SeO a ( v . 
p. 445) and seltnic acid H*Se0 4 ( v . p. 435) ; 
salts of the thioselcnic acids H 2 SeSO* and 
H 2 SeS 2 0 6 have been isolated ( v . p. 434)*; and 
salts of the selenosamic acids SeO(NH*).OH 
and 2SeO(NH 2 ).(OH) 2 are known ( v . p. 439). 

Selenion, oxybromide of. By melting to- 
gether Se0 2 and SeBr 4 Schneider (P. 129, 450) 
obtained needles which were probably SeOBr 2 , 
corresponding with SeOCl* formed in a similar 
way. 

Selenion, oxychlorides of. The oxychloride 
of Se, ScOCl 2 , corresponds with sulphuryl 
chloride SOCL 2 ; an oxyohloride containing Se 
and S, and corresponding with S 2 0 3 C1 4 , has also 
been isolated. 

Selenyl chloride SeOCl 2 , (Selenion oxy- 
chloride.) Mol. w. not determined. 

Preparation.— 1. Equivalent weights of SeCl 4 
and Se0 2 are heated in a sealed tube to 150°, 
and the product is purified by repeated distilla- 
tion (Weber, P. 118, 615). — 2. Se0 2 and PC1 5 are 
brought together in the ratio Se0 2 :PCl 3 ; SeOOL 
and POCl 3 are produced, but the heat evolved 
suffices to cause a secondary reaction, which 
yields SeCl 4 and P 2 O fl , so that very little SeOCl* 
can be obtained by this method (Michaelis, J. Z. 
6, 79 ; cf. Selenio chloride, Preparation , 
p. 439). — 3. By distilling Se0 2 and NaCl in 
the ratio Se0 2 :NaCl (Cameron a. Macallan, Pr. 
46, 35). 

Properties. — A yellowish liquid, fuming in 
the air, boiling at 179 , 5°, and solidifying below 
0° to colourless crystals, which melt at 10° 
(M., l.c.). 

Reactions and Combinations (M., l.c.), — 
1. Water decomposes SeOCl 2 , forming H 2 SeO*Aq 
and HClAq. — 2. Ammonia produces Se0 2 , Se, N, 
NH 4 C1. — 3. Sulphuryl chloride produces Se01 4 
and S0 2 . — 4. Phosphoryl chloride forms SeCl 4 
and P*0 5 ( v . Preparation of sclenic chloride , 
p. 439). — 5. With phosphorous chloride POC1*, 
SeCl 4 and Se 2 Cl 2 are produced. — 6. SeOCl* 
combines with stannic chloride to form 
£SeOCl 2 .SnCl 4 ; also with titanic chloride and 
antimonic chloride to form 2SeOCl 2 .TiCl 4 and 
2SeOCl 2 .SbCl 6 (Weber, P. 125, 325). 

Selenion, thio-oxychloride of, SeSO*Cl 4 . 
(Pyrothioselenyl chloride. Selenion sulpho • 
oxy tetrachloride.) Mol. w. not determined. 

Formation. — 1. By the interaction of SO* and 
SeClj (H. Rose, P. 44, 315).— 2. By dissolving 
SeCl 4 in Nordhausen sulphuric acid (Clausnizer, 
B. 11, 2007).— 3. By heating S0 2 C1* and SeOCl* 
in a sealed tube to 170°-180° (C., l.c.).— 4. By 
the interaction of SO*.OH.Cl and SeO*, SeOCl*, 
.or SeCl 4 (C., l.c.). 

Preparation.— SeCl 4 and 80 2 .0H.C1 are 
warmed together in the ratio SeCl 4 :2(SO*.OH.Cl) 
till the SeCl 4 is quite dissolved : 

SeCl 4 + SO*.OH.Cl - SO*.C1.0SeCl* + Cl. 
(Excess of SO*.OH.01 is needed to hasten the reac- 
tion and to serve as a solvent.) The reddish solu- 
tion solidifies on cooling ; the white needles are 
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separated by pressing between porous plates, and 
dried over R 2 S0 4 . 

Properties and Reactions . — Small white 
needles ; unchanged in vacuo or on gentle 
warming; deliquesces in moist air; melts at 
165° and boils at 183°; V.D. at 209° -48*5, 
calculated for SeS0 3 Cl 4 = 150 ; dissocia- 
tion has therefore occurred, perhaps thus : 
2SeS0 3 Cl 4 - 2SO s + Se 2 Cl 2 + 3C1 2 (C ., Z.c.). Decom- 
posed by water , at once, to H 2 S0 4 Aq, ELjSeOjAq, 
and HClAq. 

Selenion, phosphides of ; v. Phosphorus 
SELENIDE8, p. 144. 

Selenion, sulphides of. The only compound 
of Se and S that has been isolated is SeS. Divers 
a. Shimidzu ( C . J. 47, 446) say that this is the 
only compound of the two elements that exists, 
but Bathke (B. 18, 1534) considers that others 
exist, although none but SeS has been obtained in 
a state of purity. Se and S may be melted to- 
gether in all proportions, but no compound is 
produced (Bettendorff a. von Bath, P. 139, 329 ; 
Bathke, P. 141, 590). Isomorphous mixtures of 
the two elements crystallise from solutions of 
Se and S in CS 2 (B. a. von B., l.c.). The pp. 
formed by passing H 2 S into H 2 Se0 3 contains Se 
and S in the ratio SeS 2 , but it is a mixture of 
SeS with S (H. Bose, P. 107, 186 ; D. a. S., l.c. ; 
Bathke, B. 18, 1534). The pp. containing Se and 
S in the ratio Se 2 S obtained by passing H 2 Se 
into H 2 S0 8 is merely a mixture (D. a. S., l.c.). 

Selenion monosulphide SeS. Mol. w. not 
determined. Very dilute H 2 Se0 3 Aq, cooled to 
0°-5°, is saturated with ELS, which is first 
passed through a flask filled with pieces of ice ; 
the yellow pp. which forms is washed, dried 
in vacuo , moistened with CS 2 , and allowed to 
stand for some days till the mass becomes crys- 
talline, the CS 2 withdrawing S ; CS 2 is added to 
the crystals, after a few minutes the CS 2 is de- 
canted, and the residue is washed with C 6 H 6 and 
then with alcohol. SeS forms small, orange- 
yellow, lustrous tablets ; S.G. 3*056 at 0°, 3*035 
at 62° ; S.H. *1274. On heating it melts, gives 
off S vapour, and then vapour of S and Se. Sol. 
CS 2 , but not crystallisable therefrom by evapora- 
tion; insol. water and ether (Ditte, C. B. 73, 
625, 660). 

Selenion, sulphoxide of; v. Selenion thio - 
oxide , under Selenion oxides, p. 441. 

Selenion, sulphoxychloride of; v. Selenion 
thio-oxychloride , under Selenion oxychlorides,' 
p. 441. 

Selenion, thio-oxide of; v. Selenion oxides, 
p. 441. 

Selenion, thio-oxychloride of; v. Selenion 
oxychlorides , p. 441. M. M. P. M. 

SELENION, ORGANIC COMPOUNDS OF. 

Methyl selenide or Selenion methide Me z Sc. 
Mol. w. 109. (58°). Formed by distilling a 

solution of barium methyl sulphate with K 2 Se 
(Wdhler a. Dean, A. 97, 5) or of KMeS0 4 with 
Na 2 Se (O. L. Jackson, A. 179, 1). Heavy oil 
with nasty smell. Burns with bluish flame. 
PtCl 4 forms fMe 2 Se) 2 PtCl 4 , crystallising from 
alcohol in yellow plates. Cone. HNO s forms 
(Me SeOJHNO, [91°], whence HClAq produces 
Me SeCl 2 fBO 0 ], while HBrAq gives Me 2 SeBr 2 
[82°] and KIAq ppts. Me 2 SeI 2 . 

Methylo-iodide Me„SeI. Tri-methyl - 

Bclenonium iodide . Yields (Me 3 SeCl) 2 PtCl 4 , 


crystallising from water in dark-red octahedra 
(Jackson, B. 7, 1277). 

Di-methyl diselenide Me 2 Se 2 . Formed from 
KMeS0 4 and K 2 Se 2 (W. a. D. ; Bathke, A . 152, 
211). Heavy reddish-yellow oil, with unpleasant 
odour, sol. HNO s Aq. 

Methane selinic acid CH 3 .Se0 2 H. [122°]. 
Formed by oxidising Me 2 Se 2 with HNO s (W. a. 
D.). Deliquescent crystals, v. sol. alcohol. 
Gives with HC1 crystalline CJEL 4 Se0 2 Cl. — 
AgA': prisms. 

Ethyl selenide Et 2 Se. (108°). (Bathke; 
Pieverling, A. 185, 331). Oil, without unpleasant 
odour. HC1 added to its solution in dilute 
HNO, ppts. Et 2 SeCl 2 , whence NHgAq forms 
(EtgSe^OClg (Joy, A. 86, 35). 

Ethyl iodide Et a SeI. Crystalline. Con- 
verted by moist Ag a O into a strongly alkaline base 
which forms crystalline salts.— (Et,SeCl) 2 ZnCl 
thin plates. — (EtgSeCl^tCl,. 

Di-ethyl diselenide Et 2 Se 2 . (186°). Liquid 
with disgusting odour. HC1 added to its solu- 
tion in dilute HN0 3 gives monoclinic crystals of 
C.,H a Se0 2 Cl. 

Ethane aelinic acid Et.S0 2 H. Yields with 
HC1 monoclinic crystals of C 2 H u Se0 2 Cl. 

Ethyl selenhydrate EtSeH. Selenion- 
mercaptan. Formed from KSeli and Ca(EtS0 4 )., 
(Siemens, A. 61, 360). Heavy oil, boiling much 
below 100° and having an unpleasant odour. 
Beacts with HgO. 

Ethyl selenite SeO(OEt) 2 . (184°). S.G. 

1*49. Formed from Ag 2 Se0 3 and EtI, and 
got also by heating SeOCl 2 with NaOEt and dry 
ether at 180° (Michaelis, A. 241, 158). Thick 
liquid, miscible with water and alcohol. The 
chloride SeO(OEt)Cl [10°] (175°), formed from 
SeOCl 2 and alcohol, crystallises in needles. 

Selenide of carbon CSe 2 . Formed in small 
quantity by passing a mixture of CC1 4 and H^Se 
through a red-hot tube (Bathke, A. 152, 199). 
Pungent yellow liquid. Converted by alcoholic 
potash into EtO.CSe 2 K, crystallising in yellow 
needles, v. sol. water and alcohol. 

Selenido - di - acetic acid Se(CH 2 .C0 2 H) r 
Formed from ammonium chloro-acetate and 
alcoholic (NH 4 ) 2 Se (Ulrich, B. 8, 773). Mono- 
clinic tables. — x (NHJ 2 A": insol. alcohol 
— *CuA": bluish-green pp. 

Amide. — Formed from C1CH 2 .C0NH 2 and 
alcoholic (NH 4 ) 2 Se. Prisms, m. sol. cold water. 

Di-phenyl selenide SePh 2 . S.G. ^ 1*460. 
V.D. 8*17 (calc. 8*09). Formed, together with 
selenophenol and Se 2 Ph 3 .C a H 4 Cl (240° 250° in 
vacuo) , from SeCl 4 and benzene in presence of 
A1C1 3 (ChabriS, C. R. 109, 183; Bl. |2] 50, 133; 
[8J 2, 788). Oil. Boils at 227° under a few cm. 
pressure. Bromine forms Se(C„H 4 Br) 2 [112°], 
crystallising from alcohol in colourless hexa- 
gonal plates. H 2 0 2 , in presence of HC1 and a 
current of air, forms Se(C a H 4 Cl).CLH 4 OH [145°] 
converted by HNO a into a crystalline product 
[188°]. 

Phenyl selenhydrate C^H^SeH. Seleno - 
phenol, [60°]. Formed from benzene, SeCl 4 , 
and A1C1, (Chabrid, C. R. 109, 183 ; Bl. [3] 2, 
788). Sol. alcohol, insol. water. 

Tetra - methyl - di - amido - di phenyl-selenide 
Se(C«H 4 NMe 2 ) 2 . [124°]. Formed from SeOOl, 
and di-methyl-aniline in ether (Godohaux, B. 
24, 765). Yellowish needles, m. sol. cold alcohol 
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and ether. — B"H 2 S0 4 . [56°]. Colourless needles, 
v. e. sol. water. — B"2G a H 2 (N 0 2 ) 3 0H. [185°]. 
Yellow plates. 

Tetra - ethyl -di - amido - di - phenyl - selenide 
Se(C 8 H 4 NEt 2 ) 2 . [83°]. Formed from SeOCl 2 
and PhNEt 2 in ether. Silky needles, v. e. sol. 
hot ether and aleohol.— B''H 2 C1 2 . [73°]. — 

B"2C 6 H 2 (N0 2 ) g 0H. [135°]. Yellow plates and 
needles. 

Di-phenyl-selenone SeOPh 2 . (230° at 65 mm.). 
S.G.^1‘48. Formed, together with the compound 
PhSeO(C a H 4 Cl) [94°],from SeOCl 2 , benzene, and 
AlClg. Amber-yellow liquid. Not attacked by 
cold HNO g . Bromine-water yields SeO(C|H 4 Br) 2 
[120°]. H 2 0 2 , HC1, and a current of air form 
SeO(C.H 4 Cl) 2 [159°]. 

Phenyl seleno-carbimide Ph.NC.Se. Formed 
by shaking NOjjSe with the chloride of phenyl- 
carbamine, PhNCCl 3 , and ether for a day, filter- 
ing, distilling with steam, and drying the oil in 
vacuo over H 2 80 4 (Stolte, B. 19, 2350). Pale 
yellowish-red oil, v. sol. alcohol and ether. 

Phenyl-seleno-urea NHPh.CSe.NH*. [182°]. 
Formed bypassing NH 3 into Ph.NC.Se dissolved 
in ether, and also by the action of H 2 Se on 
phenyl-cyanamide in benzene (Stolte, B . 19, 
1579, 2350). Crystals (from alcohol). 

Di-phenyl-seleno-urea CSe^HPh)*. [186°]. 
Formed from aniline and phenyl, seleno-carb- 
imide (Stolte, B. 19, 2351). Crystals (from 
alcohol), si. sol. ether. 

Selenaldine C fl H 13 NSe 2 . Formed by passing 
SeR 2 into an aqueous solution of aldehyde- 
ammonia in absence of air (Wdhler a. Liebig, A. 
61, 11). Colourless crystals, with slight odour, 
b1. sol. water, v. sol. alcohol and ether. Its solu- 
tions are turned brown by air. 

Amido-selenazole C 3 H 4 N 2 Se i.e. 

Selenazylamine. [121°]. 

Formed by warming seleno-urea with di-chloro- 
di-ethyl oxide and aqueous NaOEt (G. Hofmann, 
A. 250, 308). White needles, v. boI. alcohol and 
ether, m. sol. benzene and water. Decomposed 
by prolonged boiling with water. — B'gHjPtCl* : 
orange-red pp. 

Acetyl derivative C g H 3 AcN 2 Se. [c. 210°]. 
Needles. 

Oxy-amido-selenazole ^ eno " 

hydantoin . [190°]. Formed by boiling seleno- 
urea with chloro-acetio acid and alcohol (G. 
Hofmann, A. 250, 312). Thick crystals, m. sol. 
hot water and alcohol, insol. ether.— B'HCl : 
needles. 

Si-ozy-ielenaxole ^h : C(OH)^ N - t 147 °]- 

Formed by boiling oxy-amido-selenazole with 
NaOHAq (Hofmann). Prisms, v. sol. alcohol, 
m. sol. water. 

Amldo-methyl-selenasole OH-CMe 02 ^^’ 

[80°]. Formed from seleno-urea and chloro- 
aoetone (G. Hofmann, A. 250, 305). Needles, 
v. sol. alcohol and ether. Alkaline in reaction. 
— B'HCl: prisms (from water). — B'gHgPtClg : 
orange-red crystalline pp. 

Acetyl derivative C 4 H & AoN 2 Se, [122°]. 
Needles (from benzene), si. sol. water. 


Amido-methyl-selenazole carbcxylio acid 

C 195 ° ] - by heat- 

ing seleno-urea with chloro-acetoacetic ether (G. 
Hofmann, A . 250, 309). Needles, m. sol. water,, 
v. sol. alcohol and ether. — HA'HCl : plates, v. e„ 
sol. water. 

Acetyl derivative C 4 H a AcN 2 Se0 2 . [220°]. 
Needles, almost insol. hot water. 

Amido-phenyl-selenazole C a H 8 N 2 Se i.e . 

CH:CPh H ^ N - Formed from bromo- 

acetophenone and seleno-urea (G. Hofmann, A . 
250, 307). Needles or prisms, insol. water, sol. 
alcohol and acids. — B'HBr : yellowish plates, si. 
sol. cold water. 

Di-phenyl-selenazole C la H n NSe i.e. 
CH-CPh^L [99°]. Formed from <w-bromo- 
acetophenone and seleno-benzamide (G. Hof- 
mann, A. 250, 317). Plates, v. sol. alcohol 
and ether. Its salts are decomposed by water. -- 
B'^PtClg : pale-yellow pp. 

Phenyl-methyl-selenazole C 10 H 0 NSe i.e. 

CH ; CMe^ N ‘ (283°) at 737 mm. Formed from 

PhCSe.NH 2 [126°] and chloro-acetone (G. Hof- 
mann, A. 250, 316). Yellow oil. — B^II^PtCl,, : 
pale-yellow needles. 

Phenyl-methyl-selenazole carboxylic acid 

C n H a SeNOj i.a. cO^CMe^ t 207 ^ 
Formed by saponifying its ether, which is got 
from seleno-benzamide and chloro-acetoacetic 
ether (Hofmann, A. 250, 318). Small needles 
(from benzene), m. sol. alcohol.— Ag A'. 

Ethyl ether EtA'. [124°]. Plates. 
Seleno-benzoic acid. Amide C ( ,H 3 .CSe.NH 2 . 
[126°]. Formed by passing H 2 Se into an alcoholic 
solution of benzonitrile made slightly alkaline 
with NH S (Dechend, B. 7, 1273 ; G. Hofmann, 
A . 250, 314). Golden needles (from water or 
ether). Reacts with o-chloro-ketones, forming 
selenazoles; e.g. X.CO.CHC1.X + CPh(SeH):NH 

- H <° + E e x ;cx h > NHC1 - 

Seleno-benzoic aldehyde v . Benzylidenb 

SELENIDE. 

Selenocyanic acid HSeCN. The K salt is 
got by fusing K 4 FeCy g (3 pts.) with Se (1 pt.) 
(Crookes, A. 78, 177 ; cf. Berzelius, S. J. 31, 60). 
The free acid is obtained, in solution, by de- 
composing the lead salt by H 2 S. It is decom- 
posed by acids into Se and HCy. FeCl„ does 
not give a red colour, but ppts. Se. Iodine added 
to a solution of IvSeCN ppts. KC 3 N g Se 4 . Air 
containing a little chlorine passed over a 10 p.c. 
solution of KSeCN forms a red crystalline pp. 
KSe 4 C 3 N 3 aq changing to yellow Se 3 Cy 2 , which 
separates from chloroform in yellow plates, and 
is decomposed by water into HCy, Se0 2 , and Se. 
and yields in vacuo at 108° a crystalline sub- 
limate of Se 2 Cy 2 , decomposed by hot water into 
HCy, Se0 2 , and Se (Yerneuil, C . B. 103, 144). 
Alcohol converts KSe 4 C 3 N 3 into Se and KSe 3 C 3 N p 
which forms brown crystals, sol. alcohol. 

Salts. — KA'. Formed as above, and also 
by dissolving Se in aqueous KCy (Wdhler; 
Schiellerup, A . 109, 125 ; G. Hofmann, A. 260, 
296). Very deliquescent needles, alkaline to 
litmus. — NH 4 A' (Cameron a. Davy, O. N. 44 ; 
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BELENION, ORGANIC COMPOUNDS OF. 


<J3). — KA'HgGl 2 : white pp. — KA'HgBr 2 . — 
KA'Hgl^. — KHg 2 A' 8 : prisms.— KHgA' 8 .—Hg (i A' 2 : 
olive-green pp. — HgA' 2 : felt-like mass of 
yellowish crystals. — AgA'-jHgCly — PbA' a : lemon- 
yellow needles (from water).— K 2 PtA' fl . Dark- 
red scales (Clarke, B. 11, 1325). — AgA\ Satiny 
crystals, blackened by light. Converted by ICy 
into volatile crystalline SeCy 2 (Linnemann, A . 
120 , 86 ). 

Methyl ether MeA'. (158°). Yellow oil 
(Stolte, B. 19, 1577). 

Allyl ether C*H a A'. Oil. 

Methylene ether CH.,A' 2 . [132°]. Formed 
from Mel and alcoholic KSeCN (Proskauer, B. 
7, 1281). Rhombohedra (from alcohol). HNO* 
forms CBLj(SeO s H) 2 . 

Ethylene ether C 2 H 4 A' 2 . [128°]. HN0 8 
forms, on boiling, deliquescent C 2 H 4 (Se0 3 H) 2 , 
which yields BaA", sol. hot water. KOH yields 
diethylene tetraselenide [131°J. 

Propylene ether 

CH 8 .CH(SeCN).CH 2 (SeCN). [66°]. Formed’ by 
heating KSeCN with propylene bromide and 
alcohol (Hagelberg, B. 23, 1091). White crys- 
tals. 

Trimethylene ether 

CH 2 (SeCN).CH 2 .CH 2 (SeCN). [51°]. Converted 
by KOH into trimethylene diselenide [55°]. 

Benzyl ether v.v ol. i. p. 502. 

Selenocyano-acetic acid CH 2 (SeCN).C0 2 H. 
(85°]. Formed from chloro-acetic acid and 
potassium selenocyanide (G. Hofmann, A. 250, 
300). Yellowish needles (from ether and chlo- 
roform), v. e. sol. water and alcohol.— BaA' 2 : 
amorphous. 

Selenocyano-acetoacetic ether 
CHj.CO.CH (SeCN ) .C0 2 E t . Formed fromchloro- 
acetoacetic ether and KSeCN (H.). Liquid. 

Selenocyano-acetone CH 3 .C0.CH 2 .SeCN. 
Formed from chloro-acetone and KSeCN (H.). 
Yellowish oil. Gives an oily phenyl-hydrazide 
and an oxim. Not more sol. alkalis than 
water. 

Selenocyano-acetophenone 
€ # H fl .CO.CH 2 SeCN. [85°]. Formed by boiling 
40 bromo-acetophenon e with alcohol and KSeCN 
(Hofmann). Crystalline. 

Selenocyano-ethyl-phthalimide 
C 8 H 4 O a :N.CH 2 .CH 2 ,SeCN. [125°]. Formed by heat- 
ing broino-ethyl-phthalimide with KSeCy and 
alcohol (Coblenz, B. 24, 2133). Crystalline mass. 
Converted by boiling dilute caustic potash into 
Se 2 (C 2 H 4 .NH.C0.C 4 H 4 .C0 2 H) 2 [119°], which 

forms yellowish crystals and is converted by 
HC1 at 180° into Se 2 (C 2 H 4 NH 2 ) 2 , which yields 
B"2HC1 T1B8°] and B ; '2C e H 3 N 8 0, [178°], both 
being crystalline. 

7-8elenocyano-propyl-phthalimide 
€ 8 H 4 0 2 :N.CH 2 .CH 2 .CH 2 .SeCN. [102°]. Formed 
by heating bromo-propyl-phthalimide with 
KSeCN and alcohol (Coblenz, B . 24, 2134). 
Converted by boiling dilute (10 p.c.) KOH into 
-crystalline Se 2 (C 8 H 6 .NH.CO.O fl H 4 .CO.,H) 2 [84°], 
whence HC1 at 180° forms Se^CsH^NBLL which 
yields B"2HC1 [170°] and B'^C.ftNgO, [165°]. 

w-Selenocyano-o-toluic acid. Nitrile 
CBLj(SeCN).C fl H 4 .CN. o-Cyano-benzyl seleno- 
■cyanide. [121°]. Formed by warming the ni- 
trile CH 2 G1.C 8 H 4 .CN with KSeCN (Drory, J9. 24, 
2564). Long brownish needles (from alcohol) 
vr prisms (from benzene). Converted by dilute 


HjSO, into Se 2 (CH !1 .0 8 H 4 .CN) ? [110°], HClAq 
at 100° forms Se and o-cyano-benzyl chloride. 

Selenocyanurio acid H 3 Se 3 C 8 N 8 . Formed 
from Cl 3 Cy 8 and Na-^Se (Stolte, B. 19, 1578). 

Methyl ether, [174°]. 

Seleno-phthalimidine 0,H 4 <^ H )>Se. 

Formed from CH 2 (SeCN).C 8 H 4 .CN and cono. 
H 2 S0 4 (Drory, B. 24, 2566). Sol. alcohol. 

Reactions. — 1. NaOH forms the oompound 
Se 2 (CH 2 .C 8 H 4 .CN) 2 , crystallising in needles [110°], 
sol. alcohol and CS 2 , and converted by HC1 at 
160° into Se and phthalide. — 2. When steam is 
blown through a mixture of selenophthalimid- 
ine, alcohol, and KOH there is formed seleno- 

phthalide C 8 H 4 <^g ^>Se, crystallising in broad 

plates [58°], insol. water, sol. alcohol.— 3. Alco- 
holic potash and Mel form CH.,(SeMe).C«H..CN 
( 180 °- 200 °). 

Salts. — B'HCl: needles, slightly sol. water 
and alcohol. — B^HJPtCl,,. Orange powder.— 
B ' C„H 8 N 8 0 7 .— B'HBr. [264°). Needles : si. sol. 
water.— B'HI 2 (?) [223°]. Formed by heating 
CH 2 (SeCy).C 8 H 4 .CN with HIAq at 100°. Dark- 
violet needles . — Sulphate [145°-150°]. 

Piaselenole C„H 4 <^j>Se. [76°]. Formed 

from o-phenylene-diamine and an aqueous solu- 
tion of selenious acid (Hinsberg, B. 22, 2897). 
Needles, v. boI. alcohol and ether, si. sol. water. 
Its salts are yellow and decomposed by mach 
water with separation of the base. Iodine forms 
a green periodide. 

Amido-piaselenole C 8 H 8 (NH 2 ):N 2 Se. [150°J. 
Formed by adding H 2 Se0 8 to a cool solution of 
tri amido- benzene hydrochloride and NaOAc 
(Hinsberg, B. 22, 2898). Brownish-red needles, 
si. sol. water, m. sol. alcohol. SnCLj separates 
Se. — B'HCl : reddish-brown needles, si. sol. 

Oxy-piaselenole. Ethyl derivative 
C 8 H 3 (OEt):N 2 Se. [104°]. This is formed from 
C 8 H 3 (OEt)(NH 2 ) 2 and aqueous H 2 SeO,. Needles 
forming a yellowish-red solution in B^SO,. 

Methyl-piaselenole ^MelcHio^ 86 - 
(267° unoor.). Formed from tolylene-diamine 
and aqueous Se0 2 at 80° (Hinsberg, B. 22, 
863). Needles, si. sol. cold water. SnClj 
yields tolylene-o-diamine and Se. Does not react 
with nitrous aoid or with Ac 2 0. — B^H^PtClg. 

Chloro-methyl-piaselenole C 8 H 2 ClMe:N 2 Se. 
[150°]. Formed by warming o-tolylene-diamine 
with Se0 2 and cone. HClAq (Hinsberg, B. 23, 
1395). Small needles, volatile with steam. 

Naphthopia«6lenoleC a H 4 ^g-^>Se. 

[129 °J. Formed from (a£) -naphthylene-diamine 
sulphate, aqueous NaOAc, and Se0 2 (Hinsberg, 
B. 22, 866). Needles, si. sol. water, m. sol. 
alcohol, v. sol. ether. Cone. H»S0 4 gives an 
intense yellow colour. SnCl 2 and HC1 give Se 
and naphthylene-diamine. 

Seleno-urea CSefNEL^. [c. 200°]. S. 11 at 
19°. S. (alcohol) 3 at 18°. Formed by passing 
H 2 Se into a 2 p.c. solution of oyanamide in 
ether (Verneuil, C. R. 99, 1154; 100, 1296; 
Bl. [2] 43, 58, 583). White needles, v. soL 
hot water, si. sol. alcohol and ether. Its 
solutions are decomposed by light, especially 
in presence of an alkali, with separation ol 
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selenium. In presence of air and HClAq it 
yields (GSeNgH^OQHCl, which forms brown 
crystals with violet reflex, converted by baryta- 
water into Be, seleno-urea, and cyanamide. 
The compound (CSeN 2 H 4 ) 3 02HBr may be formed 
in like manner. When the * oxy-triselenourea ’ 
hydrochloride is allowed to stand in the acid 
liquid in which it is formed, it changes into 
yellow crystalline (CSeN 2 H 4 ) 2 Cl 2 . HIAq converts 
selenourea into (CSeN 2 H 4 ) 2 I 2 . H 2 S0 4 added to a 
saturated solution of selenourea forms scarlet 
crystals converted by heating with alcohol 
100 pts.) and H 2 S0 4 (4 pts.) at 50° into 
CSeN 2 H 4 ) 2 0H 2 S0 4 , crystallising in pearly plates. 

Ethylene-i/z-seleno-urea C 3 H 6 N 2 Se i.e . 

CH 2 *NH^C : NH. Formed by evaporating a 

solution of bromo-ethyl-amine hydrobromide 
(8 g.) with KSeCy (5 g.) to dryness on a water- 
bath (Baringei , B. 23, 1003). Unstable. Con- 
verted by bromine-water into ethylene-^-urea. — 
B'HBr. [170°]. Needles. — B' 2 H 2 PtCl 0 .— 
B'CANA. [220°]. Needles. 

Propylene-i'-selenourea C 4 H„N 2 Se. Obtained 
in like manner from 0-bromo-propyl-amine. — 
B'CANaO,. [110°].— B'A.PtCl^ Light-yellow 
plates. 

Trimethylene - \f/ - selenourea G 4 H s N 2 Se. 
Formed from y - bromo-propyl-amine and 
KSeCy. — B'HBr. [135°]. White crystals (from 
alcohol) soon turning red. — B'C a H 3 N 3 0 7 . [c. 63°]. 
Small concentric needles. 

Seleno-isovaleric aldehyde C 5 H 10 Se. [57°]. 
Crystalline (SchrOder, B. 4, 402). 

Di-methyl selenophene 

Selenoxene. (154° uncor.). Formed by heating 
acetonyl-acetone with phosphorus pentaselenide 
P 2 Se 5 at 180°. Colourless mobile liquid of 
slight smell. With isatin and cone. R 2 S0 4 it 
gives a carmine-red colouration. By Lauben- 
heimer’s reaction a reddish-brown colour is 
produced. Benzoyl-formic acid also produces a 
reddish-brown colouration (Paal, B. 18, 2255). 

8ELENIOUS ACID H 2 Se0 3 . Mol. w. not 
determined. This compound is the acid of the 
anhydride Se0 2 . 

Preparation. — Se is dissolved in hot cone. 
HNO s Aq, the solution is evaporated to dryness, 
the residue is dissolved in water, BaOAq is 
added to ppt. traces of H 2 Se0 4J the filtrate is 
evaporated to dryness in a retort, and the residue 
is heated till Se0 2 sublimes (Thomsen, B. 2, 
598) ; the pure Se0 2 thus obtained is dissolved 
in c. | its weight of hot water, on cooling large 
crystals of H 2 Se0 3 separate (Weber, P. 118, 479). 
To prevent formation of H^SeO, in the oxidation 
of Se, Divers a. Shimos6 (C. J. 47, 439) re- 
commend to dissolve Be in a large excess of cone. 
R 2 S0 4 instead of using HNO,. 

Properties. — Large white crystals, resembling 
nitre ; effloresces in air ; withdraws water from 
moist air ; S.G. 3*0066 at 15*7° (Clausnizer, B. 
11, 2009). Poisonous. The acid crystallises 
unchanged from solution in aqueous acetic acid, 
or in aqueous CJHe (Chabri6,.4. Ch . [6] 20, 202). 
H.F. [Se,O a ,Aq] - 56,160 (Th. 2, 274). H 2 SeO a 
is a dibasic acid ; this is shown by the existence 
of two salts MJHSeO, andM^SeO, (v. Seleniteb), 
and also by the heat of neutralisation, which is 
given by Thomsen (Th. 1, 172) as follows: 


[H 2 SeO s Aq, NaOHAq] - 14,770, [H 2 SeO’Aql 
2NaOHAq] = 27,020, [H’SeO’Aq, 4NaOHAq, 
= 27,480. As no derivative of H 2 SeO„ exists 
corresponding with C 2 H v S0 2 .0H, and as only 
one ethyl selenite SeO(OEt) 2 can be obtained, 
and as the compound SeO.Cl.OEt has been 
isolated, it appears that the acid is SeOfOH)* 
and not Se0 2 .OH.H (Michaelis a. Landmann, 
B. 13, 656; A. 241, 150). 

Reactions. — 1. Heat causes H 2 SeO # to decom- 
pose to Se0 2 and H 2 0. — 2. Many oxidisable 
bodies remove O from H 2 Se0 3 . For instance, 
sulphur dioxide passed into H 2 SeO,Aq ppts. Se ; 
the reduction is complete only when the com- 
pounds interact in the ratio H,SeO s :2SO* 
(Schulze, J . pr. [2] 32, 390) ; the presence of 
HC1 hastens the reaction ( v . Michaelis, J. Z. 
6, 88 ; Eathke, A. 152, 194). When S0 2 and 
H 2 Se0 3 interact in other proportions than 
H 2 Se0 3 :2S0 2 , thioselenio acids are formed 
(cf. p. 435). Hydrogen sulphide ppts. Se and 
S in the ratio Se:2S (Divers a. Shimidzu, C. J . 
47, 441). Various metals , such as Cu, Fe, Ag, or 
Zn, also reduce H 2 Se0 3 Aq in presence of HC1, 
with ppn. of Se. H 2 SeO a Aq is partly reduced by 
exposure to air containing dust. M. M. P. M. 

SELENITES. Salts of selenious acid 
(H,SeO a ), M^SeOg, and MUISeO.,. The alkali 
salts are formed by adding alkalis to H 2 SeO,Aq 
and evaporating; most of the other selenites- 
are formed from the alkali salts by double de- 
composition. 

Selenites give selenides, or metallic oxide- 
and Se, when heated with charcoal. Heated 
with NH 4 C1, out of air, they give a sublimate of 
Se. Most selenites, except those of the alkalis, 
are insol. in water. 

Many selenites combine with Se0 2 to form 
acid salts ; many basic selenites are also known. 

Boulzoureano (Bl. [2] 48, 209) found that 
many selenites can be obtained in well-formed 
crystals by adding Na 2 Se0 8 Aq to solutions of 
metallic salts, and heating the pp. so formed with 
very dilute H 2 SeO s Aq in sealed tubes at 200° ; 
also by dissolving metallic carbonates in dilute- 
H 2 Se0 3 Aq, adding water, and heating in sealed 
tubes at 200°. The older investigations of 
selenites were by Berzelius ( v . Lehrbuch ) and 
Muspratt ( C . J. 2, 52). Boulzoureano ( l.c . ; also- 
A. Ch. [6] 18, 289) has made a more thorough 
investigation of these salts. Nilson (Bl. [2] 21, 
253 ; 23, 260, 353, 494) has also prepared and 
described many selenites. 

It has been thought sufficient to give the 
names of the metals selenites of which have- 
been analysed. Abstracts of B.’s papers will be 
found in C . J. 54, 220 ; 60, 262 ; and an abstract 
of Nilson’s paper will be found in the SrdSupp . 
of the first edition of this Dictionary, p. 1786. — 
Al, Am, Sb, Ba, Be, Bi, Cd, Ca, Ce, Cr, Co, Cu, 
Di, In, Fe, La, Pb, Li, Mg, Mn, Hg (cf. Cameron 
a. Davy, Trans. I. 28, 146), Ni, K, Ag, Na, Sr, 
Tl, Th, U, Zn. M. M. P. M. 

SELEN0-ANTIM0NATES v. Antimonates, 
vol. i, p. 286. 

SELENOCYANHYDRIC ACID v. vol. ii. p. 

348. 

SELENOCYANIDES v . vol. ii. p. 348. 

SELENO METAH YFOPHOSPHITES 
RipSe and B n (PSe) 8 v. Diphosphorus selenipHt 
this vol. p. 145. 
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SELENOPYROPHOSPHATES. 


SELENOPYROPHOSPHATES R 4 J P 2 Se 7 and 
R2 n P 2 Se 7 v. Phosphoric selenide, p. 145. 

BBLENOPYBOPHOSPHITES R 4 *P 2 Se 8 and 
R 2 lI P 2 Se 8 v. Phosphorous selenide, p. 145. 

SELENOSAMIC ACIDS, SALTS OF. Selenos- 
■amio acid SeO(NH 2 )OH has not been isolated, 
but the NH 4 salt of this acid, and also the NH 4 
salt of diselenosamic acid, 2SeO(NH 2 ).(OH) 2 , 
have been obtained. 

Ammonium selenosamate SeO(NH 2 )ONH 4 is 
formed by the action of dry NH 3 on Se0 2 dis- 
solved in alcohol. It is a white, crystalline, 
deliquescent salt; very unstable, easily giving 
off NH 3 and forming diselenosamate. Water 
partially converts this salt into (NH^SeOj. 

Ammonium diselenosamate 
2SeO(NH 2 ).OH.ONH 4 is formed by boiling an 
ulcoholio solution of the selenosamate, or by 
letting the solution stand over H 2 S0 4 in vacuo. j 
It crystallises from alcohol in large, deliquescent j 
prisms (v. Cameron a. Macallan, Pr. 44, 112). j 

M. M. P. M. 

SELENOTHIO-OXIDE SeSO a v. Selenion 
thio-oxide , under Selenion oxides, p. 441. j 

SELEN OTHIO-OX Y CHLOBID E SeSO s Cl 4 v. 
Selenion thio-oxychloride, p. 441. 

SELENOTHIOSULPHATES M 2 SeSO, v. 
Thioselenates , under Selenates, p. 434. 

SBLENOTBITHIONATES M 2 SeS 2 O fl v. 
Dithiotriselenates , under Selenates, p. 434. 

SELEN OTBITHIONIC ACID H 2 SeSA v. 
Dithiotriselenic acid, under Selenates, p. 435. 

8 ELENYL B&OMIDE and CHLOBLDE v. 
Selenion oxybromidb and Oxychloride, p. 
441. 

SEMINOSE v. Mannose. 


Zeit. 11, 1600). The oil contains *05 p«c. of 
sesamin C 1R H, g 0 8 [118]. S. (alcohol) *27 at 
20° ; 8*07 at 78°. S.G. 1*305. H 2 S0 4 containing 
HNOg colours sesamin green and afterwards 
bright red (Tocher, Ph. [3] 23, 700). 

SEXTYL. Another name for Hexyl. 

SHEA BUTTER, obtained in West Africa 
from the nuts of Bassia Parkii , contains olein 
and stearin (Oudemans, J . pr . 89, 205). 
SHELLAC v. Lac. 

SHIKIMIC ACID C 7 H l0 O 8 i.e. 

OH(OH)<g|gH).CH ) ^ CC o 2H [184% s . a . 

ill*599. 1-303 at 14°. [a] D - -186° in 

a 7 p.c. solution. S. (ether) *015 at 23° ; S. (al- 
cohol) 2-25. Occurs in the fruit of Illicium 
religiosum (Japanese, shikimi) and Chinese 
star-anise (Eykman, R. T . C. 4, 49; 5, 299; B. 
24, 1278). Crystalline powder composed of 
minute needles, si. sol. alcohol and CHC1,, 
nearly insol. ether. Lievorotatory. Yields p- 
oxy-benzoic acid when heated with HClAq. — 
NH 4 A' : crystals. 

Dihydride 

CH ( 0H )<C^CH(0H)> CH ' C0 ^ H - C 175 °J- 

S.G. a 1-47. /aoo - 1*324 at 19°. [«]„=- 18°. 
S. 14 in the cold. Formed by reducing the acid 
with sodium-amalgam in presenco of HClAq. 
Monoclinic crystals. Converted by HC1 into 
benzoic acid. 

Dibromide 

CH (OH)<cHj.GH(OH) Br > C B r -C0 2 H. [o. 188“] 

/Uqo *= 1*295. [a],, « - 58°. Formed by adding 

Br to a cold solution of the acid. Tetrahedra. 


SENE6IN v . Saponin. 

SENNA v . Cathartic acid. 

SENNITE is identical with Pinite, the 
methyl ether of dextrorotatory inosite. ' 

SEPTYL. A name for Heptyl. 

SEQUOIENE C 13 H I0 . [105°]. (290°-300°). 
Y.D. 6*66 (obs.). Occurs, together with C, 0 H, fl 
(155°), S.G. ifi *852, [o] D = 24°, and oily C Ig H 20 O 8 
«(229°), in the leaves of Sequoia gigantea (Lunge 
a. Steinkauler, B. 18, 1656). White plates with 
characteristic smell, volatile with steam; sol. 
alcohol, ether, benzene, and chloroform. 

SEBICIC ACID C 15 H 30 N 4 O 7 . Formed by the 
Action of cone, baryta-water on silk (Champion, 
C. B. 72, 330). Deliquescent, translucent mass. 
— BaA' 2 .— PbA' 2 : pp. 

SEBIN C 3 H 7 N0 3 . a-Amido-hydracryUc acid ? 
S. 3 at 10° ; 5 at 20°. Formed by boiling silk 
with dilute H 2 S0 4 (Cramer, J . pr. 96, 76 ; Bau- 
mann, B. 15, 1735 ; Melikoff, C, C . 1881, 354). 
Monoclinic crystals, insol. alcohol and ether. 
•Converted by nitrous acid into glyoerio acid.— 
•CuA'j. — HA'HCl; needles, v. e. sol. water. — 
HA'HNO,,: minute needles. 

SEBINE v. Proteids. 

SEBUM ALBUMEN v . Proteids. 

SEBUM CASEIN v. Proteids. 

SEBUM GLOBULIN v. Proteids. 

SESAME OIL. B.G. 2 £ *9191. 1*474 at 

20° (Long, Am. 10, 392). A fatty oil obtained 
from the seeds of Sesamum orientate. It con- 
tains glycerides of oleio and linolelc acids 
(Pohl, J. pr. 63, 400 ; Hazura a. Grussner, M. 
10, 247). Gives a raspberry-red colour on warm- 
ing with HClAq and cane-sugar (Zipperer, Chem. 


Converted by moist Ag 2 0 into C 7 H„Br0 8 [235°], 
8. 6*3 at 17°, [a] D = +22°, crystallising in hexa- 
gonal needles, si. sol. ether, converted by baryta 
into oxyshikimic acid [156°]. 

SHIKIMIPICBIN C 7 H l0 O 3 (?). [200°]. 8.6*2 
in the cold. Occurs in the fruit of Illicium 
religiosum (Eykman, R. T. C . 4, 63). Large 
crystals, m. sol. alcohol, si. sol. ether. 

SHIKIMOLE v . Safrole. 

SIEGBUBGITE. A fossil resin found near 
Siegburg. It contains styracin, metastyrene, 
and some free oinnamic acid (Klinger a. Pit- 
schke, B. 17, 2742). 

SIKIMINE. [176^]. A poisonous substance 
in the seeds of Illicium religiosum (Eykman, 
Ph. [3] 11, 1046). Prisms, si. sol. water, ether, 
and CHC1,, v. sol. alcohol and HOAc. 

SILICA Si0 2 . (Silicon dioxide. Silicic 
anhydride.) Mol. w. not known. S.G. quartz 
2*647 to 2*652, tridymite 2*282 to 2 326, amor- 
phous 2*20 at 15*6° (Schaffgotsch, P. 68, 147). 
S.H. quartz *1737 at ord. temp., *305 at c. 400°, 
constant from 400° to over 1000° (Pionchon, 
C. R. 106, 1344). H.F. [Si, 0*] = 219,240 from 
amorphous Si ; 211,120 from crystalline Si 
(Troost a. Hautefeuille, O. R . 70, 252). 

Occurrence. — Compounds of Si0 2 are very 
widely distributed in large quantities *, quartz , 
flint , chalcedony , jasper , opal, &c., are nearly 
pure SiOjj. Silica is the chief constituent of 
sandstones ; felspar , agate , and a vast number 
of other minerals contain silica. Silica (or 
silicates) is also found in many plants. 

Preparation. — (i) Amorphous silica.— 
X. Quartz is finely powdered, best by heating to 
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redness and plunging into cold water, and 
heated with c. 6 times its weight of Na 2 C0 3 in 
a Pt crucible till the whole fuses quietly ; the 
cold mass is treated with water, the solution, 
when clear, is poured slowly into excess of fairly 
cone. HClAq, the liquid (after filtration, if neces- 
sary) is evaporated to dryness in a Pt dish, the 
residue is moistened with cone. HClAq, warmed, 
and allowed to stand for an hour or two ; this 
treatment with acid is repeated two or three 
times ; water is then added and, after warming 
and standing, the solution is filtered off, the 
residual Si0 2 is washed with hot water, dried, 
and heated to redness. — 2. SiF 4 ( v . p. 459) is 
passed into water, the gelatinous Si0 2 which is 
ppd.is pressed between linen, thoroughly washed, 
dried, and heated to redness. 

(ii.) Crystalline silica. — 1. Moist ppd. 
Si0 2 — e.g. the pp. got by passing SiF 4 into 
water— is dissolved in boiling NaOHAq, and the 
solution is heated in a sealed tube ; crystals of 
tridymite (v. infra , Properties) separate below 
180°, and crystals of quartz separate above 180° 
(Maschke, P. 145, 549).— 2. Small tubes of hard 
glass are half-filled with solutions of dialysed 
silicic acid (v. Silica, hvdrates of, infra) con- 
taining c. 10 p.c. Si0 2 , closed by fusion, and 
heated to 250° for some months ; small crystals • 
of quartz are thus obtained (Kroustchoff, C. R. 
104, C02). — 3. Any hydrate of Si0 2 yields crys- 
talline silica by heating in a forge-fire (Fremy, 

A. Ch . [3] 38, 327).— 4. Crystalline Si0 2 is 
formed by fusing silicates with microcosmic salt 
(G. Rose, J. pr. 101, 228), or with borax (G. Rose, 

B. 2, 388). For other methods of preparing 
crystalline silica v. Rammelsberg (B. 5, 1006), 
Hautefeuille ( C . R. 86, 1133 ; 90, 830), S6nar- 
mont (A. Ch. 42, 129), Friedel a. Sarasin 
(Bl. [2] 31, 481), and Daubr6e (Ann. M. [5] 12, 
297). 

Properties. — The mol. w. of silica is un- 
known, but there is reason to think it is a con- 
siderable multiple of that indicated by the 
formula Si0 2 . By applying the cryoscopic 
method to an aqueous solution of colloidal silicic 
acid (u. Metasilicio acid, infra) Saban6e£f 
(J. R. 21, 515 ; Abstract in C. J. 58, 1215) ob- 
tained numbers pointing to silica being a very 
high polymeride of SiO^ The great infusi- 
bility and non-volatility of silica, especially 
when this oompound is compared with C0 2 , 
make it probable that the molecular formula 
of silica is nSi0 2 , where n has a large value 
(v. Mendel6eff’s Principles of Chemistry , vol. ii. 
p. 93). 

Crystalline silica. Si0 2 crystallises as 
quartz in colourless, transparent, hexagonal, 
six-sided prisms having the axes-ratio 1:1*0999 
(S.G. o. 2*65), and as tridymite in hexagonal 
forms with tne axes-ratio 1:1*631 (S.G. c. 2*3). 
Crystalline Si0 2 is insol. or almost insol. in 
alkali solutions ; it is attacked by HFAq slowly 
and without notable rise in temperature. 

Amorphous silioa is a white, loose, 
tasteless powder ; S.G. 2*2. It dissolves in hot 
alkali solutions; after continued heating to a 
high temperature it is less sol. or nearly insol., 
owing to change into the crystalline form. Dis- 
solves in HFAq, with intumescence and consider- 
able rise of temperature. 

Silica is fusible in the O-H flame to a 


colourless glass ; when fused it may be drawn 
into extremely fine threads. Cramer (Zeit.filr 
angewand . Chem.) finds that quartz is volatile 
at a temperature whereat Pt boils (v. Abstract 
in C. J. 64, ii. 164). Si0 2 is insol. in acids, 
except in HFAq. It is slightly volatilised in 
steam (v. Jeffreys, A. 39, 255). Silica is in- 
soluble in molten microcosmic salt (NaNH,HP0 4 ). 

Reactions. — 1. Fused with alkalis , alkali 
silicates are formed ; with alkali carbonates 
C0 2 is evolved. — 2. Decomposes most solid salts 
by fusion with them with formation of silicates 
(cf. Silicates, p. 448). According to Mills a. 
Meanwell ( C . J. 39, 533) Si0 2 does not react 
with pure Na 2 S0 4 or K 2 S0 4 even at a very high 
temperature. — 3. Si0 2 is decomposed by potas- 
sium at a red heat, forming K silicate and 
silicide ; it is also reduced at red heat by calcium , 
strontium t and magnesium (Bunsen a. Mat- 
thiessen, A. 94, 111; Phipson, Pr. 13, 217; 
Parkinson, C. J. [2] 5, 128 ; Winkler, B. 23, 
2642), — 4. Heated with carbon and certain 
metals , Si0 2 is reduced, with formation of 
silicides of the metals; Ir, Pd, Pt, and Ru react 
in this way (Boussingault, C. R. 82, 591; cf. 
Warren, C. N. 60, 5). Au and Ag reduce Si0 2 only 
when strongly heated therewith in presence of 
Na 2 SiF K and Na (W., Z.c.). — 5. Dry Si0 2 (prepared 
from SiF 4 ) which has not been strongly heated 
reacts with molten metaphosphoric acid to form 
Si0 2 .P 2 0 3 and Si0 2 .2P 2 0 5 .4H 2 0 (Hautefeuille a. 
Margottet, C. R. 96, 1052 ; 104, 56 ; v. Silico- 
phosphorig oxides, p.462).— 6. Mixed with finely 
divided carbon and heated in hydrogen sulphide , 
SiS 2 is formed ( v . Silicon sulphide, p.462). — 7. A 
mixture of Si0 2 and carbon heated in chlorine 
or hydrogen chloride gives SiCl 4 and CO (v. 
Silicon tetrachloride, p. 458) ; when bromine 
or hydrogen bromide is used, SiBr 4 is formed 
(v. Silicon tetrabromide, p. 457). — 8. With 
hydrogen fluoride , SiF 4 is obtained (u. Silicon 
tetrafluoride, p. 459). — 9. Heated to low red- 
ness in vapour of boron trichloride , SiCl 4 and 
B 2 0 3 are formed (Troost a. Hautefeuille, A. Ch. 
[5] 7, 476). 

SILICA, HYDRATES OF. ( Silicic acids.) 
The hydrates of Si0 2 act as weak acids. The 
compositions of these hydrates are very un- 
certain. The silicates nSi0 2 .wRO are derivable 
from hydrates of Si0 2 , some of which have been 
isolated while others are hypothetical (v. 
Silicates, p. 448). 

Metasilicic acid HjSiOg *» Si0 2 .H 2 0. (Silica 
monohydrate.) Obtained by the action of 
moist air on Si(OEt) 4 ; Si(OEt) 4 + 3H 2 0 « 
Si0 2 .H 2 0 + 4EtOH (Ebelmen, J. pr. 37, 359). 
Also by dialysing a mixture of Na silicate and 
excess of HClAq until the liquid in the dialyser 
is free from chlorides, concentrating by boiling 
in a flask, allowing to gelatinise, and drying the 
jelly-like mass over H 2 S0 4 for two days (Graham, 
T. 1861. 183). Si0 2 .H 2 0 is described by Graham 
as a transparent, glassy, lustrous solid ; insol. 
water. 

Orthosilicig acid H 4 Si0 4 * Si0 2 .2H 2 0. 
(Silica dihydrate.) This hydrate of Si0 2 has 
not been isolated with certainty ; it is supposed 
to exist in the solution obtained by dialysing a 
solution of K or Na silicate with excess of 
HClAq ; but as the compositions of the silicates 
of K and Na are very doubtful, the argument 
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based on the supposition that these silicates are 
ortho- salts — and, therefore, will yield ortho- acid 
— is not very trustworthy. Various esters of the 
form Si(OX) 4 exist where X is Me, Et, <fec. The 
solution of Si0 2 .a?H 2 0, when x is supposed to 
*® 2, obtained by dialysing K or Na silicate 
solution with excess of HClAq till the liquid in 
the dialyser is free from chlorides, is described 
by Graham ( l.c .) as a clear liquid, which may be 
boiled in a flask till it contains c. 13 p.c. Si0 2 
without separation of any solid. The liquid soon 
becomes opalescent on keeping, and after a time 
sets to a transparent, colourless jelly, which is insol. 
water, and, dried over H 2 S0 4 , gives SiO r H 2 0 (v. 
Meta8ilicic acid, p. 447). The solution of 
Si0 2 .xH 2 0 is coagulated by a minute trace of an 
alkali or alkaline earth carbonate, also by C0 2 , but 
not by dil.H 2 S0 4 Aq,HN0 : ,Aq, or H.C^HaO Aq. The 
solution reddens litmus (cf. Doveri, A. 64, 256 ; 
Liebig, A. 94, 373; Karsten, P. 6, 357; Fuchs, 
A . 82, 119; Struckmann, A. 94, 341; Lose, 
P. 108, 20 ; Kuhn, J. pr. 59, 1 ; Fremy, A. Ch. 
[3] 38, 314 ; Maschke, /. pr. 68, 234). 

Trisilicic dihydrate 3Si0 r 2H 2 0 = H 4 Si a 0 8 . 
By decomposing K or Na silicate solution by 
C0 2 , or SiF 4 by H 2 0, and drying the gelatinous 
pp. so formed in vacuo , Fremy (Lc.) obtained a 
hydrate containing 16*2 to 16*8 p.c. water 
(3Si0 2 .2H. 2 0 requires 16*67 p.c. water). Several 
naturally occurring silicates may be regarded 
as derived from this hydrate ( v . Silicates, 
infra). 

Disilicic monohydbate 2Si0 2 .H20 - H 2 Si.X) v 
The gelatinous pp. formed by decomposing SiF 4 
by water, after drying for six weeks in air at 
20°-26°, was found by Merz (J. pr. 99, 1771) to 
contain from 13*1 to 13*5 p.c. water (the formula 
given requires 13*05 p.c. water). 

Other hydrates. By drying the gelatinous 
pps. obtained by decomposing SiF 4 by water, or 
by decomposing alkali silicate solutions by weak 
acids and washing ( v . Kuhn, J. pr. 59, 1), solids 
are obtained of varying and uncertain composi- 
tion (v. Carnelley a. Walker, C. J. 53, 80); 
hydrates of fair definiteness agreeing approxi- 
mately with the formulae 3Si0 2 .ELi0 =*H 2 Si a O r , 
9Si0 2 .2H 2 0 = H^Si^Ojj,,, and 6Si0 2 .H 2 0 * HjjSi^O,,, 
have been obtained (Fuchs, A. 82, 119 ; Gott- 
lieb, J.'pr. [2] 6, 185; Merz, J. pr. 99, 1771). 
For methods of preparing gelatinous pps. of 
Si0 2 .aH 2 0 v. Struckmann, A. 94, 337; Kuhl- 
mann, A. 41, 231 ; Liebig, A. 94, 374 ; Guyton- 
Morveau, A. Ch. [2] 31, 246; Hautefeuille a. 
Margottet, C. R. 96, 1052. Concerning the ab- 
sorption of water by Si0 2 v . van Bemmelen, B. 
11, 2232; 13, 1466. 

Thomsen ( Th . 1, 215) has examined the 
thermal phenomena accompanying the inter- 
action of NaOHAq and SiCXjAq; the SiO^q was 
prepared by adding exactly an equivalent of 
HC1 in dilute solution to Na silicate solution of 


known composition. He 
tables ; — 

gives the following 

m [mNaOHAq,SiO*Aq] 

x [NaOHAq, *SiO a Aq] 

i 2652 

i 1353 

i 3241 

4 2615 

4 3555 

| 3548 

1 4316 

1 4316 

1 4 ™1 

$ 5332 

2 5230 

2 6483 

4 5412 

8 7956 


There seems to be no fixed point of neutral- 
isation. Putting [NaOHAq,a;SiO*Aq] = 

x+n 

where C and n are constants having the values 
C = 13,410 and n = 2*13, the calculated values 
agree very fairly with the observed so far as 
data go; if the formula is supposed to be ac- 
curate then the heat of neutralisation of 
SiO-jAq, when Si0 2 is taken as = oo in the re- 
action NaOHAq + Si0 2 Aq, is = 13,410, which is 
about the thermal value of the interaction of an 
acid with one molecular weight of NaOH. The 
affinity of SiOgAq is almost nil. M. M. P. M. 

SILICATES. Compounds of Si0. z with basic 
radicles. The basic radicles of silicates are 
generally oxygen-containing groups ; sometimes 
they contain negative elements other than O. 
Silica, like other feebly acidio oxides, combines 
with bases in many proportions, forming com- 
pounds which may be represented as normal 
salts, and also compounds of the type of basic 
and acidic salts. The general composition of 
silicates is given by the formula nSi0 2 .roR, 
where R = basic radicle. Most of the silicates 
occurring in rocks vary in composition between 
the limits Si0 2 .4M0 and 2Si0 2 .M0, where M 
= a mono- or di-valent metal, and the limits 
Si0 2 .2M 2 0 a and 6Si0 2 .M 2 0 3 where M = a trivalent 
metal. The metals most commonly found in 
these silicates are Al, K, Na, Ca, Mg, Fe, and 
Mn. A fair number of natural silicates contain 
Cl or F as part of the basic radicle. Few pure 
silicates occur in rocks : the siliceous minerals 
are generally mixtures of isomorphous silicates ; 
hence it is not possible to deduce satisfactory 
formula for naturally occurring silicates solely 
from the results of analyses of minerals. 

Mendel6e£f (Principles of Chemistry , 2, 111) 
compares the siliceous minerals to alloys. Several 
silicates which occur as mineral species have 
beer formed artificially ; the study of the altera- 
tion-products of natural silicates, and the com- 
parison of silicates with carbon compounds (v. 
e.g. Mendel6eff, l.c., note p. Ill) throw light on 
the constitution of these bodies. 

The most important memoirs on the constitu- 
tion and chemical relations of the silicates are 
to be found in Groth’s Tabellarische Uebersicht 
der MineraUen nach ihren Krystallographisch - 
chemischen Beziehungen (3rd ed.), pp. 89 et seq. t 
and in a series of papers by F. W. Clarke (Am. 
10, 120 ; Am. S . [3] 38, 384 ; 40, 303 ; 43, 190), 
( v . also Clarke in U.S. Geological Survey Bulle- 
tins, No. 90 [1892] ; also A. C. J. May 1898). 

Groth and Clarke both look on the natural 
silicates as derived from a few fairly simple 
types. They are very stable compounds ; most 
of them are formed at high temperatures, their 
number is not very great, and a few typical 
forms containing a small number of common 
metals are very widely distributed. Among the 
commoner silicates are Si0 2 .2M0, 2Si0 2 .3M0, 
3Si0 2 .2M0, where M is very frequently an 
alkaline earth metal; 3Si0 2 .2R20 a , 2Si0 2 .B 2 0 3 , 
6Si0 2 .R 2 0 s .M 2 0, and 3Si0 2 .R 2 0 3 .3M0, where R 
is Al or Fe, and M is K, Na, or an alkaline 
earth. 

The consideration of the probable constitu- 
tion of the typical silicates may be approached 
by seeking to derive these salts from the silicic 
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acids wSi0 2 .mH 2 0. Metasilicic ac\d % Si0 2 .H 2 0, 
has been isolated ; the formula may be 
written H^SiOj, or OSi(OH) 2 . Orthosilicic acid , 
Si0 2 .2H 2 0 = H 4 Si0 4 = Si(OH) 4 , also probably 
exists. A few other hydrates of silica have 
been isolated, but their compositions are not 
quite definitely established ; 2Si0 2 .H 2 0 = HjSi 2 0 5 , 
and 3SiO a .2H a O*H 4 Si 3 O g , seem to be fairly 
certain. 

Silicates derivable from metasilicic 
acid 0:Si(0H) 2 . The typical empirical formula 
of normal salts of this class are Si0 2 .M 2 0, 
Si0 2 .M0, 8Si0 2 .M 2 0 3 , 4Si0 2 .R 2 0 a .M 2 0, and 

4Si0 2 .R 2 0 3 .M0. The atomic ratio of Si to 0 in 
these salts is 1:3 ; this ratio is maintained in 
the acid salts. Silicates of the forms Si0 2 .2M0 
and Si0 2 .M 2 0 3 may be represented as basic salts 
of this class ; the atomic ratios of Si to 0 in 
these are 1:4 and 1:5. Examples of normal 
salts of this class are sodium silicate 
0:Si(0Na) 2f wollastonite 0:Si.0 2 Ca, and leucite 
(0:Si.0 2 ) 4 Al 2 K 2 . The basic salts may be re- 
garded as derived from 0:Si(0H) ? by re- 
placing each H by a monovalent basic radicle, 
such as AlO or ZnOH ; for instance, siliceous 
calamine Si0 2 .2Zn0.H 2 0 may be formulated 
0:Si(0.Zn0H) 2 , and kyanite Si0 2 .AL 2 0 3 is pro- 
bably 0:Si(0Al:0) 2 . If only one H is replaced 
in 0:Si(0H) a the product will be an acid salt 
of the metasilicate class ; gyrolite , for instance, 
8Si0 2 .2Ca0.H 2 0 may be represented as 

0:Si(OH)O.Ca.O.Si.O.Ca.O.(HO)Si:0. 

6 

Silicates derivable from hypotheti- 
cal metadisilicic acid 

2 /O.Si(OH) 2 \-HOH - HO.Si.O.Si.OH. The 
V / 0 0 

typical empirical formulas of normal salts of 
this class are 2Si0 2 .M 2 0, 2Si0 2 .M0, 6Si0 2 .R 2 0 3 , 
and 8Si0 2 .R 2 0 3 .M 2 0. The atomic ratio of Si 
to O in these salts is 2:5 ; this ratio is main- 
tained in the acid salts. SilicateB of the form 
2Si0 2 .2M0.H 2 0, wherein the atomic ratio of Si 
to O is 2:7, may be regarded as basic salts of 
this class. Petalite 8SiOa.AlaOa.LijO is pro- 
bably an example of a normal salt of the 
metadisilicate class ; thus 

0:?i.0 v y 0— Si:0 

O >A1<( Q 
0:810' NLiO.ShO 

Picrosmine 2SiOa.2MgO.ELjO may perhaps be 
a basio salt of this class, 
(HOMg)O.^i.O.Si.O(MgOH) ; but it may also be 
O O 

regarded as an acid orthodisilicate ( v . infra). 
One of the soluble glasses, 4SiO3.NaaO.RjO, 
may be written as an aoid salt of this class, 
HO.Si.O.Si.ONa. 

O 6 

Silicates derivable from ortho- 
silicic acid Si(OH) 4 . The typical empiri- 
cal formula of normal salts of this class 
are Si0 2 .2M 2 0, Si0 2 .2M0, 3Si0 2 .2M 2 0 g , and 
3Si0 2 .Mj0 s .3M 2 0. The atomic ratio of Si to 
0 in these salts is 1:4; this ratio is main- 
tained in the acid Balts. Salts of the forms 
8i0 r 4M0.2H 2 0 and Si0 2 .2M 2 0 3 , atomic ratio of 
Si to 0 * 1:8, may be formulated as basio ortho* 

Vol. IV. 


! silicates. Olivine Si0 2 .2Mg0, and zirconite 
Si0 2 .Zr0 2 are likely normal salts of this class; 

Mg<Q> 8i <q> M g and Si(0 4 Zr). Xenolite 

3Si0 2 .2Al|0 3 , is also a normal orthosilicate ; 
A10 g :Si.00 2 :Si:Q 2 0.Sii0 g Al f 

IT IT 

Andalusite Si0 2 .Al 2 0 3 is probably partly a basic 
salt and partly a normal salt of this class; 
Si(0 3 Al).0.A10. Dioptase Si0 2 .Cu0.Hj0 maybe 
formulated as an acid salt of the ortho- 
silicate class; Si(0H) 2 .0 2 Cu. 

Silicates derivable from hypotheti- 
cal orthodisilicic acid 
2Si(OH) 4 - H 2 0 = (HO) 3 Si.O.Si(OH) 3 . Thetypical 
empirical formulae of normal salts of this class 
are 2Si0 2 .3M 2 0, 2SiOjj.3MO, 2Si0 2 .Mj0 3 , and 
4Si0 r M 2 0 3 .3M 2 0. The atomic ratio of Si to O 
in the normal and acid salts is 2:7. Serpentine 
2Si0 2 .3Mg0 is probably a normal Balt of 
this class, (Mg0 2 )$i. 0. $i(0 2 Mg). Okenite 
O.Mg.O 

2Si0 2 .Ca0.2H 2 0 seems to be an acid salt 
of this class, HO.Si.O.Si(OH) a ; picrosmine 
0 2 Ca 

2Si0 2 .2Mg0.H 2 0 may also be an acid ortho- 
disilicate, Mg0 2 .(H0)Si.0.Si(0H).0 2 Mg ; but it 
may be formulated as a basio metadisilicate 
(v. supra). 

Silicates derivable from hypotheti- 
cal orthotrisilicic acid . By removing 
2R,0 from 3Si(OH) 4 the acid 

(HO) 3 Si.O.Si.O.Si(OH) 3 would remain. Some 
(0H) a 

natural silicates may be looked on as salts of 
this hypothetical acid; meerschaum , for in- 
stance, 3Si0 2 .2Mg0. 211^0, may have the formula 

Mg0 a .(H0)8i.0.Si.0.Si(0H).0 a Mg. Groth' (Z.c.l, 
(0H) 2 

however, thinks it is not necessary to call in a 
hypothetical trisilicio acid to express the com- 
position of silicates. 

Some silicates which do not fit into any of the 
classes already mentioned may be looked on as 
derived from more than one of the acids simul- 
taneously. Others may be represented as salts 
of hypothetical acids formed by eliminating 
water from one or other of the acids that have 
been mentioned. Orthoclase , 6SiO2.AI3Oa.K2O, 
may be taken as an example of a silicate 
derived, according to Groth (Z.c.), from two 
acids, metasilicic and metadisilicic ; thus 

0.Si.<^Q^>A1.0.Si.0.Si.0K. Groth urges that 

this formula is in keeping with the facts (1) that 
felspars of the orthoclase class are derived from 
silicates, such as leucite , which are metasili- 
cates, and (2) that orthoclase readily yields 
kaolinite 2Si0 2 .Al 2 0 ? , which may be a basic 
metadisilicate. Writing leucite as a meta- 
silicate, and kaolinite as a basio metadisili* 
cate, it is seen that both contain the group 

0*i<g_ -Al™* a ^ rou P i* represented 

as present in orthoclase also. Thus 

GO 
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Leu cite . 



Kaoiinite* 
O SiS 

.....A J 

OSi <fy M 


Orthoclase. 



O.Si.OX 


The group common to the three silicates is in- 
dicated by the dotted lines. If HEP were 
removed from orthodisilicic acid the product 


0:Si(0H) 


would be 6 

i 


; augite , 2SiO a .2MgO, may 
0:Si— Ov 


Si(OH), 

^iOX V/v 

I >Mg 
be derived from this acid, 0 (X . 

i/ 

Si<g> M g 


Again, 4Si(0H) 4 -3H0H = Si 4 O 8 (OH) 10 
f (OH),iSi.O.Si.O . Si.O.Si(OH),”| ; if H*0 were 

L (6h) 2 (6h) 2 J 

removed from this hypothetical orthotetrasilicic 
acid , there would result Si 4 0 4 (0H) 8 
f"0:§i.0.Si.0 . Si.O.Si(OH) a | ; and from this 

L OH /\ /\ J 

OHOHOHOH 

might be derived the following acids : — 
rO:Si.O . Si.0 . Si.O . Si:01 
8i 4 0,(0H) a L I A A I X 
OH OHOHOHOH OH 


r0:Si.0.Qi.0.8i.0.Si:0”| 
Si 4 O a (OH) 4 Ll 6 /\ I J, and 
OH OH OH OH 

r0:Si.0.Si.0.§i.0.Si;01 
Si 4 0 7 (0H) 2 L | 0 0 | J. 


OH 


OH 


Some of the natural silicates may be repre- 
sented as derived from one or other of these 
acids. Acids containing OH yield Cl deriva- 
tives wherein OH iB replaced by Cl, generally 
by interaction with PC1 6 . As Cl derivatives of 
some of the hypothetical silicio acids are known, 
the existence of these derivatives is an argument 
in favour of representing certain silicates as 
salts of acids which have not themselves been 
isolated. Thus, besides SiCl 4 , which corresponds 
with orthosilicio acid Si(OH) 4 , and SiClg.SH, 
which is derived from the hypothetical ortho- 
thiosilicic acid, there exists Si 2 OCl rt correspond- 
ing with ortho-disilicio acid Si a O(OH) 8 , Si 4 O,Cl )0 
corresponding with ortho-tetrasilicic acid 
SijOg(OH) 10 , Si 4 0 4 Cl B corresponding with the 
acid Si 4 0 4 (0H) g , and Si 4 0 5 Cl 6 corresponding 
with the acid Si 4 0 6 (0H) 6 (v. supra). 

Clarke (J.c.), recognising the two main divi- 
sions of ortho- silicates and meta- silicates, seeks 
4o derive the various members of each class as 


far as possible from the typical normal alumi- 
nium salts by substituting metals or basic 
groups, wholly or partially, for Al. 

Orthosilicates . Clarke starts with normal 
Al orthosilicate, 3Si0 2 .2AL>0 8 = Al^SiOJg, which 
forms the mineral species xenolite ; allied 
to xenolite are fihrolite Si0 2 .Al 2 0g — Al 2 SiO M 
topaz Si0 2 .Al 2 0 2 F 2 ==AL i Si0 4 F 2 , muscovite 
6Si0 2 .3Al 2 0 s .K 2 0.2H 2 0 * 2Al 8 KH 2 (Si0 4 )„ para- 
gonite t corresponding with muscovite but con- 
taining Na in place of K, and eucryptite 
2Si0 2 .Al 2 0 s .Li 2 0-»2AlLiSi0 4 . By trebling the 
formulas given for fibrolite and topaz , using the 
simplest formula given for muscovite and para - 
gonite , and trebling the simplest formula given 
for eucryptite , Clarke arrives at the following 
comparable formulas for the six silicates : — 


Al 


Xenolite . 
O.Si*.O s :Al 
O.SiiOgiAl 
O.SiiOgiAl 


Fibrolite. 
f 0.Si:0,:(A10) t 
Al \ O.SiiOgiAl 
| O.SiiOgiAl 


Al 


Topaz. 

O.SiiO a i(AlF,) f 

O.SiiOgiAl 

O.SiiOgiAl 


Muscovite. 


Al 


O.SiiOjiKHj 

O.SiiOgiAl 

O.SiiOgiAl 


Paragonite. 
f O.SiiO s iNaH 2 
Al \ 0.8ii0 8 :Al 
I O.SiiOgiAl 


Eucryptite . 
{ O.Si:O s :Li s 
Al \ O.SiiOgiAl 
1 O.SiiOgiAl 


These silicates are represented as derived 
from normal Al orthosilicate by substituting 
either metals, metals and hydrogen, or basic 
groups, for Al. If such substitution is carried 
further a series of silicates may be obtained, 
for some of which Clarke suggests the following 
formulae : — 


Dumortierite. 


Al 


0.Si:0 s :(A10), 

0.Si:0 8 i(A10). 

O.SiiOgiAl 


Orossularite . 


Al 


O.Si:O s 1 
O.SiiOj 
O.SiiOgiAl 


Al 


Prehnite . 
0.Sii0 3 iCaH 
O.SiiO„iCaH 
O.SiiOgiAl 


Al 


Natrolite . 
O.SiiOgiNaH* 
O.SiiOg-NaH, 
O.SiiOgiAl 


Fibrolite alters by hydration, giving westan - 
its 4Si0 2 .3Al 2 0g.H 2 0 = 2Al 8 HSi 2 0 B , kaolinite 
2SiPj.AljjOg.2HaO * Al 2 Si 2 H 4 0 9 , and montmoril - 
Ionite 4Si0 2 .Al 2 0 8 .7H a 0 ~ 2 AlSigHjO,,. Clarke 
suggests the following formulae for these pro- 
ducts of alteration of fibrolite : — 
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Fibrolite. 
f 0.Si:0,i(A10), 
Al { 0.8i:0 a !Al 
[ O.SiiOglAl 


Al 


Kaolinite . 
fOH 

O.Si:0 8 :H § 

O.Si:O s !Al 


Westanite. 

( OH 

Al \ O.Si:O s :Al 
l O.Si:0 3 :Al 

Montmorillonite. 
f OH 

Al O.SiiOglH, 

I O.Si:O s :H, 


If it is supposed that two groups Al(0.Si:0 8 ) 8 
combine with elimination of one of tne O.Si0 3 
groups (•»SiO a + 20), then there remains the 
O.SiOg 

Alj * — 


collocation of atoms, 


O.SiO, 

* Q^>SiO a from which 

Al O.SiOg 
O.SiO, 

a number of silicates, especially iron and mag- 
nesian micas, may be derived. Thus- 

Annite. 

(O.Si:O a :FeH 
Al ] O.Si:O a iFeH 
}0,:Si:0,:K s 
Al J O.Si:O s :FeH 
(O.Si:O g :FeH 


Sodalite. 
f O.Si:O s JNa, 
Al O.Si:0,:Al 
J0 2 :Si:0 3 :Naa 
Al O.Si:0„:Al 
1C1 


Nosean. 

1 0.Si:0 3 :Na, 
Al ] O.Si:O s :Al 
; 0 2 :Si:0 2 :Na 8 
Al O.Si:O a :Al 
iS0 r Na 


Clarke (Am. 10, 126) suggests that ultra- 
marine may be analogous to these silicates ; 
( O.Si:O a :Na„ 

Al O.Si:O s :Al 
thus, J0 2 :Si:0 2 :Na, 

Al J O.SiiOgiAl 
IS.Na 

The metasilicates are considered by Clarke 
{l.c.) in a way similar to that whereby he has 
elucidated the orthosilicates. The starting- 
point is Al metasilicate, Al 2 (Si0 8 ) 8 . This salt is 
not itself known. The formula may be 


<i) 


0:Si:0 2 1 

0-®<o{ 

0:Si:0, J 


Al 

Al 


(2) Q:Si<0- 


Al 


0 ; Si<0- 


0:Si<0- 


AL 


Inasmuch as many metasilicates of the form 
AlM(Si0 3 ) 2 , where M*Li, K, Na, H, may be 
simply derived from the first, but not from the 
second, formula given for Al 2 (Si0 3 ) 8 , thus 

O.Si:0 2 :A1.0.§L0^ Clarke thinks that the first 

formula may be taken to represent Al 2 (Si0 8 ) 8 . 
Several other metasilicates may be formulated as 
derived from the Al salt by substituting metals 
or basic groups for one of the AlSi0 3 groups ; or 
many metasilicates containing divalent metals 
may bemore simply derived from the normal 
form M u Si0 8 , by doubling this formula and then 
replacing one M n in the formula M II M II (SiO s ) 2 
by other metals or by basic groups. 

The speoies albite and orthoclase , AlMSi 8 0 8 , 
are looked on by Clarke as derived from the 


Al salt of the acid H 4 Si 8 0 8 ( « 8Si0 2 .2H 2 0) f 
which acid has probably been isolated, in the 
same way as many orthosilicates are derived by 
him from the normal Al salt Al 4 (Si0 4 ) 3 . The 
triclinic felspars are generally thought to consist 
of mixtures ranging between the limits marked 
by albite AlNaSi 8 0 8 , and anorthite Al 2 Ca(Si0 4 ) 2 ; 
if these formulas are trebled and written thus 


Al 

Al 


Anorthite . 


0.Si:0 3 =Ca 8 =0 3 :Si.0 
O.Si:O s :Al Al:0 3 :Si.0 
O.Si:O s :Al Al:0 # :Si.0 _ 
Albite. 


Al 


f 0.Si 3 0 7 !Nag 

\ O.Si„0 7 :Al both silicates 
l 0.Si 8 0 7 :Al 


are 


repre- 


sented by strictly comparable formula. Clarke 
also draws attention to the fact that the four 
silicates muscovite GSiO.^SAl^Og.K^O.H./), garnet 
3Si0 2 .Al 2 0 3 .3Ca0, orthoclase AlKSi a O g , and 
tourmaline 4Si0 2 .Al 2 0 8 .2M ? 0 8 (or 6M0)B 2 0 8 , are 
very frequently associated in granite veins. By 
halving the formula for muscovite and writing 
it Al 3 KH 2 (Si0 4 ) 3 , writing the formula for garnet 
Al 2 Ca*(Si0 4 ) 8 , trebling the formula for orthoclase 
and writing it Al 3 K 8 (Si 3 0 8 ) 8 , halving the formula 
for tourmaline and writing it AlR 2 (B0 2 )(Si0 4 ) 2 , 
where B is a metal or group equivalent to Al, 
very suggestive relationships are disclosed be- 
tween the four silicates ; thus 


Muscovite . 


Al 


O.Si:O s :KH 2 
- O.Si:O s :Al 
O.Si;O s :Al 


Al 


Tourmaline. 
B:0 2 

O.Si:0 3 :R 
O.Si:0 8 :R 


Al 


Garnet. 

asiroa 

O.SilO,/ 08 ** 

O.Si:0,iAl 


Orthoclase. 


Al 


0.Si 8 0 7 SK 3 

0.Si 3 0 7 :Al 

O.Si,0 7 !Al 


In Am. S. for November 1889 ([8] 88, 884), 
and A. C. J. May 1893, Clarke has applied the 
substitution method, as sketched above, to the 
mica group of silicates, and in the same journal 
for March 1892 (Am. S. [3] 43, 190) he has ap- 
plied the same method to the chlorite group. 

The micas all fall within the limits of com- 
position indicated by the two formulas 
Aloysio*), and AlRg^SijOgJj. The first for- 
mula is derived from Al 4 (Si0 4 ) 8 by substituting 
Al by one trivalent or three monovalent basic 
radicles ; the second formula is derived from 
the hypothetical salt Al 4 (Si 8 0 8 ) 3 by substituting 
one, two, or three Al atoms by equivalent basic 
radicles. When F is present it is regarded as 
forming part of one or other of the monovalent 
groups Mg.F or A1:F 2 . If the ratio of 0 to Si is 
greater than 40:Si(Si0 4 ) the excess of O is 
looked on as combined with metal to form a 
basic group, such as A1:0 ; if the ratio of 0 to Si 
is less than 40:Si the group Si 3 O s is supposed to 
be present. The micas are all capable of being 
represented as isomorphous mixtures of various 
constituents, the compositions of which fall 
within the limiting formulae. 

The chlorites are treated by Clarke (Lc.) 
similarly to the micas. In Am. S. [3J 48, 198 
he gives the following general formulae which 
summarise the composition of the chief mica$ 
and chlorites ; — 

o a 2 
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Normal orthosilicate Al^SiOJ*. 

Micas. 

Muscovite Al a (Si0 4 )jR s . 

Normal Biolite Al 2 (Si0 4 ) ? R«. 

Normal Phlogopite Al. i (Si0 4 ) )J R f . 

Clintonite R u :0 2 :Al(Si0 4 )R 3 . 

Normal orthosilicate Mg 4 (Si0 4 ) r 
Chlorites . 

Aphrosiderite Mg a (Si0 4 )2R 2 . 

Orthochlorites ( 

Amesite 0:Mg 2 (Si0 4 )R 2 . 

Preparation of silicates . — Alkali silicates 
are formed by dissolving moist amorphous Si0 2 
in boiling solutions of alkalis or alkali carbonates, 
also by fusing Si0 2 with alkalis or with alkali 
salts of acids which volatilise by heat. Many 
other silicates are obtainable by double decom- 
positions between alkali silicates (which are sol. 
water) and metallic salt solutions ; also by 
heating various metallic oxides or carbonates 
with Si0 2 . 

Some naturally occurring silicates have 
been prepared by the following methods: — 1. 
Emerald Be 2 Si0 4 , olivine Mg 2 Si0 4 , and enstatite 
MgSi0 8 , by heating Si0 2 with BeO or MgO 
mixed with boric acid in a porcelain-oven, 
till the boric acid volatilised (Ebelmen, 
A. Ch . [3] 22, 211).- 2. Anorthite Al 2 Ca(Si0 4 ) 2 , 
labradorite 8Si0 2 .Al 2 0 a .K 2 0, and oligoclase 
9Si0 2 .2Al 2 0 3 .2K 2 0, by strongly heating Si0 2 
with K 3 CO s in boric acid, or by adding CaO to 
molten boric acid and 8iO a at a very high tem- 
perature (E., C. B. 32, 710 ; Fouquet a. L6vy, 
C. B. 90, 620). — 8. Zirconite ZrSi0 4 , and kyan - 
its (A10) 2 Si0 8 , by heating to redness Zr0 2 in 
vapour of H 2 SiF 6 , or Si0 2 in vapour of A1F, 
(Deville a. Caron, A . Ch. [4] 5, 113 ; Fremy a. 
Feil, O . B. 85, 1032).— 4. Enstatite MgSiO s , and 
leudte Al 2 K 2 (Si0 3 ) 4 , by heating Mg, or A1 mixed 
with KOH, to low redness in H and SiCl 4 vapour 
(St. Meunier, C. B. 90, 349, 1009).— 6. Ortho- 
close AlKSi a O g , dibits AlNaSi 8 O g , petalite 
AlLi(Si 2 0 5 ) 2 , by fusing a mixture of A1 2 0,, Si0 2 , 
and tungstate or vanadate of K, Na, or Li; with 
exoess of Al 2 O a leudte Al 2 Kj(Si0 3 ) 4 is obtained 
(Hautefeuille, C . B. 90, 378, 641).— 6. Ortho- 
close AlKSi 3 O g> by heating AL 2 O s and Si0 2 , in 
the ratio A40 a :6Si0 2 , with KVO g (Hautefeuille 
a. Perrey, C. B. 107, 786).— 7. Phenacite 
Be 2 (Si0 4 ) mixed with a lithia felspar , quartz , 
and tridymite , was obtained by heating for fif- 
teen days at 600°-700° a mixture of 4-8 g. Si0 2 , 
1*5 g. BeO, 20 g. LiVO a , and 1*5 g. Li 2 CO a (H. 
a. P., C. B. 106, 1800).— 8. Crystals of emerald 
were prepared (H. a. P., C. B. 106, 1800) by 
heating a mixture of 12*506 g. Si0 2 , 3*58 g. 
Alp*, 2*64 g. BeO, *6 g. Cr 2 O s , and 92 g. acid 
Li molybdate (ratio » Li. 2 0:2 |Mo0 8 ) ; the mix- 
ture was placed in a Pt crucible, which was 
heated in a muffle to low redness for twenty-four 
hours, when the temperature was raised to 800° 
and kept thereat for fourteen days. The product 
was washed with water. 

Properties and Reactions of Silicates . — All 
silicates except those of the alkalis are insol. 
water ; most of them are also insol. dil. acids* 
For the action of water on certain silicates when 
the mixtures were rapidly rotated in cylindrical 


vessels v. Daubree ( C . B. 64, 839). Many sili- 
cates are decomposed by evaporation with 
HClAq or HNO s Aq, with separation of SiO^ccHX), 
which is changed to Si0 2 by heating somewhat 
above 100°. Some of those silioates which are 
not thus decomposed are acted on, with separation 
of SiOa.aHjO, by evaporating with 8 parts cone. 
H 2 S0 4 and 3 parts water. Almost all silicates 
are decomposed by heating with cone. HClAq or 
H.B0 4 and a little water in sealed tubes to c. 
200°. Heating with oonc. HFAq, or in HF gas, de- 
composes silicates with formation of SiF 4 ; when 
a silicate is mixed with 3 parts AmF or 6 parts 
powdered CaF 2 , and the mixture well moistened 
with H 2 S0 4 , and heated in a Pt dish, all the Si 
is given off as SiF 4 . Fusion of a finely-powdered 
silicate with 4-6 parts mixed K^jCOj, and Na 2 C0 3 
gives K and Na silicate (whioh is sol. water), 
while the metal remains as oxide. Silicates 
which contain F generally lose HF or silico- 
fluoride when strongly heated ; any alkali or 
alkaline metal, or Fe or Al, which was present 
in the silicate in combination with F remains 
as oxide (Rammelsberg, W. 7, 146). Clarke a. 
Schneider (Am. S. [3] 40, 803, 405, 452) have 
studied quantitatively the interactions of various 
natural silicates with HC1 gas and also with 
HClAq ; their results make it probable that in 
the magnesian silicates gaseous HC1 attacks 
only the Mg which is present as the basic mono- 
valent radicle Mg.OH. 

The following account of individual silicates 
does not refer to silicates which occur in rocks, 
but only to those salts which have been pre- 
pared in the laboratory ; the chief naturally 
occurring silicates that have been preparod 
artificially are mentioned under the heading 
Preparation of silicates (supra). 

Barium silicates. The normal meta- salt 
BaSiOg.fcHaO is formed by ppg. dil. Na ? Si0 3 Aq 
(v. Sodium silicates , infra) by dil. BaC^Aq or 
Ba(NO s ) 2 Aq ; not quite insol. hot water, easily 
sol. dil. HClAq ; retains water at 100° (Ammon, 
J. 1862. 138). Lefort (/. Ph. [3] 39, 81) says 
that Ba0.3Si0 2 . 3aq (? BaH 2 Si 8 0 8 . 2aq) is formed 
by ppg. a dil. Ba salt solution by a dil. solution 
of 9Si0 2 .2Na 2 0. 

Calcium silicates. The compounds 
3Si0 2 .Ca0, 2Si0 2 .Ca0, 8Si0 2 .2Ca0, and 

SiO r 2CaO, are said to be produced by very 
strongly heating mixtures of quartz and marble 
in the proper proportions. By adding CaCLjAq 
to solution of 3Si0 2 .K 2 0, a gelatinous pp. is 
obtained which becomes crystalline after a 
time ; dried at 100°, the solid is said to be 
3Si0 2 .Ca0. 2aq (? CaH 2 Si a 0 8 . aq). The normal 
meta - salt CaSiO s is said to be formed by ppg. 
Na 2 Si0 8 Aq by dil. CaCl^q ( v . A., l.c. ; L., Z.c.). 
Calcium silioates form the bases of most 
hydraulic cements (v. Cements in Dictionary of 

APPLIED CHEMISTRY). 

Cerium silicate. The normal meta - salt 
Ce(SiO,) 2 is said to be formed by fusing Ce 
oxyohloride with Si0 2 and CaCl 2 or NaCl 
(Didier, C. B. 101, 882). 

Cobalt silicate. The normal ortho - salt 
Co 2 Si0 4 is formed, according to Bourgeois (O. B. 
108, 1177), by very strongly heating CoO with 
CoCL and a large excess of SiOs. 

Nickel silicate. Normal ortho - salt N^SiO* 
formed like the Co salt (B., l.c.). 
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Magnesium silicate. The gelatinous pp. 
obtained by adding MgOl^Aq to solution of 
8Si0 2 .K 2 0 is said to be 2 SiO 2 .MgO. 2 H 2 O 
(? MgH 2 (Si0 3 ) 2 . aq acid meta - salt) (Heldt, J. pr. 
94, 129, 157). The normal meta - salt 

MgSi0 3 .a;H 2 0 is obtained, according to Ammon 
(Z.c.), by ppg. Na 2 SiO s Aq by dil. MgCl 2 Aq. 

Potassium silicates. The normal meta - salt 
K 2 SiO„ is prepared by fusing 1 part Si0 2 with 
2| parts dry KjC 0 3 . If this product is dissolved 
in a little water, and alcohol is added, a gela- 
tinous pp. is formed, which, if slightly washed 
and squeezed, is said to be 4Si0 2 .K 2 0 ; but 
Fremy (J. 1856. 353) gives the composition 
9Si0 2 .2K 2 0 aq to this pp., and this is confirmed 
by Lefort (J. 1861. 205). 

The name potash water-glass is given to 
the mixture of K silicates obtained by fusing 
together quartz and pearlash in a proportion 
about equal to 4Si0 2 .K 2 0. Water-glass is a 
clear transparent solid, like glass ; it is com- 
pletely sol. hot water; a cone, solution, with 
c. 28 p.c. silicate, is syrupy, somewhat turbid, 
and has S.G. 1*25. The solution is decomposed 
by acids, even by C0 2 , with separation of 
Si0 2 .£H 2 0 ; alkaline carbonates and chlorides, es- 
pecially AmCl, ppt. SiO-j.zH,/) ; BaO, SrO, CaO, 
A1 2 0 3 , and PbO decompose the solution, forming 
a double silicate with the whole of the silica and 
a portion of the K. The solution yields pps. 
with solutions of most of the salts of earth metals 
and heavy metals. Water-glass is also formed 
by boiling Si0 2 with KOHAq under pressure. 

Sodium silicates. The normal meta- salt 
NajjSiO, is prepared by fusing 1 part Si0 2 with 
If parts dry Na 2 C0 3 . The salt is obtained 
with 8H 2 0, in monoclinic crystals, by dissolving 
Si0 2 in an equivalent quantity of NaOH in 
solution, decanting, evaporating, as much as 
possible out of contact with air, till Na^CO* 
begins to settle out, cooling to - 22°, stirring 
till the whole solidifies, straining from mother- 
liquor, dissolving in a little water, and allowing 
to stand (Ammon, J. 1862. 138; cf. Ordway, 
Am. S . [2] 40, 186). By adding freshly ppd. 
A10 3 H s to a boiling solution of Na 2 SiO, and 
NaOH, the double salt Na 2 Si0 3 .Al 4 (Si0 4 ) 3 is ob- 
tained ; and the salt Na 2 Si0 3 .Al 2 (Si0 3 ) 3 is ppd. 
by adding Na 2 Si0 3 Aq to a hot solution of alum 
{ A., Z.c.). Mixtures of Na silicates are known as 
soda water-glass (cf. supra. Potash water-glass). 
For effect of time on composition of solutions of 
Na silicates v. Kohlrausch (Z. P. C. 12, 773). 

Strontium silicate. The normal meta - salt 
SrSi0 3 is said to be formed by adding 
Na 2 Si0 3 Aq to dil. SrCl 2 Aq (Ammon, l.c.). 

Thorium silicates. The normal ortho- salt 
ThSi0 4 and the normal meta- salt Th(Si0 3 ) 2 are 
formed, according to Troost a. Ouvrard ( C . B. 
105, 225), by fusing Th0 2 with Si0 2 and CaCl* 
and treating with dil. HOlAq. ThSi0 4 is not 
isomorphous with ZrSi0 4 (T. a. 0., l.c.). 

Zinc silicates. The normal meta- salt ZnSiO* 
is obtained in rhombic crystals by ppg. ZnS0 4 Aq 
by Na 2 SiO,Aq, and strongly heating the dried pp. 
with boric acid for severed days (H. Traube, B . 
26, 2735). 

A systematic arrangement of the naturally 
occurring silicates will be found in Groth’s 
Tabell. Uebersichte , pp. 103-151 [3rd ed.]. 

M. M. P. M. 


SILICIC ACIDS v . Siuca, hydrates of, 
p. 447). 

SILICIDES. Binary compounds of Si with 
metals. These compounds are formed (1) by 
heating amorphous Si with metallic chlorides in 
presence of such a reducer as Na ; (2) by heating 
K 2 SiF 6 with metals ; (3) by electrolysing a mix- 
ture of an alkali fluoride with a metallic oxide ; 
(4) by heating metals with Si (v. Aluminium, 
Cerium, Copper, Iron, Magnesium, Manganese, 
Nickel, Platinum, biliciles of). M. M. P. M. 

SILIC0-B0RATES. Certain minerals con- 
sist of compounds of Bilicates and borates ; the 
name silico-borate is sometimes applied to such 
0:$i.(\ 

compounds. Datholite O ;Ca.CaB 8 0 4 . aq, 
0:Si.Cr 

and botryolite , the same formula with 2aq, 
are examples of borosilicates. Tourmalines 
Al(B0 2 )(Si0 4 ) 2 R I a are also silico-borates (R 1 may 
be replaced by its equivalent of R 11 ). 

M. M. P. M. 

SILIC0-BR0M0F0RM SiHBr s . (Silicon hy- 
drogen bromide . Tribromo-silico-methane.) 
Obtained, not quite pure, by Buff and Wohler 
(A. 104, 99) by leading HBr gas over heated Si, 
distilling the product, shaking with Hg, and 
distilling again. Gattermann (B. 22, 193) ob- 
tained pure SiHBr 3 as follows. Crude Mg 
silicide, prepared as described under Silicon, 
Preparation , No. 1 (p. 456), is freed from MgO 
by powdering, adding little by little to HClAq 
(1:2), shaking with this acid for some hours, 
washing till the wash-water is neutral, and 
drying thoroughly. The Si thus obtained is 
heated in a tube in a stream of HBr, the tube 
being connected with a well-cooled receiver ; the 
details and precautions described under Silicon 
tetrachloride, Preparation , No. 2 (p. 458) 
must be observed. The HBr required may be 
made by the action of H 2 S0 4 Aq on KBr; G. 
used a cold mixture of 45 c.c. cone. H 2 S0 4 and 
15 c.c. water, and let this drop on to 75 g. 
KBr ; he dried the gas by H 2 S0 4 . The liquid is 
distilled, and then fractionated till a portion 
boils at 115 0 -117° ; most of the remainder boils 
at 0 . 153° and is SiBr 4 . A colourless liquid, 
boiling 115°-117°; S.G. 2*7 at ordinary tem- 
perature (G., l.c.). Fumes much in air, and 
takes fire, probably because the heat produced 
in the decomposition of a portion by the mois- 
ture of the air suffices to start rapid oxidation 
(G., l.c.). Ice-cold water forms silico-formic 
anhydride (q. v., p. 455). Combines with PH*, 
when compressed, to form a solid, unstable 
compound (Besson, C. B. 112, 530). 

M. M. P. M. 

BILICO-CHLOROFORM SiHCl*. (Silicon 
hydrogen chloride. Trichloro-silico-methane.) 
Mol. w. 135*41. V.D. 67. 

Formation. — 1. Dry HC1 gas is passed over 
Si heated below rednesB; the product is con- 
densed in a flask in a freezing mixture and 
fractionated (Friedel a. Ladenburg, A. 143, 118 ; 
cf. Buff a. Wdhler, A. 104, 94).— 2. Dry HC1 
gas is passed over Bilioeous pig-iron containing 
15 p.c. Si (Warren, C. N. 60, 158). 

Preparation . — Si, .prepared by reducing Band 
by Mg (v. Silicon, Preparation , No. I, p. 456) 
and removing MgO as described under Silioo- 
bbomofobm (supra), is carefully heated in m 
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stream of dry HCl gas in a tube connected with 
a receiver surrounded by a very good freezing 
mixture. The directions given for preparing 
SiCl 4 must be carefully followed (v. Silicon 
tetrachloride , Preparation , No. 2). [Gatter- 
mann recommends to make the HCl in a Kipp’s 
generator, using cone. H 2 S0 4 and fused NH 4 C1.] 
The liquid in the receiver is fractionated from a 
flask with a side tube 75 cms. long ; if this 
is done, no condenser is required; the flask 
must be warmed by water at 90°, if a naked 
flame is used explosions of part of the SiHCl, 
may result (Gattermann, B. 22, 190). 

Properties and Reactions . — A colourless, 
mobile liquid, with a very disagreeable smell ; 
boils at 35°-39° (F. a. L., Z.c.). Non-conductor 
of electricity. 

The vapour takes fire very easily in air, e.g . 
by bringing a hot glass rod to the mouth of a 
vessel in which a little SiHCl, has been shaken. 
Mixture of the vapour with air is explosive. 
Decomposed to Si and HCl by passing through 
a narrow tube heated to redness . Water at 0° 
forms Si 2 C> 3 H 2 (v. Silicoformio anhydride, p. 
455) and HCl; at the ordinary temperature 
SiO^HjO, HClAq, and H are produced. Chlorine 
reacts at ordinary temperatures, forming SiCl 4 
and HCl; bromine reacts similarly at 100°. 
Alcohol produces SiH(OEt), ( v . Silicon tetra- 
hydride, Preparation , No. 1, p. 460). Combines 
with phospiiorus hydride , under pressure, to 
form a solid unstable body (Besson, C. R. 112, 
580). M. M. P. M. 

BILIC 0-ETHANE , PENTA-BROMO- DERI- 
VATIVE OF, Si 2 HBr s . ( Disilicon hydrogen 
pentabromide. Pentabromo-silico-ethane.) In 
making SiBr 4 by passing SiH 4 into Br, Mahn 
(J. Z. 5, 163) obtained a solid in the form of 
white needles, melting at 89° and boiling (out 
of contact with air) at 230°, and giving numbers 
on analysis agreeing with the formula Si-jHBr,. 
Takes Tire when heated in air. M. M. P. M. 

SILICO-FLU ORH YDRIC ACID H 2 SiF fl Aq. 
(Hydrofluosilicic acid,) Known only in aqueous 
solution. 

Preparation. — SiF 4 , prepared by the inter- 
action of CaF 2 , Si0 2 , and H 2 S0 4 ( v . Silicon 
tbtrafluoridb, p.459), is passed into water, the 
exit tube dipping beneath a little Hg in the 
bottom of the vessel which contains the water ; 
the vessel is shaken frequently to break up the 
gelatinous silica which forms in the water ; 
when the liquid becomes thickish from separated 
silica, it is filtered through linen, the silica is 
pressed, and more SiF 4 is passed into the fil- 
trate, as before. 

(1) SiF 4 + 8H 2 0 + Aq - SiO,H 2 0 + 4HFAq ; 

(2) 4HFAq + 2SiF 4 - 2H 2 SiF h Aq. The solution 
of H 2 SiF fi may be evaporated in a Pt vessel till 
it contains c. 34 p.c. of the acid. 

To prepare the acid solution on a large scale, 
Tessi6 du Mothay recommends to fuse a mixture 
of fluorspar, silica, and charcoal in an oven, 
and to lead the gas that is given oft through 
condensers containing water ; o. 68 p.c. of the 
F in the fluorspar is thus obtained as H 2 SiF # 
(C. C. 1868. 432). 

Properties and Reactions.~ll 2 SiF c Aq is a 
•trongly-aoid liquid, smelling like HClAq, and 
burning the skin. If kept in glass vessels it 
gradually withdraws alkali, lime, and iron 


oxide (H. Rose, P. 80, 403). Truchot ( C . R. 08* 
821) gives H.F. [SiF\2HFAq] » 17,000 (cf. 
Sabatier, A. Ch . [5] 22, 91). Thomsen gives 
[SiOA.q,6HFAq] = 32,800; and the heat of 
neutralisation as [H 2 SiF“Aq,2NaOHAq] « 26,600 
(Th. 1, 236). The following table is given by 

Stolba (J. pr. 90, 193) ; — 

S.Gk P.c. 

E^SiF.Aq H.SiF. 

1-0040 0-5 

1-0080 1 

1-0161 2 

1-0242 3 

1-0324 4 

1-0407 5 

1-0491 6 

1-0576 7 

1*0661 8 

1-0747 9 

1-0834 10 

10922 11 

1-1011 12 

1-1100 13 

1-1190 14 

1-1281 15 

1-1373 16 

1-1466 17 

The S.G. for any percentage of H 2 SiF a , when 
n- number of half -per-cents., is given by the 

formula; S.G. = X + w004+” ( ”~fj'^.. 

100000 

By passing SiF 4 into fairly cone. HFAq until 
the liquid is saturated, hard, colourless, very 
hygroscopio crystals of the hydrate H 2 SiF a .2H 2 6 
separate -, the crystals melt at 19°, and decom- 
pose at a higher temperature (Kessler, C. R . 90, 
1285). 

H 2 SiF 6 Aq acts as a dibasic acid (the heat of 
neutralisation confirms this), giving salts M^SiF* 
and M u SiF fl ; with excess of a strongly basic 
metallic oxide it forms metallic fluoride and 
Si0 2 .H 2 0— thus 

H 2 SiF a Aq + 3K 2 0 = Si0 2 .H 2 0 + 6KFAq. 

H 2 SiF 8 Aq is decomposed by cone. H 2 S0 4 , 
also by HCl gas, with formation of SiF 4 and 
withdrawal of water. Boric acid separates 
SiOjj.aHjO and forms flnoboric acid (q. t>., vol. i. 
p. 530). M. M. P. M. 

SILICO-FLU OBIDES. ( Hydrofluosilicates .) 
Salts of H 2 SiF a (v. preceding article). These 
salts are formed by dissolving various metals — 
e.g. Fe or Zn — in H 2 SiF a Aq, or by neutralising 
the acid solution by the proper quantities of 
basic oxides or hydroxides ; if excess of a 
strongly basic oxide is added to H 2 SiFaAq, 
Si0 2 .H 2 0 is separated and a fluoride is formed. 
Most of the silicofluorideB are sol. water; the 
salts of Ba, K, Na, Ce, and a few elements 
allied thereto, are only slightly sol. water and 
insol. alcohol. Aqueous solutions of silico- 
fluorides have an acid reaction to litmus. Silico- 
fluorides are generally decomposed by heat* 
giving off SiF 4 and leaving fluorides ; heated 
with AmCl, metallic chlorides remain (Stolba, 
J. pr. 101, 157). Some silicofluorides are de 
composed by heating strongly with Fe or K, 
forming fluoride and Si. Cone. H 2 S0 4 evolves 
HjSiFg, when heated HF is given off ; cone. 
HClAq and HNOj,Aq react similarly, but more 
slowly and less completely ; but H^SiF^Aq 


S.G. 

P.c. 

H„SiF.Aq 

H,SiF, 

1-1559 

18 

1*1653 

19 

1-1748 

20 

1-1844 

21 

1-1941 

22 

1-2038 

23 

1-2136 

24 

1-2235 

25 

1-2335 

26 

1-2436 

27 

1-2537 

28 

1-2639 

29 

1-2742 

30 

1-2846 

81 

1-2951 

32 

1-3056 

33 

1-3162 

34 
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partially decomposes most ohlorides and nitrates 
in solution. Truchot (C. B. 98, 821, 1330) gives 
the heats of formation of alkali silicofluorides. 

M. M. P. M. 

SILICO-FORMIC ACID. By the action of 
water on (?) SiL,, Friedel a. Ladenburg (A. 203, 
247) obtained a white solid that gave off H 
when treated with KOHAq; the amount of H 
obtained agreed fairly well with the formula 
SiH 2 0 2 . If this formula is correct, the com- 
pound is probably the Si analogue of formic 
acid. M. M. P. M. 

SILICO-FORMIC ANHYDRIDE H 2 Si 2 0 8 

H$i:0 

- 0 This body represents among Si com- 

HSi:0. 

pounds the hypothetical formic anhydride 
HQ:0 

0 Prepared by slowly distilling SiHCL 
HC:0. 

into water kept at 0°, filtering quickly the solid 
that separates, washing with ice-cold water, 
drying in vacuo over HjS 0 4 and then at 150° ; 
the SiHCl 3 is distilled from a small flask and 
the distillation-tube is fused on to an in- 
verted funnel which dips beneath the water ; 
2SiHCl„ + 3H.0 - 6HC1 + Si 2 H 2 0 3 (Friedel a. 
Ladenburg, A. 143, 118; cf. Buff a. Wohler, 
A. 104, 101 ; also Gattermann, B. 12, 186). A 
white, amorphous, light powder ; floats in water, 
sinks in ether ; si. sol. water. Does not decom- 
pose at 300°, but at higher temperatures it 
glows and gives off H which takes fire ex- 
plosively ; burns when heated in O, emitting a 
brilliant light ; bums when heated in a covered 
crucible, with formation of some amorphous Si. 
Heated in tube, SiH 4 is given off and a thin 
layer of amorphous Si remains. Not acted on 
by acids, except HFAq which dissolves it with 
rapid evolution of H. Alkali and alkali car- 
bonate solutions, including NH,Aq, dissolve this 
compound, giving off H, and forming alkali 
silicates. A freshly-prepared aqueous solution 
of H 2 Si 2 0 3 acts as an energetic reducer ; 
AuCl 3 Aq is reduced to Au; Pd salts probably 
to Pd mixed with Pd silicate ; SeOj^Aq, SO^q, 
Te0 2 Aq, and HgCLjAq are reduced to Se, S, Te, 
and HgCl. CrOjAq, indigo solution, and salts 
of Pt and Ir are not reduced. 

The substance obtained by Wdhler, by the 
action of light and water on the body he named 
silicone (v. Silicon, compounds op, with hydrogen 
and oxygen, p. 459), and called by him leukon 
{A. 127, 268), and also the substance called by 
Geuther silicium oxide (J. pr. 95, 424), are pro- 
bably identical with Si 2 H 2 0 8 . M. M. P. M. 

8ILIC0 -IODOFORM SiHI 3 . ( Silicon hy- 
drogen iodide, Tri-iodo-silico-methane.) For- 
mula probably molecular, from analogy of SiHCl s . 
Obtained in small quantities by the interaction 
of HI and crystalline Si at red heat (Buff a. 
Wohler, A. 104, 99) ; better prepared by diluting 
the HI vapour with H ; the product, which is a 
mixture of Sil 4 and SiHI s , is repeatedly frac- 
tionated ; Sil 4 boils at 290°, SiHI a at c. 200°. A 
mixture of Sil 4 and SiHI 3 is also obtained by 
heating SiH 4 with I (Mahn, J . 1869. 248). A 
colourless, refractive liquid ; S.G. 3*362 at 0°, 
3*314 at 20° ; boils at o. 200°. Water produces 
6igH 2 0 3 (Friedel, A. 149, 96) (t>. Silico-pormio 
anhydride, supra). M. M. P. M. 


ilLIOO-HOLYB DATES. Compounds con- 
taining Si0 2 ,Mo0 3 , and basic radicles ; v. Molyb- 
dates, vol. iii. p. 427. 

SILICON. Si. ( Silicvum .) At. w. 28*3 ; mol. w. 
unknown. H.F. [Si, 0*]= 219,240 amorphous 
Si ; 211,120 crystalline Si (Troost a. Haute- 
feuille, C . B. 70, 252). C.E. (linear at 40°) 
•00000763 (Fizeau, C. B, 68, 1125). For other 
properties v. Properties , p. 456. 

Historical, — The existence of a special earth 
in rocks that oould be melted to glass-like sub- 
stances was indicated by Pott in 1746. Soheele 
(Opuscula t 2, 67) and Bergmann ( Opuscula , 
2, 26) showed tnat this earth could not be 
changed into lime or alumina ; Smithson in 1811 
found that the earth acted like an acid; 
Berzelius, in 1823, isolated the element of this 
earth, and in 1854 Deville obtained the same 
element in crystalline form. The new element 
was shown to resemble carbon by the researches 
of Buff and Wohler and of Friedel and Laden- 
burg. The name silicon was given from acidum 
silicum or silex. 

Occurrence,— Si is not found uncombined ; 
compounds of Si are very widely distributed in 
vast quantities ; next to oxygen, Si (in com- 
bination) is the most widely distributed element. 
Silicates occur in very many rocks and soils and 
in plant-ashes ; Si0 2 is found in many mineral 
springs and in sea- water (Forchhammer, Pr. E. 

2, 303 ; Bunsen, A. 62, 7, 25), and in Bmall 
quantities in various animal organisms (von 
Gorup-Besanez, A, 61, 46 ; Henneberg, A. 61, 
261). Si is found in pig-iron ; it is generally 
supposed to exist therein as crystallised Si, but 
the experiments of Jordan a. Turner (C. J. 49, 
215) make it probable that the Si is combined 
with Fe as a silicide. 

Formation. — Amorphous silicon. — 1. By 
passing the vapour of SiCl 4 over heated K, re- 
moving excess of SiCl 4 by a current of dry air, 
and washing out KC1 with water (Berzelius, 
Lehrb. (1st ed.) 3, 327).— 2. By passing vapour 
of H^SiFa over heated K, washing with water, 
heating the residue in a covered crucible (to 
remove H and C), washing with HFAq (to 
remove Si0 2 ) and then with water (B., l.c.).— 

3. By heating a mixture of K 2 SiF a and K, and 
washing with water (B., l,c ,) ; WOhler (A. 104, 
107) heats a mixture of Na. 2 SiF a with NaCl and 
Na.— 4. By heating Mg in SiF 4 vapour (Warren, 
C. N. 58, 215).— 5. By reducing Si0 2 by heating 
with Mg (v. Preparation , No. 1). — 6. By elec 
trolysing a fused silicate in a carbon crucible, 
with Pt as the positive, and gas-carbon as the 
negative, electrode (Hampe, Chem . Zeitung , 12, 
841). Crystalline silicon. — 7. By heating a 
mixture of K.,SiF a , Na, and Zn ( v . Preparation , 
No. 2).— 8. By reducing KjSiF,, or a silicate by 
A1 (v. Preparation y No. 3).— 9. Bypassing H and 
SiCl 4 vapour over Zn heated to redness in a 
porcelain tube (Beketoff, Bl. 1, 22). — 10. By 
heating a mixture of Si0 2 , K 2 00 3 , Iceland spar, 
and Na (Deville, A. Ch. [3] 49, 62).— 11. By 
passing vapour of SiF 4 or SiCl 4 over Si heated to 
redness (Troost a. Hautefeuille, C. R. 73, 443). — 
12. By passing vapour of Si01 4 overheated Na, or 
Al, and heating the product (Si with excess of Na 
or Al) in a carbon crucible (Deville, A. Ch. [8] 
49, 62). — 13. A piece of siliceous pig-iron is con 
nectea with the positive pole of a battery and 
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immersed in dilute H 2 S0 4 Aq, in which a Pt plate 
connected with the negative pole of the battery 
is also placed ; after some hours the iron has 
dissolved ; the mixture of graphite, amorphous 
Si and Si0 2 which remains is heated to full 
redness for some time with Zn and the fused 
mass is treated with dilute HClAq (Warren, 
C. N. 57, 54). 

Preparation. — Amorphous silicon. — 

l. An intimate mixture of 10 g. Mg powder and 
40 g. thoroughly dry sand is placed in a test- 
tube, of fairly thick glass, c. 2-3 eras, dia- 
meter and c. 15 cms. long; the tube is 
heated throughout by a large flame, and then 
the lower part is very strongly heated, when 
reduction quickly occurs. If the tube is gradu- 
ally moved downwards so that one part is 
strongly heated after another, the whole of the 
Si0 2 is reduced in a few minutes. The contents 
of the tube are shaken out, pulverised, and 
treated with HClAq (1:2), the solid being added 
to the acid in small successive quantities (to 
prevent explosion from evolution of BiH 4 ) 
(Gattermann, B. 22, 186). Crystalline 
silicon.— 2. A mixture of 15 parts dry K^SiF,,, 
20 parts dry granulated Zn, and 4 parts dry 
Na in small pieces is placed in a clay crucible, 
which is covered and heated to redness ; when 
the reduction of the K 2 SiF e is effected (there is 
a visible, but not violent, reaction) the tempera- 
ture is raised till the mass melts, care being 
taken not to heat to the b.p. of zinc, else con- 
siderable loss will occur. The crucible is broken 
when cold, the regulus is heated to the m.p. of 
zinc, the molten zinc is poured off, and SiO*, Zn, 
&o. f are removed by treatment, in succession, 
with cone. HClAq, cone, boiling HNO a Aq, and 
HFAq. The Si, mixed with a little K^SiF,,, 
thus obtained is placed in a crucible and 
covered with a layer of powdered glass; the 
crucible is Bet inside another, and heated to the 

m. p. of pig-iron (c. 1100°). When all is melted 
the crucible is allowed to cool to dull redness 
and is then plunged into water ; the regulus is 
separated from the slag, and is treated with 
HFAq and then washed with water (Caron, 
A. Ch. [3] 63, 26 ; Deville a. C., A. Ch. [3] 67, 
485).— 8. A mixture of 1 part A1 with 20-40 
parts thoroughly dry K 2 SiF 8 or Na 2 SiF a is 
heated to c. 950° in a Hessian crucible, and the 
contents are kept molten for c. a quarter of an 
hour; the crucible iB broken when cold, the 
regulus is separated, crushed, heated with cone. 
HClAq as long as H is given off, then with 
HFAq, and washed with water and dried 
(Wfihler, A . 97, 261). Or, a mixture of 10 parts 
powdered cryolite and 5 parts K 2 SiO, or pow- 
dered glass is divided into two equal parts ; one 
part is placed in a Hessian crucible, 1 part A1 
is added, the rest of the mixture is placed over 
this, and the whole is heated to redness for half 
an hour. The regulus is treated with cone. 
HClAq, HNO„Aq, <fcc., as directed above. 

Properties.— Si exists as a brown amorphous 
powder, and also as greyish-black, very lustrous, 
octahedral crystals. 

Amorphous silicon is a lustrous, brown 
powder, which adheres to the Angers or to glass 
tenaciously. The S.G. has not been determined, 
but the powder is heavier than oil of vitriol *, it 
is a non-conductor of electricity; bums when 


heated in air or O, but the BiO, formed soon 
stops the process; dissolves in cold HFAq, 
forming SiF 4 and H ; also dissolves in warm 
alkali solutions ; is oxidised with incandescence 
when thrown into molten nitre ; combines with 
S when warmed therewith. After being strongly 
heated in a covered Pt crucible, and the SiO a 
formed has been removed by HFAq, amorphous 
Si is a dark chocolate-brown powder, which is 
not burnt by heating in air or O, is insol. 
HFAq and boiling alkali solutions, does not 
combine with S, and is not acted on by molten 
KNO* or KC10 3 . 

Crystalline silicon is obtained in leaflets 
or needles. The leaflets are opaque, very 
lustrous, metal-like, greyish blaok, resembling 
graphite; they consist of regular octahedra. 
The needles are also octahedral. Crystalline 
Si has S.G. 2-49 at 10° (Wohler, J. 9, 437) ; 
2T94 to 2*197 (Winkler, J. 17, 208). Scratches 
glass, but not topaz. According to Deville (C. B. 
39, 321) crystalline Si ‘conducts electricity like 
graphite.’ M.P. between those of pig-iron and 
steel, i.e. between c.ll00° and c. 1300°. Crystal- 
line Si is not changed when heated, even to 
whiteness, in O; it is unacted on by HFAq; 
dissolves in warm alkali solutions ; combines 
with S vapour. When heated in the electric arc 
crystalline Si melts and then boils, and the 
ends of the electrodes become covered with 
crystals of SiC (Moissan, C. R. 117,423). 

For the lines in the emission spectrum of 
Si v . B. A. 1884. 441. 

Deville (A. Ch. [3] 49, 70) thought that a 
graphite-like form of Si existed different from 
the ordinary crystalline (or diamond-like) form ; 
but Miller (P. M. [3] 31, 897) showed that 
both the leaflets and the needles consisted of 
octahedra. Kopp (A. Suppl. 5, 72) found dif- 
ferences between the specific heats of crystalline 
Si and the graphite-like form prepared by the 
interaction of K 2 SiF fl and Al, and these differ- 
ences were confirmed by Winkler ( J . pr . 91, 
198). 

Warren ( C . N. 63, 46) thought he had ob- 
tained a crystalline form of Si (oblique octa- 
hedra) different from the ordinary by the action 
of impure Al on KjSiF fl at a very high tem- 
perature; he described the crystals as very 
perfect, and sometimes half-an-inoh across the 
faces. 

Specific heat of silicon. Kopp, Begnault, 
and others obtained values for the S.H. of Si 
varying from *138 to *173 at c. 30 o -100°. In 
1875 Weber (P. M. [4] 49, 161, 276) showed 
that S.H. of crystallised Si increased rapidly 
from — 40° to c. 200°, and attained an almost 
constant value at the latter temperature. 
Weber’s results gave the following values for 
S.H. of crystallised Si : — 


Temp. 

S.H. 

— 40° 

•136 

+ 57 

•1833 

128 

•196 

184 

•2011 

232 

•2029 


The atomic weight of Si has been determined 
(1) by finding the ratio of Si to SiO* formed 
therefrom (Berzelius, P. 1, 226 [1824] J; (2) by 
converting BaSiF c into BaS0 4 (B., P. 8, 20 
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[1828]) ; (3) by ppg. Cl in SiCl 4 by Ag (Pelouze, 
C. R. 20, 1047 [1846J ; Dumas, A. Ch. [3] 55, 
183 [1859]) ; (4) by converting Si01 4 into AgCl 
(Schiel, A . 120, 94 [1861]) ; (6) by decomposing 
SiBr 4 by water and determining Si0 2 produced 
(Thorpe a. Young, G. J. 51, 576 [1887]) ; (6) by 
finding V.D. of SiH 4 , SiCl 4 , SiBr 4 , SiF 4 , &c. ; 
(7) by determining S.H. of Si. The atom of Si 
is tetravalent in the gaseous molecules SiH 4 , 
SiCl 4 , SiBr 4f SiF 4 , SiHCl,, &c. The molecular 
weight of Si is unknown. 

Si is closely related to 0, and less closely to 
Ti, Ge, Zr, Sn, Ce, Pb, and Th (v. Carbon gboup 
OF ELEMENTS, Vol. i. p. 682). 

Reactions and Combinations . — I. Amor- 
phous silicon which has not been 
heated. — 1. Heated in air or oxygen burns to 
Si0 2 , which coats the Si, so that the process 
soon stops. — 2. Heated with sulphur forms SiS 2 
(Berzelius). — 3. In molten nitre forms potas- 
sium silicate, with incandescence. — 4. Dissolves 
in cold solution of fluorhydric acid to form 
SiF 4 and H. — 5. Dissolves in cone, alkali solu- 
tions on warming, forming H 2 Si0 3 Aq (or 
Na 2 Si0 8 Aq) and H. For differences between 
amorphous silicon before and after heating, 
v. Properties of amorpiious silicon , p. 456.— 
II. Crystalline silicon. — 6. Is not acted on 
by oxygen , nor by fluorhydric acid.—l. Heated 
in dry chlorine forms SiCl 4 ; in bromine vapour 
forms SiBr 4 ; in a mixture of iodine vapour and 
C0 2 forms Sil 4 ; takes fire in fluorine , forming 
SiF 4 (Moissan, C. R . 103, 256). — 8. Heated with 
sulphur vapour forms SiS 2 . — 9. Strongly heated 
in nitrogen forms Si 3 N 4 . — 10. Heated to c. 800° 
in a mixture of oxygen and chlorine , Si 2 OCl a is 
formed (Troost a. Hautefeuille, BL [2] 35, 360). 
11. Dissolves slowly in warm alkali solutions of 
medium concentration, giving off H. — 12. Burns 
when heated with alkali carbonates , separating 
C, and giving off CO.— 18. SiS 2 is produced 
(according to Sabatier, Bl. [2] 38, 153) by heat- 
ing to bright redness in hydrogen sulphide. — 
14. Schutzenberger ( G . R. 114, 1089) obtained 
a mixture of Si 3 N 4 and a carbide (to which he 
gives the formula SiC) by heating to bright red- 
ness, in a carbon crucible placed inside another 
crucible packed with lamp-black, a mixture of 
1 part Si and 2 parts Si0 2 . — The following re- 
actions apply generally to silicon.— 15. Heated 
in hydrogen chloride SiHCl 3 is formed ; in 
hydrogen iodide mixed with H, SiHI 3 is pro- 
duced; and SiHBr s is obtained by heating in 
hydrogen %romide. — 16. Heated with silicon 
tetrachloride , Si 2 Cl a (and ?SiCy is formed. — 
17. Oxidised by hydrogen iodide solution (v. 
Ditto, Bl. [2] 13, 822). — 18. With molten caustic 
soda or potash , H is given off and a silicate 
formed ; similar but slower reactions occur with 
baryta and lime (v. Berzelius, A. 49, 247). — 
19. Heated with several metallic oxides , such as 
PbO or Ag 2 0, reduction occurs, generally with 
formation of a silicide. If a mixture of pow- 
dered Si, Al, and PbO is heated, a violent ex- 
plosion occurs. — 20. According to Colson (BL [2] 
38, 56), Si 2 C 2 0 is formed by heating Si in carbon 
dioxide ; SiS, SiSO, and Si 4 C 4 S are formed by 
heating Si to white heat in carbon disulphide ; 
SiOO.is formed by heating with benzene ; and 
Si 2 O t O, is prodaoed when Si is heated to white - 
ness in a carbon crucible . 


Silicon, amidonitride of. By the interaction 
of NH S and SiCl 4 or SiF 4 Harris ( G . C . 1889 [ii.] 
283) obtained a snow-white powder, to which he 
gave the formula SfiNH^N. 

Silicon, carbide of. According to Sohutzen- 
berger (C. R. 114, 1089), a compound of Si and 
C, having the composition of SiC, is formed 
along with a little Si 3 N 4 , by placing a mixture 
of 1 part crystallised Si and 2 parts SiO ? in a 
covered gas-carbon crucible, imbedding this in 
lamp-black in a larger crucible, and this again 
in more lamp-black in another larger crucible, 
and heating to bright redness for Borne hours ; 
boiling with moderately cone. HFAq dissolves 
Si0 2 and Si 3 N 4 , and leaves the SiC. Heated to 
low redness in chlorine , SiC is said to give SiCl 4 
and C. Moissan ( G . R. 117, 425) obtained colour- 
less crystals of SiC by fusing C and Si in an elec- 
tric furnace. The crystals are very hard, act 
strongly on polarised light, S.G. 3-12 ; they are 
not acted on by O or S vapour at 1000° ; Cl be- 
gins to react at c. 600° and the action is com- 
plete at 1200° ; the crystals are not acted on by 
boiling HClAq, HNO a , H 2 S0 4 , aqua regia , or a 
mixture of HNO a and HFAq, nor by fused 
KN0 3 or KC10 3 ; molten KOH gradually forms 
K 2 C0 3 and K silicate. 

“ Silicon, bromides of. Two bromides of Si 
are known, Si 2 Br a and SiBr 4 . 

Disilicon hexabromide Si 2 Br a . ( Silicon tri- 
bromide SiBr a .) Formula probably molecular 
from analogy of Si 2 Cl a . A colourless liquid, 
boiling at c. 240°. Formed by adding the proper 
quantity of Br to Si.jl a in CS 2 , pouring off from 
I, purifying by shaking with Hg, filtering in dry 
air, and fractionating (Friedel a. Ladenburg, A. 
203, 254). 

Silicon tetrabromede SiBr 4 . Mol. w. pro- 
bably 347*3. 

Preparation. — Amorphous Si, prepared as 
described under Silicon, Preparation , No. 1 
(p. 456), after being partially purified from Si0 2 
by HCLAq, washing, and drying, is heated in a 
glass tube, while Br vapour is passed over it ; 
the tube passes into a small flask, which is sur- 
rounded by cold water. A mixture of SiBr 4 and 
Br collects in the flask; this is fraotionated, 
and the last traces of Br are removed by shaking 
with Hg and distilling (Gattermann, B. 22, 186). 
SiBr 4 may also be prepared by heating a mix- 
ture of Si0 2 and O (cf. Silicon tetrachloride, 
p. 458) in Br, shaking with Hg, and fraction* 
ating (Serullas, P. 24, 341 ; modified by Rey- 
nolds, C. J. 51, 590). 

Properties and Reactions. — A colourless 
liquid, having a disagreeable odour, and fuming 
much in air. S.G. 2*8128 at 0°. B.p. 153*4° at 
762*5 mm. (Pierre, A. Ch. [3] 20, 26 ; Freyer a. 
Meyer, Zeit. filr anorgan. Chemie , 2, 1) ; 148° to 
150° (Serullas, l.c.). Solidifies at c. - 12°. (F. a. 
L., l.c.). Decomposed by water to HBrAq and 
Si0 2 ; shaken with cone, sulphuric acid , slowly 
changes to Br and SiO^ Heated to 250° with lead 
oxide gives PbBr 2 and Pb silicate (Friedel a. 
Ladenburg, A. 147, 362). Am'tnonia probably 
forms SiBr 4 .NH* (Persoz, A. Ch. [2] 44, 315). 
Phosphorus hydride forms a white amorphous 
compound, by repeated compression with SiBr„ 
the pressure being maintained for some hours 
(Besson, G. R. 110, 240). 

For the compounds SiBr a H and SigB^H v. 
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Silicobromoform, and Silico-ethane, penta- 
BBOMO- DERIVATIVE OF, pp. 453, 454. 

Silicon, bromochlorides of. Three compounds 
of Si with Br and Cl have been isolated. The 
V.D. of SiBr ? Cl, and also that of SiBrGl 3 , has 
been determined; the formulas of all are pro- 
bably molecular. 

Silicon bromo-trichloride SiBrCl s . Mol. 
w. 214-16. A colourless liquid, boiling at c. 
80°, fuming in air, and decomposed by water. 
Prepared by heating Br and SiHCl, at 
100°; SiHCl 3 +Br 2 = SiBrCl 3 + HBr (Friedel a. 
Ladenburg, A. 145, 187). Also by the inter- 
action of Br and SiCl 3 SH (? SiCl 3 SH + 3Br 
= SiBrCl 3 + SBr + HBr) (F. a. L., l.c. p. 179). 
V.D. 104-7 at c. 130° (F. a. L., l.c.). Reacts 
with NH B to form an amorphous compound, 
2SiBrCla.llNH 8 , easily decomposed by water 
(Besson, C. R. 112, 788). 

Silicon dibromo-dichloride SiBr 2 Cl s . A 
colourless liquid, boiling at 103°-105°, and not 
solidifying at —60°. Prepared by heating 
SiHClj and Br above 100° (F. a. L., l.c.). Also 
by passing the vapour of HBr and SiCl 4 through 
a red-hot porcelain tube (Besson, Z.c.). Com- 
bines with NH 3 to form SiBr 2 Cl 2 .5NH s , decom- 
posed by water. 

Silicon tribromo-chloride SiBr 3 Cl. Mol. 
w. 302-92. A colourless liquid, fuming in air, 
boiling at 140°-141°, not solidifying at —40°; 
S.G. 2-432. V.D'. 150*5 at c. 185° (Reynolds, 
C. J. 51, 590). Obtained, along with SBr 4 , by 
passing Br vapour over a mixture of Si0 2 and 
C heated in a wind-furnace, passing dry H 
through the warm product, shaking with Hg, 
and fractionating (R., l.c.). Besson (C. R. 112, 
788) seems to have obtained the same com- 
pound, along with SiBr 2 Cl 2 , by passing the 
vapours of HBr and SiCl 4 through a red- 
hot porcelain tube. B. gives the b.p. 126°- 
128°, and m.p. — 39° ; he says a compound 
SiBr 3 Cl.llNH 3 is formed by interaction with 
NH 8 . 

Silicon, bromo-iodides of, v. Silicon iodo- 
BROMIDE8, p. 461. 

Silicon, chlorides of. Two chlorides of Si 
have been isolated with certainty, Si 2 Cl fl and 
SiCl 4 ; these formula are molecular. There are 
indications of the existence of another chloride, 
SiCl 2 . 

Silicon hexachloride Si 2 Cl 6 . (Silicon tri- 
chloride SiCl 8 .) Mol. w. 268-22. 

Preparation. — 1. By heating HgCL, with 
Si 2 I 3 , fractionating, and distilling the portion 
boiling at 146°-148° from HgCl 2 (Friedel a. 
Ladenburg, A. 203, 253).— 2. Vapour of SiCl 4 is 
passed over Si kept molten in a porcelain tube 
(3SiCl 4 h- Si = 2Si^Cl G ) ; the product is rapidly 
cooled, and fractionated from SiCl 4 , Si oxy- 
chlorides (and ? SiCiJ (Troost a. Hautefeuille, 
A. Ch. [5] 7, 459). 

Properties. — A colourless, mobile liquid, 
boiling at 146°-148° ; S.G. 1*58 at 0° ; solidifies 
at — 14° to large leaflets, which melt at 1° (F. a. 
L., l.c.). V.D. 140 at c. 240° (T. a. H., l.c.). 
Fumes in air, decomposed by water; vapour 
takes fire when Si 2 Cl 6 is heated in air. 

Reactions and Combinations.— 1. Decom- 
posed to SiClf and Si by heat in a closed tube ; 
decomposition is extremely slow at 350°, nearly 
complete at 800°; heated rapidly above 1000° 


the dissociation-pressure falls; the compound 
is stable below 350° and above 1000° (T. a. H., 
l.c.). — 2. Decomposed by water. At ordinary 
temperatures products remain in solution, and 
are ppd. by NH s Aq ; at 0° Si2H 2 0 4 is formed (v. 
Silico-oxalig acid, p. 463) (F. a. L., l.c .). — 
3. Caustic potash forms Si0 2 and gives off H 
(F. a. L., A. 203, 264). — 4. Phosphorus hydride 
is changed to the solid hydride at -10° (Besson, 
C. R. 110, 516). — 5. Combines with ammonia 
to form Si 2 Cl 6 .5NH 3 (B., l.c.). 

Silicon tetrachloride SiCl 4 . Mol. w* 
169*78. Boils at 57-57° at 760 mm. pressure 
(Thorpe, C. J. 37, 327). S.G. % 1-52408 (T., 
l.c.). V.D. 85-5 at 100° (Dumas, A. Ch. [2] 33, 
368). S.H. of SiCl 4 vapour, at 90° to 234°, 
= -1322, at constant pressure, referred to equal 
weight of water; -12, at constant volume, re- 
ferred to equal weight of water (Regnault, Acad. 
26, 1). Regnault (lx.) gives the vapour-pres- 
sures of SiCl 4 as follows : — 


Temp. 

V a pour-pressure. 

-20° . 

. . 26*49 mm. mercury 

-10 . 

. 46-46 „ 


0 . 

. 78-02 „ 

«* 

+ 10 . 

. 125-90 „ 

»» 

20 . 

. 195-86 „ 

»» 

30 . 

. 294-49 „ 

*» 

40 . 

. 429-08 „ 

»» 

50 . 

. 607-46 „ 

*» 

60 . 

. 837-23 „ 

II 


H.F. [Si, Cl 4 ] = 157,640 (Troost a. Hautefeuille, 
A. Ch. [5] 9, 70). 

Formation. — 1. By passing dry Cl, or HC1 
gas, over a mixture of Si0 2 and C at full red 
heat (Oerstedt, B. J. 6, 119 ; Deville, A. Ch. [3] 
43, 23). According to Weber (P. 112, 649) C is 
not necessary if the temperature is high enough. 
2. By heating crystalline Si, or Si containing 
H, in Cl (Berzelius, C. J. 4, 91). — 3. Favre 
(C. R. 107, 339) heats impure Si, and passes 
HC1 and vapour of naphthalene over it. — 4. By 
heating iron containing c. 15 p.c. Si in Cl 
(Warren, C. N. 60, 158). — 5. By passing vapour 
of BC1 3 over Si0 2 heated to dull redness 
(4BC1., + 3Si0 2 = 3SiCl, ■+ 2B 2 0 3 ; Troost a. Haute- 
feuille, A. Ch. [5] 7, 476). 

Preparation. — 1. Amorphous Si0 2 is mixed 
with an equal weight of lampblack, and the 
mixture is made into a paste with oil. Small 
pellets are made of this paste ; these are im- 
bedded in charcoal powder, and strongly heated. 
The dry pellets are placed in a porcelain tube, 
which is heated to very bright redness in a fur- 
nace while a stream of Cl (dried by K^SO., and 
then by CaCl 2 ) is passed through. The exit 
end of the porcelain tube is connected with a 
(J-tube, from the bottom of the bend of which 
a short tube passes down into a small flask ; the 
(J-tube and small flask are surrounded by a 
freezing mixture. The SiCl 4 which condenses 
in the flask is shaken in a dry flask with Hg 
and a few pieces of K, and then distilled with 
sodium. 

L. Meyer (A. 270, 238) recommends the use 
of charcoal-powder in place of lampblack, and 
starch-paste rather than oil.— 2. Gattermann 
(B. 22, 186) places impure amorphous Si (con- 
taining some Mg, <fec.), prepared as described 
under Silicon, Preparation , No. 1, in a tube o. 
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2 cms. wide, leaving a space of c. 1 cm. 
above the Si along the tube ; he bends this tube 
at right angles, and connects it with a (J-tube 
placed in a freezing mixture; he then passes 
dry Cl through the apparatus, while he heats 
the tube, laid in an iron trough in a gas-furnace 
so that the tips of the flames just touch the 
iron trough. The temperature must not get 
too high, else the Si glows, and MgCl 2 and 0 
are formed, and the 0 oxidises the Si to Si0 2 . 

Properties. — A colourless, very clear, and 
very mobile liquid, with a disagreeable odour 
resembling that of cyanides; reddens litmus; 
fumes in moist air. Does not become viscid 
at -75° (Haase, B. 26, 1052). 

Reactions arid Combinations . — 1. Heated to 
redness with hydrogen a little SiHCl 3 is formed 
(Friedel a. Ladenburg, Bl. [2] 12, 92). — 2. Oxy- 
chlorides are produced by the action of oxygen 
under the influence of induction sparks (Troost 
a. Hautefeuille, A. Ch. [5] 7, 465).— 3. SiCl 4 is 
decomposed by passing the vapour with dry air 
through a white-hot tube, giving Si 2 OCl a and 
Cl (F. a. L., l.c.). Berthelot (A. Ch. [5] 15, 
185) says that Si0 2 is also produced.— 4.' Water 
produces H 2 Si0 3 and HClAq.— 5. Hydrogen 
sulphide forms SiCl s .SH, when SiCl, and H 2 S 
are passed through a red-hot tube (F. a. L., A. 
145, 179 ; Pierre, A. Ch. [3] 24, 300).- 6. Many 
metals — e.g. K, Na, Zn, Ag — withdraw all Cl 
from SiCl 4 when heated to redness in vapour of 
SiCl 4 (F. a. L. ; cf. Rauter, A. 270, 235). — 
7. Most metallic oxides form Si0 2 and metallio 
chlorides when heated with SiCl 4 (R., l.c.) ; CaO, 
MgO, Al/>.„ and BeO form silicates and crystal- 
line SiO., (Daubr6e, C . R. 39, 135) ; Ti0 2 is not 
changed" (T. a. H., A. Ch. [5] 7, 476).— 8. De- 
composed by heating with alkali carbonates , 
potassium chlorate or nitrate , and various oxid- 
ising salts (R., l.c.). — 9. Si0 2 and HC1 are pro- 
duced by reaction with sulphuric acid. — 
10. Ammonia forms SiCl 4 .6NH 3 (Persoz, A. Ch. 
[2] 44, 315) ; also, according to Gattermann (B. 
22, 194), Si.NH 2 .N.— 11. Phosphoretted hydro- 
gen does not react at ordinary temperatures ; 
but at — 40° c. 40 vols. of PH., are absorbed by 
SiCl 4 , forming a solution which does not solidify 
at —60° (Besson, C. R. 110, 240). A colourless 
crystalline compound is produced by compress- 
ing PH 3 and SiCl 4 and then decreasing pressure 
to 20 atmospheres at 10° (B., l.c.). — 12. Heated 
with sodium silicate , NaCl is formed. If SiCl 4 
vapour is passed through a tube containing 
fragments of felspar , at a white heat, KC1, Si0 2 , 
and Si 2 OCl 8 are formed (F. a. L., l.c.). 

For the compound SiHCl 3 v. Silico-chlobo- 
form, p. 453. 

? Silicon dichloride SiCl 2 . In the prepara- 
tion of SliCla by the reaction of SiCl 4 with Si, 
Troost a. Hautefeuille (A. Ch. [5] 7, 463) ob- 
tained a liquid which took fire when heated in 
air, and reacted with ice-cold water to form a 
hydroxide of Si having reducing properties. 

Silicon, cblorobromides of, v. Silicon bromo- 
CHLO RIDES, p. 458. 

8ilioon, chlorohydrosulphide of, SiCl 3 .SH. 
(Trichloro-silico-mercaptan.) Mol. w. 167*39. 
This compound may be looked on as a deriva- 
tive of hypothetical ortho-thio-silicic acid 
8i(SH) 4 , obtained by replacing 3SH by 3C1. 

Prepared by passing dry H 2 S into SiCl 4 in a 


retort, and then passing the mixed vapours of 
H 2 S and SiCl 4 through a red-hot porcelain tube 
connected with a receiver surrounded by a 
freezing mixture, and fractionating the liquid 
that condenses (Friedel a. Ladenburg, A. 145, 
179). Colourless liquid, with sharp, disgusting 
smell ; boils at 96° ; S.G. 1*45. Y.D. 83*5 at c. 
167°. Decomposed by moist air , more rapidly by 
water , to H 2 S, S, HClAq, and SiO^ccH./) ; 
bromine produces SiBrCl* and HBr. Alcohol in 
excess forms Si(OEt) 4 , H^S, and HC1 ; by react- 
ing in the ratio SEtOH : SiCl 3 .SH, F. a. L. (l.c.) 
obtained a liquid boiling at 164°-167°, probably 
Si(OEt) 3 .SH ; this liquid could not be obtained 
pure, as it ohanged to Si(OEt) 4 , HC1, and H 2 S. 

Silicon, chloro-iodides of, v. Silicon iodo- 
CHLORIDEB, p. 461. 

Silicon, compounds of, with carbon and 
oxygen. According to Colson (Bl. [2] 38, 56), the 
compound SiC0 3 is formed by heating Si with 
benzene vapour, the compound Si 2 C 3 0 2 by heat- 
ing Si to whiteness in a carbon crucible, and 
the compound Si 2 C 2 0 by heating Si in C0 2 . 

Silicon, compound of, with carbon and 
sulphur. Colson (Bl. [2] 38, 56) says that a 
compound, to which he gives the formula 
Si 4 C 4 S, is produced by heating Si to a white heat 
in CS 2 vapour. 

Silicon, compounds of, with hydrogen and 
oxygen. The compounds of the form Si0 2 .xH 2 O 
are described under Silica., hydrates of (p. 447) ; 
the compounds Si 2 H 2 0 3 and Si 2 H 2 0 4 are de- 
scribed as silico-formic anhydride and silico- 
oxalic acid respectively (pp. 455, 463). Wohler 
(A. 127, 257) obtained a substance, by the de- 
composition of impure Ca silicide by HClAq, to 
which he gave the name silicone , and either the 
composition Si 4 H 4 0 3 or Si 3 H 3 0 2 . On account of 
the yellow colour of this body, Miller proposed 
to call it chryseone. Silicone is described aa 
orange-yellow leaflets, insol. water, alcohol, CS_„ 
SiCl 4 , or PC1 3 ; when heated below redness it 
takes fire, burning to Si0 2 and amorphous Si •, 
heated out of air, H is given off and Si0 2 and 
amorphous Si remain ; not acted on by Cl, 
fuming HNO s , or cone. R 2 S0 4 ; caustic alkali 
solutions, even dilute NH 3 Aq, produce Si0 2 with 
rapid evolution of H ; acts as an energetic 
reducer towards solutions of many metallic 
salts. 

Silicon, fluorides of. The existence of any 
compound of Si and F except SiF, is doubtful. 
Troost a. Hautefeuille (A. Ch. [5] 7, 464) ob- 
tained a fine dust by passing SiF 4 over molten 
Si and suddenly cooling, which was probably a 
lower fluoride than SiF 4 . 

Silicon tetrafluoride SiF 4 . Mol. w. 104*3. 

Formation.— -I. By passing BF 3 vapour 
through a red-hot porcelain tube (Troost a. 
Hautefeuille (A. Ch. [5] 7, 464).— 2. By the in- 
teraction of HFAq and Si0 2 or silicates. 

Preparation. — A fair-sized flask is one-third 
filled with a mixture of equal parts of powdered 
CaF 2 and quartz or white sand ; sufficient 
cone. H 2 S0 4 is added to thoroughly moisten 
the mixture; the flask is gently warmed, and 
the gas that comes off is collected over Hg 
(2CaF 2 + 2H 2 S0 4 + Si0 2 = 2CaS0 4 + 2H,0 + SiFJ. 

Properties . — A colourless gas, with a dis- 
agreeable odour and sour taste ; ^ reddens dry 
litmus paper ; fumes strongly in air. V.D. 51*< * 
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(Dumas, A. Ch. [2] 33, 368). Condensed to a 
colourless mobile liquid at — lOB’S 0 and 9 atmos. 
pressure (Faraday, T. 1845. 155). According to 
Olszewski (M. 5, 127) SiF 4 solidifies at - 102°. 
Acts as a powerful poison (v. Cameron, Dublin 
J . of Med. Sci. Jan. 1887). 

Reactions. — 1. Decomposed by electric sparks 
with separation of Si (T. a. H., C . R. 43, 443). — 
2. Potassium and iron, when hot, burn in SiF 4 , 
forming fluorides and Si. — 3. Moist air forms 
Si.,0#F.0H (Landolt, A . Suppl. 4, 27, and v. 
Dimktasilicio fluorhydrin, infra). — 4. Water 
absorbs SiF 4 , forming Si0 2 .xH 2 0 and R^SiF^Aq 
( v . Silicofluorhydrig acid, p. 454).— 5. Am- 
monia forms SiF 4 .2NH 3 (J. Davy, T '. 1812. 352) ; 
also, according to Harris ( C . C . 1889 (ii.) 283), 
SiNH 2 .N (■ v . Silicon amidonitride, p. 457). 

Combinations . — 1. Combines with dry phos - 
phoretted hydrogen , when the gases are strongly 
compressed at — 22° and 50 atmospheres in the 
ratio 2PH 3 :3SiF 4 , to form lustrous crystals 
(Besson, C R . 110, 80).— 2. Alcohol absorbs 
SiF 4 freely, forming an acid liquid which gives 
off SiF 4 in the air (Knop, J . 1858. 146).— 3. SiF 4 
is absorbed by many metallic oxides. 

Dimetasilicic fluorhydrin Si 2 O r OH.F. 
Landolt ( A . Suppl . 4, 27) obtained this com- 
pound as a white crystalline solid (v. also Schiff, 
J. 1865. 196). 

Silicon, haloid compounds of. The com- 
pounds of Si with halogens belong to the forms 
Si 2 X # and SiX 4 ; the compounds SiX 4 , where X 
is a single halogen, have been gasified, and the 
compound Si 2 Cl fl has also been gasified. The 
formula are probably all molecular. There are 
also indications of the existence of some com- 
pounds of the type SiX 4 . Besides the com- 
pounds where X is a single halogen, there exist 
the compounds SiXX'„, SiX 2 X' 2 , and SiX'X 3 , 
where X and X' are Br and Cl, I and Cl, and 1 
and Br respectively ; the only one of these com- 
pounds that has been gasified is SiBr 8 Cl. 

Silicon, hydrides of. The compound SiH 4 
has been isolated and examined. The exist- 
ence of another hydride, probably Si 2 H s , is 
likely. 

Silicon tetrahydride SiH 4 . (Siliciuretted 
hydrogen .) Mol. w. 32*3. Si ana H do not 
combine directly, even in the electric arc 
(Friedel, C. R. 73, 497). 

Formation. — 1. A1 containing Si is made the 
positive pole in NaClAq (Buff a. Wflhler, A* 103, 
218).— 2. Crude Mg silicide is decomposed by 
dilute HClAq ( v . Preparation). These processes 
yield mixtures of SiH 4 and H. — 3. By the 
reaction of Na with SiH(OEt), (v. Prepara- 
tion). 

Preparation. — 1. Small pieces of Na are 
dropped into SiH(OEt), (v. infra), and the liquid 
is gently warmed ; the escaping gas is allowed 
to drive out the air (if the Na or SiH(OEt), was 
moist H comes off, and the gas takes fire), and 
is then collected over Hg (Friedel a. Laden burg, 
143, 123). The SiH(OEt)„ is prepared by adding 
dry absolute alcohol to pure SiHCl,, in a long- 
neoked flask, in the ratio 3EtOH ; SiHCl,, dis- 
tilling after some time, and collecting the liquid 
that boils from 134° to 137°. — 2. Impure SiH 4 , 
mixed with considerable quantities of H, is pre- 
pared by placing coarsely-pulverised crude Mg 
ailioide (for preparation, v. infra ) in a small 


two-necked flask, fitted with a funnel tube and 
a short wide delivery tube ; the flask and de* 
livery tube are quite filled with water from 
which all air has been driven out by boiling, the 
delivery tube is made to dip under boiled water, 
and the bell-jar to receive the gas is filled with 
boiled water; cone. HClAq is added, little by 
little, by the funnel tube. The gas, which 
comes off very rapidly, is collected in a bell-jar 
fitted with a stop-cock ; this jar is then con- 
nected with a U*tubo containing CaCl 2 and 
carrying a short, narrow piece of glass tubing, 
which is made to dip under a dry vessel full of 
Hg. By depressing the bell- jar, the gas is 
forced out ; it burns in the tubes till the air is 
exhausted, when it passes into the vessel full of 
Hg, where it is collected. 

Preparation of the crude Mg 
silicide . A mixture of 1 part finely-powdered, 
dry, white sand and 1J parts Mg powder is 
heated in a stout glass tube ; reduction takes 
place with production of much light, and a blue- 
grey, semi-molten mass is obtained (Gattermann, 
B. 22, 186). For other methods of preparing 
the Mg silicide required, v. Wfihler (A. 137, 
369), Warren (C. N. 58, 215), and Mermet (Bl. 
[2] 47, 306). 

Properties.— A colourless gas ; insol. water ; 
liquefied at —11° and 50 atmos., —7 and 70 
atmos., or — 1° and 100 atmos. pressure (Ogier, 
A. Ch . [5] 20, 6). Y.D. 15*9 (F. a. L., A. 143, 
123). H.F. [Si, H 4 ] = 32,900 (0.,Z.c.). Does not 
react with N, NO, NH„, BLjS0 4 Aq, or HClAq. 

Reactions. — 1. Decomposed completely to Si 
and H by heating to above 400° (0.,Z.c.). — 2. In- 
duction sparks cause increase of volume from 
100 to 121-129 ; H is produced, and yellow 
solid separates, probably Si^Hj (t>. Disilicon tri- 
hydride, infra). — 3. SiH 4 takes fire in air 
when slightly heated, or when the pressure is 
decreased; if the pure gas is passed into a 
tube filled with Hg, the pressure is lowered to 
100-150 mm., and air is admitted, the gas takes 
fire (F. a. L., l.c.). The gas as prepared from 
Mg silicide is mixed with H, and takes fire 
in air at ordinary temperature and pressure. — 

4. Bums in chlorine with violent explosion. — 

5. Cone, potash solution forms K 2 SiO s and H ; 
the volume of H is four times that of the SiH 4 
(SiH 4 + 2KOHAq + H 2 0 = K 2 SiO, + 8H) (F. a. L. f 
l.c.). — 6. Reduces solutions of many metallic 
salts ; ppts. Ag and Si from AgNO*Aq, Pd from 
Pd salts, Cu silicide from CuS0 4 Aq, &c. Does 
not react with PtCl 4 Aq or PbfCgHgO^aAq. — 
7. The action of electric discharges on SiH 4 
mixed with nitrogen produces NH„, and (?) SijH, 
which combines with some of the N (Ogier, 
A. Ch. [5] 20, 31). 

Disilicon trihydridb Si 2 H„. This formula 
is given by Ogier (A. Ch. [5] 20, 81) to a yellow 
solid obtained by the action of induction sparks 
on SiH 4 . The composition of the substance is 
somewhat doubtful. It takes fire when rubbed 
or h( a ted in air ; heated in H or N, inflammable 
SiH 4 is produced, or at higher temperatures Si 
and H are formed. 

Silicon hydrogen bromides v. Silico-bromo- 
form, p. 453, and Siligo-ethane, pentabbomo- 
derivative of (SijHBrJ, p. 454. 

Silicon hydrogen chloride v. Smioo- chloro- 
form, p. 453. 
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Silicon hydrogen iodide v . Silico-iodoform, 
p. 455, 

Silicon, hydroxides of, v. Silica, hydrates 
ovj p, 447 ; Silico-formic acid, p. 455 ; Silico- 
FORMIC ANHYDRIDE, p, 455 ; SlLICO-OXALIC ACID, 
p. 468 ; and Silicone , under Silicon, compounds 
OF, WITH HYDROGEN AND OXYGEN, p. 459. 

Silicon, iodides of. Two compounds have 
been isolated, Sil 4 and Si 2 I 6 , and a third, which 
is probably Sil 2 , seems also to exist. 

Silicon tetra-iodide Sil 4 , Mol. w. 534-42. 
Melts at 120-5°; boils at 290°. V.D. at 360° 
= 268-5. H.F. [Si,F 4 ] = 58,000 (Berthelot). 

Preparation . — 1. The crude product obtained 
by reducing a mixture of 4 parts fine white sand 
by heating with 1 part Mg powder ( v . Silicon, 
Preparation of , No, 1, p. 456) is strongly heated 
in a mixture of dry CO t and I vapour, in a tube 
which projects c. 20 cm. ..rom the furnace ; Sil 4 
collects in the cold part of the tube, it is dis- 
solved in CS 2 (1 part CS 2 dissolves c. 2*2 parts 
Sil 4 ), shaken with Hg till colourless, and the 
CS 2 is evaporated by passing dry C0 2 through 
it at the lowest possible temperature (Gatter- 
mann, B. 22, 190). — 2. A mixture of C0 2 and I 
vapour is passed over Si strongly heated in a 
porcelain tube; the Sil 4 that collects in the 
cold part of the tube is purified as in 1 (Friedel, 
A . 149, 96). 

Properties and Reactions . — Colourless, trans- 
parent, regular octahedra; isomorphous with 
OI 4 . (For M.P., &c., v. supra,) The vapour 
burns when heated in air , with separation of I. 
Water produces SiO^xH^O and HIAq. Alcohol 
forms EtI, HI, and Si0 2 . Ether , at 100°, pro- 
duces Si(OEt) 4 and EtI (F., l.c.), 

Silicon hexa-iodide S4I e . Formula pro- 
bably molecular, from analogy of Si 2 Cl u . Pre- 
pared by heating Sil 4 with finely-divided Ag 
(formed by reducing AgCl) to 290°-300° for 
some hours, removing Sil 4 by washing with a 
little dry CS 2 (1 part CS 2 dissolves c. *26 parts 
Si.^ and c. 2*2 parts Sil 4 ), dissolving in much 
hot CS 2 , and crystallising (Friedel a. Ladenburg, 
A. 203, 254). Colourless, six-sided, double re- 
fractive plates. Melts at 250° in vacuo , with 
partial decomposition. When heated, decom- 
poses to Sil 4 , and a substance that is probably 
Silj. Fumes in air ; with water gives H 2 Si 2 0 4 
and HIAq. 

Silicon di-iodide. The yellow solid that is 
formed by heating Sil 4 is probably Sil 2 ; it is 
insol. in the ordinary solvents; with water becomes 
grey, perhaps forming H 2 Si0 2 (u. Silico-formic 
acid, p. 455) (Friedel a. Ladenburg, A. 203, 247). 

For the compound SiHI s v. Silico-iodoform, 
p. 465. 

Silicon, iodobromides of. Three compounds, 
corresponding with the three bromochlorides and 
the three iodochlorides, are formed by passing 
IBr (alone or mixed with H) over crystalline Si 
heated to dull redness ; also by passing the 
vapour of a solution of I in SiBr 4 over crystal- 
line Si at a low red heat (Besson, G. R. 112, 
1447). The compounds are solids which decom- 
pose in air with separation of 1; they all 
combine with NH S to form white compounds 
that are decomposed by water. 

Silicon iodotribromidb SilBr,. Melts at 
14° and boils at 192°. Prepared as described 
above, also (probably) by the interaction of 1 and 


SiHBr, at 200°-250°, also by passing HI over 
SiBr 4 heated to low redness (B., lx,). 

Silicon di-iododibromide SiyBrj. Melts at 
c. 38° and boils at 230°-231°. 

Silicon tri-iodobromidh SiI 8 Br. Melts at 
c. 55° and boils at c. 2 55°. 

Silicon, iodochlorides of. Three compounds 
have been isolated, corresponding with the three 
bromochlorides, and the three iodobromides. 
The Y.D. of none has been determined, but from 
the analogy with the bromochlorides the sim- 
plest formulre are probably molecular. 

Silicon iodotrichloride SiICl s . Obtained by 
passing HI mixed with SiCl 4 vapour through a 
red-hot tube, also by the interaction of HI and 
SiHClj at 200°-250°, also by distilling 101 over 
crystallised Si heated to redness (Besson, C. R . 
112, 60, 1314), A colourless liquid, boiling at 
113°-114° ; fumes in air ; decomposed by water ; 
I separates on standing, especially in sun- 
light. With NH„ forms white amorphous 
2SiICl 8 .llNH 3 . 

Silicon di-iododichloride SiI 2 Cl 2 . Formed 
from HI and SiCl 4 , also from IC1 and Si ; also by 
heating HI with SiI 8 Cl at 250°. Colourless 
liquid, boiling at 172°. With NH 8 forms amor- 
phous SiI 2 Cl 2 .5NH 8 (B„ l,c.). 

Silicon tri-iodochloridb SiI 3 Cl. A Bolid 
obtained in preparation of the two former com- 
pounds; melts at 2°. Fumes in air, with separa- 
tion of I. 

Silicon, nitrides of. Schutzenberger ( C . R. 
114, 1089) obtained small quantities of a com- 
pound to which he gave the formula Si ;1 N 4 , 
along with a carbide of Si, by heating 1 part 
Si and 2 parts Si0 2 in a covered carbon crucible, 
imbedded in lampblack in an outer crucible, 
to bright redness for some hours. By passing 
NH, through a porcelain tube kept at a white 
heat, Colson ( C . R. 94, 1710) found a black 
layer in the hottest part of the tube, which was 
probably a mixture of Si and nitride of Si. A 
compound of Si, N, and H, probably Si.NH 2 .N 9 
was obtained by Harris (G. G. 1889 (ii.) 283) by 
the reaction of NB^, with SiCl 4 or SiF 4 . 

Silicon, oxide of, Si0 2 ; v . Silica, p. 446. 

Silicon, oxychlorides of. The compound 
Si 2 OCl a is formed by heating SiCl 4 vapour in air 
or O. According to Troost a. Hautefeuille 
(Bl. [2] 35, 360) several oxychlorides are formed 
by passing a mixture of SiCl 4 vapour and O 
through a red-hot tube, or, better, by passing a 
mixture of 1 vol. Cl and J to £ vol. O over crys- 
talline Si heated to not above 800°. T. a. H. 
isolated the following oxychlorides : — 

Si,O 3 Cl 10 ; liquid, b.p. 152°-154°. 

Si 4 0 4 Cl 8 ; liquid, b.p. 198°-202°. 

Si 2 O a Cl 2 ; oily liquid, b.p. above 400°. 
Si 4 0 7 Cl 2 ; solid, m.p. above 400°. 

Silicon oxychloride Si 2 OCl„. (Perchloro- 
silico-methyl ether (SiCl 3 ) 2 0.) Mol. w. 284*78. 
Prepared by passing vapour of SiCl 4 through a 
porcelain tube heated in a wind furnace burning 
coke, condensing the product, repeating the 
operation with the portion which boils above 
70°, fractionating, and separating the liquid 
boiling at 137°-188° (Friedel a. Ladenburg, A . 
147, 355). A colourless liquid, boiling at 137°~ 
138°. V.D. 144 at c. 200°. Fumes in air, decom- 
posed by water to HClAq and SiOg.zH/X Mis- 
cible in all proportions with CHCl 8t CC1 49 CS V 
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SiCJl 4 , and Et 2 0. Alcohol produces S^O^Et),, ; 
Einc-ethide at 180° forms SiEt, and SLOEt. 
(F. a. L., Lc .> 

The compound SiP 2 0 6 Cl 2 is described as 

SlLICOPHOSPHORIC OXYCHLORIDE (p. 461). 

Silicon, oxysulphide of. According to Colson 
(Bl. [2] 38, 56), a compound SiOS is formed, 
along with SiS and Si 4 SC 4 , by heating Si to white 
heat in CS 2 . 

Silicon, sulphides of. The only compound 
of Si and S certainly isolated is SiS 2 . Colson 
( Bl. [2J 38, 56) says that silicon monosulphide , 
SiS, is produoed, along with SiOS and Si 4 SC 4 , 
by heating Si to white heat in CS 2 ; he de- 
scribes SiS as a yellow solid, decomposed by 
water giving off H 2 S, sol. in very dilute KOHAq 
with evolution of H. SiS is also said to be 
formed, along with SiS 2 , by heating Si to red- 
ness in H 2 S (Sabatier, BL [2] 38, 153). 

Silicon disulphide SiS 2 . Mol. w. not de- 
termined. Sabatier (Bl. [2] 38, 153) gives H.F. 
[Si,S*] — 19,900. Amorphous Si and S combine 
when strongly heated (Berzelius). Prepared by 
heating Si to redness in a stream of dry H 2 S ; 
the other products are a yellow solid, probably 
SiS, and a brown substance that is likely a mix- 
ture of SiS 2 and SiS, or of SiS 2 and Si (S., lx . ; 
v. also Fremy, A. Ch. [3] 38, 324). Also pre- 
pared by strongly heating dried pellets of oil 
and Si0 2 (separated from SiF 4 ) in a slow stream 
of dry CS 2 , quickly separating the white 
needles that form on the cooler part of the 
tube, and keeping in a closed tube (Fremy, Lc.). 
The residue that remains on distilling the pro- 
ducts of the interaction of SiCl 4 and H 2 S 
( v . Silicon ohlorohydrosulphide, p. 459) con- 
tains SiS 2 and S ; S may be removed by care- 
fully heating in a stream of N (Gay-Lussac a. 
Th6nard, A. Oh. [2] 69, 204). Long, lustrous, 
white needles ; volatilised at very high tempera- 
tures (Fremy, l.c.). Unchanged in dry air at 
ordinary temperatures ; decomposed by moist 
•air to H 2 S, and crystalline Si0 2 pseudomorphous 
with SiS 2 ; burns to S0 2 and Si0 2 when heated 
in air. Decomposed rapidly by water to 
Si0 2 .£cH 2 0 and H 2 S ; also decomposed by alcohol 
and ether (Fremy, Lc.). UNO, oxidises rapidly, 
producing H 2 S0 4 . M. M. P. M. 

Silicon, sulphocyanide of; v. p. 463. 

SILICON, OBGANIC COMPOUNDS OF. 

Silicio ethers are described elsewhere— v. 
Amyl, Amylphenyl, Ethyl, Methyl, Phenyl, 
Thymyl, Tolyl, and Xylyl silicates. 

Tetra-methyl-silicane SiMe 4 . Mol. w. 88. 
(31°). V.D. 3*08 (calc. 3*04). Formed by heat- 
ing SiCl 4 with ZnMe 2 at 120° (Friedel a. Crafts, 
A. 136, 203). Light oil, burning with bright 
flame emitting Si0 2 . Not attacked by potash or 
HNO, (S.G. 1*4). 

Tetra-ethyl-silicane SiEt 4 . Mol. w. 144. 
(153°). V.D. 5-13 (calc. 4*99). S.G. 2 -834. 
Prepared by heating SiCl 4 with ZnEt a at 160°. 
Formed also by the action of ZnEt 2 and Na on 
•ethyl silicate (Friedel a. Crafts, Bl. 1863, 468 ; 
1865, 358 ; A. 127, 31 ; 138, 19). Oil, insol. 
H 2 S0 4 . Chlorine forms liquid EtgSiC^Cl 
(185°), converted by alcoholic KOAo at 180° into 
EtaSiC^OAc (208°-214°), whence alcoholic 
potash at 120° forms oily EtjSiC^OH (190°). 

Hexa- ethyl di-silicane SLEt fl . (252°). 
‘S-G. $ -851; {§ -840. VJD. 8*6 (calc. 7*96). 


Formed by distilling Si 2 I a with ZnEt, (Friedel 
a. Ladenburg, A. 203, 251). Oil, burning with 
bright flame. 

‘ Silicopropionic acid’ EtSiO.OH. Got by 
heating its ortho- ether with HIAq (Ladenburg, 
A. 159, 271 ; 164, 305). Amorphous powder, 
insol. water and Na 2 CO s Aq, sol. cone. KOHAq. 

Methyl ortho - et her EtSi(OMe),. (126°). 
S.G. 2 *9747. Formed from Si(OMe) 4 , sodium, 
and ZnEt 2 (Ladenburg, B. 5, 1081). Oil. 

Ethyl ortho - ether EtSi(OEt),. (159°). 
S.G. 2 *927. Formed by the action of Na and 
ZnEt 2 on ClSi(OEt) s or Si(OEt) 4 . Oil. Con- 
verted by BzCl into EtOBz and EtSiCl 3 (100°), 
which fumes in the air and is converted by 
water into silicopropionio ether. 

* Silicodiethyl ether* Et 2 Si(OEt) 2 . (156°). 
S.G. 2 *875. V.D. (H=l) 87 (calc. 88). 
Formed from Na, ZnEt 2 , and silicic ether. Oil, 
sol. alcohol and ether. AoCl (1 mol.) at 200° 
forms EtOAc and Et 2 SiCl(OEt) (147°). A larger 
quantity (2 mols.j of AcCl at 250 w forms 
Et 2 SiCl 2 (129°), which is decomposed by water, 
forming syrupy SiEt 2 0 (above 360°), which may 
also be got by boiling SiEt 2 (OEt) 2 with HIAq. 

4 Biliooheptyl ether * SiEt 3 .OEt. Mol. w. 
160. (153°). S.G. ± *840. V.D. (H-l) 80*8 
(calc. 80). Formed from SiEt 2 (OEt) 2 , Na, and 
ZnEt 2 . Oil, sol. alcohol and ether. Sol. cone. 
H 2 S0 4 . AcCl at 180° forms SiEt.Cl (144°), S.G. 
2 *925, a fuming liquid converted by NH 3 Aq into 
SiEt s OH. 

Tri-ethyl-siliool SiEt,OH. Mol. w. 132. (154°). 
S.G. - *871. Formed by dropping SiEt 8 .OEt into 
NH s Aq, or by heating it with Ac 2 0 at 250° and 
decomposing the resulting SiEt s .OAc with 
Na 2 CO s Aq. Thick liquid, smelling like camphor. 
Insol. water, miscible with alcohol and ether. 
Burns with bright flame. Sodium forms 
SiEt s .ONa, which, in ethereal solution, combines 
with C0 2 , forming SiEt 8 .C0 2 Na, an amorphous 
deliquescent solid, decomposed at a red heat 
into Si 2 Et H 0 and Na 2 C0 8 . AcCl forms HOAc and 
SiEt 3 Cl. HIAq at 200° forms ethane and SiEt 2 0. 
Oxidising agents have no action. Fuming 
H 2 S0 4 forms EtSi0 2 H, ethane, H, and S0 4 . 

Acetyl derivative SiEt a OAc. (168°). 
S.G. 2 *903. Formed by heating SiEt 3 .OEt with 
Ac 2 0 at 250°. Liquid with ethereal odour. 

‘ Silicoheptyl oxide * (SiEt 3 ) 2 0. Mol. w. 246. 
(231°). S.G. 2 *859. Formed as above, and also 
by the action of P 2 0 5 on tri-ethyl-silicol. Got 
also from SiEt 3 Cl and KOHAq. Colourless 
syrup, sol. H 2 S0 4 and separated unchanged on 
dilution, if heating be avoided. 

Tri-ethyl-8ilicane SiEt a H. (107°). S.G- 
2 *751. V.D. (H=»l) 69 (ealo. 58). Formed, 
together with SiEt 4 , by the action of excess of 
ZnEt 2 and Na on Et 4 Si0 4 . Liquid, insol. water 
and H, 2 S0 4 , sol. alcohol and ether. Fuming 
H 2 S0 4 converts it into (SiEt s ) 2 0. HN0 8 attacks 
it vigorously. Bromine added slowly to the 
cooled liquid forms SiEt,Br (161°), which is 
converted by NaOHAq into (SiEU-O, and by 
NH 3 Aq into SiEt 8 .OH. 

Silicoformic acid. Ethyl ortho - ether 
SiH(OEt) 8 . (134°). Formed from SiHCl* and 
absolute alcohol (Friedel a. Ladenburg, A. 143, 
123 ; BL [2] 7, 822 ; Gattermann, B. 22, 190). 
Hygroscopic liquid, decomposed by alkalis with 
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evolution of H. Sodium decomposes it into 
6iH 4 and Et 4 Si0 4 . 

Chloro-silicoformic ether v. Ethyl silicate. 

4 Siliooaoetio acid.* Ethyl ortho - ether 
CH s .Si(OEt) s . (146°-151°). S.G. £*928. Formed 
by heating silicic ether with ZnMe^ Oil, sol. 
alcohol. Converted by HIAq into amorphous 
silico-acetic aoid CHg.SiOgH, which is insol. 
water and ether (Ladenburg, B, 6, 1029). 

The term silicoacetio acid is also sometimes 
used to denote H 2 Si 2 0 4 , which is got by decom- 
posing Sigl, by water at 0° (Friedel a. Ladenburg, 
A. 203, 249 ; v, Silico-oxalic acid, infra), A 
compound Si 2 C„0 2 is formed, as a bottle-green 
powder, by heating qilicon to whiteness in a 
crucible lined with lampblack. It is insol. 
KOHAq and HFAq (Colson, 0. B. 94, 1316). 

Tetra-propyl-silicane Si(C 3 H 7 ) 4 . (213°). 

8.G. § *7979; V #7883 - V.D. "* 7 (obs.). 
Formed, together with SiHPr s , by heating ZnPr 2 
(2 pts.) with SiHClg (1 pt.) at 150° (Pape, B. 14, 
1872 ; A. 222, 370). Colourless oil, sol. alcohol 
and ether, insol. H 2 S0 4 . Br has no action in 
the cold, but on warming it forms oily 
SiC^H^Br, converted by alcoholio potash into 
oily SiC J2 H 2fl (206°-210°). 

Tri-propyl-silicane SiHPr s . (170°). S.G. 
s -7723; y *7621. V.D. 82 (obs.). Formed 
as above. * Oil, v. sol. alcohol and ether, insol. 
cone. H 2 S0 4 . Burns with bright flame, forming 
Si0 2 . Br aots violently, forming SiPr s Br (213°), 
a fuming liquid, which is slowly converted by 
water into SiPr 3 .OH. 

Tri-propyl-silicol SiPr,.OH. (205°-208°). 
Formed by the action of NH,Aq on SiPr 8 Br, or 
of NajjCOgAq on SiPr s .OAc (Pape). Oil. 

Acetyl derivative SiPr 3 .OAo. (212°- 
216°). Formed from SiPr^r and AgOAc. Oil. 

Hexa-propyl-di-silicyl oxide (SiPr 3 ) 2 0. 
(280°-290°). Formed by warming SiHPr, with 
H 2 S0 4 and, together with SiPr r OH, by boiling 
SiHPr 8 with Na 2 C0 3 Aq (Pape, A. 222, 369). 
Liquid, sol. alcohol, ether, and H 2 S0 4 . 

Silicon sulphocyanide Si(CNS) 4 . [142°]. 
(c. 300°). Formed by distilling lead sulpho- 
cyanide with SiCl 4 (Miguel, A. Ch. [5] 11, 843). 
Colourless prisms, insol. ether and CS 2 , soluble 
in a solution of HCNS in benzene. Burns with 
violet flame. Dyes the akin red. Decomposed 
by water into HCNS and SiO r 

Tetra-phenyl-silicane SiPh 4 . [233°]. (above 
360°). S.G. §g 1*0780. Formed from cnloro- 
benzene, SiCl 4 , and Na in presence of a little 
EtOAc (Polis, B, 18, 1640; 19, 1012 ; 20, 3331). 
Dimetrio crystals ; a:c = 1: *440, sol. hot benzene, 
si. sol. alcohol and ether. May be sublimed. 
Sulphonated by fuming H 2 S0 4 . HNO s forms 
Si(C a H 4 .N0 2 ) 4 [106°], a yellow powder, v. sol. 
benzene. Converted by PC1 4 into liquid SiPh 2 Cl 2 
(234° at 90 mm.) and SiPh 3 Cl [89°], from which 
water produces tri-phenyl-silicol SiPhj.OH [141°], 
which separates from ether in colourless crystals. 

Phenyl-tri-chloro-silicane SiPh01„. (197°). 
Formed by heating SiCl 4 with HgPh 2 at 800° 
(Ladenburg, B, 6, 879). Oil. Decomposed by 
hot water, or by NH 3 Aq, yielding 4 silicobenzoic 
acid * SiPh(OH) a [92°]. Absolute alcohol forms 
* silicobenzoic * ethyl ortho- ether SiPh(OEt), 
(237°). S.G. 3 1*013 ; & 1*006. Silicobenzoic 
acid is converted at 100° into amorphous 
4 ailicobenzoio anhydride ’ (SiPhO) 2 0. 


Phenyltriethyl-silicane SiPhEt 3 . (230°). 
S.G. 2 904. Formed, together with SiEt 4 and 
SiPh 2 Et 2 (c. 310°), by heating SiPhCl g with ZnEt a 
at 150°. Oil, smelling like cloves. Yields a 
bromo- derivative (270°-280°). Cl forms 
SiC I2 H I9 Cl (260°-266°), S.G. * 1*0185. 

Tetra-m-tolyl-silicane Si(C 7 H 7 ) 4 . [161°]. 

(above 55 0°). S.G. 22 1*119. Formed from 
ra-bromo- toluene, SiCl 4 , and Na (Polis, B. 19, 
1021). Pale-yellow needles (from ether), v. sol. 
benzene and ohloroform, insol. alcohol. 

Tetra-p-tolyl-silicane Si(C 7 H 7 ) 4 . [228°]. 

(above 360°). S.G. 22 1-079. Formed from 
p-bromo-toluene, SiCl 4 , and Na (Polis, B, 18, 
1542). Colourless crystals, sol. benzene. 

p-Tolyl-tri-chloro-silicane C 7 H 7 SiCl 8 . (219°). 
Formed from Hg(C 7 H 7 ) 2 and SiCl 4 at 810° 
(Ladenburg, A, 173, 165). Fuming liquid, 
decomposed by water. Converted by NH s Aq into 
viscid C 7 H 7 Si0 2 H, which is converted at 200° into 
the solid anhydride (C 7 H 7 Si0) 2 0, which is not 
melted at 200°. 

Tetra-benzyl-silicane v. vol. i. p. 502. 

Silicon tetra-phenyl-tetra-amide Si(NHPh) 4 . 
[138°]. Formed from SiBr 4 and exoess of aniline 
diluted with benzene, the product being distilled 
in a current of H at 105° (Reynolds, C. J. 55, 
477). Colourless monoclinic crystals ; a:b:o 
«= *985:1:1*043 ; 0=110° 20'. V. sol. benzene, 
sol. CS 2 , insol. ligroin. Decomposed by water 
and alcohol. Not decomposed by heating at 
210°. HC1 forms SiCl 4 and aniline. 

Silicon di-chloro-di-phenyl-di-amide 
SiCyNHPhJj. Formed from SiCl 4 and aniline 
(Harden, O. J, 61, 40). Amorphous solid. De- 
composed by water into aniline hydrochloride 
and silica. 

Silicon tetra-o-tolyl-tetra*amide 
Si(NHC 7 H 7 ) 4 . Formed from SiCl 4 , o-toluidine, 
and benzene (Reynolds). Prisms, v. sol. benz- 
ene and CSj. The compound SiCl 2 (NHC 7 H 7 ) 2 , 
which is also formed from SiCl 4 and o-toluid* 
ine, is a white granular powder (Harden). 

Silicon tetra-p-tolyl-tetra- amide 
Si(NHC 7 H 7 ) 4 . [132°]. Formed from SiCl 4 and 
p-toluidine in benzene (Reynolds). Botryoidal 
aggregate of needles, v. sol. benzene and ether, 
decomposed by water and alcohol. 

Silicon tetra-naphthyl-tetra-amide 
Si(NHC 10 H 7 ) 4 . Formed from (jS)-naphthyl- 
amine and SiCl 4 (R.). Nodules, decomposed by 
water. SI. sol. ligroin, sol. benzene. 

SILICO-NITRATES. Si0 2 seems to form 
some compounds with N 2 0 5 and basic oxides* 
the salt SSi0 2 .N 2 0 5 .7Ag 2 0 ( - 3Ag 4 Si0 4 .2AgN0 8 ) 
was obtained, in ruby-coloured prisms, by 
Rousseau a. Tite (C. B. 114, 294), by heating 
AgNO s with a little water and fragments of 
marble in a sealed tube at 180°-300° for several 
hours; heated to dull redness, it gave off N 
oxides, and Ag and Ag 2 SiO, remained. 

M. M. P. M. 

SILICO-OXALIC ACID HjSi t 0 4 - o.-SLOH" 

This compound is obtained, as a white amor* 
phous powder, by the interaction of water and 
Si 2 Cl 6 or Si-X at 0°; the gelatinous pp. is 
washed with ice-cold water, dried in vacuo and 
then at 100° (Friedel a. Ladenburg, A, 203, 118). 
It is also produced by the interaction of S yE, with 
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absolute alcohol. The compound is decom- 
posed even by weak bases, with evolution of H. 

M. M. P. M. 

SILICO PHOSPHORIC OXIDES. (Silico- 
phosphoric acids.) Si0 2 .P 8 0 4 and 
BK) 2 .2P 8 0 5 .4H 8 0. The compound SiO^PjjO^ 
» SiP £ 0 7 is formed by dropping Si0 2 , prepared 
by decomposing SiF 4 by water and drying the 
pp., into molten HPO s , and washing with water 
(Hautefeuille a. Margottet, G . B . 96, 1052 ; v. 
also Skey, C . N. 16, 187). Large, hard, trans- 
parent crystals ; S.G. 3*1 at 14° ; melts when 
strongly heated to a glass-like mass. The 
crystals are polymorphous ; they are hexagonal 
under 800°; at c. 800° they form leaflets re- 
sembling tridymite % between 700° and 800° they 
are regular octahedra, and between 800° and 
1000° they assume the form of olinorhombio 
prisms. Water attacks the hexagonal, but not 
the octahedral or prismatic, crystals. Molten 
AgNO„ forms Ag 3 P0 4 and Si0 2 with all the forms 
(H. a. M., C. B. 99, 789). 

The compound Si0 2 .2P 2 0 4 .4H 2 0 was obtained 
(H. a. M., C. B. 104, 66) by one-fourth satura- 
ting H 3 P0 4 Aq with Si0 2 .ccH 2 0, heating the solu- 
tion in a Pt dish to 125° for 7- 8 hours, and 
drying the solid which separated. The com- 
pound is a crystalline powder ; decomposed by 
moist air ; sol. water at 0°, but decomposed by 
water at the ordinary temperature to H 3 P0 4 Aq 
and gelatinous Si0 2 .aH 2 0. M. M. P. M. 

SILICOPHOSPHOBIC OXYCHLORIDE 
SiP 2 O tf Cl i . (Silicopyrophosphoryl chloride.) Pre- 
pared by heating SiCl 3 .OEt, or Si(OEt) 4 , with 
excess of POCl 3 to 180° for 2 hours, distilling 
off EtCl, and SiCl 4 if prepared from SiCl,.OEt, 
and heating the solid that remains to 160°-200° 
in a stream of dry air to remove adhering POCl 3 . 
A white, loose, very hygroscopic, amorphous 
powder. Very sol. water, but with separation 
of Si0 2 .&H 2 0; easily sol. alcohol, insol. ether. 
Decomposed very slowly below 200°, more 
rapidly above 200°, giving off POC1, ; at a red 
heat P 2 0 4 comes off, and a glassy mass remains, 
probably consisting of Si0 8 and Si0 2 .P 2 0 4 . 
Addition of excess AgNOjAq to solution in 
water (with a little alcohol to prevent separa- 
tion of Bilica), followed by HNO s Aq, ppts. AgCl, 
and on filtering this off and adding NH 3 Aq 
drop by drop Ag 4 P 2 0 7 is ppd. mixed with some 
Ag 3 P0 4 . Heated to 100° with PC1 6 the equation 
SiP a O,Cl 2 + 4PCl ft - SiCl 4 + 6POCl a is realised. 
The constitution of the compound is probably 

OJPO.C1 


either Si<^ 


0 2 :P0.C1 

0 2 :P0.C1 


or OiSi^ 0 

\ I 

O.PO.C1 


(Stokes, 


Bulletin U.8. Geolog . Survey , No. 90 [1892] 47 ; 
also in B . 24, 933). M. M. P. M. 

SILICOTITANATES. Compounds of sili- 
cates and titanates are found in certain minerals ; 
sphene , for instance (Ca0.3Si0. r 2CaTi0 3 ), may 
be called a silicotitanate. M. M. P. M. 

SILICOTUNGSTATES.* Compounds con- 
taining SiOg, WO s , and basic radicles; v. 
Tungsto-silicates. 

SILICO VANADATES v. Van ado-silicates. 

SILK v . Proteids. 

SILVER. Ag. At. w. 107*66. MoL w. not 
known (i?» infra, Properties). Melts at c. 950° ; 


Person (A. Ch. [8] 27, 250) gave 1000°, Daniel! 
(T. 1830. 237) 1024°, Violle (G. B. 85,543) 954°, 
Beoquerel (/. 1863.) 916°, Deville (B. 12, 791) 
916°, B.p. not known; Meyer (B. 12, 1428) 
says that Ag does not appreciably evaporate at 
c. 1570°. S.G. c. 10*5; Playfair a. Joule 
(C. S , Mem. 3, 66) gave 10-63, and 9*13 to 9*28 
for molten Ag, Dumas (C. N. 37, 82) gave 10*512 
for Ag heated in vacuo , Roberts-Austen gave 
10*57, and 9*46 to 9*5 for liquid Ag ( Pr . 23, 
495) ; for further data v . Clarke’s Table of 
Specific Gravities [new ed.] 14. S.H, 0°~100° 
*•0557 (Dulong a. Petit, A. Ch. [2] 7, 113); 
*0559 (Bunsen, P. 141, 1) ; *05722 (Louguinine, 
A. Ch. [5] 27, 398). C.E. *00002 between 0° and 
100° (v. Matthiessen, P. 130, 50 ; Fizeau, C . R. 
68, 1125) ; *00003721 from 0° to the m.p. 
(Roberts-Austen, Pr. 23, 495). T.O. 100 (that 
of copper — 73*6, and of Au = 53*2, Wiedermann 
a. Franz, A . 88, 191) ; heat sufficient to raise 
109*6 mgm. water from 0° to 1° passes in 
1 second through each sq. mm. of a plate of Ag 
1 mm. thick, the two sides of which differ in 
temperature by 1° (Weber, B. B. 1880. 467). 
E.C. (Hg at 0° = 1) 57*226 for soft Ag, 63*845 
for hard Ag (Siemens, P. 110, 1) ; 62*12 (Benoit, 
C. B. 76, 382). H.C. [Ag*,0] = 6.900 (Th. 3, 
381). Heat of fusion (for 108 g.) 2*275 (Person, 
A. Ch. [3] 24, 275) ; 2*67 (Pionchon, A. Ch. [61 
11, 100). S.V.S. c. 10*3. Emission spectrum 
gives a line 6464 in the yellow, 6209*9 in the 
green, and many lines in the orange, green, blue 
and violet (v. B. A. 1884. 442) ; for absorption- 
spectrum of Ag vapour v. Lookyer a. Roberts- 
Austen (Pr. 23, 344). Refraction equiv. 

« At. w. » 12*62 (Kanonnikoff, J. B . 1884. 

d 

[1] 119) ; 13*2 (Gladstone, Pr. 18, 49). 

Occurrence. — Found native, generally alloyed 
with Au, Cu, &c. The chief compounds found 
in ores are Ag a S (frequently in combination with 
Cu 2 S, Fe 2 S 8 , Sb 2 S s , As 2 S 3 , Bi 2 S 3 , PbS, <&c.), AgCl, 
AgBr, Agl, compounds of Ag with Se, Te, As, Sb, 
Bi, cfeo. Ag is also found in small quantities 
in most lead ores. According to Malaguti (J.pr. 
42, 422 ; cf. Field, D. P. J. 143, 397), traces of 
salts of Ag (c. 1 mgm. Ag in 100 litres) are 
found in sea-water. Small quantities of Ag, 
probably as AgCl, have been found in voloanio 
dust (Mallet, Pr. 47, 277). Silver has been 
known and used from the earliest times (for a 
full historical account of silver, including the 
derivation of the name, v . Silber in Ladenburg’s 
Handw&rterbuch der Chemie t 10, 635). 

Formation. — 1. By heating Ag 2 S with PbO 
or PbS0 4 , S0 2 and a compound or alloy of Ag 
and Pb are formed ; the Pb may be separated 
from this alloy by cupellation. — 2. By shaking 
AgCl with Hg ana water, HgCl and an amalgam 
of Ag and Hg are formed ; Ag remains when tha 
Hg is removed from this amalgam by heating. — 
3. Ag is ppd. from solutions of its salts by Zn, 
Cu, Fe, &o. — 4. AgCl is reduced to Ag by treat- 
ment with many reducing agents, such as Zn 
and H 2 S0 4 Aq, also by fusion with Na 2 CO, and 
C. — 5. Most easily-oxidised metals ppt. Ag from 
solutions of its salts. For an acoount of tha 
extraction of Ag from its ores v . Dictionary oy 
Applied Chemistry, vol. iii. p. 386. 

Preparation .— Silver coins are dissolved li> 
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pure dilute boiling HNOgAq, the solution is 
evaporated to dryness, the residue is heated till 
it melts, after oooling it is dissolved in NH s Aq, 
after standing forty-eight hours the liquid is 
passed through a filter made of specially good 
paper, and the filtrate is diluted till it contains 
not more than 2 p.o. of Ag. This axnmoniacal 
solution contains AgNO a and Cu(N0 8 ) 3 ; the 
whole of the Ag is ppd. by ammoniacal solution 
of (NH 4 ) 3 S0 8 at 60°. A solution of (NH 4 ) 2 S0 8 
is prepared by saturating pure NHsAq with S0 2 
(made by heating pure Cu with pure ILjS 0 4 
diluted with \ to f its volume of water) ; a 
measured quantity of this solution is mixed 
with exoess of pure NHj,Aq, heated to boiling, 
and the ammoniacal solution containing AgNO s 
and Cu(NO„) a is run from a burette into the 
boiling liquid until there is the faintest trace of 
blue colour in the liquid above the ppd. Ag. 
Cuprous sulphite is formed, and this reduces 
the AgN0 8 in the ammoniacal liquid ; when all 
the AgNO s is reduced, the blue colour of the 
ammoniacal copper nitrate appears. The whole 
of the ammoniacal solution of AgN0 3 and 
Cu(N0 8 ) 3 is now mixed with the proper quan- 
tity of ammoniacal (NH 4 ) 2 SO s Aq required for 
complete reduction of the AgN0 8 , the mixed 
liquids are set aside in a closed vessel for forty- 
eight hours, when c. £ of the Ag is ppd. ; the 
blue liquid is decanted off and heated on a 
water-bath to 60°~70°, whereby the whole of 
the Ag in solution is ppd. The two quantities 
of ppd. Ag are washed with ammoniacal water, 
by decantation, until the washings show no 
trace of blue colour on standing (or until 
BaCljAq gives no trace of pp.), the Ag is kept 
in contact with cone. NH,Aq for some days, 
and is then washed with water until every 
trace of NH, is removed. If it is desired to 
have the Ag in bars, the finely-divided metal 
obtained by ppn. is mixed with 5 p.o. of its 
weight of pure borax which has been strongly 
heated, and *5 p.c. pure NaNO,, fused in a por- 
celain crucible and poured into kaolin moulds 
lined with a paste made of a mixture of kaolin 
that has been strongly heated and unignited } 
kaolin ; when cold the bars are cleaned with fine 
sand, then strongly heated with pure KOHAq (to 
remove traces of kaolin) and washed with water. 
The bars may be cut with a chisel of very hard 
steel ; if this is done the pieces must be warmed 
forsome time with pure cone. HClAq, washed 
with NH 8 Aq, and then with water (Stas. Rech. 
38 et sea.). The Ag may be freed from traces 
of absorbed gases by distilling it ; this is done 
by placing the Ag in a hole in a block of 
strongly-heated marble; this hole communi- 
cates, by a slit in the marble, with another hole 
from which an opening passes upwards to the 
surface of the marble ; another opening admits 
the nozzle of an O-H blowpipe, so that the 
flame plays on the surface of the Ag. (For 
details v. Stas, lx.) Dumas (A. Ch. [5] 15, 
289) found that 1 kilo, of Ag considered pure 
gave from 59 to 174 o.o. O when heated in a 
Sprengel vacuum; it was supposed by some 
chemists (v. Mallet, T. 1880. 1003 ; Clarke, Re- 
calculations of the Atomic Weights , 262) that this 
result proved that Ag made by Stas’ process 
was not quite pure; but Brauner has proved 
experimentally (0. /. 55, 899) that Ag prepared 
Vo l. IV. 


by Stas’s method described above, and distilled 
by the O-H flame in a blook of burnt marble, 
gives off no 0 when heated in vacuo (v. also 
Stas, Bull . Acad. roy. Belg . [3] 18, 23 ; abstract 
in G. J. 58, 561). 

Properties . — A white, very lustrous metal. 
Crystallises in forms in the regular system, 
ohiefly oubes, octahedra, and rhombododeca- 
hedra; these crystals are obtained by slowly 
oooliqg molten Ag, or by the electrolytic deposi- 
tion of the metal; they are also sometimes 
found native. Finely divided Ag— as obtained, 
for instance, by reduction of AgCl — is a grey 
powder, whioh becomes white and lustrous when . 
compressed with a flat iron. A thin deposit of 
Ag on glass transmits bluish light. 

Ag is harder than Au and softer than Ou. 
Ag reflects light and heat strongly ; its absorp- 
tive power is very small. It is very malleable ; 
Ag foil has been obtained *003 mm. thick. Ag 
is very ductile ; *06 gram may be drawn to a 
wire 130 metres long ; it is so tenacious that a 
cold-drawn wire of 2 mm. diameter does not 
break till it is loaded with 80-85 kilos (Baudri- 
mont, A. Gh. [8] 80, 304). Ag is slightly vola- 
tile at a low-red heat in vacuo , but not at the 
ordinary pressure at this temperature, nor in 
vacuo at 440°-450° (Stas, Bull. Acad. roy. Belg . 

[3] 18, 23). It may be distilled, by heating, by 
the O-H flame, Ag placed in a block of burnt 
marble. Stas distilled 50 g. Ag in c. 15 mins. ; part 
of the Ag appeared as a blue vapour during the 
distillation. When an alloy of Ag with a more 
volatile metal, such as Hg, Pb, or Sn, is heated, 
part of the Ag volatilises with the other metal. 
Molten pure Ag absorbs c. 20 times its volume 
of O from the air (v. Lucas, A. Gh. [2] 12, 402 ; 
Gay-Lussac, A. Gh. [2] 45, 221 ; Graham, P. M. 

[4] 32, 503 ; Neumann, M. 13, 40 ; Levol, J. pr. 
57, 192) ; as the Ag cools it 4 spits * and gives off 
the O it has absorbed; Dumas’ experiments 
(A. Ch. [5] 15, 289) show that a little O is re- 
tained, but Brauner (0. J, 65, 399) has proved 
that no O remains if the Ag is distilled in a 
blook of. burnt marble. (For the ohemical 
action of O on Ag v . Reactions , No. 1.) Pure 
Ag suffers no ohange when heated in air, H, or 
CO (van der Plaats, Mandblad voor Natuur - 
wetenschappen , 1886. No. 2). Molten Ag ab- 
sorbs P, but the whole of the P, except c. *002 
p.o., separates on cooling (Warren, C . N. 56, 
118). 

The at. wt. of Ag has been determined (1) 
by finding the ratio of Ag to 01 in AgCl (Berze- 
lius, P. 8, 17 [1826] ; Turner, T. 1829. 297, 
[1829] ; Marignac, A . 44, 23 [1842] ; ibid. BibL 
univ. Gentve, 46, 854 [1843] ; Maumen6, A . Ch. 
[3] 18, 41 [1846] ; Dumas, A. Gh. [3] 55, 184 
[1859] ; Stas, Stas. Rech. 38 et seq . [1860] ) ; 

(2) by finding the ratio of Ag to Br in AgBr, 
and of Ag to 1 in Agl (Marignac, lx. 46, 360 
[1843] ; Stas, Stas. Nouv. R. 158 et seq. [1865] ) ; 

(3) by determining the ratio of Ag to Ag 3 S 
formed therefrom (Dumas, A. Ch. [8] 55, 147 
[1859], Stas, Stas. Rech. 53 [I860]); (4) by re- 
ducing Ag 2 S0 4 to Ag (Struve, A. 80, 203 [1851] ; 
Stas, Stas. Rech. 125 [1860] ) ; (5) bv convert- 
ing Ag 2 SeO, into Ag (Pettersson a. Ekman, Bl. 
[2] 27, 205 [1876] ) ; (6) by converting Ag into 
AgNOs (Marignac, A. 59, 289 [1843] ; Stas, Stas. 
Rech. 50 et seq. [I860]); (7) by determining 
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S.H. of Ag; (6) by finding V.D. of AgOl at oxidised the ehange stopped. — 2. Oaonised 
white heat (Biltz a. Meyer, B. 22, 725). The oxygen acts on moist, finely ‘divided Ag at the 
classical work of Stas has placed the value for ordinary temperature, forming a peroxide (v. 
♦he at. wt. on a very sure foundation. Silver peroxide, p. 471).— 8. Ag combines easily 

Bamsay (C. J. 55, 521) measured the depres- with chlorine , bromine, iodine , and sulphur (v. 
sion of the vapour-pressure of Hg by dissolving Silver chloride <fec.) ; also, by heating, with 
Ag therein ; assuming that the mol. w. of liquid selenion , arsenic , and phosphorus (v. Silver 
H g is 200, and that equal volumes of dilute selenide &c.). — 4. Finely-divided Ag is said to 
solutions of metals in Hg oontain equal num- dissolve, with oxidation, in ammonia solution in 
bers of moleoules, the results led to the conclu- presence of air (Carey Lea, Zeit. flir anorg . 
sion that the mol. w. of Ag is the same as the Chem . 8, 180).— 5. Ag reacts with steam at a 
at. wt. white heat, absorbing O while H is given off. — 

AgOl is the only compound of Ag the vapour- 6. Finely-divided Ag is oxidised by hydrogen 
density of which has been determined ; the value peroxide (Berthelot, A. Ch. [5] 21, 164). — 
found shows that the atom of Ag is monovalent 7. Finely-divided Ag iB said to be oxidised by 
in the gaseous moleoule AgCl. 

Ag is fairly closely related chemically to Cu 
and Au ( v . Copper group op elements, vol. ii. 
p. 250). 

Allotropic forms of silver . According to "chloride forms AgCl, some Na vapour being 
Schneider (B. 25, 1281, 1440), an aqueous solu- given off ; solution of sodium chloride , as also 
tion of Ag, containing c. 20 g. Agper litre, is ob- of potassium or ammonium chloride , dissolves 
tained by mixing 150 g. FeS0 4 . 7aq in 500- c.c. some Ag as AgCl. — 10. Potassium iodide solu- 
water and 280 g. Na citrate in 700 c.c. water, tion , in air, forms soluble AgLKI. — 11. Hot 
pouring the mixture into 500 c.c. of 10 p.c. solution of potassium cyanide dissolves Ag, 
AgNOgAq (it is best to divide the mixture into forming AgK(CN), (v. Christomanos, Fr. 7, 
five parts, as small quantities are more easily 801).— 12. Fusion with silicates , such as glass, 
dealt with), removing liquid from ppd. Ag after forms Ag 2 0, which dissolves in the molten sili- 
half an hour (by a pipette), filtering through a cate.— 13. Ag dissolves in solution of ferric 
good filter under decreased pressure, and dis- sulphate on warming ; as the solution cools the 
solving the ppd. Ag in as little water as pos- Ag 2 S0 4 is again decomposed, with formation of 
sible ; by adding absolute alcohol, and filtering, Fe 2 (S0 4 ) 8 and ppn. of finely-divided Ag. — 14. A 
after some days, with help of a good water- compound of Ag and Si is said to be formed 
pump, colloidal Ag containing from *3 to *5 p.c. by strongly heating Ag with potassium silico - 
of Fe salts is obtained. A very little HClAq fluoride and potassium (Warren, G. N. 60, 5). — 
ppts. Ag with a little AgCl and Ag 2 Cl (?) from 15. Ag dissolves in moderately dilute nitric acid , 
solution of colloidal Ag. Carey Lea has carried forming AgNO s , and giving off N oxides ; the 
out a series of researches on the properties of gaseous products are N 2 0 and NO, according to 
Ag ppd. from solutions of its salts by ferrous Montemartini (G. 22, 384, 397, 426). — 16. Cone, 
citrate, ferrous tartrate, and dextrin in presence hydrobromic and hydriodic acids dissolve Ag 
of alkali (Am. 8. [8] 87, 476 ; 38, 47, 129, 237 ; on warming, with evolution of H ; the dissolved 
41, 179, 259 ; P. M. [5] 81, 238, 320, 497 ; 82, AgBr or Agl is ppd. on dilution.— 17. Hot cone. 
387). The pps. of Ag Bhow almost every Bhade of sulphuric acid dissolves Ag, giving off S0 2 ; if a 
colour, such as blue, red, green, purple, golden ; little Fe 2 (S0 4 ) 8 solution is added the Ag goes 
some of the pps. are soluble in water, and some into solution without heating. Very finely- 
are not ; most of the pps. are very sensitive to divided Ag, obtained by reduction of Ag salts 
light, but they vary much in this respect ; some by milk-sugar and alkali, is dissolved by very 
of the pps. yield ordinary Ag when heated; dilute H 2 S0 4 Aq (Carey Lea, Zeit . filr anorg. 
ordinary Ag is also ppd. from solutions of Chem. 8, 180). Friedheim ( B . 19, 2554; 20, 
soluble colloidal Ag by a little very dilute HClAq. 307) says that Ag dissolves in dilute HjSO^q 
In no case does any so called allotropic Ag seem containing KMn0 4 Aq.— 18. Chromic acid ( i.e . 
to have been obtained quite free from organic solution of CrO s in water) produces red 
compounds; the percentage of Ag in the pps. Ag 2 Cr0 4 ; HNO s Aq, S.Gh 1*2, in which KjCrO* 
varied from c. 90 to c. 98. For accounts of the is dissolved, gives a red deposit on the surface 
properties of the various coloured pps. the of Ag ; this test is used to distinguish Ag from 
memoirs of Carey Lea must be consulted; v. other white metals, such as Sn. — 19. Ag in 
also Schneider, B. 24, 8370 ; Barus a. Schneider, pieces is scarcely acted on by hydrochloric 
Z. P . C. 8, 278; Prange, R. T. C . 9, 121 ; Muth- acid , even when hot and cone. ; very finely- 
mann, P. 20, 983. B. a. S. determined many divided Ag is said to form a little AgCl, with 
of the physical properties of a solution of col- evolution of H. Hydrofluoric acid is without 
loidal Ag, and concluded that the colloidal reaction. — 20. Ag is not acted on by molten 
variety consists of extremely minute particles alkalis or alkaline carbonates ; hence KOH, 
of ordinary Ag that remain suspended in the &o., may be fused in dishes of Ag. — 21. Ag 
liquid for a considerable time. alloys with many metals (v. Silver, alloys of). 

Reactions and Combinations. — 1. According Silver, alloys of. Ag forms alloyB with 
to Debray (C. R. 66, 735), Ag is partially many metals. They are generally formed by 
oxidised by very strongly heating in the O-H heating the metals together; in a few oases — 
flame, using excess of oxygen . According to e.g. alloy with Ba or Mn— they are formed by 
Le Ghatelier (Bl. [2] 48, 842) pure ppd. Ag is heating Ag with metallic oxides and C. 
oxidised by heating in oxygen at 800° under With aluminium. An alloy of 100 parti 
15 atmos. pressure ; after 50 p.o. of the Ag was A1 with 5 parts Ag is harder and mors easily 


hedting with oxides and salts that readily give 
up oxygen — e.g. Mn0 2 , Pb 3 0 4 , Pb(NO s ) 2 , &c. — 
8. Hydrogen sulphide forms Ag 2 S. Alkali sul- 
phides also produce Ag,S. — 9. Molten sodium 
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polished than Al, but otherwise has most of 
the properties of Al ; it is used for making the 
pans, &c., of balances. Hirzel (J. 1858. 1S7) 
obtained alloys corresponding in composition 
with the formula Ag 4 Al, AgoAl, and AgAl (v. 
also Tissier, C. R . 43, 885; 52, 931; Debray, 
C. R. 43, 925). 

With antimony , and with arsenic ; v. Silver 
antimonide and Arsenide, infra . 

With copper . Ag becomes harder, more 
elastic, more capable of being polished, and 
more slowly worn away when alloyed with Cu 
without losing much in malleability and duc- 
tility. Alloys with less than 50 p.c. Cu are 
white, with more than 50 p.c. Cu the colour be- 
comes reddish. The S.G. of a Ag-Cu alloy is 
rather smaller than the mean of those of the 
•constituent elements ( v . Karmarsch, D. P. J. 
108, 278). The composition of these alloys is 
rarely identical throughout a mass (v. Levol, 
A. Ch. [3] 36, 193). Alloys of Ag and Cu are 
used for making silver vessels and ornaments, 
and for coinage; the standard silver coinage 
alloy of the United Kingdom contains 925 parts 
Ag and 75 parts Cu per 1,000. 

With mercury . The amalgams of Ag are 
formed (1) by the action of Hg on AgNO*Aq, (2) 
by the action of finely-divided Ag on HgC^Aq, 
(3) by dissolving Ag in Hg. The compositions 
of many of these amalgams can be represented 
by formula, but it is very doubtful whether any 
of them are definite compounds. For accounts 
of these amalgams v. Campani, J . 1870. 373 ; 
Joule, O. J . [2] 1, 378 ; Crookewitt, J. 1847-48. 
393 ; Malaguti a. Durocher, Ann. M. 17, 336 ; 
Gay-Lussac, A. Ch. 58, 218. 

Alloys of Ag with the following metals have 
been described: — Ba (Clarke, O. A. 62, 373; 
LampadiuB, S. 15, 146) ; Cd (Wood, C. N. 6, 
135) ; Au (G. Rose, P. 23, 181 ; Levol, A. Ch. 
[3] 15, 56 ; 27, 310) ; Ir ; Fe ; Pb (Levol, A. Ch. 
[3] 39, 178); Mg; Mo; Ni ; Pd (Graham, J. 
1868. 144); Pt ; K; Rh ; Na ; Sn ; Zn (v. 
Wright a. Thompson, Pr. 48, 25). 

Silver, antimonide of. The mineral dys- 
krasite has approximately the composition 
Ag„Sb ; when heated to dull redness in H, the 
compound Ag 8 Sb is said to remain (von Bons- 
dorff, 8 . 34, 225). The compound Ag„Sb is also 
obtained by ppg. AgNOjAq by Sb hydride ; using 
cone. AgNO„Aq the oompound Ag 8 Sb.3AgNO s 
was formed (Poleck a. Thummel, B. 16, 
2435). 

Silver, arsenide of. No definite compound 
of Ag and As has been obtained. By heating 
Ag powder with As about 16 p.c. of As is ab- 
sorbed by the Ag to form a grey, brittle solid 
(Gehlen). By passing As hydride into cone. 
AgNOgAq the compound Ag 3 As.SAgN0 8 was ob- 
tained (P. a. T., lx.). 

Silver, bromide of, AgBr. (Argentic bromide .) 
Formula probably molecular, from analogy of 
AgCl. Occurs native in Chili and Mexico. 

Preparation. — HBrAq or alkali bromide 
solution is added to AgNO ? Aq till ppn. is com- 
plete ; the pp. is washed with water in the dark 
and dried. 

Properties . — A pale-yellow solid; melts at 
c. 434° (Camelley, C. J. 29, 489). S.G. 6*245 at 
0°, 5*596 at m.p. (Rodwell, Pr. 31, 291). S.H. 
<15° to 98°) *07891 (Regnault, A. Ch. [8] 1, 129). 


For effects of heat on AgBr v. Rodwell (Pr. 25, 
280). Obtained in octahedra by crystallising 
from HBrAq. Solubility of AgBr dried at 100° 
in NHj,Aq S.G. *986, -**051 (Pohl, J.pr. 82, 52). 
Granular AgBr is slightly sol. water above 60° ; 
flocculent AgBr is slightly sol. water above 33° 
(Stas, A. Ch. [5] 3, 289). Sol. hot HgfNOJgAq ; 
AgBr crystallises out on cooling (Debray, C. R. 
70, 995). Sol. solutions of alkali bromides. 
HP. [Ag,Br] = 22,700 (Th. 3, 381). According 
to Berithelot (Bl. [2] 89, 19), the reaction [Ag,Br] 
has the value 23,700 when crystalline AgBr is 
formed, and the value 20,000 when the AgBr is 
amorphous (in both cases using liquid Br). B. 
also says that in the formation of AgBr by add- 
ing KBrAq to AgNO^Aq 20,700 cals, are pro- 
duced, and that when AgN0 8 Aq is added to 
KBrAq only 17,600 cals, are produced at first, 
but that temperature then rises until 20,600 
cals, are evolved ; B. thinks that two forms of 
AgBr are formed, one more stable than the 
other. Vogel (B. 16, 1160) distinguishes two 
modifications of AgBr, one ppd. from aqueous 
solutions and very sensitive to blue rays, the 
other ppd. from solutions in absolute alcohol 
and sensitive to the violet rays. Stas (A. Ch. 
[5] 3, 289) distinguishes Bix forms of AgBr: — (1) 
flocculent, white, by adding dilute alkali bromide 
solution to excess of cold AgNO a Aq ; (2) floccu- 
lent, yellow, by using excess of bromide as pptant. ; 
(3) powdery, white, by shaking (1) or (2) with 
water ; (4) intense yellow, by heating (4) ; (5) 
granular, white-yellow, by pouring the flocculent 
or powdery variety, shaken with water, into 
boiling water, also by adding very dilute 
NH 4 BrAq to boiling AgNO,Aq (1:1000) ; (6) pure 
yellow, crystalline variety. 

Reactions and Combinations. — 1. AgBr 
darkens rapidly when exposed to sunlight. 
Carey Lea says that the dark produot of the 
action of light on AgBr reacts with HNOgAq to 
re-form AgBr, and Ag which dissolves in the 
acid (Am. S. [3] 15, 189). The action of light 
on the Ag haloids is treated more fully under 
Silver chloride (g. v.). — 2. Heated in chlorine , 
AgCl and Br are produced. — 3. Dissolves 
slowly in hot silver nitrate solution ; the salt 
AgBr.AgNO s separates on cooling (Risse, A. 
Ill, 43; Riche, A. Ill, 39).— 4. Combines with 
silver chloride and iodide to form compounds 
AgaBr^ClJ (v. Silver iodobromoohlobides, 
p. 470). 

AgBr resembles AgCl in most of its reac- 
tions ; NH S is not absorbed by dry AgBr (Ram- 
melsberg, P. 55, 248). 

Silver, bromo-iodochlorides of, v. Silver 
IODOBROMOOHLOBIDES (p. 470). 

8ilver, carbides of. Gay-Lussac noticed 
that Ag absorbed c. 3 p.c. C when heated with 
lampblack (A. Ch. [2] 68, 222) ; Ag 4 C requires 
2*7 p.c. C. A yellow powder, approximately agree- 
ing with the composition Ag 2 C, was obtained by 
Gerhardt and Cahours (A. Ch. [3] 1, 76) by 
heating Ag cuminate; the same compound was 
probably produced by Liebig by heating AgCN 
(A. 88, 21). By heating an aqueous solution of 
Ag pyrotartrate, filtering from the brown pp. 
produced, and boiling the pp., Berzelius obtained 
a dark-brown, metal-like pp., probably AgC (P. 
36, 28 ; cf. Regnault, A. 19, 153). 
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Silver, chlorides of. The isolation of a chloride 
of Ag containing less Cl than AgCl is not yet cer- 
tain. Cl is given oft when AgCl darkens in 
sunlight, but whether the darkened product is 
a ohloride or an oxychloride is not finally de- 
termined ( v» Action of light on silver chloride , 
infra). 

Silver subchloride ?Ag 2 Cl. (Argentous 
chloride,) According to Guntz ( C , B. 112, 861), 
Ag 2 Gl is formed by passing dry HC1 over Ag 2 F 
(v, Silver subfluoride, p. 469) as long as 
darkening occurs and the solid continues to 
gain in weight. The compound is also said to be 
formed by passing vapour of CC1 4 , SiCl 4 , or PC1 3 
over dry Ag^F. A subchloride is formed, accord- 
ing to von Bibra (J. pr. [2] 12, 65), by digesting 
with cone. HClAq the product of the reduction of 
Ag citrate by H at 100°; after drying, the black 
solid is said to have the composition Ag 4 Gl 3 , and 
with NH 3 Aq to give Ag and AgC1.3NH s . New- 
bury (Am. 8, 196) failed to obtain any subchlor- 
ide by this method ; he also found that the re- 
duction of Ag citrate by H at 100° does not 
yield any definite compound, but probably a 
mixture of unchanged citrate and Ag. 

Silver chloride AgCl. (Argentic chloride.) 
Mol. w. 148-03. V.D. 80 at c. 1700° (Biltz a. 
Meyer, B. 22, 725). Melts at o. 457° (Camelley, 
C. J. 29, 489). S.G. at 0° = 5-505; at m.p. 
= 4-919 (Rodwell, Pr. 31, 291). S.H. (18° to 
98°) -09109 (Regnault, A. Ch . [3] 1, 1291. For 
expansion of AgCl by heat v. Rodwell (Pr. 25, 
260). H.F. [Ag.Cl] = 22,700 (Th. 3, 381) ; 
29,200 (Berthelot, Bl. [2] 39, 19). For solubili- 
ties in various liquids v. Properties. 

Occurrence. — Native, as homsilver , in 
Siberia, Mexico, Peru, the Harz, Alsace, &c. 

Preparation. — 1. By adding dilute HClAq, 
or solution of a chloride, to solution of any salt 
of Ag except Ag 2 S 2 0„ washing the white curdy 
pp,, drying, and heating to incipient fusion. 
Obtained in octahedral crystals by dissolving in 
large quantity of cone. HClAq and evaporating.— 
2. By heating Ag to redness in a stream of Cl or 
HOI gas. — 3. By fusing NaCl with finely-divided 
Ag, washing, and drying. — 4. Very slowly by the 
action of HClAq on Ag in the presence of air. 

Properties.— k white solid. According to 
Cooke (Am. S , [3] 21, 220) AgCl is very slightly 
sol. cola water, and very distinctly sol. boiling 
Water; he found that 1*4561 g. AgCl washed with 
66 litres boiling water loBt *2241 g. ■» 15*39 p.c. ; 
the solvent aotion was entirely prevented by the 
addition of *05 g. AgNO, per litre of water. 
Stas (O, B . 73, 998) distinguished four forms of 
AgCl ; (1) gelatinous ; (2) curdy, fiooculent ; 
(3) powdery ; (4) granular, crystalline, or fused. 
Tne curdy, flocculent form is the most sol. in 
water ; it is formed by ppg. cold dilute 
AgN0 3 Aq by a chloride solution ; on shaking it 
changes to the less sol. powdery variety. The 
granular, crystalline, or fused form is insol. 
cold water (10 million parts cold water dissolve 
1 part) but it begins to dissolve at 30° (cf, 
Berthelot, A. Ch. [5] 29, 241, for the heats of 
solution in KCNAq of different preparations of 
AgCl). AgCl is sol. cone. HClAq and in satu- 
rated solutions of various metallic chlorides; 
Vogel (Op C. 6, 578) gives the following 
table 
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One part AgCl dissolves in 60,000 parts boiling 
cono. HNO s Aq (Thorpe, C . N. 26, 198), NH„Aq 
dissolves AgCl ; 1 litre NHgAq S.G. *924 dissolves 
69*5 g. freshly ppd. AgCl, according to Millon 
and Comaille (C. B. 56, 309). AgCl crystallises 
from solutions in NH,Aq, on evaporation ; ex* 
plosive silver is obtained from boiling solutions 
v. Silver nitrides, p. 470). According to Terreil 
Bl, [2] 61, 698), crystals of AgC1.2NHj separate 
from a hot solution of AgCl in NHjAq ; these 
crystals lose NH 3 in the air. AgCl dissolves 
easily in Na 2 S 2 0 3 Aq, forming AgjNa^SjOgJjAq ; 
AgCl also dissolves readily in KCNAq forming 
AgK(CN) 2 , and in NH 4 HSO s Aq forming double 
Ag-NH 4 sulphites (v. Svensson, B. 4, 714). A 
hot solution of AgNO a Aq dissolves AgCl ; Risse 
says that a double compound of AgNO s and 
AgCl separates on cooling (A. Ill, 39), but 
Debray asserts that simple solution occurs 
(C. B. 70, 995). HgfNOaJjjAq also dissolves 
AgCl; Wackenroder (A. 91, 317) and Field 
(J. 1857.255) say that AgCl separates on cooling 
a hot saturated solution ; Stas (A. Ch. [6] 8, 
180) found that a little AgNO, is formed. 

Reactions. — 1. AgCl is reduced to Ag by 
many metals , e.g . Zn or Fe, in presence of 
dilute acid; Cu reduces AgCl in presence of 
NHgAq, with formation of Ag and GuO.H 2 0. — 
2. Heated in hydrogen , or with carbon , or with 
several organic compounds , AgCl is reduced to 
Ag. — 3. Solution of hydriodic acid forms Agl 
and HClAq.— 4. Caustic alkali solutions pro- 
duce Ag 2 0. 

Action of light on silver chloride . AgCl 
darkens when exposed to sunlight in ordinary 
air. During the darkening Cl is given off 
(Scheele ; von Bibra, J. pr. 122, 89 ; Hitchcock, 
Am. 11, 474 ; B6champ, Bl. [8] 6, 836 ; Richard- 
son, G . J. 69, 536 ; Baker, 0 . J . 61, 728). Only 
a small portion of the AgCl is changed to the 
dark compound (v. R., l.c. ; B., l.c., got *09 g. of 
the dark body from 51 g. AgCl). AgCl does not 
darken in thoroughly dried oxygen (B., l.c. ; nor 
in dried air according to Carey Lea, Zeit. filr 
anorg . Chem. 3, 184). AgCl does not darken 
in vacuo , when thoroughly dry (Abney j B., l.c.). 
Carey Lea ( l.c .) found that AgCl darkened under 
dry petroleum; Baker noticed darkening under 
benzene in absence of air, and he showed that the 
dark substance was Ag. B. (l.c.) notioed darken- 
ing, with formation of Ag, under OC1*, but he 
proved that if the CC1 4 contained no trace of 
free Cl darkening did not occur. For the 
influence of HC1 and chlorides in water upon 
the rate of darkening of AgCl in the water v. 
Richardson (l.c.). The dark substanoe was sup- 
posed by some to be a subchloride, but Baker 
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has shown that it contains 0 (Hodgkinson had 
formerly arrived at this conclusion ; v. Meldola’s 
Chemistry of Photography [1889], p. 866). B. 
kept pure AgCl, dried at 150°, in sunshine, in a 
•current of air freed from C0 2 and dried by 
H^SO^ until it darkened; he measured the 0 
obtained from the darkened product, by decom- 
posing by 01, and also determined the Ag and 
Ol ; the results agreed approximately with the 
formula Ag./)01 ; the atomio ratio of Ag to Cl 
found in various experiments was almost exactly 
2:1, and of Ag to 0 was nearly 6:2 ; the darkened 
product dissolved in cone. KClAq, on dilution 
AgCl was ppd. and the solution had a slightly 
.alkaline reaction, as would be expected if an oxy- 
chloride were present in the dark-coloured sub* 
stance. B. also found that a little H^O was 
obtained by heating the dark substance in dry 
H ; Richardson (C. J. 69, 636) failed to obtain 
any water by treating darkened AgCl in this way; 
R. also failed to get 0 from the darkened AgCl 
by heating it to the m.p. in connection with a 
Bprengel pump. B. (l.c.) found that the dark- 
coloured product became white when left in the 
dark for some days, and that a small quantity of 
O was absorbed during this change ; he, there- 
fore, concludes that two oxychlorides of Ag are 
formed, one of which is dark-coloured and 
absorbs a little 0 to form another, white, oxy- 
chloride. Carey Lea ( Am . S. [3] 38, 356) thinks 
that the darkening action of light on AgCl is 
preceded by the formation of what he calls a 
photochloride . The photochloride is supposed to 
contain less Cl than the normal chloride, and 
probably to be a compound of AgCl with a sub- 
chloride or oxychloride ; it is extremely sensi- 
tive to the action of light, and undergoes many 
changes of colour when exposed to light (Am. S. 
[3] 33, 349, 480, 489 ; 84, 33 ; and full abstract 
in G . J. 54, 1). For the application of the effects 
of light on AgCl to photography v. Photographic 
Chemistry, this vol. p. 154 ; and Photography, 
in Dictionary op Applied Chemistry, vol. iii. 

Combinations. — 1. With several metallio 
chlorides, especially the alkaline chlorides ; 
generally forming compounds of tha type 
AgCl.MCL Wells and Wheeler (Am. 8. [3] 44, 
155) obtained the compound AgC1.2CsCl. — 
2. With ammonia gas. According to H. Rose 
(P. 20, 157), 2AgC1.3NH3 is formed. Isambert 
(G. R. 64, 1259 ; v. also Horstmann, B. 9, 749) 
Btudied the vapour-preBsures of the NHg given 
off, and concluded that two compounds are 
formed when NH, is absorbed by AgCl — viz. 
2AgC1.3NH, and AgC1.3NH, (v. curves given in 
Dissociation, vol. ii. p. 397). Bodlander (Z.P.C. 
9, 730) measured the reduction of the freezing- 
point of water produced by the oompound 
2AgC1.8NH s ; as this reduction was much larger 
than the normal, he concluded that the oom- 
pound is dissociated in aqueous solution; a 
similar conclusion was come to by measuring 
the electrical conductivities of aqueous solu- 
tions. The dissociation cannot have been into 
NH, and AgCl, says B., else AgCl would have 
separated out ; hence the dissociation must be 
electrolytic, and the solution must contain Ag 
and Cl as free ions. This conclusion was con- 
firmed by finding that PbAc*Aq ppd. PbCl 3 from 
2AgC1.8NH $ in NB^Aq, KIAq ppd. Agl, and 
{NHJjjSAq ppd. Ag s S; confirmatory evidence 


was also found in the fact that addition of NH 4 C1 
or AgNO s reduced the solubility in water of 
2AgC1.8NH a , in keeping with the law regarding 
the effect on the solubility of an electrolyte of 
the presence of one of its ions. B. concludes 
that 2AgC1.3NH a is a definite compound, which 
is electrolytically dissociated in aqueous solu- 
tion.— 8. With silver iodide and bromide ; v. 
Silver iodobromochlorides, p. 470. 

Silver, chloro-iodobromides of; v. Silver 
iodobromochlorides, p. 470. 

Silver, cyanide of; v . vol. ii. p. 346. 

8ilver, ferricyanide of ; v. vol. ii. p. 340. 

Silver, ferrocyanide of ; v. vol. ii. p. 837. 

Silver, fluorides of. Two fluorides of Ag 
probably exist, AgjF and AgF, although there is 
still some doubt as to the isolation of the first 
of these. 

Silver subfluoridb (? Ag-^F). ( Argentous 

fluoride.) By eleotrolysing saturated AgFAq, 
using Ag electrodes, and a current so strong that 
the liquid became hot, Giintz (C. R. 110, 1887) 
noticed the separation of brass-coloured crystal- 
line plates at the negative pole (if a weaker 
current was used, Ag was deposited). Treatment 
of these crystals with water gave AgFAq and 
Ag, the ratio of Ag separating to Ag going into 
solution being practically unity; hence G. 
gives the formula Ag 2 F to the yellow crystals. 
G. says that the same compound is obtained by 
heating finely-divided Ag with AgFAq in a sealed 
tube to nearly 90°. Ag^F does not change in dry 
air; it decomposes slowly in moist air, and 
rapidly in water. Heated in dry HC1, C01 4 , 
PC1 S , &c., Ag 2 Cl is said to be formed (G., C. R. 
112, 861). 

Silver fluoride AgF. (Argentic fluoride.) 
Formula probably molecular, from analogy of 
AgCl. Prepared by dissolving Ag^CO, that has 
been freshly ppd. and well washed, in HFAq, 
evaporating to dryness in a Pt dish, with con- 
stant stirring, dissolving the black residue in 
water, filtering, and evaporating in vacuo over 
HsSC^, in the dark (Moissan, Bl. [8] 6, 456 ; cfl 
Giintz, A. Ch . [6] 8 , 42). A yellow, transparent, 
elastic solid ; sol. water ; melts at c. 436° (M., 
l.c.). S.G. 6-852 at 16-5° (Gore, Pr. 18, 157). 
Fremy (A. Gh. [8] 47, 39) obtained large colour- 
less prisms, to which he gave the formula 
AgF. 2aq, by evaporating a solution of Ag 2 CO g or 
Ag 2 0 in HFAq ; these orystals lost 2aq m vacuo , 
but some exyfluoride was always formed (c/. 
Marignac, Ann . M. [6] 15, 270). Heated in air, 
AgF is decomposed, by the moisture present, to 
Ag, O, and HF, according to Gore ( lx .). AgF 
interacts violently with POCl ? , PCI*, SiCL, and 
BC1 9 , giving AgCl and fluoride of P, Si, or 
B (Moissan, l.cX Molten AgF attacks vessels 
of Ag or Pt. The dry salt is said to absorb 
c. 800 times its volume of NH, (Gore, lx.). 
Heating with I produces Agl and XP ft (Gore, Pr. 
30, 70; where a few other reactions of com- 
pounds with AgF are given). 

Silver, fulminating; v. Silver nitrides, 
p. 470 ; Silver fulminate (q. v., vol. ii. p. 817) 
is sometimes oalled fulminating silver. 

Silver, hydroxides of ; v. Silver oxides axo 
HYDRATED OXIDES, p. 470. 

Silver, iodides of. The isolation of an iodide 
other than Agl is very doubtful. 
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StLTSB BtJBIODLDE (? Ag/). Guiltz (C. B . 
112, 861) states that this compound is formed 
by the interaction of HI and Ag*F ; but no 
analyses are given. 

Silver iodide Agl. (Argentic iodide .) 
Formula probably molecular, from analogy of 
AgCl. Melts at c. 530° (Carnelley, C. J. 29, 
489) ; at 527° (Rodwell, Pr. 25, 280). S.G. at 
0° « 5*675, at 527° « 5-522 ; maximum density at 
142° (R., l.c.). V.D. said to be 214 (Dewar a. 
Scott, B. A. 1881. 597). S.H. (15° to 98°) 
•06159 (Regnault, A. Ch . [3] 1, 129; v. also 
Bellati a. Romanese, Pr. 84, 104). H.F. [Ag,I] 
- 13,800 ( Th . 8, 881); 14,300 for crystalline 
Agl (Berthelot, Bl. [2] 89, 18). 

Occurrence. — As iodite in Peru, Mexico, the 
Harz, Spain, &c. ; forms hexagonal tablets ; 
also in combination with AgBr as iodobromite 
(n small quantities in Nassau. 

Preparation . — 1. By adding HIAq, or solu- 
tion of an iodide, to AgNOgAq, washing, and 
drying. — 2. By the interaction of finely-divided 
Ag with HIAg, H is evolved at ordinary tempera- 
tures and Agl formed ; a solution saturated by 
heating HIAq with Ag deposits crystals of 
AgI.xHI on cooling (u. infra, Combinations , 
No. 2) , and the liquid decanted from these deposits 
hexagonal crystals of Agl on standing in air. — 
3. Crystals of Agl are also obtained by boiling 
saturated AgNO a Aq with HgL,, and allowing to 
cool (Field, J 1857. 255). — 4. The interaction 
of a mixture of HClAq and HIAq with Ag pro- 
duces only Agl, according to Deville (A. 101, 
197). 

Properties. — As obtained by adding alkali 
iodide to excess of AgNO a Aq, Agl is a curdy pp., 
yellow, with a slight orange tint; by adding 
AgNO,Aq to excess of alkali iodide, a pure yel- 
low, powdery pp. of Agl is formed ; the former 
pp. is sensitive to light, the latter, after washing 
in the dark, is not discoloured by light. Agl 
melts to a yellow liquid, which becomes red and 
then dark-red as temperature rises ; the liquid 
solidifies to a yellow, horny, crystalline mass. 
Rodwell (Pr. 25, 280) found that Agl contracted 
considerably at the moment of solidification; 
regular contraction then took place to 142°, 
whereat there was sudden and considerable ex- 
pansion accompanied by change from the 
amorphous to the crystalline form; this was 
followed, as temperature fell, by slight expan- 
sion (for measurements v. R., l.c.). Agl exists 
in two forms : above 142° up to the m.p. it is 
yellow, transparent, and flexible ; below 142° 
it is pale green, crystalline, opaque, and brittle 
(R. t lx.). Agl is nearly insol. NH s Aq ; accord- 
ing to Martini ( S . 56, 153) 1 part Agl requires 
2560 parts NH*Aq, S.G. *96, for solution. Agl 
dissolves in NaaSjOjAq, in KCNAq, and in 
NaClAq ; it dissolves readily in hot Hg^NOJaAq, 
and crystallises therefrom on cooling ( v . also 
Combinations). j 

Reactions. — 1. Heated in chlorine , AgCl is 
formed.— 2. Reduced by contact with metals , 
such as Zn or Fe, in presence of acids. Most of 
the reactions of Agl closely resemble those of 
AgCl. 

Combinations. — 1. Dry Agl absorbs ammonia ; J 
Rammelsberg (P. 48, 170) says that 2AgI.NH, is 
formed (for dissociation-pressures of this com- ! 
pound v. Iaambert, Q. B. 64, 1259). By heating ! 


Agl with excess of NH^Aq in a sealed tube at 
100°, Terreil obtained crystals of AgI.2NH, (BL 
[2] 41, 598). — 2. Agl dissolves in hot oono. 
hydriodic acid solution ; the liquid deposits- 
large, colourless, unstable crystals of Agl.HI (?) 
(Deville, C. B. 42, 896) ; Berthelot obtained 
transparent crystals of 3AgI.HI.7H/) (A. Ch. 
[5] 23, 89).— 3. According to Preuss (A. 29, 328) 
a solution of Agl in a hot solution of mercv/ric 
nitrate deposits crystals of 4AgI.2Hg(NO s )2.aq 
on cooling. — 4. Agl dissolves in silver nitrate 
solution containing more than 8 p.o. AgNO» 
(V ogel) ; water re-ppts. Agl. For accounts of 
different compounds obtained v. Kremers (J. pr. 
71, 54), Stiirenb6rg (Ar. Ph. [2] 143, 112), 
Weltzien (A. 95, 127), Riche (A. Ill, 39), Risse 
(A. Ill, 43). Agl also combines with silver 
nitrate and lead nitrate , and with antimonide , 
arsenide , phosphide , and sulphide of silver (v. 
Poleck a. Thummel, Ar.Ph. |3J 22, 1).— 5. With 
alkali iodides and alkaline earth iodides (v. 
Boullay, A. Ch. [2] 34, 377 ; Berthelot, Bl. [2] 
39, 24 ; Johnson, C . N. 37, 110 ; Maxwell Simp- 
son, Pr. 27, 120). 

Silver, iodobromochlorides of. Rodwell (Pr 
25, 292) prepared various compounds of Agl 
AgBr, and AgCl by melting the constituents to- 
gether. R. studied especially the effects of heat 
on the S.G., change of volume, and m.p. of these 
bodies. The formula ccAgl.pAgBr.sAgCl ex- 
presses the composition of the compounds ex- 
amined ; x varied from 1 to 4, y was always 1, 
and z varied from 1 to 2. 

Silver, nitrides of. Raschig (A. 233, 93) 
has shown that the explosive substance first 
prepared by Berthollet, by the action of cone, 
cold NH s Aq on Ag./), and supposed by B. to- 
be a compound of Ag. 2 0 and NH 3 , is a nitride 
of Ag, Ag s N, mixed with finely-divided Ag. 
Ag*N is best prepared by allowing a cone, solu- 
tion of Ag/> in NH 8 Aq to stand in air, or by 
adding alcohol. Ag,N dissolves in KCNAq, 
forming AgCN, KHOAq, and NH S . 

The Ag salt of HN„ may be called silver 
nitride ; v. Hydrazoio acid, vol. iii. p. 559. 

Silver, nitroprusside of, v. vol. ii. p. 341. 

Silver, oxides and hydrated oxides of. Only 
one oxide of Ag has been certainly isolated ; the 
existence of any hydrated oxide is doubtful. 

Silver oxide Ag 2 0. (Argentic oxide.) Mol. 
w. not known. 

Formation. — 1. By heating Ag muoh above 
the temperature of volatilisation in the O-H flame, 
using excess of O (Debray, C. B. 66, 735). — 
2. By passing an electric current through 
KNOjAq, using a plate of Ag as positive electrode 
(Wohler, A. 146, 264). — 8. By boiling freshly- 
ppd. AgCl with KOHAq, S.G. 1*25 to 1*3 (Mohr,. 
A. 66, 65). 

Preparation. — KOHAq is added in slight ex* 
cess to AgNOgAq, the pp. is thoroughly washed 
with hot water, best in air freed from C0 2 , and 
dried at c. 80°. 

Properties.— k black powder {brownish when 
ppd.), with an unpleasant, metallic taste. S.G. 
7*52 (Schroder, B. 9, 1888) ; 7-15 (Playfair a. 
Joule, C . S. Mem. 3, 84) ; 7*25 (Boullay, A. Ch. 
[2] 48, 266). H.F. [Ag*,0] - 5,900 (Th. 8, 881). 
Slightly sol. water; 1 part dissolves in 3,000 
arts water according to Bineau (C. B. 41, 509)» 
ut according to Abl in 96 parts water at 18*5° 
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(i Oester . Zeit. f. Pharm. 8, 201 [1884]). Sol. 
NH 8 Aq (for so-called explosive silver , formed by 
dissolving in cone. NH,Aq, v. Silveb nitrides, 
p. 470). Also sol. aqueous solutions of alkali 
thiosulphates, chlorides, and cyanides. Sol. 
aqueous MeNH 2 and EtNH, (Wurtz, A. Oh. [3] 
30, 453). Moist Ag 2 0 absorbs C0 2 from the air, 
forming Ag 2 CO„ and reacts with many salts like 
the alkalis (v. Reactions), Ag 2 0 is decomposed 
to Ag and O by heat (v . Reactions), 

Reactions and Combinations . — 1. Decom- 
posed to Ag and 0 by heat ; Carnelley and Walker 
(C. X 53, 79) say that 0 begins to come oft 
at c. 100°, rapid decomposition occurs at o. 270°, 
and reduction is complete at 300^-340° (i>. also 
H. Bose, P. 85, 317 ; Joulin, BL [2] 19, 349 ; 
cf. Hydrated silver oxide, infra),— 2. Anti- 
mony sulphide , arsenic sulphide , finely-powdered 
sulphur and selenion, amorphous phosphorus, 
and some organic compounds , are ignited by 
rubbing with Ag 2 0 (Bdttger, J, 1863. 284). — 
8. Reduced to Ag by heating to 100° in hydrogen 
(Wdhler, A, 30, 4). — 4. Finely-divided Ag 2 0 
under water is reduced to Ag by cadmium , 
copper , tin , and zinc (not reduced by Fe or Hg) 
(Fischer, P, 10, 605). — 5. Agl and HIO s are 
formed by the reaction of iodine with Ag 2 0 sus- 
pended in water (Naquet, Bl, 1860. 123) ; with 
chlorine the products are AgCl, HClOAq, AgCIO, 
and AgCIO, (Stas).— 6. Moist Ag 2 0 decomposes 
many metallic salts in solution, ppg. metallic 
hydroxides, e.g. salts of Bi, Cr, Co, Cu, Fe, Hg 
(v. H. Rose, B, B, 1857. 245).— 7. The moist 
oxide removes halogens from many halogen- 
containing organic compounds , replacing the 
halogen by OH (e.g. 2NMe 4 I + Ag 2 0.H 2 0 
«2NMe 4 OH + 2AgI). — 8. Ag 2 0 reactB with acids 
as a decidedly basic oxide, forming salts Ag 2 X, 
where X = S0 4 , 2NO„ &o,— 9. A little AgNO a is 
Baid to be formed when nitric oxide is pas Bed 
into water with Ag 2 0 suspended therein (Sabatier 
a. Senderens, G. R. 114, 1476). — 10. Ag 2 0 com- 
bines with lead monoxide ; by allowing a mix- 
ture of PbO.&H 2 0 and freshly ppd. Ag 2 0 to 
stand in contact with NaOHAq, a compound 
was obtained, probably 2Ag 2 OJPbO (E. Aston, 
C. J. 59, 1093). 

Hydrated silver oxide (? AgOH). Accord- 
ing to H. Rose (P. 85, 904), no compound of 
Ag 2 0 and H 2 0 exists. By ppg. an alcoholic 
solution of AgNO, by KOHAq at —40°, Bruce 
obtained a white flocculent pp. which he sup- 
posed to be a hydroxide of Ag (no analyses are 
given) ; the pp. darkened on heating, forming 
Ag 2 0 and R 2 0 according to B. ( C , N. 50, 208). 
Carey Lea (Am. S . 1892. 249) found that ppd. 
Ag 2 0 retained some water after drying at 100° 
for 40 hours, and that all water was removed at 
160°- 165°, but some O went off also. Carnelley 
and Walker (C: J. 53, 79) say that the product 
of drying ppd. silver oxide in air for 6 months 
had the composition AgOH, and that this was 
scarcely decomposed at 100°, but that above this 
temperature it gave off water and a little O, and 
was gradually changed to Ag 2 0 mixed with a 
little Ag. Some reactions of moist Ag 2 0 point 
to the existence of such a compound as AgOH 
(v. Silver oxide, Reactions, Nos. 6 and 7). 

Oxide ow silver with less oxygen than 
Ag s O. (Silver suboxide.) Many experiments 
are recorded on the interactions of reducing 


agents and Ag salts whereby salts of a lower 
oxide than Ag 2 0 were supposed to be formed, 
and the corresponding oxide was supposed to be 
ppd. from these salts by alkali. Wdhler 
(A. 30, 1) reduced Ag oitrate by heating in H ; 
W. a. Rautenberg reduced ammoniacal solutions 
of chromate, molybdate, and tungBtate of Ag (A. 
114, 119) ; W. reduced arsenate and phosphate 
of Ag by FeS0 4 (A. 146, 263) ; H. Rose reduoed 
AgNO, in NH,Aq by ferrous and manganous 
salts (P. 101, 264, 321, 497 ; v. also Weltzien, 
A. 142, 105). More recent experiments have 
shown that the produots of such reductions in 
presence of alkali are mixtures containing Ag 
(i>. Pillitz, Fr. 27, 496 ; Newbury, Am. 8, 196 ; 
Muthmann, B. 20, 983 ; Bailey a. Fowler, O . X. 
51, 416). 

Faraday ( Q . J. S. 4, 268) supposed that a 
suboxide of Ag was formed by the action of air 
on an ammoniacal solution of Ag 2 0 ; but Bailey 
and Fowler (l.c.) have shown that the substanqe 
is a mixture of Ag 2 0 with a little explosive 
silver. 

The result of a long series of experiments by 
O. v. d. Pfordten (B. 18, 1407 ; 20, 1458 ; 21 
2288, 8375) on reducing AgNO*Aq by H s PO*Aq, 
alkali bisulphites, and tartaric acid, is that the 
black pp. thus obtained 1 b not a suboxide of Ag 
(for some time it was asserted to be Ag 4 0) ; the 
accuracy of this result has been strengthened by 
the critical experimental work of Bailey (i O . N. 
55, 263 ; O . J. 51, 466), and especially of 
Friedheim ( B . 20, 2554 ; 21, 807). F. regards 
the supposed Ag 4 0 as a mixture of finely-divided 
Ag with more or less Ag 2 0, or with some organic 
compounds. V. d. P. (B. 21, 2288, 8375) thinks 
his latest work points to the black substance 
being a compound of Ag, H, and O in the ratio 
4Ag:2H:0 ; he gives it the formula Ag 4 .H 2 0, or 
Ag v OH.H, and calls it silver hydrate. According 
to Giintz (G. R. 112, 861) Ag 4 0 is produced by 
the action of steam on AgJF at 160°. 

The question of the existence and isolation of 
a compound with less O than Ag 2 0 cannot be 
regarded as settled. 

Oxides of silver with more oxygen than 
Ag 2 0. By electrolysing oonc. AgNO^Aq, using 
Pt as positive and Ag as negative electrode, 
Ritter obtained a black deposit on the Pt ; to 
this black substance R. gave the formula Ag 2 0 8 , 
and described it as orystallising in octahedra, 
S.G. 5’474, giving up half its O when carefully 
heated, with NH s Aq evolving N, and with HjOgAq 
producing Ag, H 2 0, and O. A similar production 
of what seemed to be a peroxide of Ag was 
noticed by Fisoher (J.pr. 38,237) and by Wdhler 
(A. 146, 264). Bdttger (B. 6, 1398) noticed that 
the peroxide produced by electrolysis formed 
explosive Ag and rapidly evolved N, with NH,Aq. 
Ag peroxide is formed by the action of ozone on 
Ag, according to Schdnbein (J. pr. 41, 321) ; and 
of ozone on Ag 2 0 according to Schiel (X 1864. 
118). Ag peroxide is an energetic oxidiser ; it 
sets fire to I^S, and Au sulphide when rubbed 
therewith (v. Bdttger, lx.). 

The analyses made by Fisoher (X pr. 83, 237), 
Mahla (A. 82, 289), and Gmelin (X 6, 105) of the 
peroxide showed the presence of HjO and AgNQ, ; 
their preparations were probably impure. The 
analyses of Wallquist (J.pr. 31, 179) agreed well 
with the formula AgO (or AgjOJ. 
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The supposed peroxide of Ag, prepared by 
electrolysing AgNO,Aq, is regarded by Berthelot 
(BL [2] 84, 188) as a oompound of AgNO, with 
an oxide to which he gives the formula Ag 4 O s . 
By the interaction of H^O^Aq with Ag 2 0, 
Berthelot (lx.) obtained black flocks, which were 
. separated from Ag by washing ; to this substanoe 
B. gives the formula Ag 4 O s as the result of a not 
very complete analysis ; he looks on it as pro- 
bably identical with the product of the interaction 
of moist ozone and Ag or Ag z O. This substance 
loses 0 when dried over H 2 S0 4 ; with acids it 
gives salts of Ag 2 0 and evolves 0. 

Silver, oxychlorides of. The action of light 
on AgOl probably produoes two oxychlorides of 
Ag; v. Silver chloride, Action of light on, 
p. 468. 

Silver, oxyfluoride of. To the yellow crystals 
obtained by evaporating an aqueous solution of 
AgF, Pfaundler gives the composition AgF.AgOH 
(W. A . B. 46 [2] 259). 

Silver, phosphides of. Molten Ag absorbs 
P; according to Pelletier (A. Ch. 13, 101), some 
of the P remains in combination on cooling, but 
Warren (C. N. 56, 113) says that all except c. 
*002 p.c. separates rb the Ag cools. According 
to Emmerling ( B . 12, 152), a compound AgP is 
formed by heating Ag and P in a sealed tube to 
a dark-red heat ; on heating the compound P is 
given off and Ag remains (v. also Landgrebe, 8. 
60, 128). By heating powdered Ag in vapour of 
P, Sohrdtter obtained a grey solid, S.G. 4*63, to 
which he gave the composition Ag-jPg (J. 1869. 
247). 

Presenius and Neubauer (Fr. 1, 340) obtained 
a pp. said to contain Ag phosphide and Ag, by 
leading PHg, or C0 2 laden with vapour of P, 
into AgNO,Aq; using PH S diluted with CO f , 
Poleok and Thiimmel ( B . 16, 2435) obtained a 
compound, probably AgjP.SAgNO*. 

Silver, photosalts of. Carey Lea (Am, 8 . 
[8] 83, 349, 480, 489 ; 34, 33 ; abstract in C. J . 
54, 1) gives the name of photosalts to variously- 
coloured compounds of Ag with the halogens 
which are very sensitive to light. These bodies 
are regarded by O. L. as identical with the sub- 
stances that form the latent images on exposed 
photographic plates. The photosalts are ob- 
tained by the action of reduoers, such as 
FeS0 4 Aq or FeCLjAq, on the normal Ag haloids, 
by reducing Ag salts by such bodies as dextrose 
or tannin in presence of alkali and treating the 
products with HClAq, or by treating finely- 
divided Ag with the haloid salts of Cu or Fe 
and certain other halogenating reagents. The 
photosaltB are regarded by C. L. as compounds 
of the normal haloids with sub-haloids; from 
the methods of preparation it seems fairly cer- 
tain that the coloured bodies called photosalts 
contained various substances besides Ag and 
halogen. 

8ilver, platinocyanide of, v, vol. ii. p. 844. 

6ilver, platinoiulphocyamde of, v. vol. ii. 
p. 851. 

Silver, salts of. Compounds derived from 
acids by replacing H by Ag. These salts belong 
to the type AgX, where X«NO*, £S0 4 , £CO„ 
£P0 4 , dc. Subsalts of the type Ag 2 X possibly 
exist, where X is a halogen. The principal 
silver salts of oxy acids are: arsenate and 
arsmite, borate , bromate, carbonates, chlorate, 


chlorite , perchlorate and hypochlorite , chromate 
and dichromate, iodate and periodates, molybdates, 
nitrate, nitrite and hyponitrite, phosphates , 
8elenate and selenite, sulphates, sulphite and 
thionates , tellurates and tellurite. Several salts 
derived from sulphur-containing acids also 
exist, the ohief of which are : thio-antimonates 
and antimonites , thio-arsenates and arsenites, 
thio-carbonate , thio-molybdates , thio-phosphates 
and phosphites, and thio-tellurite . 

Silver, selenide of, Ag 2 Se. Ocours native, 
also in combination with selenides of Cu and 
Pb. Obtained by heating Ag with Se, Se0 2 , or 
H^Se ; also by passing HjSe into solution of a 
Ag salt; and by heating AgNO,Aq with Se 
(Senderens, 0. B . 104, 175). A grey solid, 
melting at red heat to silver-white regulus. A 
little Se is lost by roasting in air ; sol. cone, hot 
HNO,Aq, crystals of Ag 2 Se0 4 separating as liquid 
cools. 

Silver, selenocyanide of, v. vol. ii. p. 848. 

Silver, silicides of. Berzelius found that 
Ag after fusion with Si0 2 and C gave a residue 
of SiO* when dissolved in HNO,Aq. Percy 
(Silver and Gold, 1, 131) failed to obtain any 
compound of A g and Si. Warren ( 0 . N. 60, 5) 
obtained compounds or alloys of Ag and Si by 
heating Ag with K 2 SiF„ and Na. 

Silver, silico-fluoride of, Ag 2 SiF 8 .2H 2 0. 
White, deliquescent crystals, melting below 
100° ; when strongly heated gives a residue of 
Ag with some SiO*. Obtained by evaporating a 
solution of Ag 2 0 in H 2 SiF 8 Aq (Marignao, Ann. 
M. [5] 15, 270). 

Silver, sulphides of. The isolation of any 
sulphide other than Ag 2 S is very doubtful. 

Silver sulphide Ag 2 S. (Argentic sulphide.) 
Mol. w. not known. Occurs native as argentite 
or silver glance. Prepared by heating Ag in 
vapour of S, or in H 2 S, or by the action of H 2 S 
on red-hot AgCl (Durooher, C. B . 32, 823). 
H*S quite free from admixed O is said not to react 
with Ag. Also prepared by passing H*S into a 
solution of a salt of Ag ; by boiling Ag 2 S0 4 Aq 
or AgNOgAq with S (Filhol a. Senderens, O. B. 
104, 175) ; and by the contact of H*SAq with 
moist Ag 2 0. Spring formed Ag 2 S by subjecting 
a mixture of Ag powder and amorphous S to a 
pressure of several thousand atmospheres, pow- 
dering, and compressing again, and repeating 
this treatment seven or eight times ( Bl . [2] 89, 
641 ; 41, 488, 492 ; cf. Friedel, Bl. [2] 40, 526). 
Thomsen (Th. 3, 881) gives [Ag 2 ,S] « 5,340. 
Winssinger (Bl. [2] 49, 452) obtained a dilute 
aqueous solution of colloidal Ag 2 S by ppg. from 
a very dilute solution of a Ag salt, by HgS, and 
dialysing ; the solution was reddish brown, and 
did not change after keeping for more than two 
months. 

Ag 2 S obtained by ppn. is a black solid; 
when melted, out of air, it solidifies to a grey- 
black, lustrous, malleable mass, that oan be 
out with a knife ; S.G. 6*85 (Karsten, 8. 65, 
894). S.G. of argentite 7*27 to 7*82 (Dauber, J. 
18, 748). Heated in air slowly goes to Ag, 
giving off SO,. With cone, boiling HClAq gives 
AgCl and H*S; hot HNO*Aq forms AgNO,Aq 
and H s S; oonc. H 2 S0 4 produces Ag 8 S0 4 ana 
SO*. Heated in Cl, AgOl and 8*01* are formed. 
Reduced to Ag by action of metals and dilute 
acid ; also reduced by heating with PbO, OuQ, 
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Fe powder, or Hg (of. Rammelsberg, C. J. 89, 
374). 

Many compounds of Ag 2 S with metallio 
sulphides ooour in minerals, e.g. with Cu^S, 
Sb 2 S„ As 2 Sj„ Bi 2 S a , <fto. Schneider ( J . pr. 41, 
414) obtained a compound of Ag 2 S and Bi 2 S a 
by fusing the two sulphides together in a 
covered crucible. Poleck and Thummel (Ar. Ph . 
[3] 22, 1) obtained Ag 2 S.AgNO a by passing H 2 S 
into cono. AgNOgAq so long as it was completely 
absorbed, washing the greenish pp. with 
HNO*Aq, and drying ; a black amorphous pow- 
der, decomposed by water to Ag 2 S and 
AgNO*Aq. 

Silveu subsulphidb. According to Giintz 
( C . R. 112, 861), Ag 4 S is obtained by the action 
of H 2 S on AgjjOl. 

Silver, sulphocyanide of, v. vol. ii. p. 352. 

Silver, telluride of, Ag 2 Te. Occurs native 
tvs hessite . Prepared by melting together Ag and 
Te, by passing vapour of Te diluted with much 
N over red-hot Ag (Margottet, C. R . 85, 1142), 
and by heating AgNO a Aq with Te in a sealed 
tube (Senderens, 0. R. 104, 175). Grey, lustrous 
solid; obtained in needles (octahedral) by the 
second method given above. M. M. P. M. 

SIN ALB IN C w H 44 N 2 S 2 0 I8 . A gluooside oc- 
curring in the seed of white mustard (Will, Z . 
[2] 7, 89 ; A . 199, 150). Prepared by washing 
the seeds with CS 2 and extracting the residue 
with alcohol. Concentric groups of pale-yellow 
needles (from alcohol), v. sol. water, insol. CS 2 
and ether. Reduces Fehling’s solution, with 
formation of Cu 2 S. Split up by the ferment 
myrosin into glucose, sinapine sulphate 
C 1 w H 2s N 0 5 H,S0 4 , and G 7 H 7 OCNS, a pungent 
oil. Aqueous AgNO a produces a similar decom- 
position, forming a pp. whence H a S removes Ag, 
leaving in solution sulphate of sinapine and 
C 8 H 7 NO [69°]. Coloured yellow by alkaliB, and 
ields Na 2 S0 4 and sodium sulphocyanide on 
oiling with NaOHAq. HgCl^ gives a white pp. 

SINAMINE v. Allyl cyan amide. 

SIN A PIC ACID 0 n H I2 0 6 . [192° cor.]. 

Formed, together with neurine, by boiling sina- 
pine sulphocyanide with alkalis (Von Babo a. 
Hirschbrunn, A. 84, 19 ; Remsen a. Coale, Am. 
6, 50). Small yellow prisms (from alcohol), si. 
sol. cold water, insol. ether. The ammoniacal 
solution turns brown in air. Salt.— BaA" 
(dried at 110°). Pp. 

Acetyl derivative C„H u AcO # . [281°]. 
Got by boiling the aoid with Ac s O. White 
crystals, sol. hot water. 

SINAPINE C^HaNO*. Occurs as sulpho- 
cyanide in seeds of white mustard (O. Henry a. 
Garot, J. Ph. 17, 1; 20, 63; Pelouze, A. Ch . 
[21 44, 214; J. Ph. 17, 271; Boutron a. 
Robiquet, J. Ph. ’ 17, 279 ; O. Henry a. Plisson, 
A. Ch. [2] 46, 198 ; Winckler, Rep . Phann. 41, 
169; 67, 257; Simon, P. 43, 651; 44, 593; 
Boutron a. Fremy, J. Ph. 26, 50 ; Von Babo a. 
Hirsohbrflnn, A. 84, 10 ; Remsen a. Coale, Am. 
6, 60). Formed also by the action of myrosin 
on sinalbine (Will a. Laubenheimer, A. 199, 
162). The free base is known only in solution, 
and is decomposed on evaporation, leaving a 
resin. Boiling baryta-water splits it up into 
neurine G^^NO, and sinapio acid. 

Salts*— B'H t S0 4 2aq ; rectangular plates, v* 


sol. water and hot alcohol, nearly insol. ether. — 
B'HHgCl, : thin prisms.— B'HONS. [176°1* 

SIN APO LINE v. Di-allyl uasa* 

8INC ALINE v. Neurine. 

8INISTRIN v . Inulin. 

8IPERINE. An amorphous, resinous, alka- 
loid occurring, together with bebirine, in the 
greenheart tree ( Nectandra Rodicei or Bebeeru 
Sipeeri). It is v. si. sol. water, m. sol. alcohol, 
insol. ether (Maclagan, A. 48, 106). 

8KAT0LE v. Methyl-indole. 

8KELETINS v. Pboteids, Appendix C. 

8KIMMIN Ci 8 H 18 0g. [210°]. A gluooside 

extracted by alcohol from Skimmia japonica 
(Eijkman, R. T. O. 3, 204). White needles, si* 
sol. cold water. Its alkaline solutions show blue 
fluorescence. It is not poisonous, and does not 
reduce Fehling’s solution. 

Skimmetin 0^*0*. [223°]. Formed, to- 

gether with glucose, by boiling skimmin with 
dilute mineral acids. Colourless crystals, sol. 
alcohol and ether. Its solutions exhibit blue 
fluorescence. Does not reduce Fehling’s solu- 
tion. FeCl, gives a blue colour. Gold chloride 
gives a rose colour, turning blue and violet. 

SMILACIN C| 8 H! 8o O 0 (?). Occurs in sarsa- 
parilla root ( Smilax Sarsaparilla) (Reinsch, 
Rep. Pharm . 82, 145 ; Thubeuf, A. 5, 204 ; 14, 
76; Batka, A. 11, 805; Poggiale, A. 13, 84; 
Henry, A. 14, 77 ; Petersen, A. 15, 74 ; 17, 
166 ; Wright a. Rennie, C. J . 89, 237). Nodular 
groups of leaflets, m. sol. hot water and alcohol, 
sol. alkalis. 

Reference . — Parillin. 

SNAKE POISON v. Proteids. 

SOAP v. Dictionary or Applied Chemistry. 

SOBREROL C l0 B XH O r [150°]. [a] D -±150°. 
A product of atmospheric oxidation of turpen- 
tine in sunlight (Armstrong a. Pope, C. J. 59, 
316). Long tables (from alcohol) or mono- 
clinic prisms (from water) ; a:b:c * 2*411:1: *853 ; 
f} m 83°38'. Tastes bitter. Converted by boiling 
dilute H 2 S0 4 into an oily isomeride of cam- 
phor. By crystallising a solution of equal 
quantities of dextro- and lffivorotatory sobrerol 
there is obtained an inactive sobrerol [181°] 
crystallising from alcohol in trimetrio tables; 
a;b:c = 2*424:1; *827. 

SOCALOlN v. Aloin. 

SODA ; v . Sodium hydroxide, p. 479. 

SODIUM Na. At. w. 22*995. Mol. w. very 
probably same as at. w. (v. infra). Melts at 
95*6° (Bunsen, A. 125, 367), 97*6° (Hagen, W. 
19, 436) ; solidifies at 97*6° (Regnault, J. 1856. 
43). Boils between 860° ana 950°, according to 
Carnelley and Williams (O. J. 85, 565) ; at 742° 
(Perman, C. J. 66, 826). 8.G. -986 % (SchrSder, 
P. 106, 226) ; -9748 at 10° (Baumhauer, B. 6, 
655) ; o. - 74 at b.p. (Ramsay, 0. J. 89, 49). VJ>. 
12-7 at 1900°-1500° (Scott, Pr. E. 14,410; v. 
infra). S.H. *2784 Irom — 28° to 6° (Regnault, 
A. Ch. [8] 46, 257) ; *21 when liquid (Joannis, 
A. Ch. [6] 12, 858). OJE. (0° to 50°) *00007105 
(Hagen, W. 19, 486). E.O. (Hg at 0°-l) 18*8 
solid at 0°, 8-3 liqnid at 120° (Matthiessen, P. M. 
[4] 12, 199; 18, 81). T.O. (Ag- 100) -86*5 
(Calvert a. Johnson, P. M. [4] 16, 881). H.O. 
[Na J ,0] - 99,760 (Th. [8] 282). Befraction-eqni. 

valent at.- w.— 4*4 (Gladstone, Pr. 18, 49) ; 
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4 03 (Eanonnikoff, J. B. 1884 [i.] 119). Emis- 
sion spectrum characterised by a double line D, 
the components of which have the wave-lengths 
5895 ana 5889 (for detailed measurements of 
lines v. B., A. 1884. 448). For absorption speo- 
trum v. Roscoe a. Schuster ( Pr . 22, 362). S.V.S. 
solid 23*3 ; at b.p. 31 (Ramsay, C. J. 39, 49). 

Occurrence.— Compounds of Na occur widely 
distributed in large quantities. NaCl is found 
abundantly as rock-salt, also in sea-water and 
many mineral springs. Large quantities of 
NaN0 8 or Chili saltpetre occur in S. America. 
Carbonate, sulphate, and borate of Na are found, 
in comparatively small quantities, in rocks, and 
in lake and spring waters. Cryolite is a double 
fluoride of Na and Al. Many silicates contain 
Na silicate— e.g. natrolite , alhite , labradorite, 
/fee. The ashes of many plants contain Na salts, 
especially NaCl, Nal, and Na i S0 4 ; some plant 
ashes are free from Na salts, even when the 
plants grow near the sea; the ashes of algae 
and some other sea plants are richer in salts of 
K than in those of Na. NaCl, Na^CO,, Na^HPO*, 
and some other compounds of Na, are found in 
animal organisms. 

Historical. — Caustic soda was decomposed 
by Davy in 1807 ( T . 1808. 1) by electrolysis ; Gay- 
Lussac a. Th^nard heated NaOH with Fe filings 
and obtained Na (A. Ch. 65, 325 [1808]). 
Brunner (5. 71, 201) reduced Na^CO* by heat- 
ing with charcoal ; this process was made ap- 
plicable on the large scale by Deville (A. Ch. [8] 
43, 6 [1855] ). 

The word neter is used by the older Hebrew 
writers to denote a substance employed for 
washing clothes ; the same, or a similar, sub- 
stance seems to have been known as v'npov or 
nitrum , and by the fifteenth century this name 
was given to saltpetre; when the existence of 
two similar but distinct substances having 
detergent properties was recognised, the name 
nitrum was given to one* and the other was 
called natrum or natron. The metal obtained 
from natron was called natrium ; this name is 
retained in German, but in English and French 
the metal is named from soda, a word applied 
in the Middle Ages to designate alkaline sub- 
stances, and used as synonymous with nitrum 
and natron . The symbol Na is universally em- 
ployed for the metal. 

Formation. — 1. By electrolysing NaOH (cf. 
Potassium, Formation, No. 1, p. 298).— 2. By 
reducing Na 2 C0 8 by heating it with charcoal, 
or with charcoal and very finely-divided iron 
(Castner, O. N. 54, 218).— 3. By electrolysing 
fused NaCl, or cone. NaOLAq, using Hg as the 
negative electrode. 

Preparation.— 1. An intimate mixture of 
30 parts calcined N&,CO„ 13 parts coal, and 
5 parts chalk is heated in an iron bottle with a 
short exit tube, in a furnace, until vapours of Na 
appear at the mouth of the tube, when a small 
fiat receiver, made of sheet iron, is adapted to the 
tube ; when the receiver is full of Na it is removed, 
and the metal is taken out under mineral oil (cf. 
Potassium, Preparation, p. 298). As Na does not 
combine with GO, the difficulty which attends 
the preparation of E because of the formation 
of EGO, does not occur with Na. — 2. A mixture 
of NaOH, 0, and Fe is heated in egg-shaped 
iron retorts, connected with cast-iron condensers 


about 8 ft. long and 5 in. diameter, and having 
small openings near the nozzles through which 
the molten Na runs into pots placed beneath. 
The mixture of G and Fe is made by heating a 
mixture of very finely divided iron and pitch ; 
this is heated with NaOH in approximately the 
proportion 6NaOH:2C:4Fe. (For details v . 
Dictionary or Applied Ghemistby, vol. iii. 
p. 422.) 

The metal is purified by pressing through 
linen under rock oil kept at o. 100° ; it must be 
kept under oil free from O. Rosenfeld (B. 24, 
1658) recommends to soak the metal in a mixture 
of 1 part amyl alcohol and 3 parts petroleum, 
and to rub it with a rag soaked in the same 
mixture, till the surface is bright; then to let it 
remain under petroleum* with 5 p.c. amyl 
alcohol ; to wash it with pure petroleum, and to 
keep it under petroleum containing from J to 
1 p.c. amyl alcohol. The film of sodium-amyl 
oxide which forms is easily rubbed off with filter 
paper. 

Properties. — A silver- white, lustrous metal ; 
usually described as whiter than E, but according 
to Long (C. J. 13, 122) a clean surface has a 
pale rose colour. By melting Na in a glass tube, 
narrowed at one place, and filled with coal-gas 
or H, and allowing the semi-solidified metal to 
flow slowly through the narrowed part of the 
tube, Na is obtained in lustrous, white, quadratic 
octahedra, with a rosy sheen (Long, l.c. ; cf. 
Bottger, JB. 7, 1536). According to Linnemann 
(J.pr. 75, 128), the surface of a freshly-cut piece 
of Na shows green phosphorescence that soon 
disappears, but returns again at 60°-70° (cf. 
Baumhauer, J.pr. 102, 123, 361). A sublimate, 
in a very thin film on glass, shows a greenish 
blue colour in transmitted light (Dudley, C. N. 
66, 163; Newth, N. 47, 55). The vapour ob- 
tained by boiling Na in an atmosphere of H is 
colourless in thin layers, and violet to purple 
when seen in thick layers (Roscoe a. Schuster, 
Pr. 22, 362 ; Carnelley a. Williams, C . J. 85, 
565). At the ordinary temperature Na is as soft 
as wax ; it is ductile at 0°, and fairly hard at 
— 20° ; at c. 50° it is pasty ; it melts at c. 96°, and 
boils at c. 750° (v. beginning of this article). Na 
dissolves in liquid NH„ forming a blue liquid 
(v. Sodium-ammonium, p. 475). A freshly-cut 
surface of Na exposed to air becomes rapidly 
covered with a film of oxide ; Na is said to be 
unchanged at the ordinary temperature in per- 
fectly dry air. It decomposes cold water rapidly, 
but the H evolved does not generally take fire. 
Na must be kept under a liquid free from 0,suoh 
as mineral oil or naphtha (v. Preparation, 
supra). 

The atomic weight of Na has been determined 
(1) by converting NaCl into AgCl (Berzelius, 
P. 8, 189 [1826] ; Pelouze, C. B. 20, 1047 [1845] ; 
Dumas, A. Ch. [3] 55, 182 [1859] ; Stas, Stas. 
Rech . 78); (2) by reducing NaC10 8 to NaGl 
(Penny, T. 129 [1] 25 [1839]) ; (3) by converting 
NaCl into NaN0 8 (Stas, Nouv. B. 248 [1865]) ; 
(4) by determining S.H. of Na. 

The molecular weight of Na is not known with 
certainty. Dewar a. Dittmar (C. N. 27, 121) and 
D. a. Scott (Pr. 29, 206 [1879]) obtained numbers 
that indicated a mol. w. of 23 ; but the values 
varied considerably. D. a. S. used a vessel of 
wrought iron. Scott (Pr. E. 14, 410 [1888]) oh- 



SODIUM-AMMONIUM. 


476 


turned fairly concordant results, giving values for 
V.D. varying from 11*8 to 15, using a Pt vessel 
heated above the m.p. of cast iron ; but V. Meyer’s 
experiments ( B . 18, 391 [1880]) seemed to in- 
dicate that Na vapour attacks vessels of Ag orPt. 
Mitsoherlich (A. 12, 173 [1834]) found that 
vessels of hard glass were also attacked ; and 
Rieth (B. 4, 807 [1871]) got no constant results 
by using a vessel of Cu. The values obtained 
by Scott were so constant that there is a large 
probability in favour of the monatomicity of 
the molecule of gaseous Na. Ramsay (G. J. 55, 
521) dissolved Na in Hg and measured the 
decrease of vapour-pressure of the Hg thereby 
produced ; assuming the mol. w. of liquid Hg to 
be 200, and assuming that equal vols. of dilute 
solutions in Hg contain equal numbers of mole- 
cules, the results gave values for mol. w. of Na 
varying from 15 to 21*5. 

The V.D. of no compound of Na has been 
determined ; from the analogy of K, Rb, Cs, and 
Ag, the atom of Na is probably monovalent in 
gaseous molecules. 

Sodium is a strongly positive element; it 
comes after Rb, Cs, and K in order of decreasing 
electropositiveness (Bunsen). In all its com- 
pounds Na reacts as a metal ; it does not enter 
into the composition of any negative radicles. 
Na forms few basic Balts and no oxy haloid com- 
pounds ; its haloid compounds are very stable 
towards heat. Na is closely related to Li, K, 
Cs, and Rb (v. Alkalis, metals of the, vol. i. 
p. 114), and less closely to Cu, Ag, and Au 
( v . Copper group of elements, vol. ii. p. 250). 

Beactions and Combinations. — 1. Heated in 
air or oxygen , Na 2 0 and Na/)., are formed 
(v. Oxides , p. 482). According to von Bonsdorff 
(P. 41, 296), Na is unchanged in quite dry air 
at the ordinary temperature. — 2. Na absorbs 
hydrogen at c. 300°, probably forming a com- 
pound (v. Hydride , p. 479). — 3. Combines with 
chlorine , bromine , and iodine when heated with 
these elements (v. Chloride, bromide, and iodide). 
— 4. Forms sulphides, by reacting with sul- 
phur at the ordinary temperature ; combines, 
when heated, with selenion and tellurium , also 
with arsenic and phosphorus (v. Sulphide, p. 
483, Selenide, p. 482, Telluride, p. 483, Arsenide, 
p. 476, and Phosphide , p. 482).— 5. Alloys with 
several metals ft?. Alloys , infra). — 6. Na decom- 
poses water at tne ordinary temperature, forming 
NaOHAq and H ; much heat is produced, but 
the H does not generally take fire unless the 
reaction is slackened, and friction iB increased, 
by thickening the water by gum Ac ., or placing 
the Na on moist filter paper ( v . Duoatel, Am. S. 
25, 90 ; Serullas, A. Ch. [3] 40, 329). If Na is 
allowed to react with water in a cylinder standing 
over water, the H collecting in the cylinder, a 
violent explosion sometimes occurs, probably due 
to formation of a peroxide that is then decom- 
posed with evolution of O, which mixes with the 
H (Bottger, /. pr. 85, 397 ; Griffin, J. 1856. 
320).— 7. Na reduces many oxides at high tem- 
peratures, e.g. CO, N 2 0, B 2 0„ P 2 0 5 , As 2 0„ HgO, 
OuO f Ag,0, PbO, ZnO, Fe 2 0„ Ac.— 8. Many 
carbonates, sulphates, nitrates, phosphates, and 
silicates are reduced when strongly heated with 
Na. — 9. Many metallic chlorides are reduced by 
heating with Na, ejg. MgCl*, A101, Ac. — 10. By 
heating with solid caustic potash to c. 170°, an 


alloy of Na and K is formed (v. Williams, C. N. 
3, 21 ; Wanklyn, C . N . 3, 66). — 11. Heated in 
ammonia gas , NaNH 2 is formed (t?. Amide , 
infra), and when this is more strongly heated 
Na 8 N is formed (v. Nitride, p.482). — 12. Na reacts 
with aqueous solutions of acids to form salts 
NaX, where X is a monovalent acidic radicle. 

Sodium, alloys of. Na forms alloys with 
many metals ; these alloys are generally formed 
by directly melting the metals together, or by 
reducing the chlorides by Na. By the action of 
sodammonium (v. infra) on Sb, Bi, Pb, Joannis 
(C. B. 114, 585) says that alloysof Na with these 
metals are obtained agreeing in composition 
with the formulas Na,Sb, Na*Bi, and NaPb. 
Schumann (W. 43, 101) obtained a definite alloy 
of Na and Hg corresponding with the formula 
NaHg ft (t>. also Sodammonium, infra). 

Sodium, aluminates of, v. vol. i. p. 141. 

Sodium, amide of, NaNH 2 . (Sodamide.) 
Mol. w. not determined. First prepared by 
Gay-Lussac and Th6nard ( Becherches physico- 
chimique, 1, 354) by heating Na in NH, ; the 
Na absorbed 142 to 163 vols. NH, and 100 vols. 
H were produced. Prepared by Beilstein and 
Geuther (A. 108, 88) by driving out the air from 
several flasks, connected by tubes, by a stream 
of dry H, then placing a few grams Na in each 
flask, replacing the H by dry NH„ free from 
C0 2 (Drechsel, J. pr. [2] 16, 203), and heating 
the flasks on sana-trays; the Na melts and 
swims on the blue -green liquid that forms. 
When the Na has all disappeared the liquid is 
allowed to cool ; the solid that forms is at first 
brown, but when quite cold it forms a crystalline, 
olive-green mass. Also obtained by the gradual 
decomposition at the ordinary temperature 
(hastened by light) of sodammonium ; as the 
liquid decomposes, crystals of NaNH 2 , 1 mm. 
long, are formed ; these crystals are said to be 
white (Joannis, C. B. 112, 392). 

Heating in CO produces NaCN and H 2 0, 
along with NaOH and NH,. When heated in 
C0 2 much NH, is given off, and the final pro- 
ducts are H 2 0 and CN.NNa, (disodium salt of 
cyanamide ; v. vol. ii. pp. 313, 314) ; B. a. G. 
(l.c.); Drechsel ( lx .). CS 2 reacts to form 
NaSCN and H 2 S, then NH, is given off, and 
NaSH remains. Dilute HClAq reacts violently, 
producing NaCl and NH 4 C1. EtCl forms NaCl, 
NH„ and C a H 4 , but no EtNH 2 . Heated with C 
the products are NaCN and H (Drechsel, J. pr. 
[2] 21, 91). When strongly heated NaNELj gives 
off NH, and leaves NaN, (t?. Sodium nitride, 
p. 482). 

Sodium-ammonium or Sodammonium. Wey) 
( P . 121, 611 ; 123, 350) obtained a blue liquid, 
by the action of liquid NH, on Na, which he 
regarded as a compound or alloy of Naand NH 4 . 
As Na remained when the NH, was allowed to 
evaporate, Seeley (C. N. 23, 169) looked on the 
blue liquid as a solution of Na in liquid NH,. 
Joannis (C. B. 109, 900,965; 110, 238) found 
that the vapour-pressure of a solution of Na 
in liquid NH, decreased to a limit whereat it 
became constant if temperature remained un- 
changed; that on then removing more NH, a 
oopper-red solid separated, and that NH, was 
then given off at constant pressure till only Na 
remained. When the last part of the change 
commenced, the oopper-red substance contained 
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Na and NH, in the ratio Na:NH, ; the evolution 
of NH, at constant pressure was regarded by J. 
as due to the dissociation of a compound 
NaNH,. The heat of formation of NH,Na from 
gaseous NH, and solid Na was determined by J. 
to be 5,200, and from liquid NH, and solid Na 
to be 800, cals. J. determined the lowering in 
the freezing-point of liquid NH, by solution in 
it of NaNH„ and so calculated the mol. formula 
of this body to be Na^N^H, {CM2. 115, 820). 
The solution of Na^NgH, in liquid NH, is de- 
composed by Sb, Pb, and Hg, but not by Al, Cu, 
Ag, or Zn ; the final product of the action of 
Pb is Pb 4 Na.2NH, ; by dropping the liquid on 
to Hg, and washing the product with liquid 
NH,, the crystalline amalgam N&Hg, was ob- 
tained (J., C. E. 113, 796). According to J. 
(C. B. 112, 392), Na^H,, decomposes slowly at 
the ordinary temperature to NaNH, and H. 
With excess of NaCl the blue liquid becomes 
colourless and NaNH, separates ; the compound 
NHjNa^Cl is first formed, and is then decom- 
posed by the liquid NH, to NaNH, and NaCl. 
By passing dry O into Na,N,H a in liquid NH, at 
-50°, J. (C. E. 116, 1870) obtained NH,Na,OH; 
by the prolonged action of O he obtained 
Na,0,. 

Sodium, arsenates of, v. vol. i. p. 309. 

Sodium, arsenide of. Gay-Lussac and 
Thdnard found that Na combined directly with 
As. According to Landolt (A. 89, 210) Na^As is 
formed, as a silver-white solid, by heating the 
elements in the ratio 8Na:As. A compound of 
Na and As is also formed when Na is heated in 
AsH,. Decomposed by water, giving off AsH,. 

Sodium, arsenites of, v. vol. i. p. 307. 

Sodium, aurobromate of, NaAuBr 4 . Orange- 
red prisms, by dissolving NaBr in AuBr,Aq (c/. 
vol. ii. p. 649). 

Sodium, aurochlorate of, NaAuCl 4 . By dis- 
solving NaCl in AuCljAq (c/. vol. ii. p. 660). 

8odium, borates of, v. vol. i. p. 629. 

Sodium, boride of. The product of the re- 
duction of B 2 0, by Na may contain a compound 
of B and Na. 

Sodium borofluoride v. vol. i. p. 526. 

Sodium, bromide of, NaBr. Mol. w. not 
certainly known, but probably 102*745 ( «= NaBr). 
Melts at 708° (Caraelley, O. /. 83, 279) ; at 727° 
(i v . Meyer a. Biddle, B. 26, 2443). S.G. 8*079 
at 17*5° (Kremers, P. 99, 443) ; 3*198 at 17*3° 
{Favre a. Valson, C. E. 77, 679) ; 2*448 when 
molten (Quincke, P. 188, 141). Kremers (P. 99, 
443) gives solubilities as follows : — 

Temp. S. Temp. 8. 

0° 77*5 60° 111*1 

20 88*4 80 112*5 

40 104*2 100 114*9 

Coppet (A. Ch. [4] 25, 506; [6] 30, 411) gives 
the following : — 

Temp. a Temp. & 

44*1° 115*6 86° 118*8 

51*5 116*2 90*5 119*7 

55*1 116*8 100*3 120*6 

60*8 117 110*6 122*7 

64*5 117*3 114*8 124 

74*5 118*4 

O. represents S. of NaBr as 110*34 +*10752 when 
$ vanes from 44° to 114°. 8. in alcohol 90 p.c. 

B.P. of saturated NaBrAq -121°. S.G. 


of NaBrAq given by Kremers a. Gerlach (Fr. 6, 
279) at 15° as follows 


S.G. NaBrAq 

P.O. NaBr 8.G. NaBrAq 

P.O.Ni 

1*04 

5 1*281 

30 

1*08 

10 1*344 

85 

1*125 

15 1*410 

40 

1*174 

20 1*483 

45 

1*226 

25 1*565 

50 


H.F. [Na,Br]« 86,770; [Na,Br,Aq] « 85,580 (TK 
3, 232). 

Formation . — 1. By passing Br vapour over 
Na. According to Merz and Weith (B. 6, 1518), 
Na remains unchanged for months in liquid Br 
at the ordinary temperature, and even at 100° 
or 200° the formation of NaBr proceeds very 
slowly.— 2. By treating BrAq with iron filings, 
boiling the solution of FeBr^Aq with NaOHAq, 
filtering, and evaporating (Henry, J. PA. 15v 
54). — 3. By neutralising HBrAq by NaOHAq or 
Na,CO,Aq, and evaporating. — 4. By decomposing 
CaBrjjAq by Na,SO <f filtering after some time, 
adding Na/lO, as long as turbidity is produced, 
filtering, and evaporating (Klein, A, 128, 237). — 
5. By decomposing pure NH 4 Br by NaOHAq or 
Na,CO,Aq, and evaporating (Castelhaz, C. E. 
70, 1050). 

Preparation, — Br is added, little by little, to 
moderately cone, pure NaOHAq (v. Sodium 
hydroxide, p. 479) till the liquid is slightly 
yellow ; the liquid is evaporated to dryness ; 
the residue of NaBrO, and NaBr is strongly 
heated, in a porcelain dish, till traces of Br are 
given off, the residue iB dissolved in water, 
evaporated, and allowed to crystallise at a 
temperature not under 30° (NaBr. 2aq separates 
below 30°). 

Properties.— Lustrous, white cubes; strong 
alkaline taste; reaction in water is neutral. 
Dissolves easily in water, with slight fall of 
temperature [NaBr,Aq] - — 190 (Th. 3, 232); 
NaBr separates from this solution at o. 30°, 
but at the ordinary temperature crystals of 
NaBr. 2aq are formed. 

Eeactiona.—l. Chlorine reacts with NaBrAq 
to give NaClAq and Br. — 2. Heated with potas- 
sium chromate and sulphuric acid , Br is given 
off ; NaCl under Bimilar conditions gives 
CrOjjCl,. — 8. Cone . sulphuric acid forms HBr, 
Br, and SO, ; by using dilute H,S0 4 Aq (c. 30 
p.c.) a mere traoe of Br is obtained ( v . Addyman, 
C. J. 61, 94). — 4. Potassium pemmn^&nais does 
not react with NaBrAq even when boiled, but 
addition of a little ELjSC^Aq causes evolution of 
Br (Hempel, A. 107, 160). 

Combinations . — 1. With water to form 
NaBr.2H,0. This hydrate separates from solu- 
tions of NaBr saturated when hot and oooled to 
under 30° ; it crystallises in monoclinic prisms, 
whioh melt at 50°, leaving NaBr. — 2. With 
many bromides of less positive metals , e.g. with 
PbBr, to form PbBr..2NaBr, and CdBr g to form 
CdBr ? .5NaBr. 5aq (v. the various metallic 
bromides). — 3. With arsenious oxide to form 
NaBr.As 4 0, (Rfidorff, B, 21, 8051). 

Sodium, ohloride of, NaCl. (Common salt.) 
Mol. weight not known with oertainty, but pro- 
bably 58*865 («NaCl). Melts at 772° (Caraelley, 
C. J. S3, 280) ; at 851° (Meyer a. Biddle, 
B. 26, 2443). S.G. 2*16 at 0° (Quincke, P. 
188, 141); 2*157 at 4° (SchrOder, P. 106, 226) f 
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(?) 1*612 at m.p. (Braun, B. 7, 968) ; 2*04 after 
fusion (Quincke, P. 186, 642) ; for other values 
v. Clarke’s Table of Specific Gravities [2nd ed.] 
20. S.H. 16° to 98° *21401 (Regnault, A . Ch. 
[8] 1, 129 ; v. also Kopp, T. 165 [i.] 71). Vol. 
at 40° -vol. at 0° (1 4 * *00012117 x 40) (Fizeau, 
C.R. 64, 814). H.F. [Na,Cl] = 97,690 ( Th . 8, 
232). Poggiale (A. Oh. [3] 8, 469) gives follow- 
ing data for solubility in water : — 


Temp. 

s. 

— 16°* 

32*73 

-10 

33*49 

- 5 

34*22 

0 

35*62 

+ 5 

85*63 

9 

35*74 

14 

85*87 

25 

36*13 


Temp. 

s. 

40° 

36*64 

50 

36*98 

60 

87*25 

70 

37*88 

80 

88*22 

90 

38*87 

100 

39*61 

109*7 

40*85 


Coppet (A. Oh. [5] 30, 411) gives S. above 20° 
to 109° — 34*369 + *0527L Gerlach ( Fr . 8, 281) 
gives the following data : — 


S.G. NaOlAq at 15° 


1 p.c. 1*00726 

2 „ 1*01450 

3 „ 1*02174 

4 „ 1*02899 

6 „ 1*03624 

6 „ 1*04366 

7 ,, 1*06108 

8 „ 1*05851 

9 „ 1*06593 


10 

p.o. 

1*14315 

11 

>» 

1*15107 

12 

»» 

1*15931 

13 

r* 

1*16755 

14 

>» 

1*17580 

15 


1*18404 

16 

>i 

1*19228 

17 

*) 

1*20098 

18 

»» 

1*20433 


1000 c.o. of NaClAq saturated at 15° contain 
318*479 g. NaCl and 888*669 g. water (Michel a. 
Kraft, J. 1854. 296). NaClAq containing 29*4 
to 29*5 p.c. Nad boils at 109*25° (at 760 mm. 
pressure) and freezes at —21*3° (Karsten, 
Salmenkunde [Berlin, 1847] 2,38). The follow- 
ing freezing-points are given by Karsten (Z.c.) 
for NaClAq (cf. Riidorff, P. 114, 63 ; and de 
Coppet, A. Ch. [4] 25, 609) 


P.O. NaCl F.P. 

2 -1*32° 

4 — 3*024 

6 —4*52 

8 -5*99 

10 -7*44 

12 - 8*88 


P.O. NaOI 

F.P. 

16 

-11*69 

20 

-14-44 

22 

-15*78 

24 

-17*11 

26 

-18*42 


For freezing-points of dilute NaClAq, con- 
taining from o. *006 to o. 2*6 p.o. NaCl, v. Jones 
(Z. P. 0. 11, 210). 

Solution of NaCl in water is accompanied 
by lowering of temperature and contraction; 
86 parts NaCl in dissolving in 100 parts water 
at 12*6° lower the temperature to 10*1° (Riidorff, 
B. 2, 68) ; Thomsen gives [NaCl,Aq] m - 1180 
(Th. 3, 282). By mixing 36 parts NaCl with 
100 parts snow, temperature falls to— 21*3° 
(Riidorff, P. 114, 79 ; 122, 337). 

NaCl is insol. absolute alcohol ; Girardin 
(A. Ch. [4] 6, 146) gives the following data for 
S. in aqueous aloohol S.G. *9282 ; 10*9 at 4°, 
11*1 at 10°, 11*43 at 13°, 11*9 at 23°, 12*3 at 
82°, 18*1 at 44°, 13*8 at 51°, 14*1 at 60°. Schiff 
(A. 118, 365) gives S. in aloohol at 15° as fol- 
lows ; 28*33 in 10 p.o. alcohol, 13*25 in 40 p.o., 
6*93 in 60 p.o., 1*22 in 80 p.o. NaCl crystallises 
in the regular system, generally in cubes, some- 
times in octahedra. 

Occurrence * — As rock salt, or halite , in very 


large quantities very widely distributed ; in sea- 
water, many salt lakes, brine springs, and most 
mineral springs. 

Formation.— 1. By burning Na in moist CL 
According to Wanklyn ( O . N. 20, 271), dry Cl 
does not combine with Na even at the M.P. 
of the metal; Donny a. Mareska (C. B. 20, 
817) state that Na is unacted on by liquid Cl 
at —80°.— 2. By neutralising NaOHAq or 
Na^COs Aq by HClAq, and evaporating. — 3. By 
the reaction of excess of oonc. HClAq with 
several salts of Na, e.g . Na^SO^ — 4. By strongly 
heating Na 2 S0 4 with excess of NH 4 C1; also by 
decomposing Na 2 S0 4 Aq by several ohlorides, 
e.g. MgCLj or CaCLj. — 6. As a by-product in 
making KNO s by the reaction of KC1 with NaNO a . 
6. By the reduction of many chlorides by Na. 

Preparation . — Pure NaHCO, is prepared by 
washing a large quantity of the ordinary * pure 9 
salt, in fine powder, with cold water till the 
washings cease to be clouded on addition of a 
salt of Ag or Ba ; after boiling with slight excess 
of HNO a Aq, the residue iB dried and heated 
to dull redness in a Pt dish ; a boiling saturated 
solution of the Na^Og thus obtained is prepared, 
filtered, and shaken while crystallising to insure 
the formation of small crystals ; the crystals are 
dried by suction by a water-pump, they are then 
twice moistened with cold water to remove all 
mother-liquor, and crystallised three times from 
water. The pure Na 2 GO s is dissolved, and NaCl 
is formed by passing in a stream of pure HC1 
gas (obtained by heating pure cone. HClAq) ; a 
little pure NH 4 C1 is added to the solution (for 
preparation of pure NH 4 C1 v. vol. i. p. 197, 
under Ammonia, Preparation , No. 8), which is 
then evaporated to dryness in a Pt retort ; the 
residue is very strongly heated, and then dis- 
solved in water ; after standing for 24 hours the 
solution is poured off (from any Al 2 0 8 .£cH 2 O 
and Si0 2 that settle), a little pure NH 4 G1 is 
added, the solution is evaporated to dryness in 
a Pt retort, the residue is strongly heated for 
some time, and after partial cooling the still 
liquid NaCl is poured off (from Pt, Si0 2 , and 
ALjOj) into a Pt dish ; when cold, the NaCl is 
dissolved in water, the solution is poured off 
after 2 days and evaporated to dryness in a Pt 
retort, and the residue is fused in a Pt vessel 
(Stas, Chem. Proport. 275). 

For preparation of NaCl from rock salt, brine, 
and sea- water, v. Dictionary or Applied Chemis- 
try, vol. iii. p. 429. 

Properties.— A pure, white, lustrous solid ; 
crystallises in the regular system, generally in 
cubes. Decrepitates when heated. NaCl is- 
diathermanous. Solution in water is neutral 
to indicators, and has a bitter taste. Pure NaCl 
is very slightly hygroscopic, taking up c. £ p.c. 
water from moist air (Stas, Karsten). Melts at 
c. 772° *, vapourises markedly at white heat in a 
stream of N (v. Stas, l.c.). NaCl is almost wholly 
ppd. from an aqueous solution by leading in HC1 
(Margueritte, C. B. 43, 50) ; also ppd. from a 
cone, solution by cold cone. NaOHAq (Berthelot 
C. B. 76, 111) ; also by warming a cono. solu 
tion with excess of NaBr or Nal and cooling 
(von Hauer, J. pr. 98, 137). Saturated NaClAq 
deposits the hydrate NaCl. 2aq at - 7° to o. — 22°, 
and at o. - 23° NaC1.10aq separates (t>. Hydrate* 
under Combinations^ p. 478). 
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Reactions.-*!. According to de Sanderval 
(C. R. 116, 641), when NaCl is vapourised around 
a porous tube Cl collects in the inside of the 
tube.— 2. Electrolysis of NaClAq produces Cl 
and NaOHAq, but NaClOAq and NaCIO, are 
eoon formed by secondary reactions; if a dia- 
phragm of asbestos is used, the cathode being 
on one side and the anode on the other, and 
C0 2 is passed into the NaClAq, Cl is given off 
and Na 2 CO s is formed (v.Hempel, B. 22, 2475). — 
8. Fusion with potassium produces KC1 and Na. 
4. Fusion with sulphur is said to form Na 2 S 
and S 2 C1 8 , but this is denied by Karsten ; NaCl 
is not decomposed by hydrogen , or oxygen , at a 
red heat. — 6. Superheated steam has no reaction, 
according to Kunheim (J. 1861. 149) ; there is a 
alight reaction, according to Lunge ( Soda-indus - 
trie , 2, 288). — 6. Sulphuric anhydride vapour 
is absorbed, without heating, giving S 2 0 6 NaCl 
<(Na salt of S0 2 (C1).0.S0 2 .0H) ; according to 
Schultz-Sellack (B. 4, 112) more S0 8 is then 
absorbed, and a compound approximately 
NaC1.4SO a is formed; on heating N^SO,, S0 2 
and Cl are produced. By heating with liquid 
sulphuric anhydride S^O^C^ is formed (Rosen- 
stiehl, C . R. 63, 668). — 7. Decomposed by heat- 
ing to c. 500° in a mixture of air , sulphur 
dioxide , and water vapour , giving Na 2 S0 4 and 
HC1 (Hargreaves and Robinson’s process for 
making Na 2 S0 4 ; v. Dictionary of Applied 
Chemistry, vol. iii. p. 444).— 8. NaCl is decom- 
posed, with formation of oxychlorides or chlor- 
ides, by heating with phosphoric , chromic , or 
molybdic anhydride , or with antimorvic oxide ; 
decomposition occurs with silica , boric oxide , 
alumina , and tungstic oxide only in presence of 
air or water vapour, forming silicate, borate, 
aluminate, or tungstate of Na, and HC1 ; in 
presence of water vapour Cl is evolved in some 
at these reactions \v. Schulze, J. pr . [2] 21, 
407; Delalande a. Prudhomme, Bl. 20, 74; 
Gorgeu, A. Ch. [5] 10, 145). Lead oxide de- 
composes NaClAq, forming PbCLj and NaOHAq 
(Soheele) ; but molten NaCl is said not to inter- 
act with PbO. Moist NaCl mixed with caustic 
lime and exposed to air becomes covered with 
an efflorescence of Na 2 CO a crystals. Magnesia 
interacts with NaClAq, in presence of C0 2 , to 
form NaHCOg and MgClj (Weldon ; Wagner, J. 
1873. 266). — 9. Sulphuretted hydrogen partially 
-decomposes hot NaCl to Na 2 S, more completely 
in presence of steam (Kingzett, O. J. [2] 11, 
466). — 10. Many metallic sulphides, e.g. Ci^S, 
produce Na 2 S0 4 and metallio chlorides (some- 
times Cl is set free) when roasted in air with 
NaCl. — 11. Several metallic sulphates when 
fused with NaCl produce Na^O* and metallio 
chlorides— e.g. PbS0 4 , ZnSO., CuS0 4 ; some of 
these sulphates react also with NaClAq. Some 
sulphates form Na 2 S0 4 , and give off Cl when 
heated with NaCl, e.g. FeS0 4 (v. Barreswil, 
J. Ph . [8] 12, 466). — 12. Fusion with potassium 
chlorate only decomposes a trace of NaCl 
(Schulze, J. pr. [2] 21, 407).— 18. Ammonium 
oxalate heated with NaCl forms NagCO, and dis- 
tinct quantities of NaCN (Fresenius) ; addition 
of (NH 4 ) 2 0 2 0 4 to hot saturated NaClAq ppts. 
Na 2 C,0 4 .— 14. Potassium carbonate reaots with 
NaClAq to form NajCOjAq and KClAq ; if CO t 
is passed in NaHCO, ppts. — 16. Ammonium 
bicarbonate and NaClAq produce NaHCO, and 


NH 4 ClAq. Passage of C0 2 into NaClAq satu- 
rated with NH* ppts. NaHCO s (v. Ammonia-soda 
process , in Dictionary of Applied Chemistry, 
vol. iii. p. 494). — 16. Sulphuric acid decomposes 
NaCl, forming HOI, and NaHS0 4 or NagSC^ ac- 
cording to the temperature. The Leblanc 
process for making sodium carbonate takes ad- 
vantage of this reaction (v. Dictionary of 
Applied Chemistry, vol. iii. p. 459).— 17. Eva- 
poration with excess of nitric acid produces 
NaNO s and HC1. — 18. NaCl is readily ^decom- 
posed by hydrofluoric acid , also by hydrofluo- 
silicic acid. — 19. Carbonic acid is said to set 
free some HC1 from NaClAq (r. H. Muller, B. 3, 
40 ; Funk, Chem. Zeitung , 1879. 660).— 20. Re- 
peated evaporation with excess of oxalic acid 
completely decomposes NaCl to Na 2 C 2 0 4 . 

Combinations.— 1. With water to form 
hydrates. The dihydrate NaC1.2aq separates 
from saturated NaClAq cooled to —7° to -22°, 
in large clear monoclinic crystals (v. Hankel, 
P. 53, 623; Mitscherlioh, J. pr. 83, 485). 
The crystals effloresce at — 10°, and deliquesce 
at 0°. Ehrenberg (P. 86, 240) and Frankenheim 
(P. 87, 638) obtained this hydrate by evaporating 
dilute NaClAq at a moderate temperature. The 
crystals that separate from hot NaClAq contain- 
ing HC1 are hydrated, according to Be van ( C . N. 
35, 17), and contain 5*48 p.c. water, but after a 
time they change to the ordinary crystals of 
NaCl. According to Naumann ( Thermochemie , 
106), crystals of the decahydrate , NaCl.lOaq, 
separate from NaClAq at —23°.— 2. NaCl 
absorbs considerable quantities of ammonia , 
under pressure. Joannis dissolved NaCl in 
liquid NH 8 at —10°; on cooling to —30° and 
letting NH a escape at the ordinary pressure, he 
obtained slender white needles, probably 
NaCl.SNH, (C. R. 112, 837). — 3. Sulphuric 
anhydride is absorbed by NaCl, forming 
NaC1.2SO a , and then perhaps NaC1.4SO, 
(v. Reactions , No. 6). — 4. Compounds with 
sodium iodate are formed, by adding excess of 
NaCl to NaIO s Aq, and by boiling NaIO s with 
HClAq; the compound NaCl.NaIO s .4aq was 
obtained by Ditte, and 8NaC1.2NaIO„. 18aq 
by Rammelsberg (P. 44, 648 ; 115, 684). — 6. 
With many chlorides of less positive metals , e.g. 
A1C1 S , CdCLj, CrCl # , PbCl 2 , MgCl* (v. Chlorides 
of various metals). 

Sodium subchloride. H. Rose (P. 120, 15) 
noticed that a grey-blue solid was produced by 
fusing NaCl with Na in H; he thought this 
might be a subchloride of Na. Bunsen and 
Kirchboff (P. 113, 839) noticed the formation of a 
deep-blue substance during the electrolysis of 
molten RbCl ; this substance dissolved in water, 
giving off H and producing a colourless, strongly 
alkaline solution ; a similar reaction was obtained 
on electrolysing KOI; these blue substances 
were regarded by B. a. K. as probably sub* 
chlorides, but no analyses or proofs of compo- 
sition were given. 

Sodium, ohromisulphocyanide of, v. vol. ii. 
p. 849. 

Sodium, oyanide of, v. vol. ii. p. 847. 

Sodium, ferrate of, v. vol. ii. p. 547. 

Sodium, ferrioyanide of, v. vol. ii. p. 840. 

Sodium, ferrite of, v. vol. ii. p. 547. 

Sodium, ferrooyanide of, v. vol. ii. p. 387* 

Sodium, fluoborido of, <?. vol. i. p. 526. 
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Sodium, fluoride of, NaF. Mol. w. not 
known with certainty, but the formula NaF is 
probably molecular. 

Formation. — 1. By neutralising HFAq by 
NaOHAq and evaporating. — 2. Formed along 
with NaHS0 4 by the reaction of HFAq with 
Na*S0 4 (Weldon, D. P. J. 182, 228).— 3. By 
fusing together GaF^ Na 2 S0 4 , and charcoal, and 
extracting with water (Jean, C. B . 66, 801, 
918). — 4. By boiling powdered cryolite with 
NaOHAq of at least 1*35 S.G. till a little taken 
out is entirely sol. boiling water, decanting the 
alkaline liquid from NaF, pressing the NaF, 
dissolving in boiling water, separating any 
AljOj in solution by Na 2 SiO a Aq, removing silica 
by C0 2 , filtering, evaporating, and recrystallising 
the NaF that separates (Schuoh, A. 126, 108). — 
5. Berzelius ( Lehrbuch [6th ed.] 8, 216) pre- 
pared NaF by adding to 100 parts Na 2 SiF e and 
112 parts Na s C0 8 water enough to make the 
whole pasty, boiling as long as C0 2 was given 
off, extracting the solid thus formed with boiling 
water, evaporating the solution to dryness, 
heating the residue gently, again extracting 
with hot water, filtering from Si0 2 , and crystal- 
lising. 

Preparation. — Pure Na 2 CO„ (for preparation 
v. Sodium chloride, Preparation, p. 477) is dis- 
solved in pure HFAq, till the acid is just saturated, 
in a Pt dish, the solution is evaporated to dry- 
ness, the residue is heated strongly for some time, 
and allowed to cool. 

Properties.— Clear, lustrous cubes ; in 
presence of Na 2 C0 8 crystallises in octahedra. 
SI. sol. water; S. at 16° = 4*78 (Berzelius), at 
15° « 4 (Fremy, A . Ch. [3] 47, 32). Scarcely 
more sol. hot than cold water. Insol. alcohol. 
Giintz (A. Ch. [6] 3, 5) gives [NaF,Aq] =» - 600. 
Decrepitates on heating, and melts at a high 
temperature without decomposition (Berze- 
lius). 

Reactions . — 1. Partially decomposed by 
heating to redness in water vapour, with forma- 
tion of NaOH and HF (Weldon). — 2. Excess of 
caustic potash forms NaOHAq.— 3. Boiling with 
magnesia partially decomposes NaF to NaOHAq 
and forms a double Na-Mg fluoride (MgF 2 .2NaF) 
(Tissier, C. B. 56, 848). — 4. Completely decom- 
posed to NaCl by heating strongly in hydrochloric 
add gas (Deville, G . JR. 43, 970).— 5. Partially 
decomposed to NaCl by heating with ammonium 
chloride (Rose, P. 74, 579). Fusion with magne- 
sium chloride produces NaCl and MgF* (Geuther, 
J. Z. 2, 208). 

Combinations . — 1. With several fluorides of 
less positive metals ; 3NaF.AlF, occurs native 
as cryolite (v. Aluminium fluoride, vol. i. p. 
145). — 2. With silicon fluoride to form Na 2 SiF 8 
( v . Sodium siucofluoride, p. 483).— 8. With 
sodium borate to form 6NaF.Na2B 2 0 4 (v. Fluo • 
borates, vol. i. p. 530).— 4. With sodium phos- 
phate to form NaF.2Na,P0 4 . 19aq and 22aq, and 
NaF.Na 8 P0 4 . 24aq (v. Baumgarten, J. 1865. 219 ; 
Brieglieb, A . 117, 95). — 5. With sodium sulphate 
to form NaF.N&,S0 4 (v. Mangnac, Ann. M. [5] 
12, 18). 

Sodium-hydrogen fluoride NaHF, or 
NaF.HF. This compound is formed, according 
to Berzelius (Lehrbuch [5th ed.] 8, 217), by the 
spontaneous evaporation of a solution of NaF in 
HFAq. Forms small rhombohedral crystals, 


with a sharp, acid taste. SI. sol. cold water 
more sol. hot water. Decomposed by heat to 
NaF and HF (Marignac, J. 1867. 128). Giintz 
A. Ch. [6] 3, 6) gives [NaF, HF] - 17,100 
to form NaF.HF). 

Sodium, hydride of, Na^. Gay-Lussac 
and Th6nard (A. Ch. 74, 203) observed that Na 
absorbed H when heated therein. The process 
was more accurately studied by Troost and 
Hautefeuille (A. Ch. [5] 2, 273). They found 
that absorption of H by Na began at c. 300° and 
ceased at c. 421°, when the gas was at the atmo- 
spheric pressure. The produot gave, in a 
Sprengel pump, 237 vols. H. for 1 vol. Na ; the for- 
mula Na 2 H requires 238 vols. H. Na 2 H is a soft, 
silver- white solid; it can be melted without 
decomposition in H; S.G. *959. Traces of H 
are given off at 760 mm. pressure ; heated in 
vacuo a regular dissociation takes place from 
830° to 430° (for vapour-pressures of H given off 
v. Dissociation, vol. ii. p. 398). Moutier ( C . B. 
79, 1242) gives the thermal value [Na 8 ,H] 
- 13,000 at c. 330°. 

Sodium, hydrosulphide of, NaSH. (Sodium 
sulphydrate.) Sabatier (A. Ch. [6] 22, 6) ob- 
tained this compound by treating Na 2 S.9aq with 
HjS in absence of air, and then evaporating the 
liquid so formed in an atmosphere of H 2 S. A 
white, very hygroscopic solid. Passage of C0 2 
into NaSHAq drives out H 2 S and converts all 
the Na into Na 2 C0 8 . NaSHAq contains E^S 
and NaOH, according to Gernez ( C . R. 64, 86). 
NaSHAq dissolves S with evolution of H 2 S; it 
ppts. PbS, or MnS, from a neutral solution of a 
Pb or Mn salt, giving off HjS ; Na 2 SAq does not 
give off H 2 S while dissolving S or ppg. PbS or 
MnS. 

Sabatier ( l.c .) obtained the hydrate 
NaSH.21^0 by passing ELjS over Na 2 S.9aq, and 
then evaporating in H 2 S till half the water was 
removed; very hygroscopic needles, becoming 
yellow in air. 

Sodium, hydroxide of, NaOH. (Caustic soda. 
Sodium , or sodic, hydrate.) Mol. w. not deter- 
mined. Melts at 1098° (v. Meyer a. Riddle, B. 
26, 2443). S.G. 2*18 (Filhol, A. Ch. [3] 21, 415) ; 
1*723 (Smith, Am. J. Pharm. 53, 145). S. (cold 
water) c. 212 (Bineau, O. B. 41, 609). H.F. 
[Na,0,H] - 101,870 ; [Na,0,H,Aq] - 111,810 ; 
[Na 2 0,H*0] - 85,620 (Th. 3, 232). 

Formation. — 1. By the interaction of Na, or 
NaaO, with 11*0.— 2. By decomposing Na^OsAq 
with CaOaHj (v. Preparation, No. 1). — 8. By 
the action of Ca0 2 H 2 with NaFAq (Tissier, 
J. pr. 90, 60). — 4. By decomposing Nt^SO^q 
by BaO or CaO under pressure.— 6. From 
NaClAq by interaction with PbO (Knab, B. 
11, 1458). — 6. By heating NaNO, with char- 
coal, or with Cu (Wbhler, A. 87, 373), or Fe 
(Polacci, C. N. 26, 288).— 7. By decomposing 
Na^Aq by CuO, Fe 2 0 8 , PbO, ZnO, <fcc. (Kopp, 
D. P. J. 142, 341 ; Stromeyer, A. 107, 833).— 
8. By the interaction of NaF and steam 
(Weldon). — 9. By heating soda felspar with Kme. 

Preparation. — 1. By causticising soda crys- 
tals by lime. A solution of pure Na ? CO l crystals 
in 4-5 parts water is boiled, in a dish of silver 
or polished iron, with milk of lime till a little 
of the filtered liquid gives off no GO s when 
aoidified ; the weight of CaO required is c. $ 
the wt. of soda crystals used, it should be 
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suspended in about as much water as the wt. 
of soda crystals used ; as the boiling proceeds 
a little water should be added from time to time, 
otherwise the NaOHAq will decompose some of 
the CaC0 8 formed to CaO and Na/JOjAq. The 
CaCO, formed is allowed to settle, the vessel 
being closed, the NaOHAq is drawn off by a 
siphon and evaporated to dryness in a silver 
dish, and the residue is heated till volatilisation 
begins, and allowed to cool in an exsiccator. 
By dissolving in absolute aloohol, allowing to 
settle, drawing off the liquid, evaporating it to 
dryness on a water-bath in a silver dish, re- 
moving resinous matter from the warm semi- 
solid mass by a silver spatula, heating to bright 
redness, and pouring the molten mass on to a 
plate of polished iron — or, better, of silver — 
NaOH containing only traces of impurities, 
chiefly NaCl and Na 2 C0 8 , is obtained.— 2. A 
large silver dish is surrounded by cold water ; 
2 or 8 drops of water are placed in the dish, and 
then a small piece of clean Na, 1 or 2 cms. 
long ; the dish is constantly shaken, so that the 
Na flows over a large cold surface (explosions 
are thus avoided) ; when the reaction is finished 
2 or 3 more drops of water are added, and then 
another piece of Na, while the dish is shaken, 
and so on. The semi-solid mass is heated till the 
water is all driven off and the NaOH melts, and 
the molten substance is poured on to a plate of 
polished iron or silver. 

To obtain NaOH free from nitrites and 
nitrateB IloBva ( Bl . [3] 2, 357) recommends to 
place Na in water with a layer of petroleum on 
the surface, the petroleum having been washed 
with water till free from nitrites and nitrates. 
He also says that if 2-4 p.o. ordinary NaOHAq 
is kept for some weeks in contact with granu- 
lated Zn all nitrites and nitrates are destroyed. 

For preparation of ordinary caustic soda v. 
Dictionary of Applied Chemistry, vol. iii. 

р. 480. 

Properties.— NaOH is a white, hard, brittle 
solid. Melts below red heat ; volatilises at very 
bright red heat, higher than temperature of 
volatilisation of KOH. Very deliquescent ; dis- 
solves in o. *47 parts water. During solution in 
water much heat is produced, [NaOH.Aq] <-9,940 
(Th. 3, 232) ; the maximum amount of heat is 
produoed when HjO is added to NaOH in the 
ratio NaOH : 20H 2 O, addition of water to this 
solution is attended with a slight disappearance 
of heat (Th. 8, 84). (For hydrates v . p. 480, 
Combinations.) Easily sol. aloohol. NaOHAq 
with 86*86 p.c. NaOH boils at 130°, with 70 p.o. 
boils 180°, with 77*5 p.c. boils 238°, with 
78*7 p.o. boils 243°, and with 82*6 p.o. boils 260° 
(Lunge, Soda-industrie , 2, 543). 

NaOHAq acts as a strong alkali ; its affinity 
is c. equal to that of KOHAq and LiOHAq and 

с. 50 times greater than NH*Aq (Ostwald). The 
properties of NaOHAq closely resemble those of 
potassium hydroxide solution (g. v. p. 302). 

The table in the next column, given by Lunge, 
shows the composition of NaOHAq of different 
S.G. at 15°. 

Regarding the freezing-points of NaOHAq 
of different concentrations v. Btidorff (P. 116, 
551 ; de Ooppet (A. Oh. [4] 24, 551) ; and Pickering 
(who gives very complete data) C. J. 68, 
890). 


S.Gk 

NaOHAq 

1 

TwaddeQ 

100 pts. 
oont 

Na,0 

by wt 

aln 

NaOH 

1 cub. 
cont 
ki 
Na.0 

1- 1 

1*007 

1 

1*4 

0*47 

0*61 

4 

6 

1*014 

2 

2*8 

0*93 

1*20 

9 

12 

1*022 

3 

4*4 

1*65 

2*00 

16 

21 

1*029 

4 

5>8 

2*10 

2*71 

22 

28 

1*036 

5 

7*2 

2-60 

8-36 

27 

35 

1*045 

6 

9*0 

8-10 

4*00 

32 

42 

1*052 

7 

10-4 

8*60 

4*64 

88 

49 

1-060 

8 

12*0 

4*10 

5*29 

43 

*56 

1*067 

9 

13*4 

4*55 

5*87 

49 

63 

1*075 

10 

15*0 

5*08 

6*55 

55 

70 

1*083 

11 

16*6 

5*67 

7*31 

61 

79 

1*091 

12 

18*2 

6*20 

8*00 

68 

87 

1*100 

13 

200 

6*73 

8*68 

74 

95 

1*108 

14 

21-6 

7*30 

9*42 

81 

104 

1*116 

15 

23*2 

7*80 

10*06 

87 

112 

1*125 

16 

25*0 

8*50 

10*97 

96 

123 

1*134 

17 

26*8 

9*18 

11*84 

104 

134 

1*142 

18 

28*4 

9*80 

12*64 

112 

144 

1*152 

19 

30*4 

10*50 

13*66 

121 

166 

1*162 

20 

32*4 

11*14 

14*37 

129 

167 

1-171 

21 

34*5 

11*73 

15*13 

137 

177 

1*180 

22 

36*0 

12*33 

16*91 

146 

188 

1*190 

23 

88*0 

13*00 

16*77 

165 

200 

1*200 

24 

40*0 

13*70 

17*67 

164 

212 

1*210 

25 

42*0 

14*40 

18*58 

174 

225 

1*220 

26 

44*0 

15*18 

19*58 

185 

239 

1*231 

27 

46*2 

15*96 

20*59 

196 

258 

1*241 

28 

48*2 

16*76 

21*42 

208 

266 

1*252 

29 

60*4 

17*55 

22*64 

220 

283 

1*263 

30 

62*6 

18*35 

23*67 

232 

299 

1*274 

31 

54*8 

19*23 

24*81 

245 

816 

1*285 

32 

57*0 

20*00 

25*80 

257 

832 

1*297 

83 

59*4 

20*80 

26*83 

270 

848 

1*308 

34 

61*6 

21*65 

27*80 

282 

364 

1*320 

36 

64*0 

22*35 

28*83 

295 

881 

1*332 

36 

66*4 

23*20 

29*93 

309 

899 

1*345 

87 

69*0 

24*20 

81*22 

326 

420 

1*357 

38 

71*4 

25*17 

32*47 

342 

441 

1*370 

39 

74*0 

26*12 

83*69 

859 

462 

1*383 

40 

76*6 

27*10 

84*96 

875 

483 

1*397 

41 

79*4 

28*10 

86*25 

892 

506 

1*410 

42 

82*0 

29*05 

37*47 

410 

628 

1*424 

43 

84*8 

30*08 

88*80 

428 

563 

1*438 

44 

87*6 

31*00 

89*99 

446 

675 

1*453 

45 

90*6 

32*10 

41*41 

466 

602 

1*468 

46 

93*6 

33*20 

42*83 

487 

629 

1*483 

47 

96*6 

34*40 

44*38 

610 

658 

1*498 

48 

99*6 

35*79 

46*15 

535 

691 

1*514 

49 

102*8 

86*90 

47*60 

559 

721 

1*530 

60 

106*0 

88*00 

49*02 

681 

750 


Reactions. — 1. According to Deville ( C . R. 
45, 857), NaOH is decomposed to Na, O, and H 
by heating to white heat in an iron bottle. — 
2. Strongly heated with non-volatile acidic 
anhydrides , water and salts of Na are formed. — 
8. When molten NaOH is exposed for a con- 
siderable time to air or oxygen , some Na 2 O t is 
formed (Gay-Lussac; Th6nard). — 4. Moist or 
molten NaOH is decomposed by electrolysis , with 
production of Na (Davy, T. 1802. l).~-5. Heat- 
ing with sulphur produces polysulphides, sul- 
phite, and sulphate; S heated with NaOHAq 
forms polysulphides and sulphite. Similar re- 
actions occur by heating with selenion or tellu- 
rium . — 6. Chlorine interacts with NaOHAq to 
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form NaClOAq and NaClAq ; on heating 
NaC10 s Aq is formed. Bromine reacts similarly. 
If 01 is led into NaOHAq containing iodine in sus- 
pension, NalO, is produced.— 7. When NaOHAq 
is warmed with phosphorus, H and inflammable 
P hydride are given off.— 8. Heated with sodium, 
NagO and H are formed.— 9. Moist NaOH with- 
draws carbon dioxide from the air, forming 
NaHCO s . — 10. Beacts with acids to form Na 
salts. — 11. NaOHAq ppts. metallio hydroxides, 
or oxides, from solutions of many metallic salts ; 
in some cases the hydroxide dissolves in excess 
of NaOHAq— e.g. A10 3 H„ ZnO^—12. Molten 
NaOH acts generally as an oxidiser ; e.g. 
As, Sb, Fe, Pt, <fcc. form arsenate, antimonate, 
ferrate, and platinate of Na. Salts are generally 
decomposed by molten NaOH, giving Na salts, 
and setting free the bases.— 13. According to 
Schone (A. 193, 241), addition of hydrogen per- 
oxide to NaOHAq produces NajO^SHaO (v. 
Sodium dioxide, p. 482). 

Pickering (priv . comm.) gives the following 
data : — 


P.c. 

NaOH 

S.G. 

NaClAq I 
at 16° 
(water at 4° 
-1) 

P.C. 

NaOH 

S.G. 
NaOlAq 
at 15° 
(water at 4° 
*1) 

P.C. 

NaOH 

S.G. 

NaClAq 
at 15° 
(water at 4° 

=D 

0 

0*999180 

17 

1*88707 

34 

1*373453 

1 

1*010611 

18 

1-199783 

35 

1*383«15 

2 

1*021920 

19 

1*210861 

36 

1*394092 

3 

1*033109 

20 

1*221933 

37 

1*404279 

4 

1*044317 

21 

1*233062 

38 

1-414363 

5 

1-055468 

22 

1*244119 

39 

1*424353 

6 

1*066602 

23 

1*255134 

40 

1*434299 

7 

1*077733 

24 

1*266092 

41 

1*444161 

8 

1*088856 

25 

1*277063 

42 

1*453929 

9 

1*099969 

26 

1*287990 

43 

1*463623 

10 

1*111069 

27 

1*298877 

44 

1*473249 

11 

1*122165 

28 

1*309708 

45 

1*482850 

12 

1*183250 

29 

1*320496 

46 

1*492406 

13 

1*144353 

30 

1*331213 

47 

1*501927 

14 

1*155450 

31 

1*341879 

48 

1*511412 

15 

1*666538 

82 

1 1*352472 

49 

1*520868 

16 

1*177619 

33 

1*362991 

SO 

1*530282 


Combinations, — 1. With water to form 
hydrates. The hydrate 2NaOH.7H i O was 
obtained by Hermes ( B . 8, 122) by exposing 
NaOHAq S.G. 1*365 to the oola of a severe 
winter ; monoclinic crystals, S.G. 1*405, melting 
it 6°; in vacuo gave off 8H 2 0. G6ttig (B. 
*20, 543) obtained a dihydrate , Na0H.2H 2 0, by 
heating NaOH in 96*8 p.c.aloohol very gradually 
to 100°. By cooling NaOHAq, Pickering 
( G . J, 63, 890) obtained the following hydrates, 
with the freezing-points noted : — 

Hydrate Freezing-point 

NaOH.ELO 64*3° 

NaOH.2H s O 12*5 

NaOH.3-llHaO (sic) 2*73 

NaOH.3*5RjO 15-55 

aNa0H.4H 2 0 7*57 

£Na0H.4H 2 0 - 1*7 

NaOH.SH.O -12*22 

NaOH.7H,0 -23*51 

2. With carbon dioxide to form NaHCO,. 

Sodium, iodide of, Nal. Mol. w. not known 
with certainty, bat formula Nal is probably 
Vox*. IV. 


molecular. Melts at 628° (Carnelley, O. J. 33, 
278) ; at 650° (V. Meyer a. Riddle, B. 26, 2443). 
S.G. 3-45 (Filhol, A. Ch . [3] 21, 415) ; 3*654 at 
18*2 (Favre a. Valson, C, B. 77, 579). S.H. 
(26° to 50°) *0881 (Schuler, P. 136, 70) *, (16° to 
99°) *08684 (Regnault, A, Ch, [3] 1, 129). 
Kremers ,(P. 108, 120) gives the following data 
for solubility in water : — 


Temp. 

s. 

Temp. 

s. 

0° 

158*7 

80° 

303 

20 

178*6 

100 

312*5 

40 

208*4 

120 

322*5 

60 

256*4 

140 

333*3 


S. — 264*19 + *3978£, when t varies from 64*7° 
to 138*1° (de Coppet, A. Ch. [5] 80, 411). 
Gerlach (Fr. 8, 285) gives following : — 


S.G. NalAq 

P.O. Nal 

S.G. NalAq 

P.O. Nal 

1*04 

5 

1*36 

35 

1*082 

10 

1*432 

40 

1*128 

12 

1*51 

45 

1*179 

20 

1*6 

50 

1*234 

25 

1*7 

55 

1*294 

30 

1*81 

60 


Easily sol. alcohol. Saturated NalAq boils at 
141*1°. H.F. [Na.I] * 69,080 ; [Na,I,Aq] - 70,300 
(Th. 3, 232), 

Formation.— 1. When Na and I are fused 
together only very small quantities combine 
(Merz a. Weith, B. 6, 1518).— 2. By decomposing 
BaI 2 Aq, or CaI 2 Aq, by Na 2 C0 3 or Na 2 S0 4 , filtering, 
and evaporating.— 8. By neutralising HIAq by 
Na^jCOg, and evaporating. — 4. I is added to 
water and iron filings till the iron is almost all 
dissolved, the solution is filtered, and Na 2 C0 3 is 
added so long as FeCO, ppts. ; the liquid is 
filtered (if alkaline it is neutralised by HIAq) 
and evaporated, any Fe 2 O a which separates being 
filtered off (Baup, J, Ph . 9, 37, 122). 

Preparation. — 1. Iodine is added to mode- 
rately cone. NaOHAq till a yellow colour is pro- 
duced ; finely-powdered charcoal, equal to o. 
of the weight of I used, is added ; the liquid is 
evaporated to dryness and the residue is heated 
in a covered crucible to dull redness for some 
time ; when cold, the residue is dissolved in 
water, the liquid is filtered (neutralised by HIAq 
if alkaline) and crystallised at 40°-50°. (For 
more details v. Potassium iodide, Preparation , 
p, 304.) — 2. A quantity of NaOHAq is divided 
into two equal portions ; I is added to one part 
till a yellow colour remains, an equal quantity 
of I is then added, and then the other portion 
of NaOHAq is saturated with S0 2 and added, 
and the whole is evaporated till Nal crystallises 
out ; the salt is purified by recrystallisation 
from water at 40°-50° (Stephani, J. Ph. [3] 26, 
450). 

Properties. — Crystallises from aqueous solu- 
tions at 40° to 50° in cubes (Mitscherlich, P. 
17, 385) ; the hydrate Nal. 2aq separates at 
ordinary temperatures. Melts at 628° ; volatilises 
less readily than KI, but at a lower temperature 
thax) NaCl (Mohr, A, 21, 66). Deliquesces in 
moist air, becoming rose-coloured with separa- 
tion of some I and formation of some Na 2 CO s 
(Girault, J. Ph. 27, 890). 

Reactions and Combinations . — 1. Heated in 
air some I is separated and O absorbed, and the 
reaction becomes alkaline (Berzelius, Lehrbuch 
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[5th ed.] 8, 215). — 2. Seated with charcoal in 
contact with air much Na 2 C0 3 is formed (Girault, 
l.c.). Most of the reactions of Nal are similar 
to those of XI (v. Potassium iodide, Reactions , 
i>. 804). 

Combines with most iodides of less positive 
metals. Forms a compound with arsenious 
oxide NaLAsA (Riidorff, B. 21, 3051). The 
dihydrate NaI.2H 2 0 crystallises at the ordinary 
temperature from NalAq in large monoclinic 
prisms ; S.G. 2*448 ; melting at c. 65° and giving 
Nal ; effloresces in dry air, and deliquesces in 
moist air. 

Sodium, manganicyanide of, v. vol. ii. p. 
342. 

Sodium, manganooyaxxide of, v. vol. ii. p. 
342. 

Sodium, nitride of, Na 3 N. A dark -grey 
solid; formed by heating NaNH 2 ( v . Sodium 
amide, p. 475) to redness in absence of 0. Re- 
sembles potassium nitride (g. t>., p. 304) (Gay- 
Lussac a. Th6nard, A. Ch . 65, 325). 

Sodium, nitroprusside of, v. vol. ii. p. 341, 

Sodium, oxides of. Two oxides have been 
isolated, Na 2 0 and Na 2 O r 

Sodium oxide Na 2 0. (Sodium monoxide.) 
It is doubtful whether this compound has been 
obtained pure. Davy (T. 1808. 24) said that 
when Na is fused with dry soda there is ‘ a divi- 
sion of the oxygen between the alkali and the 
sodium.* Na doeB not combine with 0 when 
exposed to quite dry air at the ordinary tem- 
perature (von Bonsdorff, P. 41, 296). According 
to Beketoff (v. B. 12, 856 ; 16, 1854), NaOH and 
Na do not react at a red heat. Beketoff (J. R. 
1883. [i.] 277 [v. B. 16, 1854]) allowed Na to 
drop into a red-hot copper cylinder, then passed 
in a mixture of 1 vol. 0 and 4 vols. air, and 
heated by a blowpipe ; in this way he obtained 
Na/), but always mixed with some Cu and 
traces of Na; considering the conditions under 
which Na 2 O t is obtained (v. infra , Sodium dioxide) 
it is likely that B.*s Na 2 0 contained Na/) 2 . 

Na./) is described as a greyish solid; 
Beketoff *s preparation was rose-coloured, but it 
contained Cu. Na/) dissolves in water to form 
NaOHAq; B. gives [Na*0,Aq] *= 55,600 ; and 
from this and other data Thomsen ( Th . 8, 232) 
calculates [Na*,0]~ 99,760. According to B. 
(/.c.), hot Na 2 0 reacts with H to form NaOH 
and Na ; heated to c. 300° in CO it gives Na 2 C0 3 
and Na (B., l.c.). Combination with C0 2 , to 
form NaaCOg, occurs at c. 400°. By heating 
Na amalgam with HgO, B. (l.c.) obtained the 
compound NagHgOg « Na/).HgO. Comey and 
Jackson (B. 21, 1589; Am. 11, 145) describe 
various compounds of Na20 with ZnO and H z O. 

Sodium dioxide Na 2 0 2 . (Sodium peroxide.) 
The formation of an oxide with more O than 
Na 2 0, by heating Na in air, was noticed by Gay- 
Lussac a. Th6nard (A. Ch. 65, 325). Pure 
Na/) 2 was obtained by Vernon Harcourt ( C . J. 
14, 267) by heating Na, in a flask of hard glass 
filled with N, till the Na melted, then sending 
in a slow stream of dry air, and heating till the 
metal was changed to a yellowish-white solid, 
and heating this for some time in dry O. Na/) 2 
is a white solid, becoming yellowish on heating. 
It deliquesces gradually in air, and then is gradu- 
ally changed into solid Na,CO a . Soluble water, 


with production of much heat ; on heating O is 
evolved ; Na/^q deposits crystals of the hydrate 
Na 2 0 2 .8H 2 0 on standing over H 2 S0 4 (r. infra f 
Hydrates). Na 2 0 2 acts as an dhergetic oxidiser 
when heated ; C, I, P, S, Sn are oxidised, more 
or less rapidly; heated with CO, Na 2 CO s is 
formed ; with N 2 0 the products are NaNO a and 
N ( v . Harcourt, l.c.). 

Hydrates of sodium dioxide. The 
octohydrate , Na/^H/), was obtained by Har- 
court (l.c.) by evaporating a solution of Na 2 O s 
in water over HjSO^ Fairley (C. J. [2] 16, 125) 
obtained the same hydrate by adding H 2 0 2 Aq to 
NaOHAq and ppg. by alcohol. Schone (A. 193, 
241) also obtained the octohydrate by the action 
of HjOjjAq on NaOHAq, evaporating in vacuo , 
drying on a porous tile, washing with 90 p.c. 
alcohol, and drying between filter paper. By 
using a considerable excess of H/) 2 Aq, Schone 
(l.c.) obtained crystals to which he gave the 
composition Na 2 H 4 0 8 .4R/) <= Na 2 0 2 .2H 2 0 2 .4H/) ; 
on drying over H 2 S0 4 , Na 2 0 2 .2H 2 0 2 remained. 
The dihydrate Na/) 2 .2H 2 0 is obtained by drying 
the octohydrate for some time over H 2 S0 4 . 

Sodium, phosphide of. A compound of Na 
and P was supposed by Gay-Lussac a. Th6nard, 
and also by Davy, to be formed by heating the 
elements together in N. Vigier (Bl. [2] 3, 7) 
recommends to place a piece of Na in rock oil, 
boiling at c. 120°, in a retort, to add P little by 
little (much heat is produced and some oil 
distils) till there is an excess and some crystal- 
lises on the cold parts of the retort, to distil off 
the oil from the black phosphide formed, to 
wash with CS 2 , and dry in a stream of C0 2 . 

The phosphide may be kept in dry air ; in 
moist air, water, or acids it gives off inflam- 
mable P hydride (v. also Liipke, C. C. 1890. [ii.] 
642). 

Bunsen (A. 138, 292) obtained a phosphide 
of Na by strongly heating a mixture of Na/U^ 
and Na in a narrow glass tube. 

Sodium, platinocyanide of, v. vol. ii. p. 344. 

8odium, platinosulphocyanide of, v. vol. ii. 
p. 351. 

Sodium, salts of. Compounds formed by 
replacing H of acids by Na. These com- 
pounds belong to the type NaX where X is a 
monovalent acidic radicle. The chief salts of 
Na derived from oxyacids are antimonate % 
arsenate , br ornate and hypobromite , carbonates , 
chlorate , perchlorate , chlorite and hypochlorite , 
chromate and dichromate % iodate and periodates , 
manganate and permanganate , molybdates , ni- 
trate and nitrite , phosphates , phosphites and 
hypophosphite , selenates and selenites , silicates , 
sulphates , sulphites , thiosulphate and thionates , 
tellurates and tellurites (v. Carbonates, Nitrates, 
Sulphates, <ftc.). 

Sodium, selenides of. Two selenides have 
been isolated, Na 2 Se and Na 2 Se 2 , corresponding 
with two of the sulphides and with the two 
oxides. 

Sodium monoselenide Na.Be. Obtained by 
mixing well-cleaned Na rubbedto powder with the 
proper proportion of Se (Rosenfeld, B. 24, 1658). 
Uelsmann (A. 116, 127) says NagSe is obtained, 
in large colourless crystals, by saturating 
NaOHAq with H 2 Se, then heating in a stream 
of H and allowing to cool ; it seems probable 
that these crystals were a hydrate of Na*Se («• 



SODIUM ETHIDE. 


4*3 


infra), Fabre ( C . R. 102, 613) obtained Na 2 Se 
by heating 2Na2Se.9H 2 0 (v. infra , Hydrates) in 
a current of N to not above 400° ; F. describes 
Na 2 Se as a hard, white, crystalline, deliquescent 
solid, becoming reddish-brown when fused; 
owing to its action on glass, F. did not get Na 2 Se 
free from silica and alumina. 

Hydrates of sodium monoselenide. 
By passing a rapid stream of H 2 Se into 
NaOHAq (1 part NaOH in 4 water) Fabre (l.c.) 
obtained Na 2 Se.l6H 2 0, melting at 40°, giving 
Na 2 CO s , a little Na 2 SeO s , and Se on exposure to 
air. By using more cone. NaOHAq (3:1), and 
keeping the temperature down, F. obtained 
Na 2 Se.9H 2 0 ; and when very cone. NaOHAq was 
used, he obtained 2Na 2 Se.9H 2 0. 

For data regarding heats of formation of 
Na 2 Se and hydrates, v. Fabre, C. R . 102, 703. 

Sodium diselenide Na 2 Se 2 . W6hler and 
Dean (A. 97, 1) obtained a selenide of K by 
beating K 2 SeO a with charcoal ; Bathke {A. 162, 
2111 showed that the selenide was K 2 Se 2 , and 
Jackson (B. 7, 1277) using Na 2 SeO s and char- 
coal obtained the corresponding selenide of 
sodium. 

Sodium, seleno-antimonate of, i>. vol. i. 

p. 286. 

Sodium, selenocyanide of, v. vol. ii. p. 348. 

Sodium, silicofluoride of, Na 2 SiF fl . Prepared 
by adding H 2 SiF„Aq to cone. NaClAq, washing, 
and drying. Gelatinous when ppd., but becomes 
crystalline on drying. S.G. 2*7647 at 17*6° 
<Stolba, Fr. 11, 199). S. *65 at 17‘5° ; 2*46 at 
100° (S., lx,). Insol. alcohol. Melts at red 
heat, giving off SiF 4 (Berzelius). 

Sodium, sulphides of. Several compounds 
of Na and S exist, but there is considerable 
doubt as to the compositions of some of the 
substances that are described as definite sul- 
phides of Na. 

Sodium monosulphide Na 2 S. Obtained by 
passing H 2 S over dry NaOH, the heat produced 
suffices to remove H 2 0 formed (Kircher, A. 31, 
339). Bosenfeld (B. 24, 1668) says that Na 2 S is 
formed when 1 part thoroughly clean Na is 
rubbed to powder and mixed with 8 parts NaOl 
and *7 part S ; the combination is sudden, and 
light is produced ; pressure must be avoided in 
mixing the substances. By heating 100 to 105 
parts Na 2 S0 4 with 20 parts oharcoal, a flesh- 
coloured mass of Na^jS with some C is obtained; 
the reduction may also be effected in H. By 
dissolving the product of reduction in water and 
crystallising, the hydrate Na 2 S.9H 2 0 is ob- 
tained ; by dissolving the crystals again, heat- 
ing with Cu (to decompose polysulphides), and 
evaporating to dryness in a stream of H, Na 2 S 
remains (Priwoznik, A. 164, 69). 

Na 2 S is also obtained, fairly pure, by gently 
heating Na. 2 S.9H 2 0 in a stream of H (Weyl, P. 
123, 862; cf, Sabatier, A, Ch. [6] 22, 5). 

Na 2 S is an amorphous, flesh-coloured, de- 
liquescent solid, with a strongly alkaline re- 
action ; easily sol. water, solution being colourless 
if polysulphides are quite absent. According to 
Weldon ( v . Lunge’s Soda-industrie , 2, 811), 
Na^ is not fusible if it be quite free from poly- 
sulphides, thiosulphate, and NaOH. 

Na.jSAq becomes yellow in moist air from 
formation of polysulphides (Kolb, A. Ch. [4] 10, 
106) ; when air is hlown into Na,SAq, NaOH 


and Na 2 S 2 0 8 are formed, and then Na 2 S0 4 
(Lunge, l.c„ p. 531). Na^ is decomposed by 
acids, even by C0 2 , with evolution of H 2 S (o. 
Stromeyer, A. 107, 372). Heating Na^Aq with 
NaHOO s or NH 4 .H.C0 8 produces complete de- 
composition to NajCO, (Lunge, lx. p. 800). 
Boiling with A10jH t , or heating Na 2 S with 
A1 2 O s , forms Na aluminate (v. W. J. 1863. 718; 
1865. 332). CaO is said not to decompose 
Na 2 SAq (v. Kolb, A. Ch. [4] 10, 106). Several 
metallic oxides decompose Na^Aq, forming 
NaOHAq, sometimes (e.p.with CuO) Na 2 S 2 0 8 Aqia 
also formed. Na^jS combines with various metallic 
sulphides ( v . Schneider, P. 138, 302 ; 151, 446 ; 
Volcker, A. 59, 35 ; Berthier, A. Ch. [2] 22, 245). 

Hydrates of sodium monosulphide . 
The hydrates Na2S.9H 2 0, Na 2 S.10H 2 O, and 
Na 2 S.5H 2 0 have been formed. The hydrate with 
9H 2 0 is most easily obtained by saturating one 
half of a solution of NaOH with H 2 S, adding 
the other half, and evaporating, when large 
colourless crystals separate (Bammelsberg, P. 
128, 172) ; S.G. 2*471 (Filhol, A. Ch. [4] 28, 
529). The pentahydrate is formed similarly 
to the hydrate with 9H a O, but using alcoholic 
in place of aqueous NaOH (Bottger, A. 223, 835 ; 
v. also Finger, P. 128, 635; Lemoine, C. R . 
98, 45). For the preparation of Na-jS.lOHjO 
v. Damoiseau (C. C . 1885. 36). Gottig (J.pr. [2] 
34, 229) by partially saturating NaOH in alcohol 
with H 2 S got hydrates with 5, 5L and 6 HjO. 

Sodium disulphide Na 2 S 2 . This compound 
is supposed by Sabatier ( A.Ch . [5] 22, 6) to exist in 
the solution obtained by heating Na 2 SAq with 
solution of polysulphides formed by digesting 
N a. 2 S Aq with S. Bottger (A. 223, 336) obtained 
the hydrate N a^S.^SH^O by dissolving S in an 
alcoholic solution of Na 2 S. 

Sodium trisulphide Na 2 S 8 is formed, ac- 
cording to Sch6ne (/. 1867. 190), mixed with 
Na 2 S0 4 , by strongly heating Na 2 CO t with excess 
of S (cf. Sabatier, lx.). For the hydrate 
NajjSj.SHjO v . Bottger (lx.). 

Sodium tetrasulphide Na 2 S 4 is said to be 
obtained by heating Na 2 S a (Chapman Jones, 
C. J. 87, 461 ; cf. Sabatier, l.c.). For hydrates 
v . Sch6ne (P. 131, 380) and Bbttger (l.c.). 

The existence of a pentasulphide is doubtful 
( v . Schone, l.c. ; Sabatier, lx. ; Geuther, A. 226, 
232 ; Chapman Jones, l.c. ). 

Soda liver of sulphur. This name is given 
to the brown solid obtained by heating S with 
Na 2 CO s in a closed vessel ; it contains various 
sulphides of Na, along with Na^O,, NajSO*, 
and generally some Na 2 CO g . 

Sodium, sulphocyanide of, v . vol. ii. p. 352. 

Sodium, sulphydrate of, v . Sodium htdro- 
sulphide, p. 479. 

Sodium, tellurido of. According to Bosen- 
feld (B. 24, 1658), well-cleaned Na in powder 
readily combines with Te. 

Sodium, thio-arsenates and thio-arsenites 
of, v . vol. i. pp. 316, 317. 

Sodium, thio-carbonate of, v . vol. i. p. 703. 

M. M. P. M. 

SODIUM ETHIDE NaGjH*. This compound 
is not known in the free state. Sodium dis- 
solves in cold ZnEt,, separating sine. The 
solution, cooled to 0°, deposits ZnEt 2 NaEt in 
trimetric tables [27°], sol. benzene, and decom- 
posed by water. OO s acting on ZnEtgNqEt 

ix2 
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forms sodium propionate (Wanklyn, A. 107, 
125 ; 108, 67). EtI attacks ZnEt-jNaEt, form- 
ing ethane and 0 2 H 4 (Frankland, A. 110, 107). 
Sodium methide may be obtained in like manner 
(Wanklyn, A. Ill, 234). 

80JA OIL. The oil from Sofa hispida con- 
tains tripalmitin and tristearin (Meisel a. BScker, 
M. 4, 365). 

SOLANINE C^H^NO* (?) (Firbas, M. 10, 
541); G 42 H 7S NO w ; C 42 H 87 N0 15 (Hilger, A. 195, 
317); C 21 H, 5 N0 7 (Kletzinsky, Z. [2] 2, 127). 
[244°]. Occurs in the berries of the deadly 
nightshade (Solatium nigrum) (Desfosses, J. Ph. 
6, 374), in berries of 5. verbasdfolium (Payen a. 
Chevallier, J. Chim. Mid. 1, 517), in small 
quantity in the tubers and green parts of the 
potato ( S . tuberosum ), in the shoots of sprouting 
potatoes (Baup, A. Ch. [2] 81, 109 ; Otto, A. 7, 
150; 26, 232), to the extent of *03 p.c. in 
diseased potatoes (Kassner, Ar. Ph. [3] 25, 402), 
in the flowers, stalks, and berries of the woody 
nightshade (8. Dulcamara) , and in the root of 
ScopoUa japomca (Martin, Ar. Ph. [3] 18, 336). 

Preparation . — 1. The berries are pressed, 
the juice ppd. by ammonia, and the pp. re- 
crystallised from alcohol.— 2. Fresh potato 
sprouts (200 kilos.) are digested with 2 p.c. 
aoetio acid; the filtrate is ppd. by ammonia; 
and the pp. extracted with boiling 85 p.c. al- 
oohol. To the hot alcoholic filtrate NH a Aq is 
added until turbidity appears. On cooling, a 
mixture (125 g.) of solanine and solaneln is de- 
posited. These bases are separated by fractional 
crystallisation from hot spirit (Firbas; cf. Reuling, 

A. 30, 226 ; Zwenger a. Kind, A. 109, 244 ; 118, 
129 ; Kromayer, Ar. Ph. [2] 116, 114 ; Missaghi, 

B. 9, 83 ; Gmelin, A. 110, 167). 

Properties. — Colourless needles, v. sol. hot 
85 p.c. alcohol, insol. CHOI, and ligroln, sol. 
HCLAq, almost insol. water and ether. The 
crystals are CaJE^NOj^aq (Firbas). Poison- 
ous. Not affected by alcoholio potash. Sub- 
limes at 190°(Blyth). Gives an orange colour 
with I and EL2SO4. On heating with 2 p.c. 
HClAq it yields solanidine and a dextro- 
rotatory sugar that reduces Fehling’B solution, 
[a] D » 28*6°, yields with phenyl hydrazine an 
osazone [199°], and is oxidised by HNO, to 
muoio and saccharic acids; lfflvulose is not 
present. Solanine colours a mixture of alcohol 
and HjSOi rose red. With ammonium selenite 
(1 g.) in cone. HaS0 4 (20 o.c.) it gives a canary, 
yellow colour turning to brown and, after three 
hours, to violet-red (Ferreira da Silva, Bl. [3] 6, 
87 ; O. B. 112, 1267). A solution of ammonium 
vanadate in HjSC^ is coloured brown by dry 
solanine, the colour becoming red, and finally 
disappearing on dilution (Mandelin). 

Salts.— Oja 7l N0 16 HCl. Got by adding 
ether to an alooholio solution of the base and 
HOI. Gelatinous pp. which dries up to a 
gummy mass. — B'aHgPtCl* ; yellow flocculent 
pp. — B'H 2 S0 4 ; amorphous, v. sol. water. — 
B / a H a C 2 0 4 7aq ; crystalline crusts. 

Acetyl derivative C 42 H ay Ac 6 N0 14 . Needles 
(from ether), insol. water (Hilger). 

Solaneln C^H^NO,, 4aq. [208°J. Obtained 
as above (Firbas). Amorphous. More sol. 
85 p.c. aloohol than solanine. Decomposed by 
HOlAq into the same products as solanine. 
Colours Mandelin'e reagent red. 


Solanidine C^NO*. [191°]. Formed as 
above. Colourless needles (from ether). Affects 
Mandolin’s reagent in the same way as solanin. 
Ac 3 0 at 140° gives a diacetyl derivative (Firbas). 
Converted by fuming HClAq in the cold into 
amorphous yellow solanicine CJB^NO (?), 
which yields B'HCl and B'^H^tOL (Zwenger, 
A. 123, 341). 

Salts.— B' # (HCl) 4 aq: crystalline powder. — 
B' i 4H 2 S0 4 8aq : colourless plates [247^. 

SOLUTIONS. Inasmuch as many of the 
questions connected with the state of bodies in 
solution are not yet fully elucidated, and inas- 
much as two very different conceptions are put 
forward regarding the compositions of bodies 
present in aqueous solutions of salts, the editor 
of that portion of the Dictionary to which the 
subjeot of solutions belongs thought it advisable 
to ask the originator of the electrolytic dissocia- 
tion hypothesis of saline solutions to write a 
short article on solutions in general, and to in- 
vite one of the leading upholders of the hydrate 
hypothesis of saline solutions to summarise the 
arguments in support of that hypothesis. 

SOLUTIONS I. A solution is a homogeneous 
mixture of two or more bodies in the liquid 
state. A distinction is made between the dis- 
solved substance and the solvent ; the substance 
present in greater quantity is generally spoken 
of as the solvent. In some cases the solvent is 
taken to be the substance with the lower tem- 
perature of solidification. In the cases of sub- 
stances miscible in all proportions — a mixture, 
for instance, of equal parts of alcohol and water 
— there is no way of determining whioh should be 
regarded as the solvent and which as the dissolved 
substance. There are many instances of two 
bodies that cannot be mixed in all and any pro- 
portions ; the solubility of such bodies is said 
to be limited. If the 4 dissolved body * in such a 
case is present in excess, either as gas, liquid, or 
solid, a condition of equilibrium is finally attained 
wherein the solution can take up no more of the 
dissolved body as long as the external conditions 
(temperature and pressure) remain unchanged ; 
such a solution is said to be saturated. The 
attainment of saturation is hastened by shaking. 

Saturated solutions of gases . When a gas is 
placed over a liquid, such as water or alcohol, a 
portion of the gas dissolves in the liquid. There 
is a constant relation at constant temperature 
between the quantity of gas remaining per unit 
volume and the quantity dissolved by the liquid 
per unit volume (Henry’s lawj. Inasmuch as 
the quantity of the gas, per unit volume, is pro- 
portional to the partial pressure of the gas, 
the law may be stated by saying that the quan- 
tity of the gas dissolved in the liquid is propor- 
tional to the partial pressure of the gas above 
the liquid. As all the gases that have been ex- 
amined dissolve with production of considerable 
quantities of heat, the solubilities of these gases 
decrease as temperature increases, in accordance 
with the second law of thermodynamics. The 
measurements made by Bunsen ( Qasom . Methoden 
[Braunschweig, 1877]) show that the solubilities 
of some gases are independent of temperature — 
for instance, the solubility of H in water and of 
O and CO in alcohol. Henry’s law holds good, 
as indicated by theory, only so long as the quan- 
tity of the gas per unit volume, both undissolved 
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and in eolation, is small, and the molecules of 
the dissolved and the undissolved gas are of 
eqaal magnitude. Van’t Hoff has made use of 
the law of Henry to prove the equality of the 
molecules of the same gas in the gaseous state 
and in dilute solution (Z, P. C. 1, 489 [1877]). 
When NH„ HOI, and S0 2 are dissolved in water 
in large quantities these gases do not follow the 


temperature, which corresponds to the critical 
temperature for the liquids, is passed, the two 
liquids dissolve in all proportions. This be- 
haviour has been more fully examined byAlexe- 
jefif ( W. 28, 805 [1886]) and has been represented 
by him in curves, some of which are reproduced 
here (fig. 1). The curve a represents the 
behaviour of water and phenol, 5 that of water 



law of Henry ; neither does the law hold good 
for solutions of acetic acid in benzene or ether 
in water, because the molecular magnitudes of 
these compounds are not the same in the gaseous 
state and in solution, as is proved by determina- 
tions of the boiling-points of the compounds in 
question (Nernst, Z. P.C. 7, 97 [1891]). 

Mutual solutions of liquids. When two 
liquids that are not miscible in all proportions, 


and salicylio acid, c that of water and benzoic 
acid, d that of water and aniline phenolate, and 
e that of water and aniline. The absciss® re- 
present temperature, and the ordinates percent- 
ages of the dissolved substances in the solutions. 
To each temperature correspond two points in 
the curve showing the percentage composition 
of the solution of the substance in water, and 
that of the solution of water in the molten sub- 



such as ether and water, are shaken together, 
two layers are formed, one floating on the other ; 
one of these contains much water and little ether, 
while the other contains much ether and little 
water. The compositions of the two layers 
change with change of temperature. Generally 
speaking, the compositions become more alike 
as temperature rises, until a temperature is 
reached whereat they are identical ; when this 


stance ; thus, for phenol and water (curve a), at 
20°, the solutions are composed of 92*5 p.c. 
water and 7*5 p.o. phenol, and 28 p.o. water and 
72 p.c. phenol respectively. The two liquids are 
miscible in all proportions above 69°. 

It happens sometimes that two liquids are 
miscible m all proportions below a certain 
temperature, but form two layers above this 
temperature ; in such cases— for example, in the^, 
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solution of di-ethylamine in water — the oonvexity 
of the curve is turned to the left. 

Saturated solutions of solids. Most of the 
measurements that have been made deal with 
solutions of salts in water. The example of 
Gay-Lussac has generally been followed, and 
the solubility of the salt has been taken 
as the weight thereof dissolved by 100 parts 
by weight of the solvent. Etard and Engel 
have given solubility-curves for very large varia- 
tions of temperature (C. B. 98, 993, 1276, 
1432; 104, 1614; 106,206,740 [1884-88]). Some 
of these results are shown in fig. 2, p. 485 ; the 
abscissas represent temperature and the ordinates 
parts by weight of the salts in 100 parts of the 
solution (not in 100 parts of the solvent). The 
change of solubility with change of temperature 
depends on whether the process of solution is 
accompanied by disappearance or production of 
heat ; in the former case solubility increases, in 
the latter case it decreases, as temperature rises. 
Inasmuch as different hydrates of the same salt 
are dissolved with the production of different 
quantities of heat, these hydrates give different 
solubility-curves. Sodium sulphate is the salt 
that has been most carefully examined in this 
respect. The hydrate Na 2 SO 4 .10H 2 O, that exists 
up to 83°, dissolves in water with disappearance 
of heat ; hence the solubility of this hydrate in- 
creases aB temperature increases. On the other 
hand, Na2S0 4 , stable above 33°, dissolves with pro- 
duction of heat, and its solubility decreases with 
increasing temperature. The so-called curve of the 
solubility of sodium sulphate consists, therefore, of 
two parts, one rising till the temperature reaches 
38°, and one falling above that temperature. 
Looked at accurately, the first part of the solu- 
bility-curve holds good only for Na 2 SO < .10H 2 O, 
and the second part only for Na^SO^ For the 
solubility of a chemical compound is determined 
only when the composition of the solid com- 
pound that is in contact with the solution is 
definitely stated. The compound CaS0 4 is con- 
siderably more soluble than the crystalline hy- 
drate CaS0 4 .2H 2 0. The measurements made by 
Etard show that many other sulphates— MnS0 4 
and CdS0 4 , for instance — behave similarly to 
NagSC^ (see fig. 2). 

The solubilities of most salts increase as 
temperature rises ; the solubility of NaCl varies 
very little with temperature. The solubilities of 
many compounds of calcium decrease with in- 
creasing temperature, e.g. hydroxide, acetate, 
isovalerate, isobutyrate, succinate, and iso- 
succinate of calcium.. Barium succinate and 
SrS0 4 behave similarly, but not the other corre- 
sponding salts of Ba and Sr. Some calcium 
salts shew maximum solubilities at certain tem- 
peratures— e.g. 0aS0 4 .25 3 0 at 35° ; others show 
minimum solubilities — e.g. propionate at o. 55°, 
isobutyrate at 65°, also normal butyrate, valerate, 
iso-ootoate, citrate, and benzoate (Allen, G. N. 
57, 286 [1888]). Attempts have been made to 
express the connection between the solubilities of 
salts and temperature by a formula. The follow- 
ing expression holds good in many cases: 
S«a + bt (t » temperature, and a and b are con- 
stants) ; i.e. solubility changes linearly with tem- 
perature— for instance, for KOI, BaCI*, NaNO„ 
and several sulphates, especially at high tempera- 
toes (Etard). In other cases it is necessary to 


add a third or a fourth term, and to adopt th*r 
formula S-a+ bt + cf a + d£ s (c and d are con- 
stants as well as , a and b). The formula 
log. S-o + 6t + . . + . . . often gives a better re- 
presentation with a smaller number of co- 
efficients. 

Supersaturated solutions . When a salt 
whose solubility increases with temperature is 
dissolved at a high temperature in water (or other 
solvent), and the solution is cooled, a tempera- 
ture is reached whereat the solution is saturated 
with reference to a definite hydrate of the solid 
salt; but if the solution is further cooled salt 
does not separate, provided there is no crystal of 
the hydrate in question in contact with the 
solution. Such a solution is said to be super- 
saturated. A solution may be supersaturated 
with reference to one hydrate, but not super- 
saturated with reference to another hydrate. 
For example, Na 2 S0 4 .7H 3 0 is more soluble in 
water than Na 2 SO 4 .10H 2 O, and so a solution 
may be obtained, by dissolving Na 2 S0 4 , that is 
supersaturated as regards the decahydrate but 
not as regards the heptahydrate ; that is to say, 
if a crystal of Na 2 SO 4 .10H 2 O is brought into the 
solution, at a certain temperature, the deca- 
hydrate crystallises out, but at the same time 
the solution is able to dissolve the hydrate with 
7HjO. If temperature falls again the solution, 
of course, becomes supersaturated with reference 
to both the hydrates. 

At one time the supposition was often held 
that the dissolved substances were present in 
supersaturated solutions in a state different from 
that in which they existed in ordinary solutions. 
More accurate investigations of the physical 
properties on both sides of the point of satura- 
tion have shown that there is no essential differ- 
ence between the solution before and after 
saturation, but that the relation %of a super- 
saturated to a saturated solution is exactly the 
same as that of a saturated solution to the solu- 
tion before saturation. 

Colloidal solutions. Certain substances, 
such as gelatin, absorb unlimited quantities of 
water and become swollen thereby ; when much 
water has been taken up, liquids are formed 
which do not part with the dissolved body on 
cooling, as ordinary solutions do, but set to jelly- 
like substances. All compounds that form 
colloidal solutions have very large molecular 
weights ; such compounds are acids of Mo, Si, 
Sn, Ti, and W ; oxides of Sb, Fe, and Mn ; 
sulphides of Sb, As, Bi, Cd, Co, Au, Fe, Pb, 
Hg, Ni, Pd, Pt, Ag, Tl, and W ; many organic 
substances, such as caramel, dextrin, egg- 
albumen, tannin, &c. ; and also some elements, 
such as Se and Ag. Some of these solutions are 
characterised by the fact that the addition of 
small quantities of foreign substances— as salts, 
aoids, and bases — causes coagulation, whereupon 
the bodies in the colloidal solutions become in- 
soluble. For that reason it is generally supposed 
that colloidal solutions are intermediate between 
emulsions and true solutions. Emulsions 
a fine deposit of alumina— possess the special 
property that the emulsionised bodies are thrown 
down much more quickly in presence of electro- 
lytes, and also of other foreign substances, than 
in absence of these (Barns a. Schneider, Z. P. C. 
8, 291 [1891].) Colloidal substances having 
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molecular weights under 80,000— gelatin or gum, 
for instance — are characterised by the fact that 
if their solutions are solidified by cooling they 
again become liquid and transparent when 
heated. Colloids having molecular weights 
greater than 30,000 do not share in this pro- 
perty, but behave, in this respect, like very 
supersaturated solutions (Sabanejeff, J. B. 1891. 
[1] 80; Z. P. C. 9, 89 [1892]). When colloids 
take up water, and swell but do not dissolve, 
heat is produced ; when they dissolve heat dis- 
appears (Wiedemann a. Liideking, TF. 25, 145 
[1885]). 

Reasons for assuming the existence of 
hydrates in solutions . When a dissolved sub- 
stance is isolated, by various methods, from its 
solvent the solid generally separates in com- 
bination with water of crystallisation. It has, 
therefore, been generally supposed that a pre- 
ponderating quantity of this hydrate must be 
present in the solution. This conclusion is not, 
however, tenable ; for if only a minimum quantity 
of the compound that separates out were present 
in the solution this might suffice to cause the 
separation. The following consideration has 
been brought forward as an argument in favour 
of the existence of hydrates in solutions. A 
solution of 57 parts by weight HI and 43 parts 
water boils at 127°, and the distillate has the 
same composition as the residue ; this lends 
some countenance to the view that this mixture 
behaves like a definite chemical compound. On 
adding water to this solution and distilling a 
more dilute acid at first passes over, and at last 
the acid with 57 p.c. HI distils off. If the solu- 
tion contains more than 57 p.c. HI to begin with, 
the distillate at first contains a more cone, acid, 
and, later, acid of 57 p.c. This behaviour is 
simply explained in the following way. A solu- 
tion of 57 p.c. HI possesses a minimum vapour- 
pressure, so that both less dilute and more dilute 
solutions at the same temperature have larger 
vapour-pressures. Speaking generally, the 
vapour from a solution doeB not contain both 
components in the same proportion as the 
solution itself. In the case under consideration 
the vapours from the more dilute solutions con- 
tain more water (in proportion to HU than the 
solutions, and the vapours from the less dilute 
solutions contain, relatively, more HI. The dilute 
solutions increase in concentration as distilla- 
tion proceeds, the boiling-point rises, and there is 
at last produced the 57 p.o. solution which 
possesses the lowest vapour-pressure at an equal 
temperature — i.e, the highest b.p. (127°) at an 
equal pressure. If, on the other hand, distilla- 
tion is commenced with a more concentrated 
solution proportionally more HI passes over, 
and an approach is gradually made, from the 
other side, to the solution with highest b.p. 
There is, therefore, no binding reason for re- 
garding this solution as a definite chemical 
compound. For, indeed, the composition of the 
solution changes according to the pressure under 
whioh the distillation is conducted; and this 
could not well be the case were the solution 
really a definite chemical compound. 

In investigating the freezing-points and 
vapour-pressures of solutions it was found that 
in many caBes the deviation from the freezing- 
point and vapour-pressure of the pure solvent 


was proportional to the quantity of substance 
(salt] in solution. But in other cases this pro- 
portionality seemed not to be maintained unless 
the supposition were made that a portion of the 
water had combined with the dissolved sub- 
stance (Wiillner, P. 103, 529 ; 105, 85 ; 110, 
664 [1858, I860]; de Coppet, A. Ch . [4] 23, 
366 ; 25, 502 ; 26, 98 [1871-2] ; Budorff, P. 114, 
63 ; 116, 59 [1861-2] ; 145, 599 [1870]). It was, 
therefore, supposed that suoh compounds as HI, 
HG1, Bad*, CaCl a , NaBr, <feo., were combined in 
aqueous solutions with definite quantities of 
water of crystallisation. But the recently- 
discovered laws which express these phenomena 
lead to very different methods of explanation, 
so that the conclusion that these compounds 
exist as hydrates in solutions seems, in this 
respect, to be entirely without foundation. 

Mendel^eff not long ago examined the 
changes in the S.G., accompanying changes 
in the composition, of aqueous solutions of 
alcohol and of sulphurio acid (Z. P. O. 1, 273 
[1887]); he thought he had found abrupt irregu- 
larities in the changes of S.G. He supposed, 
without any theoretical foundation, that at the 
concentrations whereat these occurred the solu- 
tions corresponded to perfectly definite hydrates. 
Pickering (Z. P. O. 6, 10 [1890]) showed, as the 
result of more accurate investigations, that 
MendelSeff’s conclusions rested on inaccurate 
observations. Pickering, however, accepted 
MendeUeff’s idea, and supposed that the higher 
derivatives of the S.G. in reference to percentage 
composition showed similar irregularities. He 
treated the freezing-points and the eleotrioal 
conductivities of solutions in the same way, and 
he supposed that in all these cases he had dis- 
covered such irregularities as indicated the 
existence of definite hydrates. It is absolutely 
impossible to reconcile the numbers for the 
electrical conductivities of dilute solutions of 
aoids and bases (e.g. for acetic acid) with 
Pickering’s views ; nor do the most recent in- 
vestigations on the freezing-points of very dilute 
saline solutions (Jones, Z . P. C. 11, 534 ; 12, 
623 [1893]) in any way agree with these views. 
Moreover, the method used by Pickering is not 
free from objection under any conditions. 

From an extended and systematic investiga- 
tion recently made into the constitution of 
ammoniacal metallic compounds, and com- 
pounds analogous therewith, Werner (Zeit, /. 
anorg . Chem. 3, 267 [1893]) concluded that in 
electrolytioally conducting salt solutions the 
metallic atoms of the salts might be expected 
to be generally accompanied by six molecules of 
water, and that those salts which readily com- 
bine with water of crystallisation would be the 
best conductors. This statement is not, how- 
ever, in any way in keeping with the experi- 
mental results. The salts of ammonium, K, 
Bb, and Gs conduct better than any others that 
have been examined ; after these come the salts 
of Na, Li, and the metals of the earths; and 
then, much behind these, come the salts of the 
heavy metals ; but water of crystallisation com- 
bines most readily with the salts last mentioned, 
and least readily with those mentioned first. 

Conclusions regarding the existence of hy- 
drates of substances in solution have also been 
drawn from the results of investigations of other 
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physical properties, such as contraction of 
volume, or production of heat, during solution, 
or viscosity, <fec. 

In general, it has been supposed that where 
these properties exhibited a maximum or mini- 
mum, or other purely mathematical character- 
istic, there existed a definite hydrate of corre- 
sponding composition. Attention may, however, 
be called to the fact that these points generally 
shift with changes of temperature, so that the 
hypothetical hydrate must have a different, and 
constantly changing, composition at different 
temperatures — a conclusion whioh is not in keep- 
ing with the representation of the hydrate as a 
definite chemical compound. 

It is, indeed, in the highest degree likely that 
when definite hydrates separate horn a solution 
the same hydrates were previously present in the 
solution, perhaps only in small quantity; but 
we have as yet no aocurate knowledge as to the 
magnitude of the quantity. The methods that 
have been used in investigating this most 
interesting question have scarcely brought to 
light a single new result, although many and 
renowned investigators have carried out a very 
large amount of work in this direction. 

The solubility of a salt, at constant tempera- 
ture, is to a small extent dependent on pressure. 
Sorby was the first to carry out detailed investi- 
gations on this subject (Pr. 12, 538 [1863]). The 
following statement may be demonstrated by 
the use of the dynamical theory of heat. When 
the total volume of salt and solution is diminished 
(or increased) by the taking up of salt into the 
solution, then the solubility increases (or dimi- 
nishes) with increased pressure. The researches 
of Braun (TP. 30, 272 [1887]) have confirmed the 
theoretical conclusions. 

Dilute solutions. Osmotic pressure . — If a 
quantity of the pure solvent is floated on a solu- 
tion, a movement of the dissolved substance 
takes place and the substance strives to distri- 
bute itself throughout the whole of the solvent. 
This occurrence is completely analogous with 
another ; if a cylinder is filled with C0 2 and the 
mouth is covered with a membrane, another 
cylinder is filled with H and placed mouth- 
down wards on the first, and the membrane is 
withdrawn, the two gases begin to diffuse into 
each other (notwithstanding the action of gravi- 
tation). The H is driven downwards by its par- 
tial pressure, and the C0 2 is driven upwards. 
The velooity of diffusion is proportional to this 
propelling force, otherwise it is dependent only 
on the freedom of motion of the moleoules among 
each other. The inverse value of this freedom 
of motion is called molecular friction. The fol- 
lowing statement expresses the results of experi- 
ment: the velooity of diffusion is proportional 
to the difference between the partial pressure 
of one of the two gases in the upper and lower 
parts, and is inversely proportional to the friction 
of the molecules. Solutions behave in a similar 
way. The substance in solution in the under 
layer strives to distribute itself into the upper 
layer ; this striving corresponds to the pressure 
of a gas, and, as will be shown immediately, it 
is equal to the so-called osmotic pressure. The 
solvent is driven downwards by the same force. 
In this case also the velooity of diffusion is pro- 
portional to the osmotio pressure, and is inversely 


proportional to the Motion of the molecules of 
the dissolved substance against the solvent. The 
only difference between this case and that of 
gases is that moleoular friction is very much 
larger in liquids, a faot that is explained by the 
great number of molecules againBt which a mole- 
cule of the dissolved substance collides during 
its movements. 

The amount of molecular friction is known in 
certain cases, viz. for electrolytes. Let a cubical 
trough (sides 1 cm.) be filled with the solution of 
an electrolyte (e.g. NaCl), and let an electric cur- 
rent be passed through the trough by the help of 
two electrodes A and B. The positive electricity 
is carried by the metallio parts (Na) of the electro- 
lyte in the direction of the current (towards B) ; 
the negative electricity travels witn the nega- 
tive radicle (Cl) of the eleotrolyte towards A. If 
the Na and 01 atoms— or ions, as they are called 
in this case— are impelled by unit electrical 
force, the Na ions will move with a velocity v x 
and the Cl ions with the velocity v r These 
velocities can be determined, partly indirectly 
from the conductivity and the migration num- 
bers of Hittorff, partly directly by chemical 
analysis. Patting the corresponding frictions 


as r, and r 2 , then t>, » i and t> 2 «— . The Mc- 
r, r t 

tions of a large number of ions have been deter- 
mined in this way. If we now have a layer of 
pure water floated on a solution of NaCl, in a 
vessel, then the velocity of diffusion, D, is equal 
to the quotient of osmotic pressure, O, and the 
frictions r, + r g of the salt. We have, there- 

fore, D- — Nernst (Z. P. 0. 2, 618 [1888]) 
M +r a 

has completely established the aocuraoy of this 
formula. 

Osmotio pressure can be measured directly. 
Let us suppose that in the foregoing example 
we had a division separating the solution of 
NaCl from the water, and that the division 
allowed water, but not NaClAq, to pass through 
it (a so-called semipermeable membrane) ; v. 
fig. 3. Such a membrane is obtained by impreg- 



nating a plate of porous burnt clay with ppd. 
CuaFeJCN)^ The water will then be driven 
downwards, and will be compressed in the lower 
part of the apparatus ; the pressure in this divi- 
sion will increase ; this may be confirmed by 
using a manometer (M, fig. 3). Equilibrium is 
attained after a time, ana the manometer then 
indicates a certain pressure, whioh is called the 
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osmotio pressure of the solution. When no more 
water is driven downwards, then, in the case in 
point, the partial pressures of the water in the 
upper and lower parts of the apparatus are 
equal. The excess of pressure in the lower part — 
that is, the osmotio pressure— is then equal to 
the partial pressure of the NaCI molecules. 
Measurements of this kind have been made by 
Pfeifer, Tammann, and Adie ( Osmotische Un* 
tcrsuchungen, Leipzig, 1877 ; W, 84, 229 [1888] ; 
G./. 59, 344 [1891]). 

Semipermeable membranes are found in the 
lining of living cells which incloses the con- 
tents of the cell. De Vries made observations 
with cells of Tradescantia discolor and Begonia 
maivicata ; Donders and Hamburger used blood- 
cells. If a cell is immersed in water the cell 
swells because of the entrance of water; if a 
soluble substance is added to the water, in con- 
stantly increasing quantity, the water will at 
last be driven equally inwards and outwards ; if 
this limit is overpassed, the water passes out of 
the cell and the protoplasmic contents of the cell 
shrink together. The whole process may be 
followed by the help of the microscope. The 
limit reached immediately before shrinkage be- 
gins is characterised by the attainment of equality 
between the osmotic pressure of the cell-contents 
and that of the surrounding solution. By bring- 
ing similar cells into solutions of different sub- 
stances it is possible, in this way, to determine 
the concentration that must be attained by two 
solutions in order that they may possess equal 
osmotic pressures. Using the results of Pfeifer 
and de Vries, van’t Hoff made an examination 
of the magnitude of osmotic pressures. He found 
that the osmotic pressures exerted in their solu- 
tions by non-conductors of electricity — such as 
cane sugar, urea, glycerin, <ftc.— were exactly the 
same as the pressures which these substances 
would exert, in accordance with Avogadro’s law, 
were they present as gases in the same volume 
as the volume occupied by the solutions. The 
osmotic pressure is therefore proportional to the 
concentration and the absolute temperature 
(law of Boyle and Gay-Lussac) ; this was con- 
firmed by Pfeifer’s investigations (van’t Hoff, 
Handingar der Stochh . Ak. 21 [1886] ; Ar. N. 
20 [1885] ; Z. P. G. 1,481 [1887]). 

An explanation of gaseous pressure is found 
in representing it as the result of the bombard- 
ment of the walls of the vessel by the gaseous 
molecules. Similarly, osmotio pressure is thought 
of as resulting from the knocking of the mole- 
cules of the dissolved substance against the 
walls of the containing vessel. The gaseous 
laws hold good in all respects for osmotic 
pressure. 

Vapour-pressures of solutions . Let there be 
a solution, say of cane sugar, in a trough, sepa- 
rated by a vertical semipermeable membrane 
from pure water, and let the membrane extend 
above the solution; the air above the liquid 
behaves exactly like the semipermeable mem- 
brane, inasmuch as it allows the water to pass 
through (as water-vapour), but it does not allow 
the cane sugar to pass through (because of the 
non-volatility of the sugar). The water has, 
therefore, a tendency to pass across through the 
air as well as through the semipermeable mem- 
brane from the water in the solution. This cir- 


cumstance may be expressed by saying that the 
pressure of the water-vapour is greater over the 
water than over the solution. In like manner it 
follows that solutions which have equal osmotio 
pressures have also equal vapour-pressures. By 
making use of the seoond law of thermodynamics 
it can be shown (van’t Hoff, Z.c.) that a solu- 
tion containing n molecules of dissolved sub- 
stance to N moleoules of solvent has a vapour- 
pressure, P, which is given by the formula 

where p - the vapour-pressure of the pure sol- 
vent. (The molecular weight of the solvent 
must be taken as that of the Bubstance in the 
gaseous state at the same temperature.) This 
formula was originally experimentally esta- 
blished by Raoult ; it agrees well with expe- 
rience (0. R. 103, 1125 [1886]). 

Boiling-points of solutions . According as 
the vapour-pressure of a solution is less than 
that of the solvent (assuming that the dissolved 
substanoe possesses no marked vapour-pressure), 
so the solution begins to boil, under a definite 
external pressure, at a higher temperature than 
the pure solvent. The following formula may 
be deduoed from the dynamical theory of heat : 


where E is the increase in the boiling-point of 
the solvent brought about by dissolving n mole- 
cules of the substance in lOOgrms. thereof, r is the 
absolute boiling temperature, and L is the latent 
heat of vapourisation of 1 grm. of the solvent. 
Beckmann has contrived an apparatus for deter- 
mining E, and therefore for finding n — that is, 
for determining the molecular weight of the dis- 
solved substance when the quantity thereof in 
100 grms. of solvent is known. He has shown 
that the formula gives results which agree closely 
with experience ( Z . P. G. 5, 76 [1890]). 

Freezing -points of solutions . When a solu- 
tion is caused to freeze, in most oases only the 
pure solvent separates as a solid. The solid 
substance is in equilibrium with the solution at 
the freezing-point ; hence, the vapour-pressures 
of the solvent over the solid and over the solu- 
tion must be equal, as otherwise distillation 
would take place from the one to the other, and 
equilibrium would not be attained. For the 
sake of simplicity let us take water as the sol- 
vent. Ice and water have, therefore, the same 
vapour pressure at the freezing-point of the 
latter (0°) ; but an aqueous solution has a 
smaller vapour pressure at 0° ; hence at 0° ice 
cannot have the same vapour pressure as an 
aqueous solution, but this equality occurs only 
at a lower temperature. In other words, the 
freezing-point of a solution is lower than that of 
the solvent. Van’t Hoff (lx.) has deduced the 
following expression from the dynamical theory 

of heat, E « -- . », where E is the difference 

W 

between the freezing-points of the pure solvent 
and a solution therein, whioh solution contains 
n gram-molecules of the dissolved substanoe in 
100 grms. of the solvent, r is the absolute tem- 
perature, and W is the latent heat of fusion of 
1 grm. of the solvent. This formula is of much 
importance, for the molecular weights of very 
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many substances have been determined by its 
help. It is immaterial in this case whether the 
dissolved substance exerts a considerable vapour- 
pressure or not, for only the pure solvent freezes 
out. The following table gives some values cal- 
culated by the formula placed side by side with 
the values obtained by experiment, for the case 
where n* 1: 

32 observed 3 calculated 


Water. • * 

18*9 

18*9 

Acetic acid . * 

38-6 

38'8 

Formic acid 

27*7 

28-4 

Benzene 

50-0 

53-0 

Nitrobenzene 

70*7 

69*5 


Electrolytic dissociation. When determina- 
tions of molecular weights are made, by the fore- 
going methods, based on osmotic pressures (de 
Vries), freezing-points (van’t Hoff, Raoul t), de- 
pressions of vapour-pressures (Raoult), or incre- 
ments of boiling-points (Beckmann), the values 
obtained for all those substances whose solutions 
conduct electricity are much smaller than would 
be expected. For instance, the results obtained by 
working with a half-normal solution of NaCl lead 
to the value 31*6 for the molecular weight of the 
salt, a number which is 1-85 times smaller than 
the calculated value, 68*5 (NaCl). From this and 
many other considerations Arrhenius drew the 
conclusion that the molecules of electrolytes are 
largely dissociated in aqueous solutions ; about 
85 p.o. of the NaCl, for instance, in an aqueous 
solution of this salt is regarded as dissociated 
into Na and Cl. This conclusion is completely 
analogous with those which are drawn regarding 
the dissociation of the molecules of ammonium 
salts and other substances, in the gaseous state, 
from observations of the abnormal vapour den- 
sities of these BubstanceB. The development of 
the theory of electrolytio dissociation, based on 
these considerations, and confirmed in the fullest 
way by experience, has lent much support to the 
theory of solutions which has already been 
sketched. This part of the subject is treated by 
Ostwald in the article Eleotbical methods, to 
which reference should be made (this vol., pp. 
187-221). 

Some of the deductions regarding diffusion, 
solubility, and affinity must, however, be men- 
tioned here. 

Diffusion of mixtures . When a solution of 
HC1 is placed in contact with pure water, the 
HOI gradually diffuses into the water. Inasmuch 
as most (almost all) of the HC1 molecules are 
dissociated, one would expect the diffusion to 
result in a separation of the H and Cl from each 
other, just as the^lums and the double salts of 
the sulphates of the alkalis and the magnesium 
metals, which are partially decomposed in 
aqueous solution, can be separated into their 
constituent salts in this way (Graham, T. 1850. 
1, 805; Marignac, A. Ch. [5] 2, 546 [1874]). But 
this separation does not occur. The H moves 
int'6 the water more quickly than the Cl, and, 
because of the positive electrical charge of the 
H ions, the water becomes positively and the 
solution negatively charged. If this charging is 
not carried off by metallically connected un- 
polarisable electrodes placed in the solution and 
m the water (v. this vol. p. 212), it prevents the 
separate diffusion of the H and the CL But 
there is another way whereby the restrain- 


ing force of the electrical charge on the dif- 
fusion of the H may be diminished — namely, 
by addition of chlorides. For instance, the 
velocity of diffusion of HC1 (properly speaking, 
of H) is increased in the ratio of 1:2*24 by 
adding 25 times the quantity of NH 4 C1 (Arrhenius, 
Z . P. C. 10, 51 [1892]). Similar, although not 
so strongly marked, characteristic phenomena, 
which find an explanation in the dissociation 
theory, have been observed by Graham and 
Marignac. 

Decrease of solubility by addition of foreign 
salts . Nerast (Z. P. C . 4, 372 [1889]) was the 
first to draw attention to the conclusion from 
the theory that a slightly soluble salt, e.g, silver 
acetate, must be more soluble in pure water than 
in a solution that contains other silver ions (e.g, 
AgNO a ) or acetate ions (e.g, NaQjHjOJ. Similar 
relations are shown by gases which partially de- 
compose ( e.g . NH 4 SH) ; these exhibit smaller 
vapour-pressures when one of the two com- 
ponents (NH S or H 2 S) is added. This lowering 
of solubility can be calculated from the laws of 
mass-action, with results which agree well with 
experience (Noyes, Z. P. C. 9, 603 [1892]). 

Division of a dissolved substance between two 
solvents. Berthelot and Jungfleisch examined 
the distribution of succinio acid between ether 
and water, and found that the concentrations of 
the acid in the aqueous and in the ethereal solu- 
tion were in a constant proportion, which ap- 
peared to be independent of the absolute concen- 
tration. Many other substances were found to 
behave in the same way (A. Ch. [4] 26, 396, 
408 [1872]). This result corresponds completely 
with Henry’s law for gases. It is readily deduced 
from the theory ; but in doing this it is assumed 
that the dissolved substance has the same mole- 
cular weight in both solutions. If this is not 
the case — as, for example, in the distribution of 
benzoic acid between benzene and water-alto- 
gether different laws express the phenomena 
(these laws, also, are in keeping with experi- 
mental results ; Nernst, Z. P. C. 8, 110 [1891]). 

Reaction velocities . There are many so- 
called catalytic processes that are brought about 
by the H ions of acids — for instance, the inver- 
sion of cane-sugar, saponification of esters, <ftc. 
According to the theory, the velocity with which 
these reactions take place must depend only on 
the number of H ions that are present, and not 
on the nature of the reacting acid. This con- 
clusion is confirmed by experience (Arrhenius, 
Z. P. G. 4, 226 [1889]; cf. Affinity, vol. i., 
especially pp. 77-81). 

Division of a base between two acids present 
in equivalent quantities . Thomsen made in- 
vestigations regarding the quantity of a base 
(NaOH) that reacts to form salts with two acids 
(e.g. HC1 and HF) added in equivalent quantities. 
He found that, in the case quoted, 95 p.c. NaCl 
and only 5 p.c. NaF were formed in dilute 
aqueous solution. It may be deduced from the 
theory that the quantities of NaOH combining 
with the two acids (HC1 and HF) are in the 
same ratio as the extents of dissociation of the 
acidB at the same dilution. The observations of 
Thomsen and of Ostwald agree extremely well 
with this deduction from the theory (Arrhenius, 
Z. P. O. 5, 14 [1890]; c/. Affinity, voL i. 

p.81). 
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Influence of temperature on rate of solution . 
U a finely and equally powdered substance is 
shaken with a solvent at two different tempera- 
tures, for a very short time, the rapidity of solu- 
tion is found to increase rapidly with the tem- 
perature. For instance, the rates of solubility 
in water of cream of tartar and benzoic acid 
increase between 0° and 17° in the ratios 1 : 3*8 
and 1:3*1. 

So-called solid solutions . Palladium is able 
to take up much H, but the mixture retains the 
solid form. There is, therefore, here no proper 
solution ; nevertheless, van’t Hoff has shown 
that the laws which hold good for solutions are 
valid for this phenomenon also (Z. P. C. 5, 322 
[1890]). There is formed at first an alloy, 
PdjjH, which possesses a definite dissociation 
pressure. If the pressure of the H is increased 
more H is absorbed, and the quantity absorbed 
is in direct proportion to the excess of pressure 
of the H. Henry’s law, therefore, holds good. 
On this ground van’t Hoff called mixtures 
similar to this 1 solid solutions.’ Solid solutions 
of thiophene and benzene have been examined 
by van Bijlert (Z. P. Q. 8, 343 [1891]). 

Meats of solution . A considerable quantity 
of heat is generally produced during the solu- 
tion of a substance in a solvent. The heat of 
solution of a substance is defined to be the 
quantity of heat that appears during the solu- 
tion of a gram-molecule of the body in much 
water. The following table gives the heats of 
solution of some of the commoner substances. 
Most of the numbers are taken from Thomsen 
(Th. 3, 195). 

Oases . 


Chlorine Cl, . . • 


4870 

Carbon dioxide CO, • 


5882 

Ammonia NH S . . 


8430 

Hydrogen fluoride HF . 


11800 

„ ohloride HC1 . 


17310 

„ bromide HBr . 


19940 

„ iodide HI 


19210 

„ sulphide H 2 S • 


4560 

Sulphur dioxide SO a 


7700 

Liquids . 

Methyl aloohol CH,. OH . 


2000 

Ethyl „ C,H a .OH . 


2540 

Propyl „ C,H 7 .OH . 


3050 

Ether (C^H^O 


5940 

Acetic acid C 2 H 8 O.OH 


420 

Sulphuric acid H 2 S0 4 . 

Solids . 


17850 


Caustic potash KOH 

. 

* 

. 12500 

„ „ hydrate K0H.2R.0 

. -30 

Lithium chloride LiCl • 

. 


. 8440 

Sodium „ NaCl . 

. 


. -1180 

Potassium „ KC1 • 


, 

. -4440 

Sodium bromide NaBr . 


. 

. -190 

„ „ hydrate NaBr.2H,0 

. -4710 

Potassium sulphate K 2 S0 4 



. -6380 

Mercuric chloride HgCl, 



. -3300 

Sodium acetate NaC^O, 



. 4200 

Sodium benzoate Na0 7 H a 0 2 



. 800 

Benzoic acid C^.CO^H 



. -6700 

Silver ohloride AgCl 



.-15800 

„ bromide AgBr • 



.-20200 

„ iodide Agl . • 



.-26600 

Cane sugar CJELqOh . 



. -800 


Volume changes accompanying solution . In 
most cases the solution of a substance in water 
is accompanied by a considerable amount of 
contraction. For instance, a mixture of 100 c.c. 
alcohol with 100 c.c. water measures only 192*8 c.c. 
at 18°. The contraction may be so great that 
the volume of the solution is less than the 
volume of the water used as solvent: for in- 
stance, when Na 2 CO s , NaOH, or LiOH is dis- 
solved in much water. The following table 
shows the volume change, in c.c., that takes place 
when one gram-equivalent of some of the most 
important compounds is dissolved in much 
water —e.g. in 10 litres : — 



H 

Na 

K 

nh 4 

OH 

• 18 

- 5*8 

3*6 

— 

Cl . 

. 18*3 

16*6 

26*9 

37*4 

NO s 

. 29*0 

28*0 

38*5 

48*2 

*so 4 

. 16*2 

6*4 

15*7 

24*2 


A mixture of 40 grms. NaOH with 10 litres 
water occupies, therefore, a volume of 9994*2 c.c. 
only. 

When the solvent is other than water an 
increase of volume sometimes takes place ; for 
instance, a mixture of 100 c.c, aloohol with 
100 c.c. CS 2 occupies about 202 c.o. 

Specific heats of solutions. The water value 
of a solution of a salt in water is not equal to, 
but is generally less than, the sum of the water 
values of the water and the salt. In a few cases 
this decrease is so great that the water value of 
the solution becomes less than that of the water 
used as solvent. The following data show the 
water values of one gram-eauivalent of the chief 
salts in extremely dilute solutions (according to 
the determinations of Thomsen) : — 



H 

Na 

K 

nh 4 

OH . 

18 

-27 

-38 

— 

Cl 

-28 

-16*3 

-30 

-13 

NO., . 

-10*7 

- 8*7 

-16 

7 

JS0 4 . 

9 

-25 

-36 

-16 


The water value of a solution of 40 grms. NaOH 
in 10 litres watex, for instance, is not only not 
greater than that of the water alone (10,000), 
but is distinctly smaller (9,973). 

Deviations shown by concentrated solutions . 
The laws that have been stated for the osmotic 
pressure, the lowering of freezing-point, the 
raising of boiling-point, and the lowering of 
vapour-pressure, brought about by substances in 
solution, are valid, strictly speaking, only for 
very dilute solutions. Deviations from these 
laws occur when the solutions are more concen- 
trated. Sometimes the observed values are 
smaller than those theoretically deduced. In 
such cases it is supposed that molecular aggre- 
gates are formed. This occurs, for instance, 
with solutions in benzene of oxims, alcohols, 
phenols, and fatty acids, and also with fairly 
concentrated aqueous solutions of the sulphates 
of Mg, Cu, Zn, and Cd, and Cdl 2 (Beckmann, 
Z . P. C. 2, 737 [1888] ; Arrhenius, Z . P. O. 2, 
496 [1888]). On the other hand, most concen- 
trated aqueous solutions give values greater than 
the calculated values ; this is made especially 
evident by Tammann’s investigations into the 
vapour-pressures of salt solutions at 100° (Mini* 
de VAcad. de St. Petersbowrg [7] l f 85 [No. 9, 
1887]). An explanation of this behaviour has 
| been sought for in the attraction between the 
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nolvent and the dissolved substanoe (Arrhenius, 
Z. P. C. 10, 40 [1892]). S. A. 

SOLUTIONS II. Tne view that hydrates exist 
In aqueous solutions, and analogous compounds 
in non-aqueous solutions, is one which has long 
been held by many chemists ; it is only in the 
last few years, however, that the hydrate or 
association theory has assumed a precise form, 
and that definite experimental evidence in 
support of it has been accumulated. In giving 
some account of the present position of this 
theory it will be convenient to collect the evidence 
on which it depends under the headings ‘ general * 
and 4 special,’ and to discuss separately the bear- 
ing which recent work on dilute solutions has 
upon it. Aqueous solutions have naturally been 
more studied than solutions in other solvents, 
but these other solutions have been investigated 
sufficiently to show that they are similar to 
aqueous solutions in every respect, except as re- 
gards eleotrio conductivity. Although, therefore, 
to simplify matters in the present artiole, in most 
instances aqueous solutions alone are mentioned, 
it must not be understood that the arguments do 
not apply equally to other cases. 

General . The changes accompanying dis- 
solution seem to be in every respect similar to 
the recognised accompaniments of chemical 
combination : evolution of heat, a more or less 
profound alteration in the nature of the reagents, 
and an irregular variation in the properties of 
the resulting solution with regular variations in 
the proportions of dissolved substance and sol- 
vent. For reasons which will be mentioned 
below, these irregularities may often not be very 
pronounced, but it may safely be stated that 
every attempt which has been made to express 
the properties of any series of solutions by a 
simple expression agreeing, within the limits of 
experimental error, with the observed values 
throughout a wide range of concentration has 
been unsuccessful. 

The affinity which a large number of sub- 
stances possess for water, as evidenced by the 
many solid compounds which they form with it, 
and by the heat evolved in their formation, 
renders it primd facie extremely improbable 
that these substances should exist in presence 
of excess of water without combining with it. 
It is, moreover, those very substances whioh ex- 
hibit the greatest tendency to form solid hy- 
drates which are generally most soluble. A 
more careful study of the thermal phenomena of 
solutions places this argument beyond the range 
of mere speculation. From the known heat of 
fusion of water and of a few anhydrous salts we 
can obtain a very close estimate of what the heat 
of fusion of any hydrated salt would be, if no 
change beyond the mere passage from the solid 
to the liquid condition ocourred; with hexa- 
hydrated calcium chloride, for instance, the heat 
of fusion under such circumstances would be 
11,000 to 12,000 cal., and on the most exaggerated 
estimate could not exoeed 14,000 cal., whereas if 
decomposition as well as mere liquefaction oc- 
curred the heat absorbed would be at least 25,000 
cal., since the heat of fusion of the 6H s O alone 
is 9,500 cal., and the heat of combination of 
CaClj with 6H,0 (both solid) is 14,500 cal. The 
observed heat of fusion, however, is only 11,417 
eaL, a value whioh disproves that any consider- 


able change beyond mere liquefaotion has oe- 
curred during the fusion — i.e. the combination 
which existed in the solid must exiBt also in the 
liquid. The data in the case of sulphuric acid 
afford more striking evidence of a similar 
character. The heat of combination of solid 
water with the solid acid to form the solid mono- 
hydrate is 6,550 cal., and if, when the reagents 
are mixed in the liquid condition, they do not 
combine chemically, far less than this amount 
of heat would be evolved ; whereas the heat 
actually evolved is found to be almost identical 
with the above, namely 6,667 cal. 

The separation of a crystalline hydrate from 
a solution is an argument to which due weight 
has hardly yet been attributed in favour of the 
existence of that hydrate in the solution, al- 
though not necessarily in large quantity. If 
there are no molecules of the hydrate existing as 
suoh in the liquid, these muBt have been de- 
posited in the solid form at the moment of their 
formation, whereas we know that whenever de- 
position occurs simultaneously with formation, 
as in the precipitation of an insoluble salt, the 
substanoe is deposited in the amorphous and 
not in the crystalline condition. 

If, as would appear to be the case, it is neces- 
sary to admit the existence of hydrates in con- 
centrated solutions, it is necessary to admit 
their existence in dilute solutions also. The mass 
action of an excess of one or other of the con- 
stituents of any composite fluid is well known, 
and is universally accepted : it must operate with 
hydrates as much as with other substances, and 
must do one of three things : either (1) it must 
increase the stability or amount of the particular 
hydrate present, or (2) it must combine with it 
to form a higher hydrate (if it is the water of 
which excess is added), or (31 it may decompose 
the hydrate by reacting witli the non-aqueous 
constituent of it to form new compounds, as 
when free alkali and acid are produced (a de- 
composition, however, which can be proved in 
many cases to occur to but a negligible extent), 
but in no case could excess of water decompose the 
hydrate taken so as to liberate the dissolved sub- 
stanoe in the anhydrous condition. The thermal 
phenomena of solution afford important evidence 
in this case also ; to interpret them properly, 
however, it must be remembered that the disso- 
lution of a substanoe in excess of solvent entails 
the separation of the partioles of that substance 
from each other to the Bame extent as if it were 
vapourised, and that to effect this separation the 
same amount of heat must be absorbed in either 
case. The heat evolved due to the reaction of a 
liquid with excess of solvent is, therefore, the 
observed heat of dissolution minus the heat 
absorbed in vapourisation, and, in the case of a 
solid, the heat of fusion as well as that of 
vapourisation will have to be subtracted. Making 
allowance for these so-called physical changes, 
we find that the formation of every concentrated 
solution— that is, a solution which contains 
hydrates— is accompanied bv the evolution of 
heat, and inasmuch as, with tne same allowance, 
dilution is always accompanied by a further 
evolution of heat, the action of the diluent 
cannot be regarded as a reversal of the Initial 
reaction, but rather as an extension and com- 
pletion of it, the hydrates present in the oon- 
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oentrated eolations being increased in amount 
or in complexity thereby. When matters are 
simplified by dissolving a gas, instead of a 
liquid or solid, and adjusting the pressure of 
the gas or the quantity of solvent so that the 
former occupies the same volume after as before 
dissolution, we still find that a very consider- 
able evolution of heat occurs ; with the haloid 
acids this is as much as 17,000 cal., and though 
this may be glossed over by some of the advo- 
cates of the physical theory by stating that the 
decomposition of the aoids into their ions, which 
they oonsider occurs, evolves a very large amount 
of heat, no such explanation can be offered in 
cases where no such decomposition is imagined, 
and it has been proved that the dissolution of 
gaseous non-electrolytes both in water and in 
other solvents is accompanied by the evolution 
of as much as 5,000 to 14,000 cal. In the face of 
such a considerable loss of potential energy, it is 
impossible to maintain that the substances 
losing it remain unchanged, and that the dis- 
solved substance can, in any true sense, be still 
gaseous and uncombined with the solvent. It is 
important to note that van der Waals, through 
a different line of reasoning, has arrived at the 
same conclusion as to the necessity of recog- 
nising some action evolving heat between the 
substance and solvent, even when the former is 
in the so-called dissociated condition. 

Amongst the general considerations favour- 
ing the view that dissolution consists in the 
formation of liquid compounds, not the least im- 
portant is that this gives us some intelligible 
reason for dissolution occurring at all, whereas 
if the solvent is regarded as being inert and 
only playing the part of so much empty space 
(as some of the advocates of the physical theory 
have maintained), we have no explanation of 
why dissolutions occur; the presentation of 
empty space to a stable solid does not make the 
latter fill the empty space, and even attributing 
dissolution to the possession of a certain ‘ solu- 
tion pressure * by the dissolving substance would 
appear to amount to no more than stating that 
a substance dissolves because it does do so. 

Special, Berthelot determined the heats of 
dissolution of various series of solutions of dif- 
ferent concentrations, and oonoluded that his 
results when plotted out showed the presence of 
changes of ourvature or inflections at certain 
points, indicative of the existence of hydrates in 
the solutions. In many cases he adduced various 
special considerations in support of the existence 
of the hydrates thus indicated, but his determina- 
tions were not sufficiently numerous or accurate, 
nor were his methods of examining them suffi- 
ciently precise, to lead to more than vague con- 
clusions. Thomsen's investigations on the same 
subject were equally unsatisfactory ; he sought 
to disprove the existence of any such changes 
of curvature by finding empirical equations to 
represent each series of results, but in the four 
cases which he thus investigated the equations 
deduced express but a small portion of the whole 
series, leaving in the remainder errors ten and a 
hundred times greater than the experimental 
error, Mendel6eff next took up the question 
from a different point of view. Theoretical con- 
siderations led him to conolude that solutions 
consisted of different hydrates according to the 


amount of water present, and that, if not more 
than two hydrates were ever present together in 
the same solution, there would be definite changes 
of curvature in the figures representing the pro- 
perties of the solutions at the concentrations cor- 
responding to these hydrates ; that is, that the rate 
of change in the property with change of concen- 
tration would be different when the solutions con- 
sisted of the hydrates A and B from what it would 
be when they consisted of B and C, so that there 
would be a change at a concentration correspond- 
ing to the composition of B, and further, he con- 
cluded that these rates of change (first differen- 
tial co-efficients) in the case of the densities 
would be rectilinear functions of the percentage 
composition between the points A and B, B and 
O, &o. (It Bhould be noticed in passing that 
the idea which lies at the root of Mendel6eff s 
conception — and, to a certain extent, of Ber- 
thelot’s also — is that the water in any solution is 
nearly entirely combined with the dissolved 
substance, and not merely that the solution con- 
sists of a simple hydrate mixed with excess of free 
water.) That the concentration-rate of change 
of the densities is representable within experi- 
mental error by a series of straight lines is pro- 
bably true in many oases, but in the two cases 
on which Mendellefl chiefly relied for proof 
these first differences are conspicuously curvi- 
linear throughout. The reason of this, doubt- 
less, is that solutions of a given concentration 
generally contain more than the two hydrates 
which he postulated. Boozeboom’s work on 
ferric chloride, and Pickering’s on sodium hy- 
droxide, render it probable that five or six 
hydrates may co-exist in the same solution ; at 
any rate, as many as four have actually been 
obtained from certain solutions. Pickering next 
attacked the subjeot from a purely experimental 
point of view. The distinctive feature of his 
work is the search for changes of ourvature 
(breaks) by the application of a flexible lath to* 
his plotted results. A lath bent by the applica- 
tion of two couples near its extremities forms,, 
for all practical purposes, a curve of a very simple 
nature ; and it has been proved that the use of 
such a lath is tantamount to, and leads to pre- 
cisely the same conclusions as, the application of 
ordinary parabolas with three or four constants 
deduced mathematically from the experimental 
values ; and in several respects, besides expedi- 
tiousness of application, this method is superior 
to the mathematical method. The mere fact that 
a certain figure may be represented accurately 
by a series of parabolas is by itself no proof that 
it really consists of these independent curves, any 
more than the existence of breaks can be dis- 
proved by finding an artificial equation which 
will bridge them over; the correctness of any 
particular form of representation can be measured 
only by the results to which it leads, and in thi« 
respect the discontinuous expressions would ap- 
pear to be highly satisfactory. The positions of 
the breaks are not dependent on the taste of 
the draughtsman : the figures examined seem 
to split up naturally into certain sections only, 
and when drawn in these sections it was found, 
in some dozens of series of experiments, that the 
apparent error of the points agreed within 5 or 
10 per cent, with the known experimental error 
(though in a great number of the oases the true- 



104 


SOLUTIONS. 


magnitude of the latter was not ascertained till 
after the drawings were made), whereas drawings 
of a similar character, but placing the breaks at 
other points, or drawings obliterating the breaks 
altogether, represented the error of the points to 
be far larger, often 10 or 100 times larger, than 
the known experimental error. It must be re- 
marked that, once the magnitude of the experi- 
mental error is known with certainty, no draw- 
ing can be accepted unless it agrees closely with 
it, and Pickering has devised a method by which 
the experimental error can be accurately deter- 
mined independently of any considerations other 
than the examination of the final results them- 
selves ; he has also devised a means of obtaining 
a numerical estimate of the acceptability of any 
drawing, by combining together the various 
factors which are usually taken as affording a 
criterion of acceptability. Again, when sections 
of increasing lengths are taken, and these are 
represented by single parabolas, or bent-lath 
curves, there is little or no increase in the ap- 
parent error of the points till the sections extend 
beyond a point where one of the supposed breaks 
exists, but as soon as they do so there is a large 
and sudden increase, indicating that some real 
change at the point in question exists. Moreover, 
it has been shown that in a case where two para- 
bolas will represent a series of results perfectly, a 
single parabola will not do so, even if it contain 
as many constants as the two parabolas together 
•contain. The strongest argument, however, in 
favour of the reality of these breaks is that the 
various properties of any series of solutions, al- 
though they form figures differing from each other 
widely in general form, are yet all thoroughly 
♦concordant as to the positions at which the 
breaks occur. The properties of sulphuric acid 
which were investigated were the densities at 
four temperatures and the contraction on mixing 
deduced from them, the heat of dissolution, the 
thermal expansion, the electric conductivity 
. (Kohlrausch’s values), and the thermal capacity ; 

: subsequently also the freezing-points and van 
der Willigen’s values for the refractive indices 
were investigated. Perkin also found indications 
• of two of the breaks in his determinations of the 
magnetic rotations, and still more recently F6ry 
has recognised some other of the breaks in his 
^own measurements of refractive indices. Three 
different properties were also examined by Picker- 
ing in the case of calcium ohloride and nitrate, 
and were found to show a similar concordance. 

That the breaks are really due to, and indi- 
cate the presence of, compounds in solution is 
shown by the fact that, not only in the cases 
above mentioned, but also in many others where 
other solvents besides water were used, they 
always occur at points which correspond within 
small limits with definite molecular proportions 
^wherever, that is to say, the proportion of sub- 
stance to solvent is sufficiently simple to permit 
of any conclusions at all being drawn in the 
matter. Further evidence on this point was also 
afforded from a study of the freezing-points of 
fourteen of the alkyl amines, where, with one ex- 
ception, hydrates of the very compositions indi- 
cated by breaks in the oase of some of the amines 
were isolated in the crystalline condition in the 
case of the others. Finally, as a more striking, 
though perhaps not more cogent, argument, we 


have the isolation in the crystalline condition of 
no less than six new hydrates, the existence of 
which had been foreshadowed in the properties 
(chiefly densities) of the solutions— namely, 
H,S0 4 .4H 2 0, HBr.8H 2 0, HBr.4HL/), H01.3H,0, 
HN0 4 .H 2 0, and HN0„.3H 2 0 — the last three being 
especially conspicuous examples, for the only 
marked breaks which the densities showed 
coincided with the only hydrates which were 
subsequently isolated. 

Two important features of the conclusions 
drawn from the above-mentioned work on sul- 
phurio acid should be mentioned: firstly, the 
large number (18-20) of hydrates of which in- 
dications were obtained ; secondly, the complex 
nature of hydrates in very dilute solutions. Any 
improbability whioh might be considered to 
attach to the former conclusion (though, in 
reality, no data exist on which to found any 
estimate of the probabilities in such a case) is 
removed by the fact that a still larger number of 
hydrates (when equal ranges of concentration are 
compared) have been isolated in the crystalline 
condition from solutions of sodium hydroxide. 
The complexity of the hydrates indicated ex- 
tends up to compounds with hundreds and even 
thousands of molecules of the solvent, but, with 
the explanation to be mentioned below as to 
their possible constitution, these hydrates can 
scarcely be branded as improbable ; at any rate, 
the breaks whioh indicate their existence appear 
to be precisely similar in nature to those which 
indicate the presence of the simpler hydrates. 
Pickering has investigated the freezing-points of 
many dilute solutions besides those of sulphuric 
acid, and has found that nearly all of them show 
indications of similar changes, and those recog- 
nised in the cases of sodium chloride and sulphuric 
acid have received further confirmation from a 
series of results made by H. Jones ; a confirma- 
tion of special importance, Bince JoneB’s deter- 
minations were made with the view of disproving 
the existence of breaks. 1 Complex hydrates, 
though of a comparatively small degree of com- 
plexity, would appear to exist in regions other 
than those of very dilute solutions; two such 
were indicated in the neighbourhood of the 
monohydrate of sulphuric acid, and a similar 
one, perhaps another also, has been isolated in 
the case of soda. These are probably compounds 
of two different hydrates. 

It is important to note that the changes of 
curvature here described need not necessarily 
be absolutely abrupt. On the strength of ex- 
perimental evidence only, where experimental 
error necessarily exists, it is obviously impossible 
to prove or disprove the abruptness of any change, 
and no satisfactory mathematical theory has yet 
been formulated to lead to any views on the 
subject. It is sufficient for the purpose that com- 
paratively abrupt changes exist. Nor should it 
be expected that these changes would necessarily 
be of a very marked character, for a large pro- 
portion of the faotors determining the properties 
of solutions must be of a purely physioal or even 
mechanical character ; the densities of sulphuric 
acid solutions, for instance, must rise more or 
less gradually from 1 to 1*85, and it is only in 

* It should be noted that Jones himself asserts that his 
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the variations from the * more ’ to the ( less ’ would be the case i f the sulphuric aoid molecules 
that we can expect to find evidence of inter- had to be split up into independent ions, 
mediate compounds. In a paper in the Berichte , Pickering has 

Application of the hydrate theory to explain offered an explanation of the behaviour of dilute 
the properties of dilute solutions . Diversity and solutions based on the hydrate theory and on 
irregularity are some of the most marked features the views held by him as to residual affinity, 
of the properties of concentrated solutions, and The explanation may be rendered more in- 
though in dilute solutions these irregularities telligible by representing chemical attraction, as 
are much Iobs conspicuous (aB, indeed, we should we represent electrical attraction, to be due to 
expect them to be when the hydrates present * charges ’ on the surfaces of the attracting 
become excessively complex and, consequently, matter, but inalienable from the matter, owing 
excessively unstable), they are still recognisable, to a repulsive force between the atoms similar 
and it is only in the most extreme dilution, to that which produces elasticity preventing the 
where the experimental error amounts to a large atoms ever coming close enough together to 
fraction of the total quantities measured, that allow of the charges combining. The charges 
the results can be expressed within the limits of are represented as being always self -attracting, 
this error as an apparently regular function of Each atom possesses one or more unit affinity - 
the concentration. It may safely be stated that charge according as it is a monad or a polyad : 
any purely physical theory which confines itself with a free atom the charge would be uniformly 
to regions of extreme dilution, and which ignores distributed over its surface, whereas when two 
some of the most marked features of dissolution, atoms are combined the greater part of the 
as well as the mass of direct evidence showing charges would be drawn to those sides of the 
the existence of compounds in solution, cannot atoms facing each other ; but, as in the case of 
be accepted as a complete theory ; nor, on the electrio charges, a certain amount would still be 
other hand, can the hydrate theory of solutions left on the further sides capable of acting on, and 
be accepted as satisfactory unless it can be being acted on by, other atoms or molecules in 
shown to be consistent with the two main like condition, this residue, or unbound charge, 
characteristics of weak solutions— the apparent forming what appears as residual affinity. As 
quasi-gaseous independence of the dissolved in the case of electrical charges, the nature of 
substance in dilute solutions, and the approxi- the matter composing different atoms will cause 
mately accurate results which are obtained when different degrees of mobility in the charges on 
calculations are based on the assumption that their surfaces, and hence different pairs of atoms 
electrolytes in dilute solutions are dissociated will be held together with different degrees of 
into their ions. However important the ser- firmness, and different molecules will exhibit 
vice rendered to science by the gaseous and different amounts of residual affinity. When a 
dissociation theories of solution, there are many molecule A B, possessing a certain amount of 
fundamental objections which militate against residual affinity, is surrounded by a number of 
their universal acceptation. They offer no satis- other molecules CD possessing residual affinity 
factory explanation of why substances dissolve also, the two residual charges will react on each 
at all, and still less why water alone, of all other and increase the amount of the charges on 
ordinary solvents, should resolve salts, &c. into the external portions of the molecules, leaving a 
their ions. These ions are represented to be smaller amount of charge on the portions of A 
atoms charged with enormous electric charges, and B which face each other ; in the same way 
but no explanation is given of the origin of these the charge on 0 will be partially withdrawn 
charges, or of the peculiarities which they are from the surface facing D, and will be able to 
supposed to exhibit ; two atoms oppositely elec- retain a smaller amount of D’s charge on the 
trifled are represented as being less combined portion of D which is next to it, so that D will 
than when not charged at all; the charged exhibit more residual affinity than formerly, 
atoms are represented as swimming about in the and will be able to react in a similar manner 
water without decomposing it, and without on its neighbours, C' D'. Thus, by a process pre- 
giving up their charges to their oppositely electri- cisely analogous to electrio induction, the 
fied companions, although they can part readily number of molecules of C D which are acted on 
with them to an electrode ; and to explain the by, and are more or less combined with, A B 
thermal phenomena of solution, it has to be may be very large, and far greater than the 
boldly assumed that the decomposition of mole- number which are oapable of coming into its 
cules (elementary or composite) into charged immediate vicinity. The existence of the very 
atoms often evolves a considerable amount of complex hydrates which have been recognised in 
heat, and consequently that the charging of an dilute solutions is thus easily explicable. It is 
ordinary atom must be a process which evolves evident that a molecule when thus surrounded 
heat also. The only crucial experiment which by, and combined with, a large number of 
has so far not been susceptible of an opposite solvent molecules will be attracted equally in 
interpretation seems to disprove any real dis- every direction, and as the magnitude of the 
sociation of electrolytes. The lowering of the force exerted on it by each individual solvent 
freezing-point of a solvent is acoepted as afford- molecule must be very small, it will be able to 
ing a measure of the number of acting units move easily in any direction, especially as any 
/molecules or ions) in any substance added to of the solvent moleoules from which it parts 
it, and when, for instance, to some acetic acid during the process will have their places 
a weak solution of sulphuric acid is added, the supplied at once by other similar molecules, of 
depression produced proves that the latter con- which, owing to continuous dissociation and re- 
tains fewer acting units than the water and sul- combination, there is an abundant supply in the 
phono aoid do separately, instead of more, as liquid. Thus, into whatever new position the 
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central molecule moves, the status quo ante is 
immediately reproduced, and, consequently, the 
molecule will move almost unfettered by the 
presence of the solvent, and will act almost as 
if it were in the gaseous state. We thus obtain 
at once an explanation of why the application bf 
the ordinary gaseous laws to dilute solutions 
yields very nearly true results ; we should, 
indeed, expect that they would not be absolutely 
true, for certain definite numbers of solvent 
molecules would be capable of a more symmetri- 
cal arrangement about the central molecule than 
others, and such arrangements (definite hydrates) 
would be more stable than otners, and the ten- 
dency to form them might have an appreciable 
effect on the regularity of the results : small 
irregularities of this sort are exactly what we 
find in the case of those dilute solutions which 
have been fully examined. 

It is obvious that as the quasi -gaseous free- 
dom of the molecule is dependent on its being 
combined with the solvent, this freedom obtains 
only so long as the molecule remains within 
the solvent, and would not admit of the possi- 
bility of its leaving the liquid, or of exerting 
an external gaseous pressure ; for the same 
reason it would be impossible for it to pass 
through any crevice so Bmall as not to allow it 
to retain as many solvent molecules as it was 
combined with in the solution. This gives us 
an explanation of the action of semipermeable 
diaphragms and all the phenomena of osmotic 
pressure ; it, moreover, removes a difficulty which 
must be experienced in accepting the explana- 
tion given by the supporters of the physical 
theory of the action of these diaphragms — why 
it is that the water molecules (which are ad- 
mittedly combined in great part into complex 
aggregates) can so easily pass through interstices 
which are impervious to what are held to be the 
single free molecules and ions of the dissolved 
substance. Direct experiment would seem to 
decide conclusively in favour of the explanation 
of osmotic pressure given above, for, when a 
suitable solution in a porous pot is immersed in 
either of the substances which compose the 
solution, osmosis through the pot towards the 
solution occurs in both cases, showing that 
osmotic pressure is not due to the impermeability 
of the pot to either of the constituents of the 
solution, but to its impermeability to the solution 
as a whole. 

In a case where the atoms of the dissolved 
molecule possessed a considerable amount of 
residual affinity, the action and reaotion between 
them and the solvent molecules would, in every 
respect, be proportionally great, and, con- 
sequently, those portions of the whole charges 
which are utilised in uniting the component 
atoms of the dissolved substanoe would be re- 
duced, and, in extreme oases, might be reduced 
to the lowest possible limits — that is, till the 
amount of affinity utilised in holding them 
together was equal to that utilised in attaching 
them to the solvent molecules, in whioh case 
there would be an equal distribution of the 
affinity charges over the atoms. The atoms 
composing a molecule in such a condition would 
have a great amount of freedom of motion within 
the molecule; being attracted equally in all 
directions, they would be at liberty to start, to 


move in any direction, and their movements 
might attain considerable amplitude under 
suitable conditions as to the rate at which the 
foroes between them varied with the distance ; 
for to explain the apparent independence of the 
atoms, and therefore the abnormal osmotic 
pressure of a salt moleoule, * it only requires,’ 
according to Fitzgerald, * the space within which 
[the atoms] are bombarding about to be small 
compared with the space rate of variation of 
the force between [them].* The atoms of the 
two molecules in suoh a condition would ob- 
viously change partners very readily during 
collision, and this gives us an explanation of 
why such an interchange does take place when 
two different salts, <ftc., are mixed. This ready 
exchange, moreover, would take place con- 
tinuously, and in a definite direction, under the 
influence of any external force, such as a charged 
electrode, a Grothiiss’ chain being formed, and 
we should consequently expeot to find that sub- 
stances in this condition— i.s. those which give 
abnormally large osmotic pressures — were elec- 
trolytes; this is so: and since, moreover, the 
amount of electrolysis occurring in a given time 
under a given force would be proportional to 
the number of molecules in the condition postu- 
lated, it follows that this number— and, there- 
fore, the osmotic pressure— could be calculated, 
at any rate approximately, from the conductivity. 
In short, whatever calculations hold good on the 
assumption that the atoms in the molecules are 
absolutely independent will also hold good if 
they are assumed to be in the peculiar condition 
of combination here described— a condition which 
is brought about by their great tendency to 
combine with the solvent, and not by a tendency 
to part company for no assignable reason. On 
the present view also it is possible to understand 
why it is that salts and acids are generally 
electrolytes, and why water is the solvent which 
makes them electrolytes, for both salts and water 
are composed of elements whioh have a strong 
attraction for elements of an opposite character, 
and in suoh a case the residual affinity of both 
the elements (basylous and chlorous) constitu- 
ting the salt would be acted on by that of the 
two opposite elements constituting the water, 
and we would get an amount of mutual reaction 
which would be impossible in the case of other 
substances. 
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Berthelot, M4c. Chim. X, 394 ; 2, 142 ; Thomsen, 
Thermochem . XJntersuch . 3, 1-216; Mendel6eff, 
The Investigation of Aqueous Solutions according 
to their Specific Gravities (1887) ; also The Prin- 
ciples of Chemistry ; and C. J. 52, 779 ; Booze- 
boom, Z. P. C. 10, 477 ; F6ry, C. E . 115, 1309 ; 
Van der Waals, Z . P. C. 8, 214 ; Perkin, 0. J. 
63, 70 ; Jones, Z . P. 0. 11, 112, 536 ; 12, 623 ; 
Pickering, 0. J. 53, 865 ; 55, 14 ; 57, 16, 381 ; 63, 
99, 141, 436, 890, 998 ; P. M. [5] 29, 427 ; 30, 400 ; 
32, 20, 90, 478 ; 33, 132, 436 ; 84, 35 ; 35, 127 ; 36, 
111; Z. P. C. 6, 10 ; £. 24, 277, 1579, 8317, 3328, 
3629 ; 25, 1099, 1314, 1589, 1854, 2011, 2518, 
3484 ; 26, 277, 1221, 1977, 2307, 2766 ; 27, 80, 67 ; 
C. N. 57, 116 ; 63, 290, 305 ; 64, 1, 311. S. U. P. 

SONNENSCHEIN’S BEAGENT. Prepared 
by adding phosphoric aoid to a warm solution 
of ammonium molybdate in nitrio acid, boiling 
the pp. with aqua regia to destroy NH* evapq- 
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rating to dryness, and dissolving in 10 p.c. nitric 
acid ( A . 104, 45). This reagent gives yellow 
pps. with alkaloids. 

S0FH0B1N. S. *009 in the cold ; *6 at 100°. 
S. (alcohol) *8 in the cold ; 7 at 78°. Obtained 
from Chinese yellow berries, the undeveloped 
flower buds of Sophora japonica (Stein, J. pr. 58, 
899 ; 85, 851 ; 88, 280 ; Spiess a. Sostmann, /. 
1865, 587 ; F6rster, B. 15, 216). Decomposed 
by boiling dilute H,S0 4 into isodulcite and 
yellow sophoretin, which resembles quercetin. 

BOPHOBiNE. An alkaloid obtained from 
the pods of Sophora speciosa (Wood, Ph. [3] 8, 
1047). Liquid, forming a crystalline hydro- 
chloride, which gives a deep-red colour with 
FeGl s . Poisonous. A poisonous alkaloid may 
also be obtained from the seeds of Sophora to - 
mentosa (Greshoff, B. 23, 3539). 

SOBBIC ACID C tf H 8 0 2 i.e . 
CH 8 .CH:CH.CH:CH.C0.^1. Mol. w. 112. 
[184*5°]. (228°). H.C. 730,000 (Ossipoff, J. R. 
20, 650). Heat of neutralisation : Gal a. Werner, 
Bl. [2] 46, 802). Occurs in the juice of unripe 
mountain-ash berries (Hofmann, C. J 12, 43 ; 
A. 110, 129). The juice is partially neutral- 
ised with milk of lime, decanted from acid cal- 
cium malate, and distilled after addition of 
HjSO^ Needles (from dilute alcohol), v. sol. 
alcohol and ether, m. sol. hot water, volatile 
with steam. Partially decomposed on distill a- I 
tion (Barringer a. Fittig, A. 161, 307). Has no | 
odour. Br in CS 2 forms tetra-bromo-hexoic 
acid [179°] and di-bromo-hexenoic aoid [90°-95°]. 
Fuming HBr forms di-bromo-hexoic acid [68°] 
(Stahl, B . 9, 120). Very dilute alkaline KMn0 4 
at 4° gives aldehyde, racemic acid, oxalic acid, 
and CO a (Doebner, B. 23, 2376). Sodium-amal- 
gam forms hydrosorbic acid. 

Salts.— BaA' 2 . — CaA' 2 : silvery scales. — 
AgA' : white crystalline pp. 

Ethyl ether EtA\ (195‘6°). Liquid. 

Chloride G a H 7 OCl. Converted by NH a and 
aniline into crystalline CaHjO.NHg and 
C a H 7 O.NHPh respectively. 

Hydrosorbio acid v. Hexenoio acid. 

Isosorbio acid v. Hexinoio acid. 

Reference,— Oxy-borbio acid. 

SOB BIN0SE C a H 12 O a i.e. 
CH 2 (OH).(CH.OH) s .CO.CH 2 OH(?). S.G. M 1*654. 
[«]j ** — 47° at 7°. S. 200. An unf ermentable 
sugar obtained from the fermented juice of 
mountain-ash berries (Pelouze, A, Ch. [3] 35, 
292 ; Byschl, J. 1854, 664 ; Delffs, C. N, 24, 75). 
The juioe is left to stand for a year, and then 
filtered and evaporated. Trimetric crystals, as 
sweet as cane sugar. Ltevorotatory. V. e. sol. 
water, si. sol. hot alcohol. Forms with NaCl a 
compound crystallising in cubes. Its aqueous 
solution dissolves CaO, PbO, and Cd(OH) 2 . Not 
attacked by Br. Yields tri-oxy-glutaric acid on 
oxidation by HNO s (Kiliani a. Scheibler, B. 21, 
3276), but no mucic or saccharic aoid (Tollens, 
A. 249, 222). HIAq and P yield hexyl iodide. 
Reduced by sodium -amalgam to sorbite (Vincent 
a. Delachanal, C. R . Ill, 52). Not turned 
brown by hot alkalis. Reduces Fehling’s solu- 
tion. Bromine water yields glyoollio acid 
(HlaBiwetz a. Habermann, A, 155, 120). On 
heating sorbinose (1 pt.) on the water-bath with 
a solution of phenyl-hydrazine hydrochloride 
(2 pts.) and NaOAo (8 pts.) in water (10 pts.) it 
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yields the osazone C l8 H 22 N 4 0 4 [164°], which 
crystallises in yellow needles, si. sol. hot water, 
v. sol. alcohol, v. si. sol. ether (Fischer, B, 17* 
582 ; 20, 827). 

S0BBITANNI0 ACID. Obtained from the 
berries of Sorbua aucuparia (Vincent a. Dela- 
chanal, Bl. [2] 47, 492). Gives a yellow colour 
with alkalis ; reduces silver salts in the cold; is 
not ppd. by alum or gelatin. Potash-fusion 
forms protocatechuio acid and phlorogluoin. 

SORBITE O a H, 4 O a . Mol. w. 182. [111°). 
[«] D - —1*73°. Occurs in mountain-ash berries 
(Boussingault, A. Ch, [4] 26, 376) ; in plums* 
cherries, and the fruits of nearly all the Rosacea 
(Vincent a. Delachanal, C, R. 108, 147 ; 109, 
o78; 111, 52). Formed on reduction of sorbin 
and of J-gulose (Fischer a. Stahel, B. 24, 2144). 
Formed also, as well as mannite, by reducing 
glucose (dextrose) with sodium-amalgam in the 
cold (E. Fischer, B, 23, 3684; Meunier, C, R. 
Ill, 49). Pearly crystals (containing ^aq). 
Melts at 75° when hydrated. V. sol. water and 
hot alcohol. Neither ferments with yeast nor 
reduces Fehling’s solution. Lrovorotatory, 
becomes dextrorotatory on addition of sodium 
borate (Vincent a. Delachanal, C, R. 108, 854). 
HIAq yields (0 ) -hexyl iodide (Hitzemann a. 
Tollens, B. 22, 1048). Boiling with kc.fi and 
some ZnCl 2 forms a hexa-acetyl derivative. 
Benzoic aldehyde and a little hydrogen chloride 
give C a H, s 0 a (C 7 H 6 0), crystallising in rectangular 
prisms [c. 175°] ; if more acid is present the, 
insoluble compound C a H u O,(0 7 H ,0) 2 [162°] is 
formed (Meunier, C . R. 108, 148 ; 110, 577 ; 
A. Ch. [6] 22, 423). In like manner valeric 
aldehyde and HClAq form, on shaking, 
C a H 12 0 4 (C ft H u 01 2 , crystallising in prisms, sol. 
alcohol and etner. Sorbite may be oxidised to 
glucose by heating in sealed tubes with bromine- 
water at 60° and treating the product with Pb 
and PbO (Vincent a. Delachanal, C. R. Ill, 58). 

S0RDIDIN C, a H 18 0 7 . [180°]. A neutral 

cryBtallisable substance occurring in the liqhen 
Zeora sordida (Paterno, J. 1875/863). Insol. 
water, v. sol. alcohol and ether. 

SPABTElNE C^EL^N^ Mol. w. 234. (811® 
at 723 mm.) (Bamberger, A. 235, 368). [aj„ 
= —14*6° at 26° (Bernheimer, O. 13, 451). 
Occurs in the common broom, Spartium scopa - 
rium (Stenhouse, A. 78, 1 ; Mills, O. J. 15, 1). 
Prepared by extracting the plant with water 
acidulated with H^SO^ evaporating, and distil- 
ling with NaOHAq. The distillate is acidified 
by HC1 ; evaporated to dryness ; and the residue 
distilled with solid KOH. The base is finally 
rectified over sodium. Heavy oil, with peculiar 
odour and bitter taste, sol. alcohol and ether, 
insol. benzene and ligro’in (Houd6, Fr. 25, 568). 
Lffivorotatory. Turns brown in air. Alkaline 
in reaction. Narcotic poison. 

Reactions . — 1. Yields (7) -methyl -pyridine on 
distillation with lime (Ahrens, B. 21, 826). —2 
HIAq at 200° yields Mel and C^N, (276°), 
which forms a platinochloride [280°], an auro- 
chloride [157°], and a nitrosamine.— 3. On pass* 
ing the vapour through a red-hot tube it gives 
pyridine, (7) -methyl-pyridine, G 2 H„ propylene, 
NH S , HCy, and other bodies. — 4. H/> t forms a 
base G ls H«NjO r 

Salts. -The hydrochloride i§ amo*» 
phous. — B"H 2 PtCl g 2aq. Decomposed by boiling 
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water (Oechsner l)e Coninck, Bl. [2] 45, 131). — 
B"2HAuCL. Decomposed by boiling water. — 
B"HI : tables, m. sol. cold water. — B"H 2 ZnI 4 . — 
B"I S : green needles (from alcohol), insol. cold 
water.— B"H 5t S0 4 : prisms.— B"2C a II 8 N 8 O y . 

Methylo-iodide B"MeI. Trimetrio plates ; 
a:ft:c-"899:l:l a 601. 

Ethylo-iodide B"EtI. Prisms (from 
water), v. e. sol. water and alcohol, in sol. 
NaOHAq.— B"EtIHL Got by heating sparteine 
with EtI and alcohol at 100°. Prisms (from 
cold alcohol). Not coloured by alooholio potash 
(De Coninck, 0. R. 104, 613). Yields 

B"EtClHClPtCl 4 . 

Dihydride O^H^N*. (283°). Got by re- 
ducing sparteine with tin and HC1 (Ahrens, B. 
20, 2219). Colourless oil,— B"HG1: very deli- 
quescent needles.— B"H,PtCl a . Blackens at 
239 °.— B"HAuC 1 4 . Blackens at ISO 0 .— Pi crate. 
[125°]. Needles, decomposing at 215°.— B"HgCl 2 . 

Oxysparteine C^H^N^O. [84°]. Formed by 
oxidising sparteine, and extracting the solution 
with chloroform (Ahrens, B. 24, 1095 ; 25, 3607). 
White hygroscopic needles, v. sol. water, alcohol, 
and ether. Its solution is strongly alkaline. 
Reduces hot Fehling’s solution. — B"H 2 CL I 4aq. 
Needles, v. sol.water.— B'HCl aq.— B" 2 H 2 PtCl 6 4aq. 
Decomposed at 209°. — B"H.,PtCl # aq. Needles : 
decomposed at 223°.— B"HAuCl 4 . — Mercury 
double chloride [68°]. — B'HBr 2iaq. — 
B'HBr 3jaq.— B'HI aq.— B'HNO, aq.- Pic r ate 
[178°]. 

MethyUiodide of oxysparteXne 
B'Mel. [193°]. — B'MeCl. — B'MeCIHClPtCl, aq. 
(229°]. POC^at 150° converts oxysparteine into an 
oily base Cj^H^N, which yields C^B^N^HAuC^ 
[161°]. 

Di-oxy-eparteine G, 5 H M N 2 O r [129°]. Formed 
by dissolving sparteine in aqueous H 2 0 2 (Ahrens, 
B. 20, 2220 ; 25, 8609). Prisms, v. e. sol. water 
and alcohol, si. sol. benzene, insol. ether. Alka- 
line in reaction.— B"H a PtCl e . Blackens about 
235 °. — B"HAuC 1 4 . [c. 146°]. Needles.— B"HL 
[137°].— B'HBr. [147°].— B'H 2 HgCl 4 . [193°]. 

Tri-oxy- sparteine O l4 H w N 2 O g . Formed by 
action of H*O f on oxy-sparteme. Crystalline, 
v. sol. water and alcohol. — B'-HgPtCle 34aq. — 
BmuCl,. [187°]. 

SPECIFIC GRAVITY v. Densities, belative, 
vol. ii. p. 870. 

SPECIFIC VOLUMES. The molecular 
weights of substances when divided by their 
respective specific gravities, taken under com- 
parable conditions, furnish values which have 
been termed atomic , molecular , or specific 
volumes . The specific volume is, therefore, the 
space occupied by aggregates of atoms, inclu- 
ding the interstitial spaces, whose weights are 
proportional to the molecular weights of the 
substances. 

Objection has been raised against the term 
* specific volume * on the ground that, as specifio 
gravity is the weight of unit volume, specific 
volume should by analogy be the volume of unit- 
weight ; hence of late years the term * molecular 
volume’ has been preferred. The term 1 specific 
volume • has, however, acquired by definition and 
nse a distinctive meaning. The adoption of the 
term 1 molecular volume * is almost certain to be 
attended with confusion, owing to the different 
sense in which it is frequently employed by 


physicists and chemists. The speoifio gravity 
of solids and liquids, referred to water at 4°, is 
the weight in grams of the unit volume. If, then, 
the molecular weight be expressed in grams, we 
may define the specifio volume of a solid or 
liquid substance as the number of cubio centi- 
metres occupied by this mass. 

The specifio gravity of a gaB is usually re- 
ferred to hydrogen as unity. It follows, then, 
from the law of Avogadro that all gases should 
have the same speoifio volume. There are a 
few exceptions to the universal truth of this 
statement arising from so-called abnormal vapour 
densities, but the specific volumes of the excep- 
tional substances stand in the same simple rela- 
tion to the normal value that their molecular 
weights stand to what analogy would indicate 
as the normal molecular weight. 

Inasmuch as the specific gravity of a sub- 
stance is affected to a greater or less extent by 
heat, it is obviously necessary to determine this 
constant under comparable conditions of tem- 
perature — that is, at temperatures at which heat 
may be supposed to exercise the same effect on 
the substance. In the case of liquids Schrader 
suggested that temperatures at which the vapour 
pressures of the various liquids are the same— as, 
for example, their boiling-points under a standard 
atmosphere— Bhould be regarded as comparable. 

In the case of solids the effect of temperature 
is of course much less marked, and hence the 
specific gravity of these substances is usually 
taken at the ordinary temperature of the air. 

Specific volumes of solids. 

The first attempt to trace relationships be- 
tween the chemical nature of substances and 
their equivalent volumes appears to have been 
made by Le Boyer and Dumas in 1821 (J. 
Ph. 92, 408). They sought to determine the 
equivalent volumes of the elements by dividing 
their atomic weights by their respective specifio 
gravities, the values so obtained being termed by 
them atomic volumes . They were led to infer 
that these volumes formed an arithmetical series — 
a supposition which was hardly warranted by the 
facts then known, and which has since been com- 
pletely disproved by more accurate observations. 
This idea of combination among solids in definite 
volumetrio proportion was further developed in 
1824 by W. Herapath (P. Af., Nov. 1824), who 
sought to prove that tne volume of the oxygen 
in a metallio oxide bears a simple ratio to that 
of the metal with which it is combined. Almost 
simultaneously the same problem was attacked by 
Karsten (S. 65, 894), and subsequently, in 1830, 
by Boullay, but with no definite general result. 

Ammerm filler, however, in 1840, concluded 
(P. 49, 841 ; 60, 406) that the specifio volumes 
of compounds containing the same elements in 
different proportions are either identical or stand 
to one another in rational proportions. Persoa 
in his * Introduction to the Study of Molecular 
Chemistry,’ recognised that equivalent amounts 
of many bodies of analogous composition oooupy 
the same volume, ana he inferred that the 
specific volumes of all substances are multiples 
of one and the same number, a conclusion also 
drawn by Le Boyer and Dumas, but which is 
not supported by facts. 

Kopp (P, 47. 138), in 1889, first attempted to 
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fiedaoe general formula from whioh he was able 
to calculate the specific gravities of certain oxides 
and haloid salts, with results which showed, in 
general, a fair agreement with the observed 
values. In the same manner he calculated for- 
mulas for other anhydrous salts — such as sul- 
phates, carbonates, and nitrates— on the suppo- 
sition that such salts consist of combinations of 
oxides and acids, or that they are made up of a 
radicle, acid plus oxygen. By means of these 
formulas he inferred that it is possible to draw 
conclusions concerning the specific gravity of 
metals for whioh this constant is unknown. 
Kopp, in this memoir, used the term specific 
volume for the first time, and he defined it as the 
molecular weight ( Mischungsgewicht ) of a sub- 
stance divided by its specific gravity. He found 
that the specifio volumes of similarly reactive 
-elements— as, for example, chlorine, bromine, 
and iodine ; tungsten, molybdenum, chromium, 
iron, manganese, nickel, oobalt, &o.— are equal 
or nearly equal. In other cases— as silver 
and gold, potassium and sodium — the specific 
volumes stand to each other in simple relations. 
Elements which, like barium and strontium, 
form isomorphous compounds have the same 
specific volume. Strictly speaking, this law can 
hold only for those substances which are per- 
perfectly isomorphous. The more nearly the 
crystalline forms of isomorphous substances are 
identical, the more nearly will their specific 
volumes be the same. This is made evident by 
a comparison of the axial ratios of witherite, 
strontianite t arragonite , and cerussite ; and also of 
the carbonates of zino and magnesium ( mesitene ), 
the carbonates of iron and manganese, and dolo- 
mite and calc-spar. It is seen that there is a 
direct comparison in the case of the latter com- 
pounds between the length of the principal axis 
a and the specific volume V, such that a 4 "® 9 
«0*0127671V, from which it is possible, of 
course, to deduce the specific gravity of the sub- 
stance from its crystalline form. It also follows 
that an increase of specific volume is occasioned 
by an increase in the length of the axis a. If 
we heat one of these crystals the density de- 
creases ; the axis a must therefore increase in 
length, while the angle B becomes less obtuse. 
This faot, indeed, was discovered by Mitscher- 
lioh, who found that the specifio gravity of oalo- 

.p* 1 decreased in the ratio of 1 to when 

calo-spar was heated through 100°. The specifio 
gravity of calo-spar is 2*7220, when a » 0*8544 and 
R » 105° 5'. By heating calo-spar through 100°, 
the specifio gravity becomes 2*7167, or the specifio 
volume changes from 86*78 to 36*80. If we de- 
termine the length of the axis a by means of 
the above formula, we find it to be 0*85672, corre- 
sponding to an angle B of 104° 57', or a dif- 
ference of 8', which closely agrees with that ac- 
tually observed by Mitseherlich (P. M. [8] 18, 
255). SchrSder (P. 1840. 553), starting from the 
observation of Ammermfiller, that equal volumes 
of the two oxides of oopper contain the same 
amounts of eopper and multiple amounts of 
oxygen, assumed that the volume of the oopper, 
as of the oxygen, is equal in the two substances, 
but that the amount of the oxygen in the ouprous 
oxide stands to that in the cupric oxide as 1 to 2. 


I Henoe Schrfider drew the general conclusion 
that the same element can have different specifio 
volumes in different compounds, but that the 
several values for the specific volumes stand in 
simple relations to each other. He saw in this 
hypothesis not only an explanation of the con- 
densation which accompanies chemical union, 
but also a rational basis for the belief that the 
specifio volume of a compound is equal to the 
sum of the specific volumes of its components. 

Schrdder found that if in a series of analogous 
bodies, AO, BO, CO, the speoific volumes of which 
are known, we subtract from these values the 
primitive atomic volumes of A, B, and C respec- 
tively, we obtain a constant remainder. This he 
found to be the case with the oxides of lead, 
cadmium, and zino, and henoe he inferred that 
the metal in these oxides retains its primitive 
atomic volume. Kopp assumed that this is equally 
true of the salts of the heavy metals, but with 
the Balts of the metals of the alkalis and alkaline 
earths this is impossible, as the specifio volumes 
of the salts are, as a rule, smaller than the 
primitive atomic volumes of the component 
metals. He had consequently to assume for 
these metals a special atomic volume, which 
however, remains the same in all the salts. He 
determined these values as follows: Suppose 
M + B to be a compound of a heavy metal, and 
m + R the analogous compound of alight one; 
suppose A to be the known specifio volume of 
M + B, and a that of w + E, B the primitive 
atomic volume of M, and b that of m. 

Then, M + R=*A, 
and M = B. 

Therefore the atomic volume with which B is 
contained in the compound is A — B, say x . 

It is assumed that B retains its value in 
m + B, 

and since m + II * a, 
and R = «; 

therefore 6, i.e . the atomic volume of m -a— x. 

Kopp also showed that the densities of the 
hydrated oxides, and of a number of hydrated 
salts, may be calculated with considerable ac- 
curacy by assuming certain definite values for 
water in a state of combination. It ought to be 
stated, however, in this connexion, that subse- 
quent researches have indicated that Kopp’s 
conclusions respecting the specific volume of 
water of crystallisation must be slightly modified. 
Schiff, many years ago, showed that the mem- 
bers of certain classes of hydrated salts have 
practically the Bame specifio volume. Thus, all 
the alums have a specifio volume of about 277 ; 
double sulphates of the form M s M"(S0 4 ) t .6H i 0 
have a common volume of 207 ; and all the 
vitriols— that is, salts of the form M"S0 4 .7H./>— 
whether isomorphous or not, have the specifio 
volume 146. 

Thorpe a. Watts (C. J. 87, 102, [1880]) have 
shown that the volnmeB occupied by the several 
molecules of water vary with the degree of hy- 
dration of the salt. In the oase of the so-called 
magnesian sulphates, the first molecule of water, 
the constitutional water, or ‘water of halhydra- 
tion ’ of Graham, occupies considerably less bulk 
than the remaining molecules ; its mean relative 
value is 10*7. Each additional molecule ap- 
pears to occupy a gradually increasing volume. 
The difference between the specific volumes of 

xx2 
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the monohydrate and dihydrate is 13*3 ; between 
the volumes of the dihydrate and trihydrate 
the difference is 14-5; between the trihydrate 
and the tetrahydrate it is 15*4 ; and between 
the hexhydrate and heptabydrate it is 16*2. 
These observations are so far in harmony with 
Kopp’s general conclusions that in the com- 
pounds containing only a small number of 
water molecules (1 to 3) the specific volume of 
the water is 12*4 ; in others containing a larger 
number of molecules of water (2 to 7) it is 13*4 ; 
whereas, in a third class, containing the largest 
number of molecules of water (from 3 to 10), its 
mean value is 15*3. 

Specific volumes of liquids. 

Methods. The specific gravity of the liquid 
at its boiling-point may be determined either 
directly or indirectly. Ramsay (C. J. 35, 463 
[1879]) devised a simple method by which the 
weight of a known volume of liquid at its 
boiling-point may be directly ascertained with 
approximate accuracy. The vessel containing 
the liquid consists of a thin glass lemon-shaped 
bulb of about 10 c.c. capacity. At the upper end 
of the bulb is a capillary tube, bent into the 
form of a hook ; the lower end is provided with 
a similar hook of solid glass. The capacity of 
the bulb is ascertained by weighing it full of 
water at a known temperature. The bulb is 
filled with the liquid to be examined-, in the 
usual way, by warming and dipping the capillary 
neck of the bulb beneath the surface of the liquid. 
It is not necessary to fill the bulb completely ; 
two or three c.c. of the same liquid are then in- 
troduced into the wide tube, and the bulb is sus- 
pended within it by thin platinum wire attached 
to a piece of glass rod passing through a hole in 
the cork. The wide tube is then heated until the 
liquid within it boils violently, and it is kept in 
ebullition so long as liquid dropB from the end 
of the capillary neck of the bulb. The lamp is 
now removed, and the whole allowed to cool. 
When oold the bulb is'dried and weighed. The 
specific gravity of the liquid is given by the 
formula 

W # 

Sp ' gr ‘ ” 1+ (0-00016 xTW) 

in which W' is the weight of the liquid ; W, 
that of the water filling the bulb at 0° ; and T the 
temperature at which the liquid boils ; 0*00015 
is an empirically-determined co-efficient re- 
quired in order to make the volume correspond 
with the real volume at T. 

A somewhat similar method of determining 
the specific gravity of a liquid at its boiling- 
point is described by R. Schiff (A. 220, 78). The 
liquid ’ is introduced into a flask of about 7 or 8 
c.c. capacity, provided with a long narrow 
neck on which is a graduated scale. The 
capacity of the flask up to the zero point is 
accurately determined by weighing with mer- 
cury, and the value of the scale divisions in 
fractions of a c.c. is also carefully estimated. 
The flask is then suspended in the boiling tube ; 
ft few c.c. of the liquid under investigation are 
placed in this tube and heated to boiling. After 
ft few minutes the position of the liquid in the 
graduated neck is noted, and the flask is with- 
idrawn, wiped, and weighed* The specific gravity 


at the boiling-point compared with water at 4° 
is given by the equation 

P 

V t [l + K(t-4)] 

in which P = corrected weight of the liquid in 
the flask, 

and V t m the apparent volume of the liquid 
at t°, 

K * the co-efficient of expansion of 
the glass. 

It will be noticed that Schiff assumes that 
the liquid in the flask actually acquires the 
temperature of the vapour by whioh the flask is 
surrounded. Lothar Meyer ( v . Neubeck, Z. P. C. 
1, 652) has slightly modified Ramsay’s apparatus. 
The bulb is best made of Jena glass, and has the 
capacity of about 2*5 c.c., and its weight, capacity, 
and thermal expansion are accurately known. 
It is filled with the liquid, and is suspended by 
means of a bent platinised-nickel wire within the 
flask, the neck of which can be closed by a cork. 
The flask contains a few c.c. of the liquid under 
investigation, which, when heated, may if neces- 
sary be caused to boil at any desired tempera- 
ture below the ordinary boiling-point by con- 
necting a side tube with a condenser, pressure - 
regulator, and fall -pump. As soon as the liquid 
within the bulb has acquired the temperature 
of the boiling liquid, and no further expansion 
occurs, the source of heat is removed and the 
bulb is weighed when cold. 

The specific gravity of a liquid at its boiling- 
point is, however, most accurately ascertained 
indirectly, although this method demands far 
more time and apparatus, and a greater number 
of experimental operations, than the direct 
method. The method consists in accurately 
determining (1) the boiling-point of the liquid ; 
(2) the specific gravity of the liquid at some 
convenient temperature — best at0°; and (3) the 
rate of thermal expansion of the liquid from 0° 
up to the neighbourhood of its boiling-point. 
From these data the specific gravity of the liquid 
at the boiling-point can be readily calculated. 

1. Determination of the boiling-point . This 
is best made in an apparatus so arranged 
that the inner tube, containing the thermo- 
meter, is surrounded by a jacket of vapour from 
the boiling liquid. The boiling liquid should 
contain a few scraps of platinum foil or a spiral 
of platinum wire ; or, what is even better, a few 
short lengths of fine capillary tubing. If the 
amount of the liquid is very small the bulb of 
the thermometer should be surrounded with a 
little fibrous asbestos, as suggested by Ramsay 
a. Young (C. J . 47, 42). The thermometer read- 
ing must, if necessary, be corrected for the 
emergent column, either by the tables of Rim- 
bach (B. 22, 3072) or by that of Thorpe (C. J. 87, 
159), and should be reduced to normal pressure 
by the method of Crafts ( B . 20, 709). The 
correction to standard atmosphere may, how- 
ever, be ascertained with approximate accuracy 
by the formula 

„ , ,273 + t „ , „ A/V ,273 + t 

t-(p- 760) -820O'.«w®-(1)-76O) I656 q. 

in which 6 is the correction, t the observed 
boiling-point, and p the barometric pressure 
reduced and corrected. 

The first correction is applicable to the 
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greater number of liquids, the second to water 
and the lower aloohols (Ramsay a. Young, P. M. 
1885. 515). 

2. Determination of specific gravity. This is 
most accurately effected, at least for substances 
which are liquid at ordinary temperatures, 
by Perkin’s modification of the Sprengel appa- 
ratus. For liquids which are alterable on ex- 
posure to air a bottle with a graduated stem is 
most convenient. The bottle should be previously 
filled with dry nitrogen, and a special apparatus, 
Analogous to that used by Thorpe ( lx .) must be 
■employed to transfer the liquid to the bottle. A 
form of bottle for very viscid liquids has been 
-described by Briihl. 

3. Determination of thermal expansion . Of 
the various modes of ascertaining the thermal 
•expansion of a liquid the so-called dilatometrical 
method is, on the whole, the most convenient. 
It consists in inclosing the liquid in a vessel of 
known capacity, shaped like a thermometer, and 
provided with a graduated and accurately cali- 
brated stem. The instrument is placed in a bath 
•of suitable liquid, the temperature of which can 
be raised to the desired point, as ascertained by 
a thermometer ; and the height of the liquid in 
the stem of the dilatometer, and hence its ap- 
parent volume at the temperature of observation 
is noted. A series of such observations at various 
temperatures up to the neighbourhood of the 
boiling-point is thus made, from which an ex- 
pression, say of the form Yt = a + bt + ct 2 + dt* . . 
may be calculated. This expression must now be 
•corrected for the expansion of the glass of the 
•dilatometer (obtained by observations with mer- 
cury in the usual manner), and from the corrected 
•expression the volume, and hence the specific 
gravity, at the boiling-point of the liquid may be 
deduced. 

For details of the mode of carrying out these 
observations v. Kopp (A. 96, 1 et seg.) ; Thorpe 
<C. J. 37, 141). 

Thorpe (C. /. 63, 262 [1893]) has devised 
a modification of the ordinary dilatometrical 
method, which permits the thermal expansion 
of a liquid to be determined with much greater 
ease and rapidity than has hitherto been pos- 
sible. It obviates the use of large baths, and, 
by reducing the size of the dilatometers to the 
smallest limit consistent with the proper degree 
of accuracy, as determined by the error of a 
thermometer reading, it avoids the necessity for 
'long stems and the consequent correction for 
the cooled * emergent columns.* 

Results . — The first accurate determinations 
t>f the various physical constants needed to ascer- 
tain the specific volumes of liquid substances were 
published by Kopp in 1855 (A. 96 [1855] 1-36, 
153-185, 303-335 ; A. 100 [1856] 19-38 ; v. also 
P. 72 [1847] 1-62, 176, 223-293). Kopp con- 
cluded, from the results of a long series of ob- 
servations, that : — 

(1) The selection of the temperature of equal 
vapour-pressures as a basis of comparison seemed 
to be warranted by the fact that regularities are 
thereby made evident which otherwise are not 
Apparent. 

(2) Differences of specifio volume are pro- 
portional to differences in chemical composition. 

(3) Isomeric liquids of the same ohemical 
type have equal speoifio volumes. 


(4) The substitution of hydrogen for &n equi- 
valent amount of oxygen only slightly affects the 
specific volume. 

(5) One atom of carbon can replace two 
atoms of hydrogen without altering the specific 
volume of the compounds. 

Kopp further found that the speoifio volume 
of a liquid compound was conditioned, not only 
by the composition, but also by the constitution 
of the compound. Thus the relative position of 
an oxygen atom in a molecule affects its speoifio 
volume ; carbonylic oxygen and hydroxylic oxy- 
gen have two very different values. Sulphur, in 
like manner, would appear to have two specifio 
volumes, depending on its position or mode of 
combination in a molecule. 

Definite values for the specifio volumes of 
carbon, hydrogen, and oxygen were obtained 
from the following considerations. An incre- 
ment of CH, corresponds to an increase of spe- 
cific volume of 22. Since 0 and H a occupy the 
same volume, we have C - 11 and H 5*5. The 
replacement of H, by carbonylic O is attended by 
a slight increase in the specific volume. Kopp 
found that the most probable value for O in this 
form of combination was 12*2. For hydroxylic 
oxygen it is 7*8; obtained by subtracting the value 
for H 2 (11) from the specifio volume of water, 
18*8. Hence the specifio volume of a com* 
pound CaHftOcO d, where 0 is carbonylic oxygen 
and O' is hydroxylic oxygen, may be expressed 
by the formula i 

V * ll-Oa + 5*56 + 12-2c + 7*8d. 
Determinate values for the specific volumes of 
the halogens — and, with less precision, for 
phosphorus, arsenio, and antimony, for silicon, 
titanium, and tin — were also obtained by Kopp. 
As regards nitrogen it was found that in the 
amines N * 2*3. The group CN - 28 ; the group 
NO ? * 83. If, then, carbon and oxygen preserved 
their ordinary values in these radicles N must 
possess at least three different values depend- 
ing on the mode of combination. There is, 
however, no evidence to disprove the sup- 
position that the values for the carbon and 
oxygen atoms are not equally affected in these 
groups. This, indeed, suggests the possibility 
that compound radicles like CO, HO, NO,, CN, 
<feo. may possess definite specifio volumes which 
are not necessarily the sum of the sjpecifio 
volumes of the component atoms as ordinarily 
ascertained. 

H. L. Buff (A. Suppl . 4, 129) sought to show 
that the specifio volume of carbon, like that of 
oxygen and sulphur, is affected by its mode of 
combination— or, in other words, that carbon in 
unsaturated compounds has a greater specifio 
volume than in saturated bodies — from which he 
surmised that the specifio volume of an element 
is in general determined by its particular atomic 
value. Thorpe (C. J . 37, 392) found that iso- 
meric liquids have not invariably the same 
specifio volumes. There is a well-marked dif- 
ference, for example, between ethylene and 
ethidene chlorides ; indeed, ethylene compounds 
in general appear to have smaller volumes than 
those calculated by Kopp’s values. Stadel has 
shown that in the series of chlorinated and 
braminated ethanes and ethylenes, the isomeride 
of higher boiling-point, is. the etnylene deriva- 
tive. has invariably the lower specifio volume* 
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Since these compounds are all saturated, and the 
only variable constituent is a monovalent element 
(Cl or Br), it would appear probable that the 
specific volume of the halogen is also variable. 
Isomeric hydrocarbons manifest similar dif- 
ferences, whence it is obvious that either one or 
both of the elements must have a slightly vari- 
able volume, depending on grouping or mode of 
combination ; it may be that the iso- group, like 
the groups carbonyl, hydroxyl, nitryl, Ac., has a 
special volume, which is not necessarily the sum 
of the volumes of the component atoms as de- 
duced from Kopp’s values. Kopp himself found 
that the volumes of isomerides were in a number 
of cases only approximately equal, and in others 
quite unequal. The term 4 chemical type,’ used 
in the sense in which Gerhardt employed it, is not 
sufficiently distinctive to denote the differences, 
say, between the normal and iso- compounds, or 
between aniline and the picolines, and it is 
questionable whether Kopp would have con- 
sidered such cases as ooming within his rule. 

The observed specific volumes of the aro- 
matic compounds are frequently lower than the 
calculated values. Indeed, our views as to the 
constitution of the aromatic compounds would 
lead us to expect that the specific volume of 
benzene, and the volumes of the derivatives which 
contain the benzene grouping, would probably be 
different from the values deduced from observa- 
tions made for the most part on compounds of 
totally different constitution. Kopp (A. Suppl. 
5, 80S [1867]) showed from Louguinine’s observa- 
tions that while benzene has an abnormally low 
specific volume, its homologues show the con- 
stant increase of 22 for an increment of CH,, 
which is what might be anticipated, since these 
homologues are produced by the addition (substi- 
tution) of methyl, ethyl, &c., to the benzene group. 
Jungfleisch’s observations on the specific volumes 
of the chlorine substitution products of benzene 
also seem to show that the positions of the 
ohlorine atoms affect, in a very marked manner, 
the .specifio volume of the product (C. JR. 64, 
811). 

further observation has shown that Kopp’s 
conclusion that liquid elements and radicles have 
the'same volume in combination as in the free 
state is well founded. Thus the observed volume 
of NO a » 32*0, calculated = 31*6 ; observed volume 
of Br « 53’6, calculated = 53*4 ; observed volume of 
ON = 28*9, calculated = 28*9. The observed specifio 
volume of Cl from Knietsch’s determinations of 
the specific gravity of liquid chlorine is 22*8 ; 
the mean calculated value is 22 7. Kopp sur- 
mised that members of the Bame chemical 
family would be found to have the same specifio 
volume; observation shows, however, that the 
specific volumes gradually increase with the in- 
crease of atomic mass (Thorpe, l.c.). 

Schiff (A. 220, 71 [1883]) has concluded that 
while it is generally true that isomeric com- 
pounds have slightly different specific volumes, 
it is almost invariably the case that the substance 
possessing the higher boiling-point has also the 
higher specifio volume (compare Stadel). In 
the case of the metamerio esters of the fatty 
acids, it is found that, as a rule, the specifio 
volumes increase with the diminution of the 
number of carbon atoms in the acidic radicle and 
with the increase of the carbon atoms in the 


alooholio radicle. At the same time, it would ap~ 
pear that the differences between the observed and 
calculated values are mainly due to the alcoholic 
radicle, the acidic radicle apparently having but 
slight influence. This is in conformity with 
Lossen’s observations, that while the ethers and 
acids give experimental values which are almost 
in exact accordance with Kopp’s values, the alde- 
hydes and alcohols show wider variations, methyl 
alcohol giving too great an observed value, while- 
the others give smaller and smaller values aa 
the amount of oarbon increases. It is, how- 
ever, noteworthy that the differences between 
the aldehydes and derived aloohols remain 
almost constant, whioh is not the case with 
the aldehydes and acids, where the difference 
appears to increase with the molecular weight* 
Hence the differences between the homologous 
aldehydes are very nearly equal to those between 
the corresponding homologous alcohols (Lossen)* 
The mode in which carbon is combined in an 
organic compound has, according to Schiff, a 
distinct influence on its specific volume; like 
Buff, he finds that a doubly linked carbon atom 
occupies a smaller volume than when singly 
linked. It is, however, very doubtful whether the 
facts at present known are sufficient to establish 
this conclusion. 

There is, however, good reason to believe that 
what we call 1 specific volume * is not a purely 
additive property. The specifio volumes of sub- 
stances are, in all probability, affected by many 
more conditions than those we have hitherto taken 
cognisance of. The value OH 2 = 22 has no other 
significance than as expressing the average in- 
crement in volume in successive members of a 
homologous series. Indeed, as the physical data 
increase it becomes doubtful whether even this 
mean value is correct. It would seem that the 
value augments as the series is ascended. The 
relation C — 2H no longer applies to carbon com- 
pounds in general. What is true of carbon and 
hydrogen is equally true of oxygen, whether as 
carbonylic or as hydroxylic oxygen. No definite 
or uniform values can be assigned to oxygen 
such that the specific volume of a liquid com- 
pound containing this element can be accurately 
calculated. The values given by Kopp and others 
are simply mean values, but the actual volumes 
are affected by conditions of whioh, as yet, we- 
have no very precise knowledge and which wo 
have no certain means of measuring. The value* 
for the other elements are, of oourse, affected by 
these considerations. Thus the specifio volume 
of chlorine is obtained on the assumption that the 
values for carbon and hydrogen are constant. 

Lossen (A. 254, 42) has devised formula* 
which take note, or express the measure, of the- 
influences which affeot the uniformity in the- 
values of specifio volumes of organio compounds* 
These formulae can only be considered as first 
approximations, but their value will be evident 
from the fact that they serve to reproduce the 
observed values with a greater approach to 
accuracy than has hitherto been possible. Out 
of the 407 compounds whioh furnished the ex- 
perimental material on which these formal® are- 
based, the observed molecular volumes of 852 
differ by less tnan 2 p.o. from the calculated: 
volumes. Comparatively few of these differences 
are to be ascribed to experimental. errors* Irt 
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the main they are caused by influences of struo- , 
ture and composition which as yet we have no 
certain means of measuring, suoh as the effect 
of substituted chlorine, or the special effect of , 
iso- grouping, or of the ortho-, meta-, or para- 
position, Ac. 

According to Lossen, the speoiflc volumes of 
the greater number of compounds containing 
carbon, hydrogen, and oxygen whioh have 
hitherto been determined, may be calculated by 
the formula 

Sp. vol. C n H w O«(/i) » (10-24 ± x0'5)(n+p) 

+ (5*12±a;0*25m) 

± 4(n— 2) 2 ± 1*4^ 

In this equation x denotes a number between 
0 and 1, which varies with different homologous 
series but which is constant for the members 
of the same series. The sign /i represents the 
number of hydrogen atoms required to con- 
vert the formula into that of a saturated com- 
pound. The term £(w— 2) 3 is introduced to 
compensate for the increase in the value corre- 
sponding to CH, as the molecular weight in- 
creases. Gartenmeister (A. 233, 804) having 
shown that in the case of the fatty esters the 
mean increase corresponding to OH, is 0*5, 

Lossen adds the term + J + . • • 

whioh he erroneously states is equal to $ (n - 2) a , 
a number always subsequently employed, but 
which, as comparison shows, serves to give 
good agreement with observed values. 

For the majority of fatty compounds the 
formula 

gives results agreeing with the observed values. 
For the alcohols, however, the expression be- 
comes 

OnHwOp-lO-Kn+^+e-OSm+Ke-a^+l^ 

If it be supposed, as seems highly probable, that 
for all the members of a series of similarly con- 
stituted compounds the same influences are 
existent, whereby the specific volumes exhibit 
variations from the additive quantities assumed 
by Kopp, then we may regard the variable x as a 
term which takes account, and may be regarded 
as the measure, of these disturbing influences, 
and which, though constant for the members of 
the same series, should, as before stated, vary for 
other homologous series of compounds (Thorpe 
a. Jones, G. J . 63, 289). 

SchrSder regards the specific volume of an 
element in combination as variable within limits 
determined by the nature of the chemical com- 
pound. In any one compound, however, all the 
elementary atoms are regarded as occupying either 
equal or multiple volumes. Hence every specific 
volume is a multiple of a certain space-unit or 
stere , the value of which may vary between 6*7 and 
7*4, depending on the number, nature, and mode 
of union of the atoms. SchrSder thus obtains 
his determinate values. The specifio volumes of 
formic, acetic, and propionic acids increase about 
22 units for each increment of CH, ; in the case 
of alcohols the increase is about 20 units. The 
volume of formic acid is 41-8, i.e. 2 x 20*9 ; that 
of methyl alcohol is 42*8 or 2 x 21*4. Hence in 
formic acid, GH^O* the O, occupies the same 
volume as CEL,; and in methyl alcohol, CEL^O, 
the H/> has the same volume as OH r In like 


manner ethyl alcohol, 0.11*0, has the volume 
62*1, i.e. 8 x 20*7. Since 2 x CH,*** 2 x 20-7, then 
H 2 0 » 20*7. Acetio acid has the volume 63*6, i.e. 
3 x 21*2 ; 2CH„ is 2 x 21*2 and 0 ? «21*2. The 
volume of acetaldehyde is 56*9, i.e. about 6*3 
smaller than that of acetio acid; this would 
indicate that the substitution of OH by H lowers 
the volume by 6*6. Since H,0 *» 21*4, it follows 
that the hydrogen and oxygen in hydroxyl each 
occupy one space-unit or stere. As GH 2 *21, 
we find that carbon also occupies one stere or 
space-unit. How, from the volume of formic 
acid which contains 6 stores, it is found on sub- 
tracting 3 stores for CEL, and 1 stere for hydroxylio 
oxygen, that the carbonylic oxygen must occupy 
2 stores. 

We obtain, then, the following rule : The 
number of space-units or steres of the saturated 
compounds of carbon , hydrogen , and oxygen cor* 
responds to the number cf the atoms increased 
by&s many units as there are atoms of carbonylic 
oxygen present. 

If we calculate by means of this rule the 
steres of the saturated compounds, we find that 
they vary within narrow limits, and for the most 
part inorease with increasing molecular weight. In 
the greater number of cases the values range 
between 6*9 and 7*2. Ostwald has determined the 
value of the stere for a large number of saturated! 
fatty compounds, with the following results 

Hydrocarbons 6*89, 6*99, 6*82, 7*11, 7*23. 
Alcohols . 7*12, 6*91, 6*77, 6*88, 6*78, 6*78, 
6*81, 6*74, 7*09 

Acids • • 6*97, 7*06, 7*11, 7*19, 7*24, 7*24, 

6*85. 

Esters . . 7*04, 7*08, 7*05, 7*14, 7*26, 7*43, 

7*45, 7*47. 

Aldehydes • 7*11, 7*05, 7*18, 7*01, 7*18, 6*93, 
7*27. 

In the series of the hydrocarbons, the acids, 
and the esters, the steres in the oases of the normal 
compounds increase regularly with increasing 
molecular weight ; in the series of the alcohols the 
steres decrease up to the third member and then 
increase. The secondary and tertiary compounds 
have, as a rule, smaller steres than the normal 
compounds. Kopp concluded from the approxi- 
mately equal volumes of the alcohols and cor- 
responding acids thatHj and O are volumetrically 
equivalent; and from the equivalence of the 
volumes of benzyl and amyl compounds he in- 
ferred that C 2 and H 4 are mutually replaceable 
without alteration of volume. Hence he assumed 
that the hydrogen atom occupies only half the 
volume of the oxygen or carbon atom. Scbrdder 
established the volume equivalence of GH 2 ,HOH, 
and O'O, and he inferred from the difference 
in volume between alcohol and aldehyde that 
hydroxylio oxygen has the same volume as hydro- 
gen and carbon, while carbonylic oxygen ha» 
twice the volume. While, then, Kopp assumes 
approximately H^G^O, SchrSder makes 
H * O « O (Ostwald, Lehrbuch t [2nd ed.] voL i. 

p. 888). 

In the case of unsaturated and aromatic 
compounds, Schrdder assumes that each double 
linkage is attended with an increase of volume 
amounting to one stere; hence the above rule 
has to be modified in this sense when applied to 
compounds of this class. The value of the stere 
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in a number 6! unsaturated compounds is found 
to be : — 

Hydrocarbons • 6*87, 7*09, 6*93, 6*99. 
Alcohols . . 6*72. 

Esters and ethers . 7*14, 7*13. 

These values vary, practically, within the 
tame limits as in the saturated compounds. 

As regards aromatic compounds, it would 
*eem to follow from the identity in the volumes 
of benzoyl and amyl compounds, as indicated by 
Kopp, as well as from the corresponding rela- 
tion between the isobutyl and phenyl compounds, 
that C 0 H 5 comprises the same number of steres 
as C 4 H„— that is, 13. Of these, 5 are ocoupied by 
hydrogen ; so that the carbon group C 0 oocupies 
8 steres. ’ 

The values of the stere in a number of aro- 
matic compounds are as follows : 

Hydrocarbons 6*85, 6*94, 6 98, 7*00, 6*95, 7*04, 
7*04, 7*04, 7*06, 6 84 

Other compounds 6*91, 6*87, 7 05, 6*97, 7*16, 7*26, 
7*50, 7*28, 7*14, 6*96, 7*07. 
The value of the stere here also varies within the 
usual limits ; it is comparatively small for the 
hydrocarbons (6*8-7*0), larger in the case of the 
alcohols, and still larger in that of the esters 
(7*2-7*5) (Ostwald, Z.c.). 

There is one consideration which is vital to 
the whole question, and to which, therefore, a 
brief reference must be made. It relates to the 
choice of conditions under which the values we 
term specific volumes are really comparable. 
Although Horstmann and Lossen have advanced 
reasons against the practice, contending that 
at any other temperature, say 0°, relations simi- 
lar to those now established are made mani- 
fest, it has been the custom, in accordance with 
Kopp’s direction, to compare the specifio volumes 
of liquids at the temperatures of their respective 
boiling-points under a standard atmosphere. 
Whether, however, the temperature of the boil- 
ing-point, under these circumstances, is a truly 
oomparable condition is open to question. It 
has been urged by Horstmann that, since what 
we call atomic volume is the space not merely 
filled by an atom but also that in which it moves, 
it is not a priori probable that at temperatures 
which differ, say by 300°— as, for example, in the 
case of C 4 H I0 (boiling-point 1°) and (boil- 
ing-point 817°)— these volumes will be the same. 
Moreover, as pointed out by Bartoli, the boiling- 
point cannot in the nature of things be a strictly 
comparable condition, since it is affected by 
pressure to a different extent in the case of dif- 
ferent liquids. Objections of even greater weight 
may be urged against the suggestions of Tsoher- 
mak and Krafft to take the melting-point as a 
comparable state. 

No doubt, theoretically speaking, a valid 
condition should be when pressure, volume, and 
temperature are expressed in terms of their 
critical values. But that certain regularities in 
the molecular volumes at the boiling-points 
have, In spite of this, been discovered may be 
explained, as Guldberg has shown, when we 
compare the values of T„ the absolute boiling- 
point, with those of T, the absolute oritioal tem- 
perature; in those cases in which these two 

m 

constants are known, the ratio ~ approximates 


| Q 

'to ~ . Hence it follows that qualities liko mole* 

d 

cular volumes, which alter only slowly with 
-temperature, are comparable at the ordinary 
boiling-points (Z. P O. 5, 374). 

It ought, perhaps, to be stated that subse- 
quent observations show that the so-called * cor- 
responding temperatures * deduced from Van der 
Waal’s generalisations have not that degree of 
validity as temperatures of comparison which 
they were originally assumed to possess. In- 
deed, the present condition of knowledge war- 
rants the statement that Kopp’s original method 
of comparison is as valuable as any yet indicated 
(Thorpe, G. J . 68, 775 [1893]). T. E. T. 

SPECTROSCOPIC ANALYSIS v. Physical 
methods, section Optical methods, subsection 
Spectroscopic methods , this vol. p. 239. 

SPELTER. A commercial name for sine. 

SPERGULIN (0 & H 7 0 2 ) n . Occurs in the seed- 
coverings of Spergula vulgaris and S . maxima 
(Harz, C. G. 1879, 24). Amorphous. Its alco- 
holic solution exhibits dark-blue fluorescence, 
which is destroyed by sunshine. A small 
quantity of potash or Na 2 CO s added to the al- 
coholic solution causes it to fluoresce green. 
Cone. H^SO, forms a dark-blue liquid. 

SPERMINE C io H 20 N 4 (Poehl, B. 24, 359); 
C 4 H 10 N 2 (S.). Occurs as phosphate in the sper- 
matic fluid, in calves’ liver and heart, and in 
gome pathologio preparations that have been 
kept under alcohol (Schreiner, A. 194, 68). It 
is not identical with pyrazine hexahydride 
(Majert a. Schmidt, B. 24, 241 ; cf. Ladenburg, 
B. 20, 442 ; 21, 758 ; Poehl, C . JR. 115, 515 ; 
Duclaux, G. R. 115, 155, 549). Crystals (from 
alcohol), v. sol. water, v. si. sol. alcohol. Alka- 
line in reaction. Absorbs C0 2 from the air. 
Its aqueous solution is ppd. by phospho- 
molybdic acid and by potassium bismuth 
iodide. — C, O H 20 H,4HC1 : prisms, v. e. soL 
water.— C^HjgN^H^PtClg.— CjoH^dHAuCl^— 
C l0 H M N 4 (H a PO 4 ) 2 6aq : [170°] ; rosettes of pyra- 
mids, si. sol. hot water. 

SPIKE OIL. S.G. above *900. Slightly 
dextrorotatory (Schimmel, Ph. [8] 22, 829). 
[a] D -l° 24' (Voiry a. Bouchardat, C. R . 106, 
551) or lfflvorotatory (Bruylants, J . Ph. [4] 30, 
139). An essential oil obtained from the 
blossoms of Lavandula aspica labifolia (Lalle- 
mand, A . 114, 197 ; Sauer a. Griinling, A. 208, 
75). Smells like lavender. Contains a terpene 
(175°) or (158°), which yields crystalline 
C 1O H, 0 HC1, camphor, borneol, and a resin. 
According to Voiry and Bouchardat, oil of spike 
contains inactive spikol C l0 H, 8 O [0°] and O^H^ 
(155°-160°) [o] D = 24°, which yields a hydro- 
chloride [129°] [«] D » —2°. 

SPIRO OR APHIN v. Proteids, Appendix C. 

SP0NGIN v . Proteids, Appendix O . 

6TACHYDRIN C 7 H 18 N0 3 . [210°]. Occurs 

with glutamine, tyrosine, and staohyose in the 
tubers of Stachys tuberifera (Von Planta a. 
Schulze, B . 26, 939). Colourless, deliquescent 
crystals (from water). Behaves like betaine 
with regard to alkaloidal reagents. — B'HCL 
Prisms, v. soL water, sol. cold water (difference 
from betaine). — B'^HjPtClfl 2aq. Trimetrio crys- 
tals ; a:b:o - *608:1: •828,-B’HAuOl*. Small 
yellow prisms (from water). 
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STACHYOSE CAO.a 3aq. [a] D - 148°. 
Occurs in the roots of Stachys tuberifera (Planta 
a. Schulze, B. 28, 1692; 24, 2705). Tablets, 
with sweetish taste, v. sol. water. Dextrorota- 
tory. Has no action on Fehling’s solution until 
after boiling with mineral acids, by which it is 
converted into galactose and an isomeride 
(? glucose). HNO s forms mucic acid, galactose, 
glucose, and cane-sugar. Gives a red colour on 
heating with resorcin and HClAq. Gives nopp. 
with lead acetate until NH s Aq is added. 

STANN ATES, and salts related thereto ; v. 
under Tin. 

STAPHISAGRINE v. Delphinine. 

STARCH. Amylum. wC I2 H. 2n O 10 . The value 
of n has not been definitely settled; it is un- 
doubtedly high. Brown and Morris ( C . J. 55, 
462), employing Raoult’s method for determining 
molecular weights, show n for soluble starch 
(see below) =100, i.e. molecular weight =82,400. 
The molecular weight of starch cannot be less 
than this. From O’Sullivan’s work (G. J. 85, 
783) it would seem that n is not less than 36. 
Pfeifer a. Toliens (B. C. 1882,775 ; A. 210, 295), 
from the composition of some sodium and po- 
tassium compounds prepared from starch, arrive 
at the value n = 2 ; the substances are probably 
compounds, not of starch, but of some decom- 
position products thereof. Sachsse (G. C. [3] 
8, 732) and Nageli (A. 173, 218) proposed 
6C e H lo O a + H a O as the formula. Other observers 
(Mylius, B. 20, 694; Salomon, J . pr . [2] 28, 
82) have suggested different formulas, but the 
evidence is not satisfactory; we may take it, 
however, that the molecule of starch is not less 
than n = 100. 

Occurrence . — Starch is present at some time 
or the other in all green plants. It is said to be 
found in almost all parts of the plant, but it is 
specially stored up in seeds, the pith of stems, 
in bulbs, tubers, rhizomes, and roots —generally 
those parts of the plant which serve as a store 
for reserve material. It is, however, a question 
whether the granules recognised as starch in 
leaves, sap, Ac., outside the reserve organs, are 
chemically identical with the starch of these 
organs. The evidence, one way or the other, is 
unsatisfactory. Starch is not known to be an 
animal product. It is present in some fungi 
(Bourquelot, J, Ph. [5] 24,197). 

Formation . — Staroh has not been prepared 
artificially. It is produced in the chlorophyll 
cells of plants, light, carbon dioxide, and water 
being necessary; oxygen is eliminated at the 
same time. No doubt, intermediate products— 
amylan-like bodies, sugars, <fec.— are at first pro- 
duced, but the granules are the first visible pro- 
ducts of the assimilation found in the leaves. 
The starch thus formed is transferred to the re- 
serve organs as suoh, or, more probably, as some 
sugar or other transformation product or pro- 
ducts, as leaves ore known to oontain transform- 
ing agents (Baranetzky, Die stdrkeumbildenden 
Fermente in dm Pflanzen, Leipzig, 1878 ; Brasse, 
C. R. 99, 878). 

Preparation . — Starch of commerce is pre- 
pared from various sources— viz., amongst others, 
whea^j rice, maize, potatoes, Maranta indica 
(American starch), Maranta arundinacea (arrow- 
root), the roots of Jatropha Mamhot or Mani- 
hot utilissima (tapioca)* the stems of several 


species of Sagus or Cycas (sago). For manu- 
facturing methods see Thorpe’s Dictionary, art, 
( Starch.’ In the laboratory, staroh can be pre- 
pared from any starch-containing material as 
fellows : — 

From materials that can be ground , such as 
the cereals , &c., wheat , barley , maize, rice , &c. 
The material is ground in a coffee-mill, and the 
meal steeped in a 0*6 to 1 p.c. sol. KHO or NaHO. 
After standing 24-36 hours the coarser portions 
are separated by straining, with rubbing, and a 
slight flow of water through a wire sieve of about 
20 wires to the inch. The strained milky liquid 
is allowed to stand for a short time, when a 
layer of crude starch settles at the bottom of the 
vessel. The liquid, with the matter in suspen- 
sion, is transferred to another vessel, and again 
allowed to stand, when a second deposit of crude 
starch takes place. The process may be repeated 
a third and a fourth time. The whole of the 
suspended matter is thus allowed to settle, when 
the fairly dear supernatant liquid is decanted off 
and rejected. The deposit is then rubbed through 
a fine hair sieve, with a slight flow of water, and 
allowed to deposit a layer of starch as before. 
This is repeated as long as a starch layer 
separates. The whole of the starch layers are 
then collected, again suspended in water, and 
allowed to settle. At times a layer contaminated 
with much brown matter falls out first; from 
this the supernatant liquid with the starch in 
suspension is decanted off and allowed to stand, 
when a fairly pure deposit of starch is obtained. 
Further crops can be got from the residue, but 
it is difficult to free them from fibre, &c. 

From materials that cannot be ground , such 
as potatoes , bulbs, rhizomes , other roots , and 
pith . The well- washed material is rubbed down 
with a grater into water, to which afterwards 
the alkali is added. The first deposit in these 
oases contains, as a rule, earthy matter, but it is 
easily separated by allowing it to settle, which 
it does in a short time, and then decanting off 
the starchy liquid. Two or three depositions 
and strainings through a fine hair sieve give a 
clean starch. 

In dealing with the cereals the starch can be 
also separated by what is known as the acid 
process. The meal is steeped in water and 
kept at a temperature of from 25° to 27° until 
acid is developed. On then stirring up with 
water the light flocculent cell walls and undis- 
solved albuminoids separate and allow the 
starch to deposit on standing. By repeated sus- 
pensions, stirrings, and depositions, clean crops 
of starch are obtained. 

These products, like the starches of com- 
merce, are not pure, but, as a rule, contain ash, 
oil or fat, albuminoids, &o. Some of them are 
slightly alkaline, some acid, from the condition 
of the water used in the last washing. Purifica- 
tion is effected by treatment with dilute KHO 
solution (0*5 p.o.), then dilute HC1 (up to 1 p.c.), 
then with strong alcohol, and finally with water. 
They then can be dried by exposure to the air 
on layers of filter-paper. 

Structure *— The starch thus obtained varies 
much in appearance, from the glistening silky 
white of potato starch to the dead chalky white 
of rice or maize starch. It consists of micro- 
scopic granules, varying in size from about 
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mm. to 0*002 mm. The same plant always 
yields granules of specifically the same size and 
shape, with as little variation as the size and 
shape of the leaf, hence, from the microscopic 
appearance of the granules, it is always possible 
to tell the source of a sample of starch. If it 
is wished to determine the source of any sample 
of starch, the following classification of the 
starches will be of some use. If, under the 
microscope, the granules are 

(a) large, rounded, and more or less marked 
with rings : the starch may be potato, tapioca, 
sago, Ac. 

(b) rounded, very slightly ring - marked : 
barley, rye, wheat, Ac. 

(c) reniform : beans, peas, Ac. 

(d) intermediate in size, rounded, and ir- 
regular : crocus, tulip, and other bulbs. 

(e) irregular in figure, bounded by surfaces 
more or less plain : maize, oats, rice, Ac. 

(f) small granules, rounded or irregular : 
fern, chestnut, parsnip, Ac. 

It will be observed that some of these are 
round, oval, or reniform, while others are ir- 
regular figures bounded by surfaces more or 
less plain. The microscopic appearance does 
not always give the true form of the granule, 
but a form which is the result of the pressure of 
the cover glass ; for example, the well-marked star 
with central spot in rye starch and the split and 
striated appearance of maize starch are produced 
by the pressure of the cover glass on the granules. 
The granules of some starches are marked with 
well-defined more or less concentric rings, well 
shown in potato starch ; in others there are no 
markings, the granules appearing as a clear, 
transparent cell. It is not absolutely agreed 
upon whether the starch granule consist of a 
single body or is made up of two or more. Some 
hold that the properly purified granule is a 
single substance, the coating or layers of which 
differ from the contents simply in containing 
less water and being thus more dense. Accord- 
ing to Nageli ( Die StdrkckQmer) and others, the 
dense portions consist of starch cellulose t while 
the less dense, transparent plasma is granulose. 
The stratified structure is the result of the mode 
of growth of the starch granule, the additions 
being made by intussusception, i.e. from within 
outwards. It is said that when the granule is 
ruptured the granulose dissolves in cold water, 
leaving the starch cellulose ; the former gives the 
well-known blue reaction of starch with iodine, 
while the latter is only coloured yellowish 
(Jessen, P. 106, 407 ; J. pr. 105, 65 *, Brown a. 
Heron, G. J . 35, 610 ; Brukner, M, 4, 889). 
Qn heating the insoluble portion with water 
it also gives the characteristic blue reaction 
with iodine. Granulose may be separated from 
starch cellulose (a) by digesting the granules 
for several days with, a saturated solution of 
NaCl containing 1 p.c. HC1*— the cellulose re- 
mains undissolved (F. Schulze, Henncberg'sJour. 
Landwirth ., new ser., 7, 214) ; (b) by digesting 
staroh with saliva at 45 °-55°, this dissolves the 
granulose (Nageli, Die St&rkek0mer % 110; (c) by 
the action of certain sohizomycetes, which de- 
compose the granulose of starch-paste and leave 
the cellulose untouched (Fitz, B. 10, 282) ; and 
(d) by the action of malt-extract on starch paste 
In the cold, the cellulose is left undissolved* 


A. Mayer (O. C. 1887, 6; Bot . Zeit. 1886, 698) 
considers that the staroh granule is a homo* 
geneous substance, and that the terms * granulose 1 
and ‘ starch cellulose * must be abandoned, for he 
points out that the delicate transparent skeletons 
left when the gelatinised granules are acted 
on by saliva, dilute acids, Ac., are produced by 
the action of the reagent on the starch, and are 
identical with amylodextrin. I am inclined to 
the view that starch granulose differs from starch 
cellulose in being less dense in consequence of 
containing less water of hydration. Staroh 
granules act on polarised light, and when ex- 
amined with the microscope between two Nicols, 
produce very pretty effects ; v. Bailey (P. M. [5] 
2, 123). 

Properties . — Air-dried starch sometimes con- 
tains over 20 p.c. HjO; this it loses, slowly 
towards the end, in a vacuum over sulphuric 
acid ; by gradually raising the temperature to 
100°, under these conditions, it soon becomes 
absolutely free from H a O. The Bpecifio gravity 
of air-dried staroh varies very considerably, the 
variation being due in the main to the quantity 
of moisture. Dry starches, however, would appear 
not to be absolutely alike in specific gravity; 
that of anhydrous potato starch is 1*650, whilst 
anhydrous arrowroot starch is 1*5648 (Fluokiger, 
Fr. 5, 305 *, Saare, *7. 1884, 1654). Dry starch 
takes up water, with the evolution of much heat. 
It does not dissolve in H./), and has neither 
taste nor smell. 

(a) Action of heat. Dry starch is not coloured 
at 100°, and, indeed, the temperature can be in- 
creased considerably beyond that point without 
being changed. Starch containing water is, how- 
ever, coloured by a moderately low temperature, 
and if the heat be increased to 160° a soluble 
product iB obtained which is known as dextrin 
or British gum. It is a mixture of undescribed 
composition. The action of heat on dry starch 
has not yet been accurately recorded. When 
the heat is increased beyond 160°, and destruc- 
tive distillation begins, carbon dioxide, gaseous 
hydrocarbons, water, acetic acid, and an em- 
pyreumatic oil are evolved, and finally a car- 
bonaceous porous cinder is left. 

(5) Action of water. As long as the granule* 
are uninjured, staroh is insoluble in cold water; 
when, however, the water is heated, the granules 
swell up, and a gelatinous, more or less trans- 
parent mass, known as starch-paste , is produced. 
This varies in transparency with the starch em- 
ployed, as does the temperature at which the 
gelatinisation takes place. E. Lippmann (G. C. 
1861, 859 ; J.pr. 83, 51) gives the following table 
on this point : 


Source 

Swelling-op 

temp. 

45° 

Commencement 

of 

Perfect 

gelatinisa- 

Rye 

gelatinisation 

50° 

tion 

55° 

Maize 

50° 

65° 

62*5° 

Barley 

87*5° 

67*5° 

62*5® 

Potato 

46° 

59° 

62*5° 

Rice 

54° 

59° 

63° 

Wheat 

60° 

65° 

67*5° 


If the paste is sufficiently dilute it can be 
filtered, but it is doubtful if the filtrate is § true 
solution (Picton a. Linder, C, J. 61, 156). The 
consistency or stiffness of starch-pastes, contain- 
ing the same amount of dry starch, seems to 
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vary with the variety of starch employed, and, 
indeed, with the method of preparation, even 
with the same starch ; bat I feel inclined to 
think that if closer attention were given to the 
amount of dry starch and its purity much of 
this apparent difference would disappear. On 
the relative stiffness of flour or starch pastes, and 
the mode of estimating it, see Thomson ( S . C. I. 
1886, 143). If the paste be heated under pres- 
sure to temperatures above the boiling-point, 
maltose and dextrin are said to be produced, but 
the change has not been accurately studied. 

(c) Action of glycerol . Starch heated with 
glycerol to 190° is dissolved; alcohol ppts. soluble 
staroh from the solution. If the heating be con- 
tinued at 200°, dextrins are formed (Zulkowski, 
B. 13, 1395; 23, 3295; C. C. 1888, 1060). 

(d) Action of acids . Moderately strong HC1 
in the cold oon verts starch, in a few days, with- 
out changing materially its microscopic appear- 
ance, into a modification perfectly soluble in 
water. This body is identical with soluble starch 
prepared by the limited action of malt extract on 
starch paste (O. Lintner, J. pr. 34, 378 ; Brown 
a. Morris, G. J. 65, 450). Prolonged action of 
12 p.c. HC1 in the cold produces amylo-dextrin 
(Nageli, Beitrdge z. Kenntniss d. St&rkegruppe ; 
Brown a. Morris, C . J, 65, 450). Boiling dilute 
acids convert starch, first into soluble starch, 
then into dextrin and maltose, intermediate pro- 
ducts, anvylcftm, are said to be formed (Brown, 
Morris a, Moritz, E. P. No. 1809 of 1889), and 
finally dextrose. The complete conversion takes 
place the more quickly and perfectly the higher 
the temperature and the longer the period of the 
reaction (Allihn, J.pr. 22, 46 ; D. P. J. 250, 534). 
This is only accomplished by employing diluted 
acid. Carbonic acid, oxalic acid, &o., act like 
HC1 and EL,S0 4 , but less energetically. For the 
manufacture of dextrose (glucose) from staroh, 
vide Thorpe’s Dictionary. The action of acids 


has been studied chiefly by Kirchhoff, Gu6rin- 
Varry, Payen (see Gm. K.), Musculus ( A . Ch. 
[3] 60, 203; J. j pr. [2] 28, 496; Bl. 80, 4); 
O’Sullivan (C. J, 25, 581) ; Musoulus a. 
Gruber (C. R. 86, 1459; Bl [2] 30, 54) ; Bondon- 
neau (G. R . 81, 972) ; Salomon (J. pr, [2] 25, 
348 ; 26, 342 ; 28, 82 a. 122) ; Sachsse ( C . C. [3] 
8, 7321 ; Schulze (J. pr, [2] 28, 311) ; Sostegne 
(G, 15, 376) ; Seyberlich a. Trampedaoh (G. C, 
1887, 376) ; Ndgeli ( Stdrkegruppe , Leipzig, 1874, 
33, 99). As a summary of this work it may be 
stated that dextrose is the final product, but that 
adds act on this, to some extent yielding products 
still imperfectly investigated ; that intermediate 
substanoes, dextrin and maltose and compounds 
thereof, are first produced ; that the rapidity of 
the change varies with the strength of the acid, 
with the temperature, and with the pressure at 
which the change is effected, the most complete 
and perfect production of dextrose resulting 
when the conversion is hastened under pressure 
in presence of a small percentage of acid, 1J to 
2 p.c. or less, and the proportion of dry starch 
to dilute acid does not exceed 1 to 3. Gallasin 


(O. Schmitt a. Cobenzl, B, 17, 1000 ; Rosenbek, 
B, 17, 2456), a gummy body, is found in com- 
mercial glucose. This is identical with iso- 
maltose obtained by Fisoher (B. 23, 3687) by the 
action of strong HOI on dextrose (Soheibler a, 
Mittelmeier, B. 24, 301). 


Action of diastase (malt extract). Diastase- 
does not act on ungelatinised staroh in the cold 
(O’Sullivan, G, J, 80, 133; Brown a. Heron,. 
G. J, 35, 596), but Kjeldahl has shown that 
this is not true of all starches. This is probably 
due to Borne condition of the staroh connected 
with the state of ripeness of the material whence 
it was obtained. The action, and the products 
thereof, of diastase on starch paste has been the- 
subject of much study, but as yet only the 
broad facts are agreed upon. When starch 
paste is heated to 60° or thereabouts, and a 
little prepared diastase solution or cold water 
extract of malt added, the pastiness begins imme- 
diately to disappear, the solution rapidly loses 
the power of giving a blue colour with iodine, 
and acquires, for a short time, the property of 
giving with that reagent a deep reddish-brown 
colour. This, too, it rapidly loses if the diastase 
is in sufficient quantity. The solution is then 
perfectly clear when some starohes are employed, 
with others there is more or less flocculent sus- 
pended matter in a clear solution. In the cold 
this dissolution takes place slowly. So far the 
reaction can be followed with little trouble, but 
when it comes to a question of the products of 
the action, the subject becomes more difficult. 
Musculus (A, Ch. [3J 55, 203) states that when 
diastase dissolves staroh paste at 70°-75°, the 
products consist of 1 mol. sugar and 2 mols. 
dextrin, and that no further action takes place. 
Payen (A. Gh . [4] 4, 286) asserts that more than 
50 p.c. of the solid matter dissolved by the re- 
action is sugar, and says (A. Ch. [4] 7, 382) that 
four samples taken from an operation in the 
space of 1J hours contained 17*9,20-9, 25-8, and 
26-03 p.c. sugar on the total solids dissolved. 
Schwarzer (J. pr. [2] 1, 212) agrees with Mus- 
culus in finding equivalent quantities of dextrin 
and sugar in solution, but differs from him in 
supposing that dextrin is formed first, then 
sugar, and that the action ceases when definite 
equivalent proportions are produced. He says 
less sugar is produced at 65° than at lower tem- 
peratures ; above 65°-70° the proportion of sugar 
to dextrin is as 1 eq. : 3 eqs. ; below 60°, when 
the principal phase of the reaction is finished, 
the dextrin and sugar are in the proportion of 1 
to 1. The change was considered complete 
when the solution no longer gave a colour with 
iodine. These investigators took the sugar as 
dextrose and estimated the dextrin by difference. 
O’Sullivan ( C . J. 25, 681; 30, 137) showed 
that the sugar produced was not dextrose but 
maltose , and that the method of estimating the 
dextrin was wrong. He also demonstrated that 
dextrin and maltose were the invariable product* 
of the transformation, and that by continuing 
the action the whole of the dextrin could be 
converted into maltose. It was, however, indi- 
cated in this work that another body— from 
which it was impossible to eliminate the cupric 
reduoing power, and which seemed to be a mix- 
ture of maltose and dextrin — was amongst the 
products. Although this work laid the founda- 
tion of all that has sinoe been done in the trans- 
formation products of starch, it received for a 
time no attention from the Continental chemists. 
Musoulus (Bl. 22, 32) states that the saccharifi- 
cation of starch paste with diastase ceases when 
half the matter in solution is sugar* He attri- 
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butes his original impression that only one-third 
was converted into sugar to the varying structure 
of the starch granules, the coating of one variety 
offering a greater resistance to the action of the 
diastase than that of another. He still holds 
that the action is a molecular splitting-up of the 
starch molecule, attended with hydration, into 
dextrin and sugar. Bondonneau (C. R. 81, 1212) 
concludes that the action is not a splitting-up, 
but that the starch molecule must pass through 
four isomeric modifications, viz., amylogen [a] D 
— + 216°, a-dextrin = + 186°, /8-dextrin = + 176°, 
and 7-dextrin = -f 164°, before it arrives at the 


0-Dextria-I 

B. O 72 H l20 O OT + 20H a « 20,^0,, + 

, /3-Dextrin-lI 

B . Cy-jHjjjoOao + 30H 2 — 30,2^0,, + 

/3-Dextrin-III 

A. C 71 jH 120 O ao + 40H 2 a» 40,2^0,, + C 24 H 40 O M 
and finally : 

C 21 H 40 O 20 + 20H 2 = 2C,2H220 u . 

From the action of malt extract on these products 
he concluded that it is possible that only one 
^-dextrin exists. The theory of splitting up and 
breaking down of the starch molecules, as repre- 
sented by the equations, does not account for 


end-product, glucose . These bodies increase in a } tbe fact ? eliminated. A theory which arranges 
cupric-reducing power as they descend to the a11 the m olecules in solution in groups, depen- 
final product. Petit (Bl. 24, 519) mentions, as a d ® nt ° ne °? the other— and capable, therefore, 
constituent of the transformation products, a of undergoing a simultaneous change, or of bein^j 


sugar soluble in alcohol, fermentable, and with- moved at the same time— and the re-arrange- 
out action on alkaline copper solution. This ? en . t of f hes ® 8 ro . u P s attendant upon the hy- 
is, undoubtedly, to be traced to the fact that dratl ° n of a definite proportion of the mole- 
maltose does not reduce as much copper oxide cules in each of them, is more in accord with 
•as dextrose. O’Sullivan ( C . J . 80, 125 ^ 35, * be e l in J ina ted facts. Marker (L. V. 22, 69) 
770) showed conclusively when working under ?J a * es , a ^ *°? r m ovules starch yield 


clearly-defined conditions that maltose and 
dextrin were the only products of the action, 


three of maltose and one of dextrin, at 65° 
there is less maltose, and at a higher tem- 


■although, as stated, he pointed out the presence P erature two molecules starch yield one of 


of a body which gave a reduction with copper 
oxide equal to 9-10 p.c. dextrose. The opticity of 
this body ([a ] j =* + 204°-206°) was such as to in- 


maltose and oneof dextrin. Musculusanddruber 
(Bl. 30, 54) look upon starch as a polysaccharide 
containing at least five times the group C 12 BL,O l0 . 


dicate a mixture of 123-15-3 p.c. maltose from Wben tbl ? l l acted u P on b 7 diasta8e » or dilute 

OOlHo 1 4 in hvnlrnu ntUU * 


the reduction, and the remainder dextrin. He 
concluded that if the amount of reduction of the 
products be calculated as maltose, and the 
opticity due to this be subtracted from the total 


acids, it is broken down with hydration into 
maltose and a dextrin containing a 
group less than starch; that this dextrin is 
broken down in the same way, maltose and a dex- 


opticity observed for them, the remainder will I * nn containing aC 12 H 20 O lfl , group less than the first 
Agree with the activity of an amount of dextrin j °* ie ’ and so .? n „ trough the series by successive 
obtained by subtracting the determined maltose j B f a 8 es > finally the solution contains only 


from the total products. He further showed that : 
{a) malt extract begins to dissolve starch at the 
temperature of gelatinisation, or a few degrees 


maltose. They point to the existence of three 
dextrine giving no reaction with iodine, and call 
them a, /3, and y achroo-dextrins. From the 


lower ; (b) perfectly gelatinised starch is almost ?P^ cal and K they attribute to these 

completely dissolved in the cold (10°-20°) : ? odles ' * hey do not agree wlth 0 Sullivan ; these 


(c) at 63° the action takes place according to fac J\ ors do “ ot . a « r ® e witb those °* a mixture of 

the equation maltose and dextrin. Brown and Heron (C. J. 

35, 596) have eliminated out of the possible 
A. 0,^300,4 + 0^= CJBLbO,) -fCyEIuO*; varying proportions of maltose and dextrin in- 

* afcFwo i Maltose Dextrin dicated by O’Sullivan eleven distinct transfor- 


A. 0Hj= Cj-jHj^Oji + C fl H l0 O t ; 

Starch Maltose Dextrin 

id) at 64°-70° to 

B - C,®;;} + OH, = C^HgO,, + 4C,H„0, ; 

Starch Maltose Dextrin 

ie) at 70°-71° (C. J. 1879) to 

B'. C r & m O 60 + 30H 2 = + 6C ti H, ft 0 5 ; 

if) and 71°-75° to 

0. C 72 H 12 (i O 0O + OH 2 = 0,^0,, + 10C 8 H, 0 O 6 , ; 


mations : viz. soluble starch, erythro-dextrin 
o and /8, achroo-dextrins a to 17, and maltose. 
They agree with O’Sullivan that the dextrine 
are without action on alkaline copper solution, 
and that the dextrins and maltose are the only 
products of the reaction. They do not mention 
the body from which O’Sufiivan could not 


00 2 i2"*“*‘22 11 0 10 6» » eliminate the reducing power, and they did 

(1 g ) and he stated that although the proportions not observe dextrose amongst the final products 
of maltose and dextrin indicated by these equa- with malt extract. They agree with him that 


tions are easily obtainable when the strict con- 
ditions are adhered to, it was only necessary to 
vary the proportions of malt extract and starch, 
and time and temperature, to obtain with ease 
products containing from 16 to 92 p.c. maltose. 
It is further pointed out that the final product, 
maltose, was very slowly converted into dextrose 
by some samples, at least, of malt extract . O’Sul- 
livan (C. J . 35, 770) showed that soluble starch 
was the first product of the action, and that 


the higher the temperature at which the trans- 
formation takes place the less maltose is found 
amongst the products. They represent the nor- 
mal reaction taking place between 10° and 60* 
by the equation 

lOC.^Ou + 8H.P ~ + 40 # H 10 O4. 

Starch Maltose Dextrin 

They consider the starch molecule to be at least 
100,2^0,,,, and that the hydrolysis of it begins 
by the formation of maltose and erythro-dextrin a. 


i» v 5. - , % % — J »**v*v*mwv*wu v* AuaiAvvooduugi, 

the changes afterwards brought about may be containing 90,^0,,; that this, in its turn, 
expressed ; yields maltose and erythro dextrin /8, 80,2^0,*, 

n / i St ?J c, Vk ___ Maltose a- Dextrin and so on to the end— product, maltose. They 

y. ~ Cj AAu + ‘thus agree with MuscuIub and Grubpr as to the 



STARCH. 


609 


character of the action, but disagree with them 
as to its quantitative nature. 

Herzfeld (B. 12, 2120; 13, 8469) agrees 
with O’Sullivan and others that erythro- and 
aohroo- dextrins are without reducing power on 
copper solution, but he points to the presence of 
a substance amongst the transformation pro- 
ducts which seems to hold a position between 
dextrin and maltose ; he names it malto-dex- 
trin . K * about £ maltose, [a]j = + 17T6° ; thus 
K corresponds to 33*3 p.c. maltose. A mixture 
consisting of one-third maltose and two-thirds 
dextrin would have an opticity [a]j=+199°; 
hence this contradicts the statement of O’Sul- 
livan, confirmed by Brown and Heron, that, 
taking the reducing power as maltose, the 
opticity of the remainder of the transformation 
products corresponds to dextrin. Herzfeld con- 
siders that Bondonneau’s 7-dextrin is malto- 
dextrin. 

Brown a. Morris ( G . J. 47, 527) confirm 
the presence of malto -dextrin, but they show 
that Herzfeld was dealing with an impure body, 
and that when its true K and [a]j, viz. K-2T1 
and [a]j - + 193*1°, are examined it is found that 
they correspond with a mixture of maltose and 
dextrin. It is completely converted into maltose 
by malt extract at 50° to 60°. They do not agree 
with Herzfeld that it is a hydration product of 
dextrin, but hold that it is produced from starch 
and the polymeric dextrinB by the fixation of a 
molecule of water upon the ternary group 

(WJ. thus {fc5fo io ) 2 - They havedis- 

carded the series of equations, and consider 
that equilibrium is attained when a condition of 
things represented by the equation 
100 12 H2 0 0,o + 8H 2 0 = + 2C, 2 H2 0 O 10 

Starch Maltose Dextrin 

is arrived at. This is always the result when the 
change takes place at 50° to 60°, or when a higher 
transformation-product is degraded at that tem- 
perature. This degradation is due to the hydro- 
lysis of the more complex polymeric dextrins and 
malto-dextrin. Bourquelot (C. B. 104, 576) 
looks upon the action of diastase on starch as a 
successive fixation of a water molecule with the 
production of maltose and a lower dextrin until 
the reduction of the degraded products is 

51*52 (about 82*5 p.c. maltose), but he does 
not describe his dextrin or dextrins, and he con- 
cludes, as has already been clearly proved, that 
heat alters, not alone the quantity of diastase, but 
the quality. 

Brown and Morris (G. J '. 55, 462), from 
determination of the molecular weights of some 
of the transformation products, conclude, as 
suggested by O’Sullivan in 1879, that the dex- 
trins a|e metameric, and not polymeric, as they 
hitherto considered them. They therefore 
abandon their former theory of the hydrolysis 
of starch by diastase, and, as far as I can see, 
come to a broad agreement with the theory 
♦•nunciated by O’Sullivan. They mention another 
product, amylo-dextrin, [a]j=+206°, K = 9*0. 
Like malto-dextrin, it appears to be a compound 

of maltose and dextrin, j 0 P" 

ticity and K agree with the body described by 
O’Sullivan in 1872, and mentioned above. 

A new phase has been given to the trans- 


formation by 0. J. Lintner (Zeit. ana . Gh. 1892, 
263). He says he has isolated a body, which he 
calls isomaltose , from amongst the products. It 
is less fermentable and less soluble in alcohol 
than maltose, with [a] D «« +139 and K = 52, the 
opticity being nearly that of maltose and the 
reducing power about 84 p.c. thereof. Diastase 
converts it into maltose completely. 

Since the publication of the above Morris 
a. Wells (Transactions of the Institute of Brew - 
ing , 5, 133), and Moritz (ibid* 4, 141) point 
to the presence of a whole series of amylolns or 
malto -dextrins amongst what they call restricted 
starch-conversions, and they assert that iso* 
maltose is a low amyloin — i.e. one in which 
the maltose constituent largely predominates. 
These amylo'ins begin with a high proportion of 
the dextrin residue, and end with a high propor- 
tion of maltose. Their optical activity and re- 
ducing power are such as would be yielded by* 
mixtures of maltose and dextrin. 

Schifferer (In. Dissertation , Basel) denies in 
toto the existence of the amyloins, and asserts 
that nothing is to be found amongst the pro* 
ducts of the action of diastase on starch but 
achroo-dextrin, isomaltose, and maltose. His 
dextrin, however, is a reducing dextrin ; even 
otherwise, the work will not bear criticism. 

Action of other enzymes. Ptyalin (ptyalase). 
This enzyme of saliva liquefios starch paste 
(Nageli, Die StcCrkeklirner , p. 113 ; Lefberg a. 
Georgieski, Bl. [2] 25, 393 ; Dobroslavine, Bl. 
[2] 26, 452 ; Maercker, L. V. 22, 69 ; Watson,. 
C . J. 1879, 539 ; Musculus a. De Mering, Bl. [2] 
31, 105 ; Lea, J. Physiol. 11, 226). The products- 
are maltose, a reducing, unfermentable dextrin, 
and a little dextrose. Ungelatinised starch is 
not acted upon by ptyalase ; at a temperature 
slightly below the gelatinising point the starch 
is dissolved, and the action is most rapid when, 
the ferment acts at 60° on previously-boiled 
starch paste (Bourquelot, C. R. 104, 71 a. 177). 

Enzymes capable of dissolving starch have 
been observed in the pancreatic juice (Brown 
a. Heron, Pr. 1880, 394), in the small in- 
testine (Hoppe-Seyler, Phys. Ch. 275; Brown 
a. Heron, Z.c.), in the liver (Wittich, Pf. 7, 28; 
Bernard, G. R. 85, 519 ; Abele, Th. J. 6, 271), 
and in many other animal tissues (Ellenberger 
a. Hofmeister, Th. J. 12, 501 ; Paschutin, Th. 
J. 1 , 304). The stomach, pancreas, and peritoneal 
lymph of fishes contain an enzyme oapable of 
dissolving starch (Richet, Th. J. 14, 859; 
Kruckenberg, Unter. Phys. Inst. Heidelberg, 1,. 
2). Blood contains a diastatic enzyme, for 
starch injected into the blood yielded maltose 
and dextrin (Bimmerman, Pf. 20, 201 ; Ploz a. 
Tiegel, Pf. 6, 249). 

Starch-dissolving enzymes exist in the leaves 
and other parts of most plants (Baranetzky, Die 
stdrkeumbildenden Ferments in den Pflanzen t 
Leipzig, 1878; Vines, Ann. Bot. 1891, 409). 

Certain organisms, bacteria, moulds, <fec., are 
capable of secreting an enzyme or enzymes 
having the power of dissolving starch. The 
nature of the dissolution products has, as yet, 
been very imperfectly studied ; we have simply 
the general statement that they are sugar or* 
sugars and dextrin (Wortman, Z. P. G . 6, 
287; Fitz, B. 10, 282; Marcona, O. B. 95*. 
845 a. 856 ; Gayon a. Dubourg, C. R. 108, 885 
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Atkinebn, Pr. 82, 299; Takamine, E. P. 
C700 a. 17874, 1891). Bacillus amylobacter 
yields dextrin and a small quantity of a crys- 
talline body (Yilliers, C. B. 112, 485 a. 113, 
144 a. 536). Under the influence of Bacillus 
suaveolens , dextrin, glucose, alcohol, aldehyde, 
dormic, acetic, and butyrio aoids are produced. 
Amylic alcohol is the result of the action of 
Bacillus amylozymicus f no doubt intermediate 
bodies ; dextrin and sugar are at first produced. 
Atkinson states that the moulds grown on 
eteamed rice in the manufacture of sak6, in 
Japan, secrete an enzyme, which first converts 
starch into dextrin and maltose, and further 
acts on the maltose and dextrin, with the pro- 
duction of dextrose. 

Borne gums of the arabin group contain a 
starch-dissolving enzyme (O’Sullivan, C. J. 1891, 
1061). 

Maize, malted and raw, and other grains con- 
tain an enzyme capable of dissolving starch and 
yielding as a final product dextrose (Cuisipier, 
C. 0. 1886, 614). Its action on staroh is not 
very vigorous, but it acts more rapidly on dex- 
trin and converts maltose very rapidly into 
dextrose (Geduld, Wochenschrift f. Brauerei , 
8, 620; Lintner, Zeit.f.ges. Brau. 1892, 123). It 
would be interesting to determine in what re- 
spect this enzyme differs from that of the 
moulds, and to establish their separate existence. 

Action of the halogens . Chlorine does not 
Stain starch. Bromine colours it yellow. Iodine j 
gives with it an intense blue. This reaction is 
a distinctive test for starch. The colour is de- 
stroyed by heating, but returns on cooling ; but if 
the solution be boiled for some time, the oolour 
does not reappear. The blue colour is also 
discharged by arsenious and sulphurous acids, 
by alkalis and carbonates thereof, and, indeed, 
alcohol can remove the iodine. A solution of 
iodine in strong alcohol does not colour dry 
starch. Some observers consider that the pro- 
duction of this blue colour is not due to a defi- 
nite chemical combination of iodine with starch 
/Vogel, N. Rep. Pharm. 22, 349 ; 25, 565 ; Pellet, 
M. [8] 7, 988 ; Tomlinson, P. M. [6] 20, 168 ; 
Duclaux, A. Ch . [4] 25, 264), while others at- 
tribute a definite formula to the combination. 
According to Bondonneau (0. R. 85, 671), it is 
(C„H 10 0 6 ) 5 I ; Mylius (B. 20, 688) considers it to 
contain HI, and gives the formula (O^H^O^IJ^IH 
as probable. He finds that the HI can be dis- 
placed by metallic iodides. Stocks (C. N. 56, 
212 ; 57, 183) and Seyfert (Zeit. ang. Ch. 1, 15) 
•contradict this. Bouvier (0. R . 114, 128 a. 
1866) attributes the formula (0„H 10 O Jgl to the 
compound. Starch is oxidised by chlorine and 
by bromine to gluconic acid (Habermann, A. 
172, 11 ; Herzfeld, A. 220, 864). 

Action of alkalis . Weak solutions of the 
alkalis do not act on starch in the cold, but 
solutions containing over 8 p.c. real alkali cause 
the granules to swell up with the formation of a 
•thick transparent paste, and, finally, a clear 
solution, a oompound of staroh with the alkali 
being formed (Schmidt, A . 51, 81; Ventzke, 
J. pr. 25, 65) which, according to the latter, 
is optically inactive, but this, no doubt, is in- 
correct, for Btchamp (C. R. 39, 653) gives the 
opticity [a]j « + 211® for the starch dissolved, j 
And Thomsen (B, 18, 8168) shows that the ao- j 


tivity of dilute soda solutions is [«] D a+ 168 . 
On neutralisation this becomes much higher, 
corresponding, in fact, with B6champ’s number. 
The produot does not reduce alkaline oopper 
solution (Brown a. Heron, C. J. 85, 617). The 
potassium compound is obtained by ppg. the 
solution in dilute KHO with alcohol, pressing 
the pp., dissolving in H 2 0, and re-ppg. with 
alcohol. This process repeated three or four 
times is said to yield a pure compound of the 
composition C^H^O-joK (Pfeiffer a. Tollens, A. 
210, 288). A sodium compound O 24 H a9 O 20 Na 
has been obtained in the same way (Keichardt, 
Z . 1870, 404). These formulas are, however, 
very improbable. Alcoholic soda does not act 
on starch (Dragendorf, J. f.Landwirthschaft, 7, 
206). ‘ 

Starch heated with ammonia yields brown, 
amorphous, nitrogenous bodies (Th6nard, C. R, 

! 62, 444). 

Fused with KHO, Btarch, like other carbo- 
hydrates, yields oxalio acid, acetic acid, and 
other products. 

Action of alkaline earths. Barium, stron- 
tium, and calcium compounds similar to the 
sodium and potassium bodies have also been pre- 
pared. When solutions of soluble starch are ppd. 
with solutions of lime in sugar syrup, pps. are 
produced which are not very definite in compo- 
sition, the percentage of lime showing a varia- 
tion between C 8 Hi 0 O 4 CaO and (C tt H I0 O 4 ) 4 CaO. 
Similar baryta compounds have been examined. 
When a solution of soluble starch is saturated 
with strontia and alcohol added, a strontium 
compound is ppd. (Lintner, Zeit. f. ang. Ch. 
1888, 232). On distilling starch with lime 
acetone, mesityl oxide, isophorone, and ketones 
are produced (Harvat, C. C. 1887, 38). 

On digesting starch with acetic anhydride, a 
triacetate is said to be formed C,H 7 0 2 (C 2 H a 0 2 ), 
(Schiitzenberger a. Naudin, Bl. [2] 12, 110 ; 
A. Ch. [4] 21; 235 ; Michael, Am. 5, 359). This 
substance is amorphous ; it is stained blue by 
iodine, and is decomposed by alkalis, with the 
reproduction of starch. 

Qualitative determination. The presence of 
starch is indicated by the granular appearance 
under the microscope, and starch granules are 
distinguished from all others by being stained 
blue by iodine solution and yellow by bromine. 
If the plasma in which the granules are contained 
is alkaline, it must be rendered slightly acid, 
or sufficient iodine solution must be employed 
to destroy the alkalinity. A solution of iodine 
in potassium iodide is usually employed, but an 
alcoholio solution answers the purpose. When 
the test is applied for starch in solution, the 
solutions must be cold and slightly acid and the 
reagent must be added in small quantises at a 
time. It is sometimes necessary to test a solu- 
tion for soluble starch in presenoe of a-dextrin — 
i.e. the dextrin giving a reddish-brown colour 
with iodine. If this is in excess the reddish- 
brown colour covers the blue ; ammonia added 
cautiously, drop by drop, discharges the reddish- 
brown, and if soluble starch be present the blue 
becomes definite and distinct. Care must be 
taken to avoid excess of ammonia (O’Sullivan). 
Small quantities of starch, which would other- 
wise not be observable, may be detected in the 
1 last runnings * of malt wort by adding a little 
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tannin and then alcohol to the solution. The 
starch is ppd. in this way, and on washing the 
pp. with water will yield the oharaoteristio re* 
action with iodine (Burokhardt, Chem. Zeit. 1877, 
1158). Starch, when moistened with an alco- 
holic solution of a-naphthol and a few drops of 
warm concentrated sulphuric acid added, ac- 
quires a deep violet-red colour (Ihl, Chem, Zeit, 
11,19). ' 

Quantitative determination . There are very 
few materials containing starch of which a suffi- 
ciently accurate average sample can be obtained 
to render a definite estimation of the starch 
therein of much value. 

In some cases separation of the starch, by 
one of the methods given for its preparation, 
gives results of sufficient accuracy to satisfy the 
requirements. 

In the case of potatoes, the percentage of 
starch is deduced from the specific gravity, a 
set of specially-constructed tables being used ; 
but this method, on the face of it, cannot yield 
more than an approximation. The specific 
gravity of the washed potatoes is taken in the 
usual way, a balance constructed to meet the 
requirements of the case being employed. About 
6 kilos, of the potatoes are weighed in a strong 
wire basket in air, and then in water ; thence, 
weight in air 

speci c gravity - | n a j r __ we ight in water. 

According to the tables of Behrend, Marker, and 
Morgan, we have from 



Percent, of 

Per cent, of 

Sp.gr. 

starch Sp. gr. 

Btarch 

1*080 

13*9 1*120 

22*5 

1*090 

160 1*130 

24-6 

1*100 

18*2 1*140 

26-7 

1*110 

20*3 



In cases in which fair average samples of the 
material can be obtained, several methods have 
been proposed, all depending on the conversion 
of the Btaroh, or the Btarch transformation pro- 
ducts, into dextrose by digestion with dilute 
HC1 or H 2 S0 4 , the dextrose being estimated 
with Fehling’s solution, volu metrically or gravi- 
metrically, and the starch calculated therefrom 
according to the equation C,H l0 O* + H. 2 0 • C u H 12 0 8 
(v. Sachsse, . 0 . C. [3] 8, 732 ; Marker, Handb. 
der Spiritusfabrication, 4 Auf., Berlin, 1886, 
93 ; Soxhlet, Zeit. /. ges. Brew. 1881, 177 ; 
Faulenbaoh, Zeit. f. phys. Chem. 7, 510 ; Zip- 
perer, Rep. An. Chem. 6, 699). Dubrunfaut 
dissolved the starch by rubbing the material 
with concentrated HC1, diluting the solution 
with water to a certain volume, and deter- 
mining the optioity. The staroh was calculated 
from [a], - 192*4°. 

Effront (Bl. [2] 47, 5) dissolves the starch 
with malt extract, determines the optical activity 
of the solution, then heats it with ammonia, 
after which he treats it with sodium hypo- 
chlorite and with HOI, and again determines 
the optioity; but this method is open to many 
objections. 

These methods are unsatisfactory, inasmuch 
as it is difficult, if not impossible, to completely 
oonvert starch or starch products into dextrose, 
there being a probable error at one time from over- 
can version, at another from under-conversion ; 
and, indeed, both may occur at the same time, 


the amount of reduction of Fehling’s solution 
taken as dextrose never being a correct measure 
of the starch transformed. Another objection 
to the method is due to the faot that dilute aoids 
convert other substances besides Btarch into 
bodies capable of reducing copper oxide. 

Girard ( C . R. 104, 1629) titrates staroh with 
iodine solution, 1 grm. of starch taking up 0T57 
grms. iodine. 

Asboth (Chem. Zeit. 11, 785) proposes to add 
an excess of baryta water to the gelatinised 
starch and then alcohol. The dried pp. con- 
tains 19*8 p.o. BaO, the remainder is starch. This 
method, too, cannot be of any use. 

O’Sullivan ( C . J. 45, 2) described a method 
by which starch in most materials can be esti* 
mated with aocuracy. If a fair average sample 
of the material cannot be obtained by grinding 
and powdering alone, it is first dried in warm, 
dry air and then powdered. The following is 
the method as applied to the oereals, but it is 
also applicable to all materials when treated as 
just described. 

Five grams, or thereabouts, accurately weighed 
— more if the material contains less than 40 p.o. 
starch— of the finely-ground material are intro- 
duced into a wide-necked flask of 100 to 120 o.o. 
capacity. To this sufficient alcohol of sp. gr. 
0*82 is added to saturate it, and after a time 
20 to 25 o.o. ether are introduced. The clear, 
ethereal solution is decanted off after standing 
for a few hours, and the residue again treated 
two or three times with ether. It is then ex- 
tracted with aloohol, sp. gr. -90, at 35° to 38°, and 
treated with a large bulk of water, with which it 
is left in contact for at least 24 hours. If any 
sign of fermentation shows itself, a little salicylic 
acid solution may be used with the water. The 
residue, after being completely extracted with 
water, together with the filter, through which all 
the extracts should have been passed, is trans- 
ferred to a beaker of about 100 o.o. capacity, and 
made up with water to about 40 to 45 c.c. This 
is heated to boiling for a few minutes in a water 
bath, care being taken, by continual stirring, 
to insure a homogeneous paste ; then cooled to 
62 a to 63°, and 0*025 to 0*035 gram prepared 
diastase or its equivalent of malt extract added, 
the digestion being then continued at the tem- 
perature stated for a few hours. At the end of 
that time the contents of the beaker are boiled 
for a few minutes, thrown on to a filter, and the 
filtrate received in a 100 o.o. measuring flask. 
The residue is carefully washed with small 
quantities of boiling water at a time, and the 
filtrate made np at 15*5° to 100 c.c. A deter- 
mination of the reducing power calculated as 
maltose, and of the remainder of the optical 
activity as dextrin, gives the data for calculating 
the quantity of starch. This holds good even 
though the amyloln theory of the breaking down 
of starch be proved to be accurate. 

Example . — 5 grms. barley-flour treated as 
described, 0*03 grm. prepared diastase being 
employed, 1 gave 100 o.o. solution of sp.gr. 1*01003 
» 2*539 grms. solid matter. 9*178 grms. this 
sol. reduced 0*241 grm. GuO. Opt. act. in 

1 If cold-water malt extract be need, a portion of It 
most be heated for the fame time and at the tame tern- 
peratnre as the assay; then boiled, and the optioity end 
i educing power determined; these factors calculated 
on the quantity employed most be allowed tor. 
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200 mm. tube « +21*1 divs. (Soleil-Ventzke- not soluble starch (v. above). Zulkowski (B. 18, 
Soheibler s&ccharimeter). Hence 1395) prepares soluble starch by heating dry 

0-241 + 0-7256 (K of maltose « 62-5) potato starch with glycerol at 180° 190° for half 

s 0-1748 grm. maltose ; an hour. The solution is cooled, precipitated 

9*178 grms. : 101-003 (the wt. of 100 c.c. sol.) by alcohol, and the precipitate purified by solu- 

: : 0*1748 : x ; tion in water and reprecipitation by alcohol. 

* * maltose in the 100 c.c. sol. = 1*923 ; Salomon (J. pr. [2] 28, 82) finds that soluble 

Opt. act. maltose [a]j = + 154° and of dextrin [a]j starch is the first product of the action of dilute 

« + 222°. acids on starch ; it does not reduce Fehling’s 

Hence 1 grm. maltose in 100 c.c. sol. in 200 mm. solution, and has an optioal activity [o] D — 211*5°. 
tube = 8*52 divs. of instrument mentioned, and O’Sullivan (C. *7. 1879, 772) prepares soluble 
1 grm. dextrin under like circumstances = 11*56 starch by dissolving starch paste at 73°-74° 
divs. Then 1*923 x 8 02 = 15*422 divs. opt. activity with the least possible quantity of oold water 
of the maltose, 21*1 - 15*422 = 5*678 divs. opt. extract of malt, boiling the solution as soon as 
activity of the dextrin, and 5*678 + 11*56 = 0*491 it becomes clear, filtering, and concentrating, 
grm. dextrin in the 100 c.c. sol. Dextrin is derived The soluble starch falls out on cooling as a 
from starch without any increase of weight : white precipitate, which is purified by dissolving 
100 grms. starch yield 105*5 maltose ; hence in hot water and allowing to cool when it sepa- 
l-055 : 1*923 : : 1 : x starch * maltose ; rates out again. It has a reducing power, 

x - 1*822 grms. starch. 3*5-0*78, and an optical activity [a]j = 219*5- 

1*822 + 0*491 (as dextrin) » 2*313 starch ; in 222*0, the reducing power being probably due to 
the 6 grms. taken = 46 26 p.c. a small quantity of maltose ; v. also Action of 

It is clearly shown in the paper quoted that acids on starch , above. C. O’S. 

if starch is not estimated in the way indicated STEARIC ACID C, g H, 8 0 2 . Mol. w. 284. 
no reliance can be placed on the results. It [69°]. (232° cor. at 15 mm.) (Krafft, B. 17, 
happens when dealing with some varieties of 1629) ; (359°-383°) (Carnelley a. Williams, B. 
material that the aqueous extract contains 12, 1360). H.F. 126,000 (Von Bechenberg). S.G. 
soluble starch (blue colour with iodine). This (liquid) ss -845 ; (solid) 2 1-01 ; — 1*00. S.V.8. 
cannot be looked upon as starch ; it must be 332*6 (B. Schiff, A. 223, 264). S. (alcohol) 2*5 
estimated in the solution as the soluble modifi- , in the cold. S. (benzene) 22 at 23°. S. (CS 2 ) 
cation. ; 30 (Vogel, J. 1866, 892). Occurs as glyceryl 

Soluble starch may be prepared (a) by tritu- ! stearate in very many fixed animal and vegetable 
rating starch with sharp sand or powdered glass | fats and oils (Chevreul, A . Ch . 88, 225 ; [2] 2, 
so as to disintegrate the granules and extracting 354 ; 23, 19 ; Braeonnot, A. Ch. 93, 250 ; Bedten- 
with cold water ; ( b ) by the limited action of bacher, A. 35, 46 ; Bromeis, A. 35, 86 ; 37, 303 ; 
malt-extract or of acid. Stenhouse, A. 36, 57 ; Erdmann, J.pr. 25, 497 ; 

Delffs (P. 109, 648) prepared soluble starch Francis, A. 42, 256 ; Gottlieb, A. 57, 35 ; 
by triturating starch with sand and water ; the Laurent a. Gerhardt, A. 72, 272 ; Hardwick, 
solution gave a dark - blue colouration with C. J. 2, 232 *, Crowder, P. M. [4] 4, 21 ; Berthe- 
iodine. Fliickiger (Z. 1861, 104) prepared j lot, A. Ch. [3] 41, 216, 432 ; 47, 297 ; Pebal, A . 
a similar solution by acting on starch with | 91, 138; Heintz, A. 92, 295; Johnston, 0. /. 
a concentrated solution of calcium chloride i 29, 8). 

and treating the resulting gummy mass with ! Formation . — 1. By saponification of cetyl- 

water, when, on filtration, a solution is obtained I acetoacetio ether, obtained from cetyl iodide and 
which exhibits all the characteristics of soluble sodium acetoacetio ether (Guthzeit, A. 206, 351). 
starch. Musculus (Bl. [2] 22, 26 ; A. Ch. [5] 2, 2. By heating cetyl-malonic acid at 150°.— 3. 
386) does not consider this a true solution ; From ricinolei'c acid by treatment with water, P, 
he prepares the body by boiling staroh with and I, followed by zinc and HClAq (Claus, B. 9. 
very dilute sulphuric acid, saturating the solu- 1916).— 4. By heating oleic acid with iodine 
tion with chalk, and evaporating to a syrup. (1 p.c.) for several hours at 275° and distilling 
This deposits small granules which gradually the product in a current of superheated steam 
increase in size, are soluble in hot water, and (De Wilde a. Reychler, Bl. [3] 1, 296). 
may be purified by precipitation with alcohol. Preparation . —Suet or cacao fat is saponified 
It possesses no reducing power ; its rotatory by NaOHAq, the acids ppd. by H 2 S0 4 and crystal- 
power is four times that of glucose. Bon- lised from alcohol. An alcoholic solution of the 
donneau ( C . B. 80, 671) has prepared soluble impure steario acid (4 pts.) saturated at 0° ia 
starch by this method, but does not find it heated to 60° and mixed with a boiling alcoholic 
altogether soluble under all conditions. Soluble solution of Mg(OAc)* (1 pt.j. The ppd. magne- 
starch is undialysable. Fuming nitric aoid con- sium stearate is boiled with HClAq and the 
verts it into a mononitro- derivative, C ? H s (NO.JO ? ; stearic acid recryetallised from alcohol (Heintz). 
dilute nitric acid oxidises it to carbonic and oxalic Stearic acid can also be readily obtained from 
acids ; bromine and silver oxide to gluconic aoid shea-butter which contains no other solid fatty 
(Beichardt, B. 8, 1^20 ; 7, 424). acid (Buff a. Oudemans, J.pr . 89, 215). 

Nageli (Beitrttge s. nttheren Kenntniss der Properties . — Pearly plates, insol. water, sol. 

SUbrkegruppe , Leipzig, 1874, p. 33, 99 ; A. Ch. alcohol and ether. Tasteless and inbddrous. 
173, 218) gives the following method : 1 kilo. May be distilled in vacuo and, in small quantity, 
potato starch is allowed to stand 6-8 weeks under atmospheric pressure, but in this case it 
with 6 litres hydrochloric acid, S.G. 1*06; this is is partly decomposed with formation of hydro- 
then purified by sedation in hot water ; it crystal* carbons, stearone, water, CO„ acetic acid, and 
Uflfes m sphaero- crystals (Jaquelain, A. Ch. [2] butyric acid. Fusion with P a O ft forms G 18 H. 4 0 
78, 178). According tp Brown a. Morris, this is [54°-60°]. Nitric aoid forms sebacic, glutaric* 
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suocinio, and other aoids. Br and water at 140° 
form bromo- and dibromo-stearic acids (Oude- 
mans, J. pr. 89, 193). Distillation in vacua 
with NaOMe yields C, 7 H M (Mai, B. 22, 2133). 

Salts. — KA\ Hygroscopic crystals. S. 4 
in hot water. Partially decomposed by a large 
quantity of water into an insoluble acid salt and 
free potash. — KHA' 2 . Silvery scales (from 
aloohol), S. (alcohol) *36 in the cold ; 27 at 78°. 
Boiling water converts it into a more acid salt. 
NaA\ — NaHA 2 : insol. water. — BaA' 2 : minute 
lamina, insol. water. — CaA , 2 .~SrA' 2 .— MgA' 2 : 
minute lamina (from alcohol). — CuA' 2 : light- 
blue amorphous powder.— PbA' 2 : amorphous 
powder, insol. ether.— Pb 2 OA' 2 .—AgA': white pp. 

Methyl ether MeA'. [38°]. Crystalline, 
insol. water (Hanhart, C, R. 47, 230). 

Ethyl ether EtA'. [33°]. (224°). Formed 
by heating the acid with alcohol at 200° (Las- 
saigne, A. 13, 168; Berthelot, A. 88, 312) by 
passing HC1 into an alcoholic solution of stearic 
acid (Redtenbacher, A . 35, 51) and by heating 
stearin with a little NaOEt (Duffy, C. J. 5, 197 ; 
Bouis, C. R. 45, 35). Crystalline mass, partially 
decomposed by distillation. V. sol. alcohol. 

Ethylene ether C 2 H 4 A' r [76°J. From 
AgA' and C 2 H,Br 2 (Wurtz, A. Ch. [3] 55, 436). 

I so amyl ether C a H,,A'. [25°]. 

Octyl ether C h H 17 A'. [45°]. 

Cetyl ether C U ,H JS A'. [55°-60°]. Lamina 
(from ether) (Berthelot, A. Ch . [3] 56, 70). 

Glyceryl ethers v. vol. ii. p. 622. A 
mixture of stearic acid and glycerin saturated 
with HC1 at 100° forms G s H a Cl(0H)(0C 18 H 36 0) 
[28°]. 

Phenyl ether PhA'. [52°]. (267° at 15 
mm.) (Krafft a. Biirger, B. 17, 1380). 

p-Tolyl ether C 7 H,A'. [54°]. (276° at 

15 mm.). 

Chloride C )8 H 3a OCl. [23°]. (215° at 15 
mm.). Crystalline mass. 

Amide CjgH^O.NH^. [109°]. Formed by 
distilling ammonium stearate at 230° under 
pressure; the yield being 50 p.c. (Hofmann, B. 
15, 984 ; c/. Carlet, Bl. 1859, i. 76). Formed 
also by the action of NH 3 on the ether or on the 
chloride. Converted by the action of Br and 
NaOHAq into stearyl-heptadecyl-urea (Turpin, 
B. 21, 2486). 

Anilide 0„jH 85 0NHPh. [94°]. Formed 
by distilling aniline over stearic acid at 230° 
(Pebal, A. 91, 152). White needles. 

Phenyl hyarazide C^H^.CO.NjjH^Ph. 
[107°]. Formed by heating stearic acid with 
phenyl-hydrazine. White unctuous plates (from 
alcohol), si. sol. oold alcohol, benzene, and ether 
(Strache a. Iritzer, M. 14, 37). 

Nitrile C 17 H, 5 CN. [42°]. (275° at 100 

mm.). S.G. V *815 ; 1J2 -779. Formed by dis- 
tilling stearamide with P 2 0 5 (Krafft a. Stauffer, B. 
15, 516, 1730) or by heating oyanostearic acid at 
250° (Hell a. Sadomsky, B. 24, 2779). 

References . — Bromo-, Di - bromo - iodo-, 
Chloro-, Iodo-, Nitro-, and Oxy-stearic acid. 

Isosteario acid (C B H 17 ),CH.C0 2 H. [38-5°]. 

(278° at 101 mm.). Formed from di-octyl- 
acetoacetic ether or ai-octyl-malonic acid (Conrad 
a. Guthzeit, A. 204, 11, 165). Colourless leaflets 
(from alcohol).— NaA' : needles (from aloohol). 
« — AgA' : thick white pp. 

Ethyl ether EtA'. (275°-280° at 100 mm.). 
Vol. IV. 
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STEARIC ALDEHYDE 0,^0,. [fi4°i. 

(213° uncor. at 22 mm.). Formed by distil Unjr 
calcium stearate with calcium formate (Krafft, 
B. 13, 1417). Plates with bluish glitter, si. sol. 
ether. 

STEARIN v. Stearyl derivative of Glycerin. 

STEAROLIC AJID 0, 8 H 4 .A* Mol. w. 280. 
[48°]. (260°). Formed by heating bromo-oleio 
acid or the dibroraide of oleic acid with alcoholio 
potash at 100° (Overbeck, J . pr . 97, 159 ; A. 140, 
49). Needles (from alcohol), insol. water. Br 
forms O^HjifBr/Xj and C 1H H 3 ,Br t O. { [70°J. I and 
Fel 2 in CS 2 form C, H H, 2 ip 2 [51°] (Liebermann 
a. Sachsse, B. 24, 4116). Potash-fusion yields 
myristic acid C N H. 8 0 3 and an acid C ld H, 0 O ? 
[21°] (Marasse, Z. [2] 5, 571 ; B. 2, 359). Alka- 
line KMn0 4 oxidises it to suberic and stearoxylio 
acids (Hazuraa. Griissner, M.9,952). HNO,, yields 
azelaio, stearoxylic, pelargonic, and nitroso- 
pelargonic acids (Limpach, A. 190,294). Phenyl- 
hydrazine at 140° gives C^H^CO.NHJPh [82°J 
(Holt, B. 25, 2670). — BaA 2 . — CaA' 2 aq.— AgA'. 

SfEARONE (C„HJ 2 CO. Di-heptadecyl 
ketone. [88% S.G. (liquid) 8 * 9 *7979 (Krafft, B. 
15, 1715). Fomed by heating stearic acid (9'5g.) 
with P.,0* (5 g.) at 210° (Kipping, C. J. 57,537 ; cf. 
Bussy, A. 9, 269; Redtenbacher, A. 85, 57; 
Varrentrapp, A. 35, 80; Rowney, C. *7.6,97; 
Heintz, P. 94, 272; 96, 65). Got also by dis- 
tilling the stearyl derivative of heptadecyl-urea 
with lime (Turpin, B. 21, 2486). Plates, si. sol. 
hot alcohol. Br forms C^HJBr^O 172°]. 

Oxim (C, .H ;) ,) 2 C:NOH. [63°]. White powder, 
m. sol. hot benzene and alcohol, insol. water 
and alkalis (Spiegler, B. 17, 1575 ; Kipping, C. «7. 
57, 540). 

STEAROXYLIC ACID C, K H 12 0 4 . Mol. w. 
312. [86°]. Formed by the oxidation of stearolio 
acid (Overbeck, A. 140, 63 ; Hazura a. Griissner, 
M. 9, 952). Plates or needles, si. sol. cold al- 
cohol. BaA' 2 . - AgA' : crystalline powder. 

STEARYLGLYCERIN v. Glycerin. 

STEEL v. Ikon, vol. iii. p. 53, and Dictionary 
of Applied Chemistry, vol. ii. p. 360. 

S rlB iNE. Synonym of antimony hydride , v. 
vol. i. p. 288. 

STXLBENE v. Di-phenyl-ethylenb. 

STiLBENE ALCOHOL v. Hydrobknzoin. 

8TILBENE DIBROMI 0E v. Di- bromo -phenyl- 

ETHANE. 

STILBENE DICARB0XYLIC ACID v. Di- 
phenyl- maleic ACID. 

STILBENE DICHLORIDE v. Di-chloro- 

PHENYL-ETHANE. 

STOICHIOMETRY. The laws of chemical 
combination, and their application to chemical 
calculations; v. Combination, chemical, Laws of, 
vol. ii. p. 235. 

STORAX. A balsam produced by Styrax 
officinalis , a shrub growing in the Levant. It 
occurs in two varieties, liquid storax and reed 
storax, the latter containing a large quantity of 
bark. Liquid storax is a browniBh-yellow sticky 
mass containing styrene, styracin, cinnamic acid, 
phenylpropyl cinnamate, a little ethyl oinnam- 
ate, a substance [65°] smelling like vanilla (pos- 
sibly ethyl-vanillin), and (a) and (£)-storesinol 
(W. von Miller, N. R, P. 24, 1 ; B. 9, 274 ; A. 
188, 184 ; 189, 338). 

(a)-Storesinol C w H M O g i,e. C m H„(OR),. 
[160°-168°j. Amorphous, v. sol dilute KOHAq, 

h X* 
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but ©one. KOHAq ppts. OmH w 0 4 K. Yields a 
ntwno- and tri-acetyl derivative. 

i£)-Storesinol. [140°-145°]. Amorphous. 
Forms amorphous 0 M H M 0 4 K, which is more sol. 
water than its (a)- isomeride. 

8TR0NTIA. Oxide of strontium (q.v. p. 516). 

STRONTIUM. Sr. At. w. 87*3. Mol. w. not 
known. Very little known about properties. 
Doubtful if approximately pure Sr has yet been 
isolated. S.G. c. 2*4 to 2*68 (Franz, J. pr. 107, 
■253; Matthiessen, J. 8, 324). For emission- 
spectrum v. B. A. 1884. 444. H.C. [Sr,0]=* 
128, 440 (Th. 3, 258). 

Occurrence.— Compounds of Sr are widely 
distributed, but not in very large quantities. 
SrCOj, occurs in small quantities in all specimens 
ot arragonite ; very small quantities are found 
in many calc-spars, marbles, and dolomites . 
SrS0 4 is an ingredient of many heavy spars. 
SrCOj is found as strontianite, and SrS0 4 as 
celestine in a few localities ; brewsterite contains 
Sr silicate, with silicates of Ba or Ca. Traces of 
SrS0 4 and SrCl 2 are found in many mineral 
springs, in some hard river-waters, in sea-water, 
and in the ashes of certain plaftts, especially 
Fucus vesiculosus. 

Historical. — A mineral found at Strontian, a 
village in Argyleshire, in 1787, and supposed to 
be barium carbonate, was observed to colour 
flame reddish by Crawford and Cruikshank in 
1790 (Mem. Manchester Soc .). The supposition 
made by C. a. C. that the mineral contained a 
new element was confirmed by Hope (T. E. 4, 3), 
Klaproth (CrelVs Ann. 1793 [ii.] 189 ; 1794 (i.) 
99), and Kirwan-Higgins (CrelVs Ann. 1795 (ii.) 
119, 205). The metal was isolated by Davy in 
1808 (T. 1808. 345). 

Formation. — 1. By electrolysing moist Sr0 2 H 2 
or SrCl 2 in contact with Hg and a little naphtha, 
and heating the amalgam so formed (Davy, T. 
1808. 345).— 2. By heating saturated SrCLjAq 
with Na amalgam to 90°, quickly washing the 
6r amalgam bo formed, drying it by filter paper, 
and distilling off the Hg in a stream of H (Franz, 
J.pr. 107, 263). — 3. By heating SrO or Sr0 2 H 2 
intimately mixed with Mg powder, a mixture of 
Sr with MgO is obtained (Winkler, B. 23, 125, 
2647). 

Preparation. — A porous clay cylinder is 
placed in a crucible, and SrCL,, mixed with a little 
&H 4 C1, is placed in the crucible and in the cell, so 
that when the mixture is fused the surface of it is 
at a higher level in the cell than in the cruoible. A 
cylinder of sheet iron surrounding the cell serves 
as the positive electrode, and an iron wire pass- 
ing through a tobacco pipe, the bowl of whioh 
dips under the molten mixture in the cell, serves 
as the negative electrode. The crucible is heated 
till the mixture of SrCl, and NH 4 C1 melts, tem- 
perature being kept so that there is always a 
solid crust on the surface of the mixture in the 
porous cell. A current from 5 or 6 Bunsen cells 
is passed through the molten mass ; Sr is sepa- 
rated and runs into small pieces, which are pro- 
tected from the air by the solid crust of SrCl, 
and NH 4 C1 ; the pieces of Sr are removed by 
an iron spoon and kept under petroleum. 

For the preparation of pure Sr salts from 
strontianite v. Barthe a. Fali&res (Bl. [3] 7, 104). 

Properties.— A yellowish-white metal, some* 
,wn at harder than Ca or Pb ; can be beaten into 


thin leaves ; melts at full red heat. According 
to Mallet (A. 190, 62), Sr is slightly volatilised at 
a very high temperature. Easily oxidised by 
exposure to air ; decomposes cold water rapidly; 
dissolves in dilute acids, not in HNO s Aq, giving 
salts and H. Combines directly with S and the 
halogens. Sr is a strongly positive metal, less 
positive than the alkali metals and Ca, but more 
positive than Mg ; it is closely related to Ca and 
Ba, less closely to Mg ; it also shows resemblances 
to Zn, Cd, and Hg (u. Alkaline earths, metals 
of the, vol. i. p. 112 ; and Magnesium group of 
elements, vol. iii. p. 163). The atomic weight 
of Sr has been determined (1) by determining 
C0 2 in SrCO* (Sfcromeyer, S. 19, 228 [1816] ; 
SalvStat, C. R. 17, 318 [1843]) ; (2) by ppg. Cl 
from SrCl 2 by Ag (Rose, S. 19, 228 [1816] ; 
Pelouze, C. R . 20, 1047 [1845] ; Marignac, A. 
106, 168 [1858] ; Dumas, A. Ch. [3] 55, 191 
[1859]) ; (3) by determining water in SrCl 2 .6H 2 0 
(Marignac, A. 106, 168 [1858]) ; (4) by trans- 
forming SrCl^HjO into SrS0 4 (Marignac, l.c.). 
The S.H. of Sr has not been determined directly. 
The V.D. of no compound of Sr has been deter- 
mined. 

Reactions and Combinations (v. Bunsen, 
A. 94, 111). — 1. Exposed to air or oxygen rapidly 
forms SrO, or Sr0 2 H 2 if moisture is present. — 
2. Burns brilliantly when heated in oxygen , 
sulphur vapour, chlorine, bromine, or iodine 
vapour ; also in dry carbon dioxide. — 3. Decom- 
poses cold water rapidly, giving off H and form- 
ing SrOsILj. — 4. Dissolves rapidly in dilute 
hydrochloric or sulphuric acid; reacts slowly 
with cone, sulphuric acid ; scarcely acted on by 
nitric acid, even when hot and cone. — 5. Reduces 
silica and silicates when heated therewith to full 
redness. 

Strontium, antimonate of ; v. vol. i. p. 286. 

Strontium, arsenates of; v. vol. i. p. 309. 

Strontium, arsenite of; v. vol. i. p. 307. 

Strontium, borates of ; v. vol. i. p. 530. 

8trontium, bromide of, SrBr 2 . Mol. w. not 
determined. By heating Sr in Br. By dissolv- 
ing SrCO g in HBrAq and evaporating, long white 
needles of the hydrate SrBr 2 . 6aq are obtained 
(L6wig, Mag. Pharm. 33, 7) ; S.G. 2*358 (Favre a. 
Valson, C. R. 77, 579); these crystals do not 
effloresce over H 2 S0 4 (Rammelsberg, P. 55, 238), 
but on heating give off their water, leaving SrBr 2 
as a white solid, S.G. 3*985 (F. a. V., l.c.), that 
melts at red heat without decomposition (R., l.c.). 
[Sr.Br 2 ] « 157,700 (Th. 3, 258). Carnelley (C. J. 
33, 279) gives melting-point as c. 630°. Com- 
bines with ammonia to form 2SrBr 2 .NH 3 (Ram- 
melsberg, P. 65, 238). 

Strontium, chloride of, SrCl 2 . Mol. w. not 
determined. 

Formation.— 1. By burning Sr in Cl. — 2. By 
passing Cl over hot SrO (Weber, P. 112, 619).— 
8. By heating SrO in a stream of HC1 (Chevreul, 
A. Ch. 84, 285). — 4. By decomposing SrCO, by 
cono. CaCljAq or MgCL, by heating together, 
then dissolving out SrCl 2 and crystallising 

(SrCOj, + MgCl^q - SrCl^q + MgO + CO, ; 
Wackenroder's Patent ; v . B. 19, Ref. 633).— 5b 
By heating a mixture of SrS0 4 , CaCl,, and char- 
coal with a little chalk, lixiviating, and crystal- 
lising (SrS0 4 + Cad, ♦ 4C » SrCl, + CaS + 4CO ; 
Mac tear, D. P. /. 262, 288). 
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Preparation. — Strontianite (SrCO a ) is dis- 
solved in HClAq, the solution is digested in 
ebsenoe of air with more SrCO s (to remove iron, 
*fec.), poured off and evaporated to the crystal- 
lising point; the crystals of SrCl^ 6aq that sepa- 
rate are purified by re-crystallisation, then dried 
.and heated to 100° until they oease to lose 
weight. 

Properties . — A white, crystalline powder, with 
a sharp, bitter taste. Melts at 825° (Carnelley, 
€. J. 33, 280) to a glass-like mass with an 
alkaline reaction. S.G. 2 96 at 0° ; 2*77 at 
m.p. (Quincke, P. 138, 141). S. 44 2 at 0°, 
48-3 at 10°, 53*9 at 20°, 60 at 30°, 66*7 at 40°, 
74*4 at 50°, 83*1 at 60°, 87*5 at 65°, 88*8 at 
456*5°, 89*6 at 70°, 92*4 at 80°, 96*2 at 90°, 101*9 
at 100°, 109*1 at 110°, 116*4 at 118*8°; satu- 
rated SrCl 2 Aq boils at 118*8° (Mulder). Gerlach 
{ Fr . 8, 245) gives the following data: — 


S.G.Sr01,Aq P.c. SrOl. 
1*0453 5 

1*0929 10 

1*1439 15 

1*1989 20 


S.G. SrCl, Aq P.c. SrCl, 
1*2580 25 

1*3220 30 

1*3633 33 


SrCl 2 is insol. absolute alcohol; it dissolves 
in aqueous alcohol in proportion to the amount 
of water present (Gerardin, A. Ch. [4] 5, 156). 
[Sr, OP] « 184,550 ; [Sr, CP, Aq] - 195,690 ( Th . 8, 
*25 8). For connection between solubility in water 
■of SrCl 2 and temperature v. Etard (C. R. 113, 
€54). 

Reactions and Combinations. — 1. Heated to 
redness in water vapour, HC1 is given off and 
BrO remains (Kraus, P. 43, 138 ; Kahnheim, J. 
1861. 149).— 2. Heated with bromine to 200° is 
partially decomposed to SrBr 2 /Potilitzin, B. 7, 
733 ; 8, 766) ; the amount of decomposition 
varies with temperature and the relative mas bob 
of SrCl 2 and Br.— 3. Combines with water. So- 
lution of SrCOj in HClAq evaporated yields long, 
six-sided, hexagonal needles of the hex a - 
hydrate SrCl 2 .6H 2 0; S.G. 1*933 at 17°. By 
keeping these crystals over BLjS0 4 in vacuo for 
some months the dihydrate SrCl^ELjO is 
formed. — 4. Combines with ammonia to form 
BrCl 2 .8NHg (H. Rose, P. 20, 155). 

Strontium, cyanide of ; v. vol. ii. p. 347. 

Strontium, ferrocy&nide of ; v. vol. ii. p. 337. 

Strontium, fluoride of, SrF 2 . A white, crys- 
talline powder; scarcely sol. water or HFAq. 
Prepared by the action of HFAq on SrO or 
SrCO a (Berzelius, P. 1, 20); also by fusing 
“2 parts SrCl 8 with 1 part NaF and 1 part NaCl, 
and lixiviating the product (Rftder, Dissertation 
[Gdttingen, 1863] 14; Feldmann, B. 21, Ref. 
866 [Patent]). Poulenc (C. R. 116, 987) ob- 
tained SrF 2 , as an amorphous powder, by the 
reaction of HFAq and SrCLjAq ; S.G. 2*44 ; 
partly decomposed to SrO by heating in air to 
c. 1000°. By fusing with alkali chlorides, or 
with KHF 2 , P. obtained SrF 2 in regular octa- 
hedral crystals. 

Strontium, hydride of. By heating to red- 
ness a mixture of 103 parts SrO (made from 
BrCO g ) with 24 parts Mg powder, in an iron 
tube, in an atmosphere of H, Winkler ( B . 24, 
1975) obtained a greyish-brown powder that 
quickly oxidised in air to SrOjft with evolution 
of H, and was decomposed very rapidly by water 
or HClAq with violent evolution of H. Analyses 
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indicated that the substance might be a mixture 
of c. 66 p.c. SrH with c. 29 p.c. MgO, c. 4 p.c. SrO, 
and a very little Mg. 

Strontium, hydrosulphide of, SrS 2 H 2 .«H„0. 
By saturating SrOAq with H 2 S and evaporating 
in vacuo over H 2 S0 4 ; or by dissolving SrS in 
water, evaporating, filtering from SrO-jELj, and 
evaporating over H 2 S0 4 in vacuo . Large, 
white crystals ; melts when heated in water of 
crystallisation, and then gives SrS. Aqueous 
solution boiled gives off all H 2 S and forms 
SrOaH, (v. Rose, P. 55, 430; Berzelius, P. 6, 
442). 

Strontium, hydroxide of, Sr0 2 H 2 . Mol. w. 
not determined. Prepared by the action of 
water on SrO. Also by heating celestine (SrSOJ 
with charcoal, dissolving SrS so formed in water, 
heating with CuO or ZnO, filtering from CuS or 
ZnS, evaporating to dryness, and heating to 
redness (c/. Barium hydroxide, vol. i. p. 442). 

A white solid ; S.G. 3*625 (Filhol, A. Ch. 
[3] 21, 415). Sol. water, forming a markedly 
alkaline solution reacting similarly to Ba0 2 H 2 Aq 
and Ca0 2 RAq. Scheibler ( G . C. [3] 13, 33) 
gives the following data, showing solubility in 
water, expressed in terms of SrO, and the hydrate 
Sr0 2 H 2 .8H 2 0, dissolved : — 


s. s. 


Temp. 

0° 

SrO 

*35 

SrO # H 3 .8H B 0 

*90 

Temp. 

55° 

SrO 

2*54 

SrO a H a .RH ll O 

6-52 

5 

•41 

105 

60 

3*03 

7*77 

10 

•48 

1-23 

65 

3*62 

9*29 

15 

•57 

1*46 

70 

4*35 

11X6 

20 

•68 

1*74 

75 

5*30 

13*60 

25 

•82 

2*10 

80 

6*56 

16*83 

30 

1*00 

2*57 

85 

9*00 

23*09 

35 

1*22 

3*13 

90 

1200 

30*78 

40 

1*48 

3*80 

95 

15*15 

38*86 

45 

1*78 

4*57 

100 

18*60 

47*71 

50 

2-13 

6*46 

101*2 19*40 

49-75 


Dry Sr0 2 H 2 takes up only traces of C0 2 from 
the air (Heyer, B. 19, 2684) ; but the hydrate 
SrOA.H.O absorbs CO a till it is changed to 
SrC0 8 (H., l.c.) ; according to Finkener (B. 19, 
2958) a basic carbonate is formed. 

The octohydrate , SrO^-SH^O, crystallises 
in tetragonal crystals (a : c«l : *6407) from 
SrOAq ; S.G. 1*396 at 16° ; in air falls to powder, 
giving the monohydrate Sr0 2 H 2 .H 2 0, whioh loses 
H 2 0 at 100° (v. Finkener, l.c . ; Muller-Erzbaoh, 
B. 19, 2874 ; 20, 1628). Weisberg (B. 11, 511) 
says that Cl reacts with the hydrates of SrOjH* 
to give SrCl 2 and Sr(C10,) 2 . 

Strontium, iodide of, Sri*. A white solid ; 
by dissolving SrCO* in HlAq, evaporating, and 
heating the hexahydrate , SrI 2 .6H 2 0, which 
crystallises out. S.G. 4*415 ; melts at red heat ; 
strongly heated in air gives SrO and I (Croft, 
J. pr. 68, 420). Thomsen gives [Sr,F,Aq] 
* 148,460 (Th. 3, 258). 

Strontium, manganooyanide of; v. vol. ii. 
p. 342. 

Strontium, nitride of. By heating Sr amal- 
gam containing from 20 to 25 p.c. Sr (prepared 
by electrolysis and heating the product in vacuo) 
in a stream of N, Maquenne (Bl. [3] 7, 366) ob- 
tained a dark-coloured compound of Sr and N 
to which he gave the formula Sr s N r 

Strontium, oxidee of. Two oxides have been 
Isolated, SrO and SrO r 

L L 2 
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Strontium oxide SrO. (Strontium men- 
oxide . Strontia.) Mol. w. not known. Prepared 
by strongly heating SrOjft, Sr(NO a ) 2 , SrCO g 
{Briigelmann, Fr . 29, 127 ; Heyer, B. 19, 2684) ; 
also by strongly heating Srl 2 in air (Croft, J.pr. 68, 
420). Best prepared similarly to BaO ( v . Barium 
monoxide, vol. i. p. 443). A grey-white, porous, 
infusible solid; prepared by heating SrC0 3 or 
Sr0 2 H 2 forms a mass of regular cubes with 
S.G. 4*76 referred to water at 4° (Briigelmann, 
l.c.). According to Moissan (C. R. 115, 1034), 
SrO melts to a transparent liquid at c. 3000°, 
and this solidifies to a crystalline mass. Thom- 
sen gives [Sr,0] = 128,440 (Th. 8, 268). Dissolves 
in water (for data v. Strontium hydroxide) ; 
from this solution the octohydrated hydroxide 
SrOjjHa.SH^O separates on evaporation. By pass- 
ing moist air over SrO the monohydrated hy- 
droxide, SrOjjHa-HjO, is formed (Heyer, B. 19, 
2684). SrO is a strongly basic oxide, reacting 
with acids to form salts SrX, where X**S0 4 , 
2NO„, §P0 4 , Ac. 

Strontium dioxide Sr0 2 . ( Strontium per- 

oxide .) Mol. w. not known. Addition of H 2 0 2 Aq 
to SrOAq ppts. the octohydrate Sr0 2 .8H 2 0 
(Thdnard, A. Gh . [2] 8, 312 ; SchSne, B. 6, 
1172 ; cf . Conroy, O. J. [2] 11, 812). By drying 
this pp. at 100° Sr0 2 is obtained as a white 
powder, having similar properties to those of 
barium dioxide (a.v. vol. i. p. 443). Sr0 2 is not ob- 
tained by methods similar to those generally used 
for making Ba0 2 . 

Strontium, oxychloride of. According to 
Andrd (A. Ch.[G] 3, 66) crystals of the compound 
SrClySrO^HaOJ ■» Sr 2 OCl 2 .9R.O) are deposited 
from a mixture of saturated SrCl^jAq and satu- 
rated SrOAq ; the crystals are very unstable in 
air. 

Strontium, oxyBulphide of. SchSne (P. 117, 
69) obtained SrS 4 .SrO. 12aq(Sr 2 OS 4 . 12aq) by 
slow oxidation of SrS 4 Aq. 

Strontium, platinocyanide of; v. vol. ii. p. 
344. 

Strontium, salts of. Compounds obtained 
by replacing H of acids by strontium. These 
compounds belong to the type SrX, where X is 
S0 4 , CO g , 2NO a , |P0 4 <fec. The Sr salts are very 
definite compounds ; not many basio salts are 
known. The chief salts of oxyacids are the fol- 
lowing: bromate and hypobromite t carbonate , 
chlorate , chlorite and perchlorate , chromate and 
dichromate 1 iodate and periodates , molybdate , 
nitrate , nitrite , and hyponitrite , selenate and 
selenites , sulphate , sulphite , thiosulphate , and 
thionates (v. Carbonates, nitrates, &o.). 

Strontium, selenide of. Obtained as a white 
solid, rapidly decomposing in air with separation 
of Be, by heating a small quantity of SrSe0 4 in 
Hto dull redness ; [Sr,Se]« 87,160 (Fabre, O.R . 
102, 1469). 

Strontium, silicofluoride of, SrSiF 6 .2H 2 0. 
Four-sided prisms ; S.G. 2*999 ; loses 2H g O 
when gently warmed; prepared by dissolving 
SrC0 3 in R 2 SiF 8 Aq and evaporating (Berzelius, 
Lehrbuch [6th edit.], 8, 885], Fresenius (Fr. 
29, 148) gives S. 3*2 at 15° ; S. in alcohol (50 p.o. 
by vol.) *06 at 16°. 

Strontium, sulphides of. Three sulphides 
have been isolated : SrS, SrS 4 , and SrS a . 

Strontium monosulphide SrS. Formed by 
heating together Sr and S in the ratio 87:32 ; 


also by reducing SrSQ 4 by charcoal; also by 
passing CS 2 vapour mixed with H, H 2 S, or CO* 
over red-hot SrCO a (cf. Barium monosulphide, 
vol. i. p. 444). A white powder, which slowly be- 
comes yellowish when exposed to air. Does not 
phosphoresce (SchSne, P. 117, 59). For phos- 
phorescence of SrS mixed with small quantities 
of other salts v. Becquerel (G. R. 107, 892). 
Sabatier (A. Gh. [5] 22, 5) gives [Sr, S] - 49,600. 
SrS does not combine with S when heated there- 
with, but polysulphides are formed by boiling 
an aqueous solution of SrS with S (Sch6ne, P. 
117,59). SrS dissolves in water; on crystal- 
lising Sr0 2 H 2 separates and SrS^ remains in 
solution (H. Bose, P. 65, 430). 

Strontium tetrasulpiiidb SrS 4 .*H 2 0. The 
hexahydrate , SrS 4 .6H 2 0, is obtained, as a red- 
dish crystalline solid, by boiling 100 parts SrS in 
water, and evaporating the solution in vacuo at 
a temperature not higher than 16°. From a 
solution at 20°-25° the dihydrate SrS 4 .2H 2 0 
separates. An aqueous solution of SrS 4 oxidises 
in air to the oxysulphide SrO.SrS 4 . 12aq, and 
then to SrS 2 0 3 , while S separates and some SrC0 3 
is formed (Schdne, P. 117, 69). 

Strontium pentasulphide SrS fi .2cH 2 0. An 
amorphous, yellowish, hygroscopic solid ; formed 
by evaporating a solution of SrS 4 saturated with 
S in the cold. After drying at 100°, CS 2 dis- 
solves out Jth of the S, leaving SrS 4 (Scnone, 

I.C.). 

8trontium, sulphydrate of; v. Strontium 
hydrosulphide, p. 515. 

Strontium, sulphocyanide of; v. vol. ii. p. 
352. M. M. P. M. 

STBOPHANTHIN C 31 H 48 0 ) , (A.) ; CJB^O* 
(F.). [a] D » 80°. Extracted by alcohol at 70° 
from the seeds of Strophanthus hispidus (Gal- 
lois, C. R. 84, 261 ; Fraser, Ar. Ph. [8] 3, 229 ; 
Pr. E. 124, 370; Ph. [3] 18, 69; Elborne, Ph. 
[3] 17, 743 ; 18, 219 ; Gerrard, Ph. [3] 17, 923 ; 
Arnaud, C. R. 107, 179 ; Gley, C. R. 107, 348). 
White micaceous crystals, sol. water, v. sol. 
alcohol, insol. ether. Dextrorotatory. Bitter. 
Resembles ouabain in toxic effects. Decomposed 
by boiling dilute acids (even H 2 S) into glucose 
and crystalline strophanthidin, which yields a 
resin on further boiling with dilute R^SC^ (F.). 
ELjSC^ and a trace of FeCl 3 gives a reddish- 
brown pp., changing to emerald-green (Helbing, 
Ph. [3] 17, 924). 

STBTTTHIIN v. Saponin. 

STRYCHNIC ACID O 20 H 22 NO(NH).CO 2 H. 
Formed from strychnine, alcohol, and Na at 
50 °-55° (Tafel, A. 264, 60). When heated in a 
current of H at 190° it changes to strychnine. 
KjCrgO, and H^SCh give a brown-red colour or 

pp. 

Nitrosamine CjoH^NOfN.NOJ.OOaH. Ge- 
latinous pp. Exhibits Liebermann’s reaction. 

Methylo-iodide 

O 20 H 22 N(MeI)O(NH).CO 2 H. Formed from 
methyl -strychnine and HI (Tafel, A. 264, 66). 
Colourless needles (containing aq), v. si. sol. 
cold alcohol and cold water.— NaA'aq: v. e. sol. 
water, m. sol. alcohol. Converted by Mel into 
crystalline C 20 H 2 ^(MeI)(NMe).CO 2 Me. 

Methyl-strycnnic acid. Methylo-iodide . 
C 2 „H 22 N (MeI)0(NMe),C0 2 H. Formed from di- 
methyl-strychnine and HI (Tafel, A. 264, 68). 
Reedies, m. sol. boiling water and hot alcohol. 
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Deoxystrychnic acid C^H 26 N(NH).C0 2 H aq. 
Formed by heating deoxystrychnme with alco- 
holio NaOEt at 180° (Tafel, A . 268, 263). 
Needles (containing aq) (from dilute H 2 S0 4 ) or 
anhydrous prisms (from alcohol), si. sol. hot water. 
Quickly converted by acids into deoxystrychnme. 
Yields a nitrosamine. 

Isostrychnic acid C 20 H 2 .NO(NH).CO 2 H. 
Formed from strychnine, Na, and alcohol at 70°. 
Got also by heating strychnine with baryta- 
water at 140° in absence of air. Minute 
needles. K 2 Cr 2 0 7 and dilute H 2 S0 4 form a 
brown liquid on heating, and a brown pp. with 
excess of K 2 Cr ,0 7 . — HA'HI aq : prisms, m. sol. 
cold water and alcohol, insol. ether. 

Nitroso - derivative 

NO.C 20 H 21 NO(NH).CO 2 H aq. Sol. alkalis, but 
ppd. by C0 2 . Yields a nitrosamine, which gives 
Liebermann’s reaction with phenol and H 2 S0 4 . 
— HA'HCl : needles, insol. water. 
Methylo-iodide 

G 20 H 22 N(MeI)O(NH).CO 2 H. Crystalline, m. sol. 
hot water. — NaA' : minute needles. Converted 
hy methyl iodide at 100° into crystalline 
C 20 H 22 N(MeI)O(NMe).CO 2 Me 2aq. 

Methyl-isostrychnic acid 
G M H 22 N0(NMe).C0 2 H. From isostrychnic acid 
liydroiodiae and Mel at 100° (Tafel, A . 268, 240). 
Email colourless prisms (containing 2iaq). Its 
alkaline solution is not coloured by air (difference 
from isostrychnic acid). 

Methylo-iodide 

C 20 H 22 N(MeI)0(NMe).C0 2 H aq [271°-276°]. 
Formed from methyl-strychnine methylo-iodide 
And HI (Tafel, A . 264, 77). Needles, m. sol. hot 
water and hot alcohol, insol. ether. 

Nitroso -methyl-isostrychnic acid 
NO.C 20 H 21 ON(NMe).C0 2 H. Formed from the 
preceding acid, alcohol, HC1, and amyl nitrite. 
Green needles (from benzene). When heated 
with benzoic aldehyde and ZnCl 2 it gives a 
green mass, which dyes like maiaohite green. 
Diazo-benzene chloride forms a brownish-orange 
dye. 

STRYCHNINE O n HJH t O r Mol. w. 334. 
[221°] (Blyth) ; [284°J (Claus a. GlasBner, B. 14, 
773) ; [268°] (Loebisch a. Schoop, M. 6, 868) ; 
[269°] (Stoehr). (270° at 6 mm.). S.G. ^ 1-359 
^Clarke, Am. 2, 174). S. *016 in the cold ; -04 
At 100°. S. *014 in the cold (Dragendorff, J. 
1865, 739) ; *025 at 14*5° (Crespi, O. 13, 175). 
S. (alcohol) *3 at 8°; 1*8 at 78°. S. (95 p.o. 
alcohol) *936. S. (ether) -08. S. (benzene) -607. 
8. (isoamyl alcohol) -53 at 12° ; 4*3 at 99°. Oc- 
curs in nux vomica, in St. Ignatius beans, in 
the wood of Strychnos Colubrina , in Strychnos 
TieuU , and in other species of Strychnos (Pelle- 
tier a. Caventou, A . Ch. [2] 10, 142; 2o, 44; 
Pelletier a. Dumas, A, Ch. [2] 24, 176 ; Liebig, 
A. 47, 171 ; 49, 244 ; Regnault, A. Ch. [2] 68, 
113 ; Gerhardt, Rev . Scient. 30, 192 ; Nicholson 
a. Abel, C. J. 2, 241 ; Henry, Ph . 8, 401 ; Corriol, 
Ph. 11, 492; Robiquet, Ph . 11, 580; Henry, 
jun., J. Ph. 16, 752 ; Berlekom, Z . [2] 2, 443 ; 
Shenstone, Ph. [3] 8, 445). Occurs also in the 
bark of Erythrophlamm guineense, from which 
the pigmies of Central Africa prepare their 
arrow-poison (Holmes, Ph. [3] 21, 921). 

Preparation.— 1. The nuts ( 1 kilo) are softened 
l>y steam, dried, powdered, and digested with 
alcohol (5 kilos of S.G. *856) acidulated with 


H. 2 S0 4 (45 g.). Lime is added to the filtrate ; 
and, after standing, the decanted liquid evapo- 
rated ; the residue dissolved in dilute acid ; and 
the filtrate ppd. by ammonia. The strychnine 
is separated from brucine by crystallisation from 
alcohol (Henry). — 2. The dilute alcoholic extract 
of nux vomica is evaporated to a small bulk 
and ppd. by lead acetate. The filtrate is mixed 
with magnesia and left for a few days. The pp. 
is dissolved in alcohol of 83 p.c. and evaporated 
to crystallisation. Strychnine is first deposited, 
and afterwards brucine. The bases are further 
purified by crystallisation of their nitrates, the 
nitrate of strychnine separating first. 

Properties.— Trimetrio prisms, permanent in 
the air and not altered by light. Lavorotatory, 
the rotation varying greatly with the nature of 
the solvent (Hoorweg, A. 166, 76 ; Tykociner, 
R. T . G. 1, 146). The dispersive power is con- 
stant (Grimbert, J. Ph. [5] 16, 295). At 169° it 
forms a sublimate of minute needles (Blyth). 
Very bitter. Alkaline in reaction. Strychnine 
is a violent poison, acting on the spinal cord and 
producing convulsions (Lovett, J. Physiol. 9, 
99). *03 g. may be fatal. Strychnine dissolves 
with difficulty in acids, the solubility being 
greater the more dilute the acid ; when a cone, 
solution of a strychnine salt is slightly acidified 
a pp. is formed which dissolves in excess of 
acid, forming a solution which yields a pp. on 
dilution. Thus H 2 S0 4 added to a cone, solution 
of strychnine sulphate ppts. the acid sulphate 
B'H 2 S0 4 , the mother-liquor retaining *113 p.c. 
of salts. HC1 added to a solution of strychnine 
hydrochloride ppts. B'HCU^aq in needles, the 
mother-liquor retaining *413 p.c. of salt (Han- 
riot a. Blarez, G. R. 96, 1504). Strychnine 
is readily soluble in dilute hypophosphorous 
acid (Jones, Ph. [3] 20, 256). KCy added to a 
solution of a salt of strychnine ppts. the pure 
base (Fltickiger, N. J. P. 38, 138 ; Weith, B. 4, 
627). A solution of IC1 gives a yellow pp. v. sol. 
HClAq, from which it crystallises on cooling 
(Dittmar, B. 18, 1612). 

Reactions. — 1. Dry distillation yields carb- 
azole,H, C 2 H 2 , and CjjH 4 (Loebisch a. Schoop, M. 7» 
614). — 2. Distillation with lime yields (0)-metbyl- 
pyridine, methyl-indole (scatole), C 2 H 4 , NEtH 2 , 
and NH 3 (Stoehr, B. 20, 810, 1108, 2729 ; J.pr. 
[2] 42, 405). — 3. Distillation with soda-lime 
gives carbazole, scatole, and 0) -methyl-pyridine 
(Loebisch a. Malfatti, M. 9, 628).— 4. Distillation 
with KOH gives indole (Goldschmidt, B. 15, 
1977) and butyric acid (Loebisch a. Schoop, M. 
7, 93). — 5. Distillation with zinc-dust at 400° in 
vacuo yields solid G 2 ,H 22 N 2 0, which dissolves in 
alcohol with blue fluorescence, and gives no 
colour with K 2 Gr 2 0 7 and H 2 S0 4 . Zinc-dust at a 
red heat givos H, G 2 H 4 , C^, NH a , and carbazole 
Loebisch a. Schoop, M. 7, 609), and (y)-lutidine 
Scichilone a. Magnanini, Q. 12, 444). -6. Alka- 
line KMn0 4 yields oxalic acid, C0 2 , NH 3 , and a 
crystalline acid [195°] (Hoogewerff a. Van Dorp, 
R. T. O. 2, 181). Half the nitrogen is given off 
as ammonia (Wanklyn a. Chapman, C. J. 21, 
161).— 7. KMn0 4 in dilute acid solutions yields 
an amorphous acid O n H,,NO,aq (?) (Plugge, 
R. T. C. 2, 270), whioh yields amorphous 
C n B lo AgNO, aq (Hanriot, C.R. 96, 1671).— 8. By 
treatment with 0rO 9 and H 2 S0 4 it yields the 
same oxidation product C u H 18 N 3 0 4 as that oh- 
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iained from brucine under the same treatment 
(Hanssen, B . 18, 1917).— 9. PC1 4 (1 pt.) acting 
on strychnine hydrochloride (8pts.) under boiling 
chloroform yields a compound crystallising from 
benzene in needles [224 °J, possibly penta-chloro- 
strychnine (Stoehr, J.pr. [2] 42, 414). — 10. Boil- 
ing HNO* forms cacostrychnine and picric acid 
(Shenstone, C. J ’. 47, 142) ; nitric acid forms 20 
p.o. of di-nitro-di-oxy-quinoline carboxylic acid 
CjoH^NgOg, which yields KA', is reduced by 
SnClg to C l0 H fl N g O 4 (a body having acid and 
basic properties), and when heated with water 
is split up into CO a and di-nitro-di-oxy-quinol- 
ine (Tafel, B. 26, 853). — 11. Baryta water in 
sealed tubes at 140° forms two bases, C^H^N^ 
and G^H^NaOg, both crystallising from water 
(Gal a. Etard, C. B. 87, 862).— 12. Alloxan 
added to a solution of strychnine in a saturated 
solution of S0 2 forms small colourless prisms of 
B'C 4 H a N 2 0 4 H 2 S0 8 aq(Pellizzari, A . 248, 150).— 
18. Iodoform (5 g.) and strychnine (12 g.) dis- 
solved in hot alcohol (500 c.c.) deposit oh 
cooling crystals of B' 8 CHI 3 , sol. ether and chloro- 
form, but decomposed by light, hot water, and 
dilute acids (Lextreit, C. B. 92, 1057). — 
14. Chloro-acetic acid at 180° forms 
a base which crystallises in silky needles, v. sol. 
hot water and alcohol, insol. ether (Roemer, Z . 
1871, 485). It yields (C 23 H 24 N 2 0 4 ),PtCl 6 . - 
16. AcCl forms B'AcCl,whicn gives (B'AcClJ.jPtClg 
(Konrad, J . 1874, 876).— 16. Chloro-acetone at 
135° yields B'C 3 H 4 C10, 8. 6*5 at 15°, which yields 
(B'OAOlOJgPtCl, 2aq and B'C 8 H 4 OS0 4 H l|aq 
(Konrad). — 17. Aqueous S0 2 and alloxan give 
colourless prisms of B'S0 8 HC 4 H 8 N 2 0 4 aq (Pelliz- 
zari, G. 18, 329). 

Detection.-- 1. H 2 S0 4 forms a colourless solu- 
tion which with K 2 Cr 2 0, gives a blue colour, 
changing through violet and red to yellow (Otto, 

A. 60, 273). A drop of nitric acid and PbO a or 
MnO a may be used instead of K^Cr./), (Marchand, 

B. J I 24, 400; Davy, A. 88, 402). KMn0 4 and 
Ag a O act in like manner (Lyman, Fr . 12, 126). 
The colour with H 2 S0 4 and K 2 Cr 2 0 7 is not shown 
in presence of brucine (Hanriot, C. B. 97, 267), 
and is interfered with by quinine, morphine, and 
sugar (Brieger, J. 1850, 617 ; Vogel, J. 1853, 
686; Fliickiger, Fr. 28, 102).— 2. A minute 
quantity of KC10 8 added to a warm solution in 
dilute HNO, gives a scarlet colour, changed by 
ammonia to brown, and then, on evaporation to 
dryness, becoming green (O. L. Bloxam, C. N. 
65, 155). — 3. Ammonium vanadate in 

gives a blue colour, turned red by potash 
(Mandelin, Fr. 23, 240).— 4. Chlorine water gives 
a pp. — 5. Strychnine can be extracted from beer 
containing the poison by shaking with animal 
charcoal, the charcoal being subsequently ex- 
tracted with alcohol (Graham a. Hofmann, A. 
83, 39 ; c/. Wagner, Fr. 6, 387).— 6. Obtained 
from acid liquids by adding ammonia and im- 
mediately shaking with chloroform (Cloetta, Fr. 
5, 265; Gray, Fr. 12, 125).— 7. A liquid con- 
taining strychnine sulphate may be shaken with 
benzene without loss of strychnine, but if the 
liquid be neutralised by magnesia the free 
strychnine can be extracted by benzene (Dragen- 
dorff, Z. [2] 2, 27).— 8. A 1 p.c. solution of 
strychnine strongly acidified by HC1 is ppd. by 
K^FeCy* while brucine remains in solution (Holst 
a. Beckfirts). This may be used as a volumetrio 


method. Strychnine and brucine may also be 
separated by crystallisation of their picratea 
(Gerock, Ar. Ph. [3] 27, 158). 

Salts. — BHCll^aq (Regnault, A. 26, 17). 
Trimetric orystals; a:6:c=* *484:1: *466 (Stoehr, 
J. pr. [2] 42, 399). Neutral in reaotion. S. 2' 
at 22°. L»vorotatory. [a] r * — 28 °.— B'HAuC 1 4 . 
Orange crystals (from alcohol) (Nicholson a. Abel, 

C. J. 2, 241 ; A. 71, 84). Decomposed by boiling 
water (O. De Coninek, Bl.[ 2] 45, 131). — B^H^tCl*: 

golden scales (from alcohol). S.G. ~ 1*779* 

(Clarke, Am. 2, 175).— B'^tCl, aq (Schmidt, 
A. 180, 295). — B'^ZnC^ aq : prisms (Grafing- 
hoff, Bl. [2] 4, 391).— B'-ftCdCl, (GaUetly, 
N. ed. P. J. 4, 94).— B'HHgCl s . Crystals (from 
alcohol).— B'HgCl 2 : insol. alcohol, water, and 
ether. — B' 2 H 2 S0 4 2HgCl a .— B'-ftPdCl, : dark- 
brown needles (from alcohol). — B'HC12HgCy 2 : 
tables (Brandis, A. 66, 268).— B'HgCy 2 : small 
prisms, si. sol. water and alcohol, insol. ether. 
— B'HBr aq : needles, sol. water and alcohol. — 
B'HI aq : plates or needles, almost insol. cold 
water. — B'HI,. S. *007 at 15°. Reddish-brown, 
pp. got by adding a solution of I in HIAq to a 
salt of strychnine. Crystallises from alcohol in 
dark-brown needles with bluish metallic lustre. 
Dichroic (brown and yellow) in polarised light. 
M. sol. hot alcohol, si. sol. chloroform, nearly 
insol. GS a (Tilden, C. J. 18, 99 ; Herapath, Pr. 
8, 149 ; Bauer, Ar. Ph. [3] 5, 289 ; Jdrgensen, 

A. Ch. [4] 9, 115).— B'HHgl,: yellow tables 
(from alcohol) (Groves, C. J. 2, 97).— B'H 4 F 4 2aq: 
prisms (Elderhorst, A. 74, 77).— B'HNO a : 
needles. — B'HC10 4 aq: prisms, si. sol. cold 
water (Boedeker, A. 71, 62).— B'H 2 S0 4 2aq : 
needles.— B' 2 H a S0 4 . Four-sided prisms. Lrovo- 
rotatory [a] r =» — 26°.— B / 2 H 2 S0 4 5aq : long thin 
prisms. Got by crystallisation between 109° and 
95°. — B' 2 H 2 S0 4 6aq. Obtained by cooling a cone, 
solution to 95°-50° (Lextreit, J. Ph. [6] 6, 259 ; 
Rammelsberg, B. 14, 1231; cf. Baumhauer, 
G. J. 44,485).— B'jRjCrO^ lemon-yellow needles, 
si. sol. water and alcohol.— B^Ey^Og 4aq. S. 
*9 in the cold. Formed by atmospherio oxida- 
tion of a mixture of strychnine, alcohol, and 
ammonium sulphide (How, O. N. 18, 232). — 
B'jELjSg. Formed from strychnine and alcoholio 
ammonium polysulphide (Hofmann, B. 1, 81 ; 
10, 1087) and by atmospheric oxidation of a 
solution of strychnine in alcoholic H 2 S (Schmidt, 

B. 5, 1267; 10, 1288; A. 180, 288}. Orange 
needles, insol. water, alcohol, and ether.— 
B'H 8 P0 4 2aq. S. 19. Needles (Anderson, A * 
66, 56). — B , 2 H 3 P0 4 9aq: rectangular tables. — 
B'H 3 As0 4 Jaq. S. 7 in the cold ; 20 in hot water. 
— B'HAs 0 2 : efflorescent cubes. S. 3 in the cold ; 
10 at 100°.— B' 4 H 4 FeCy 8 4aq. Crystalline powder 
(Holst a. Bockiirts, Ar. Ph. [3] 25, 318; cf. 
Brandis, A. 66, 257). By atmospheric oxida- 
tion in presence of water it is converted into 
strychnine and the ferricyanide (Beckiirts, B. 
18, 1235).— B'H 4 FeCy g : white powder, sol. hot 
water. Acid in reaction.— B'gHjFeCy* 6aq : golden 
prisms. — B' 3 (H 8 CoCy„) 4aq. — B' a (H 2 NiCy 4 ) 8 8aq 
(Lee, B. 4, 789).— B'jHjPtCyg 2aq : needles (from 
alcohol). — Oxalate B' a H 2 C a 0 4 : flat needles. — 
B'sHAO, 4 Jaq. — B'H 2 C 2 0 4 . — B'HSCy : long 
silky needles. — B'HSCyCr(SCy) 8 2NH 8 . Redpp., 
v. si. sol. hot water (Onristensen, J. pr. [2} 
45, 367).— B' a 2H a Pt(SCy) i . Red crystals (Clarke 
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and Owens, Am . 8, 351). — Cyanurates: 
B' 2 Hj,O s G a N s aq. [287°]. Prisms, si. sol. water, 
m. sol. alcohol.— B'H s O«,O a Na aq. [295°]. Needles 
(Claus, J.pr. [2] 88, 228).— Nitroprusside. S. 
•12 (Davy, Ph. [3] 11, 756). Succinate 
B' 2 C 4 H 6 0 4 6 Jaq (Crespi, O. 13, 176).— Tar- 
trate s : B , 2 C 4 H e O fl . — B' 2 G 4 H tt O a 4aq ; white 
efflorescent needles (Arppe, J . pr. 53, 331). — 
B' 2 C 4 H a O a 7aq (Pasteur, A . Ch. [3] 38, 437).— 
B'G 4 H tt O a 8aq.—B'C 4 H 5 (SbO)O a . Needles (Sten- 
house, A . 129, 25). — M a late B' 2 C 4 H a 0 5 8 Jaq. — 
Pyrotartrate B' 2 C 8 H 8 0 4 3Jaq. — Mucate 
B' 2 C a H 10 O 8 . Long needles (Ruhemann a. Dufton, 
C. J. 59, 754). 

Di-hydrate B'2aq. Strychnol. Formed 
by warming strychnine with alcoholic NaOEt, 
adding water, and evaporating. The brown oily 
layer that forms is allowed to feolidify, dissolved 
in water, and ppd. by CO^ The pp. is dissolved 
in NH^Aq and re-ppd. by expelling NH 8 by air 
(Loebisch a. Schoop, M. 7, 83). The same body 
is got by heating strychnine (15 g.) with Ba0 2 ELj 
(30 g.) for 12 hours at 140° (Tafel, B. 23, 2737). 
Minute wedge-shaped needles, si. sol. cold water, 
insol. alcohol and ether. Darkens at 150°. Sol. 
dilute alcohol and solutions of ammonium salts ; 
sol. acids. Converted into strychnine on warm- 
ing with dilute acids. Dilute HNO s and a little 
NaN0 2 give a crimson colour. Bromine water 
gives a pale-purple colour. Does not give the 
strychnine reaction with H 2 S0 4 and K 2 Cr 2 0 7 . 
On heating at 100° with NaOMe and Mel it is 
converted into C^H^N^MeJ 2aq, crystallising 
in needles. 

Tri-hydrate v. Reaction 10. 

Pentahydrate B'5aq. [215°]. Got by 
heating strychnine with alcoholic NaOEt (Tafel). 
Needles, more soluble than the dihydrate. Be- 
comes very hygroscopic when dried in vacuo . 

Benzoyl derivative GjjH^BzN^. V. si. 
sol. water (Schutzenberger, A. 108, 353 ; C. R. 
47, 233). 

Methylo-iodide B'Mel. S. *5 in the cold 
(Stahlschmidt, P. 108, 513). Poisonous (Crum 
Brown a. Fraser, Tr. E. 25). Formed by heat- 
ing with Mel in sealed tubes. Pearly plates. 
Yields B'Mel, (Jdrgensen, J . pr. [2] 3, 157) 
and the salts B'MeBr, B'MeC12aq, B' 2 Me 2 PtCl 6 , 
B'MeAuCl 4 , B' <2 Me 2 S0 4 5aq, B'MeHSO,, 
B'MeH,P0 4 2aq, B'MeC12JHgCl 2 , B'MeNOg, and 
B'gMegFeCy,. 

Methylo-hy dr oxide B'MeOH or 

C w H ffl 0(NH)<^Q e >0. Formed from B'Mel 

by successive treatment with Ag 2 S0 4 and baryta 
(Tafel, B. 23, 2733; A. 264, 62). Colourless 
crystals (containing 4aq), v. sol. alcohol, but a 
product containing less water soon separates. 
Poisonous. Gives the same colour-reactions as 
strychnic acid. Alcohol and Na yield a com- 
pound [158°]. Mel forms B'MelMeOH crystal- 
lising in plates, decomposed at 280°. 

Isomeride of the methylo-hydroxide 
C 22 H 2tf N 2 0 3 7aq. Formed from the methylo- 
iodide of isostrychnic acid, Ag, and Ag 2 0 at 40° 
(Tafel, A. 264, 81). Colourless needles ; v. e. 
sol. hot water and alcohol, insol. ether. 

Methyl •strychnine methylo-hy drox • 

ide C a H M N,0, i.e. C^O(NMe)<% N c %*>0. 
Formed from B'MelMeOH by successive treat- 


ment with Ag 2 S0 4 and baryta. Got also by the 
action of Ag 2 0 on the methylo-iodide of methyl- 
strychnic acid (Tafel, B. 23, 2735; A. 264, 66). 
Prisms (containing 6aq), v. sol. hot water and 
alcohol, nearly insol. ether. Gives a blood-red 
colour with HNO a , Cr0 9 , or FeCl s . Forms with 
acids salts which differ from those prepared 
by the action of silver salts on B'MelMeOH. 
Forms a crystalline nitroso- derivative, v. sol. 
water and warm alcohol, forming a yellow solu- 
tion changed by NaOH to brownish-red and 
olive-green. HI yields the methylo-iodide of 
methyl-strychnio acid. Diazobenzene sulphonio 
acid gives a brownish-red dye. — Hydroiodide. 
S. 7. Plates.— Methyl oiodide C 24 H 31 N^O t . 
S. 1. Needles. 

Isomeride of methyl-strychnine 
m ethyl o -hydroxide C^H^NgO, 3aq. Formed 
from the methylo-hydroxide of methyl-iso- 
strychnic ether (Tafel, A . 264, 82). Crystals, v. 
sol. hot water and alcohol, insol. ether. Yields 
a dye with diazo-benzene sulphonio acid. 

Ethylo-iodide B'Etl. S. *6atl5°;2at 
100°. Formed by heating strychnine with alco- 
hol and EtI at 100° (How, A, 92, 338). Four- 
Bided prisms. Not attacked by KOHAq. Gives 
the strychnine reaction with K 2 Cr 2 0 7 and H 2 S0 4 . 
Converted by moist silver oxide into the base 
B'EtOH2aq, which yields the salts B'EtNO,, 
B'jEtjjPtClg, B'EtHC0 3 , B'EtHCr0 4 aq, B'EtCy 
[105°] (Claus a. Merck, B. 16, 2748), and B'Etl, 
(Jflrgensen, A. Ch. [4] 11, 115). 

Isoamylo-chloride B'C 8 H,,Cl£aq. 

Formed by heating strychnine with isoamyl 
chloride (How, Tr. E. S)l, 1, 27). Prisms. 
Yields B'C a H n OH, B'C 8 H„I 8 , B'C 8 H )t I 8 , crystal- 
lising in black prisms (Jorgensen, J. pr. [2] 8, 
145), and B'EtHCrO,. 

Bromo-ethylo-bromide B'C^Br,. 
Formed by heating strychnine with ethylene 
bromide and alcohol (M6n6tri£s, J.pr. 85,230). 
White crystals, si. sol. cold water and alcohol. 
Converted by AgNO a into B'C.H 4 Br.NO, and by 
Ag 2 S0 4 into B'C 2 H 4 Br.SO,H, whence baryta pro- 
duces alkaline B'O^Br.OH.— (B'GjH^BrJgPtCl,. 
— B'C 2 H 4 BrI 8 : shining brown lamince. — Moist 
Ag 2 0 converts B'C^Br* into B'CgHgOH, whioh 
is alkaline and is converted in aqueous solution 
by chlorine into CagH^ClgN-jOg. — B'GHgGrOgH. 
— (B'C 2 H 3 Cl) 2 PtCl 4 . 

Chloro-ethylo-hydroxideB'CXOJEL^OB.. 
Got by heating strychnine with glycolic chlor- 
hydrin at 150° (Messel, A. 157, 7). Silky needles 
(containing aq). Yields (B'C 2 H 4 0H) 2 S0 4 2aq, 
which is converted by baryta into crystalline 
(B'C 2 H 4 OH)OH2Jaq. — (B , C 2 H l OH) 2 PtCl 8 . 

B en z y lo-chlorid e B'C 7 H 7 C1. [263°]. Prisms 
(containing aq). Yields (B'C 7 H 7 Cl) 2 PtCl 4 [216°], 
B'C 7 H 7 NO, [c. 264°], (B'C 7 H 7 ) 2 Cr 2 0 7 , and 

B'C.H 7 SCy [237°] (Garzarolli, M. 10, 1). 

Bensylo -hydroxide B'C 7 H 7 OH. Plates. 

Chlorostrychnine C 2 ,H 2 ,C1N 2 0 2 . [o] D * - 105°. 
Formed, together with di- and tri-chloro- 
strychnine, by passing Cl into a solution o t 
strychnine hydrochloride (Laurent, A. Ch. [B] 
24, 312; A. 69, 14; Richet a. Bouchardat, 
C. R. 91, 990). Crystalline, v. sol. alcohol, ether, 
and chloroform. Chlorostrychnine forms a hy- 
drate C 21 H 21 C1N 2 0 2 8aq on heating with alcoholic 
potash.— B'jftSO* 7aq. 
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Dichloro-strychnine C 81 H a) Cl 2 N 2 O r Needles 
(from alcohol). 

(a) -Tri-chloro-s trychnine C„H„Cl ,N^Oj. 

Formed by saturating a solution of strychnine 
hydrochloride with 01. Minute crystals (from 
alcohol). Yields a trihydrate which is not very 
poisonous. 

(8)-Tri-chloro-strychnine C 2 ,H, W C1*N,0 2 . 

Formed by heating strychnine hydroohloride 
with PC1 S and chloroform (Stoehr, J. pr . [2J 42, 
412; B. 20, 813). Microcrystalline powder 
(from alcohol). Gives the strychnine reaction 
with K 2 Cr 2 0 7 and H 2 S0 4 . — B'HCl : plates (from 
dilute alcohol). — B / H 3 S0 4 . Plates, m. sol. water. 

Bromo-strychnine C^H^BrN./),. [222°]. 

Formed by adding Br (2 at.) to a solution of 
strychnine hydrochloride (1 mol.), ppg. by alkali, 
and recrystallising from alcohol (Shenstone, 
C. J . 47, 189 ; Beckiirts, B . 18, 1236; Loebisch 
a. Schoop, M . 6, 855). Trimetrio crystals; 
a:b:c - 1*459 : 1 : 1*195 (Miers, C. J. 47, 144).— 
B'HCl.— B'HBr.— B'HNO,.— B'^SO, 7aq. . 

Methylo-iodide B'Mel. Pearly plates, 
sol. alcohol. Converted by moist Ag,0 into 
B'MeOH4aq. 

Dibromide C^H^BrsNijOj. Got by adding 
Br to a solution of strychnine at 40°. Bright 
yellow crystalline powder. 

Di-bromo-strychnine C 2 ,H 2 ,Br 2 N 2 0 2 . Got by 
adding Br to strychnine in chloroform. Tri- 
metric crystals, v. sol. chloroform and dilute 
alcohol.— B'HCl ; needles. 

Nitro-strychnine C 2) H 2l (N0 2 )N 2 0 2 . [225°]. 
Formed by adding strychnine nitrate to H 2 S0 4 
(Loebisch a. Schoop, M. 6, 845 ; 7, 59). Golden 
plates (from alcohol). Gives no colour with 
H ? 80 4 and K 2 Cr 2 0 7 . Dissolves in acids and 
alkalis. On heating with alcoholic potash it 
is converted into xanthostrychnol G 2 ,H 2k N 3 0 4 , 
which forms ruby-red crystals (containing 2aq) 
and gives salts with acids and bases. — B'HOl. — 
B'sHaPtCl*.— B'2KOH: red deliquescent needles. 
— B'*Ba0 2 H 2 2aq.— AgjjC^H^NgO,; unstable pp. 

(a) -Di-nitro -strychnine C 21 H 21) (N0 2 ) 2 N 2 0 2 . 
[226°]. Formed by passing nitrous acid gas 
into an alcoholic solution of strychnine nitrate 
(Clans a. Glassner, B. 14, 774). Orange-yellow 
plates. Converted by dilute HN0 3 into caco- 
strychnine.— B'HNO s : yellow nodules (from 
acetone), v. si. sol. hot water. 

(B)-Di-nitro-strychnine. Formed by dis 
solving strychnine (60 g.) in fuming HNO„ (300 g.) 
at -10° (Hanriot, C. B. 96, 585). Transparent 
amber-yellow prisms (from chloroform-alcohol), 
sol. hot water and alcohol, v. sol. chloroform. 
Decomposes at about 202°.— B'HCl. — Nitrate: 
plates (from hot water). 

Amido-strychnine v. vol. i. p. 184. 

Di-amido-strychnine, ibid. 

Caoostrychnine v. vol. i. p. 654. 

Deoxystrychnine C^H^N./) i.e. G x E to $<^ 0 . 

fl72 0 ]. Formed by boiling strychnine with HI 
and P (Tafel, A . 268, 245). Crystalline mass 
(containing 3aq), almost insol. water, si. sol. ether 
and benzene, v. sol. alcohol. Melts, when hy- 
drated, at 75°. Poisons like strychnine. Very 
bitter. Very little produces vomiting. Laevo- 
rotatory, a 10 p.c. solution rotating 1*6° in a 
100 mm. tube. Its solution in R 2 S0 4 is ooloured 
bluish-violet by K 2 Cr a 0 7 , quickly becoming brown. 


Its salts are more soluble than those of strych- 
nine. — B'HIaq. Groups of prisms.— B'JAfir 2 O r 
Thin yellow needles.— B'^HaPtClg. 

Methylo-iodide B'Mel. Crystals. S. c. 10 
at 100°. 

Strychnine sulphonio aoid OjjH^fSOaHlN^. 
Formed by dissolving dry strychnine sulphate 
in fuming H 2 S0 4 (containing 30 p.c. anhydride 
extra) in the cold and allowing to stand a fort- 
night (Loebisch a. Schoop, M. 6, 857). Deli- 
quescent mass. Does not give the strychnine 
reaction with KaCr^O, and H 2 S0 4 . 

Strychnine sulphonic acid. Formed by 
heating Btrychnine with H 2 S0 4 (2 pts.) at 100° 
(Stoehr, B. 18, 3429; Guareschi, G. 17, 109). 
Amorphous powder, v. si. sol. water and alcohol, 
sol. dilute acids and alkalis. Does not give a 
colour with K 2 Cr 2 0 7 and H 2 S0 4 . Not poisonous. 
— NH 4 A': v. sol. water, insol. alcohol.— KA' : 
m. sol. water. — BaA' 2 : amorphous pp. 

Strychnine disulphonic acid 
C 2I R 20 (SO,H) 2 N 2 O 2 . Got by heating strychnine 
with H 2 S0 4 and SO, at 150°. Amorphous, 
v. sol. water, v. si. sol. benzene, insol. alcohol 
and ether. — Na 1({ A"6aq-— BaA" : plates, sol. 
water.— BaA"7aq.—Ba(HA") 2 ; yellow powder. 

STRYPHNIC ACID C 4 H a N 5 0 2 . Got by adding 
HOAc to a mixture of uric acid and KN0 2 and 
evaporating (Gibbs, B , 2, 341). Small pale- 
yellow crystals, sol. hot water. Sodium-amalgam 
forms crimson crystals. — KA' l^aq : yellow 
needles. — MgA' 2 6aq.— CaA' 2 2aq. — SrA', 6aq. — 
BaA' 2 2aq.— PbA' 2 .~Pb 2 A' 2 0 3aq. 

STYCfiRIC ACID v. Phenyl-glyceric acid. 
STYCERIN CHPh(OH).CH(OH).CH 2 OH. 
Formed by heating CHPhBr.CH 2 Br.CH 2 OH ( v . 
Di-bromo-phenyl-propyl alcohol) with 30 pts. 
water and some AgOAc at 150°-165° (Grimaux, 
J. 1873, 404). Yellow gummy mass with bitter 
taste. V. sol. Aq and alcohol, nearly insol. ether. 
STYPHNIC ACID v. Tin -NITRO-RESORCIN. 
STYRACIN v. Cinnamyl ether of Cinnamic 

ACID. 

STYRENE C*H 8 i.e . C.H^.CRCH,. Styrol. 
Styrolene . Cinnamene. Phenyl-ethylene. 
Mol. w. 104. (144°) (Schiff, A. 220, 93). S.G. 
%° *9074. /x D - 1-541 (Madan, G. J. Proc . 1, 107). 
S.V. 181 (Schiff). Boo 58*1 (Nasini a. Bern- 
heimer, G. 1, 93). Occurs in liquid storax 
(Bonastre, J. Ph . 17, 338 ; Simon, A. 31, 265 ; 
Blyth a. Hofmann, A. 53, 293, 325) and in coal 
tar (Berthelot, A. Suppl. 3, 368; Kramer a. 
Spilker, B. 23, 3282). 

Formation . — 1. By distilling cinnamic acid 
alone or with lime or baryta (Gerhardt a. Cahours, 

A. Ch. [3J 1, 96 ; Kopp, C. B. 53, 634 -,‘Howard, 
C. J. 13, 185 ; Kraemer, Spilker, a. Eberhardt, 

B. 23, 3269). — 2. By distilling cupric cinnamate 
(Hempel, A. 59, 816). — 3. By distilling balsam 
of Peru with pumice (Soharling, A. 117, 184). — 
4. By distilling dragon’s blood alone or with 
zino-dust (G16nard a. Bondault, A . 53, 325 ; 
Botsch, M. 1, 610).— 5. By heating acetylene at 
a dull-red heat (Berthelot, C. B . 62, 905, 947 ; 
A. 141, 181).— 6. By passing ethylene alone or 
mixed with benzene or diphenyl through a red- 
hot tube (Berthelot, Z. [2] 4, 384 ; A. 142, 257 ; 
Barbier, C. B. 79, 660 ; Ferko, B. 20, 660).— 7. 
By passing ethyl-benzene through a red-hot 
tube (Berthelot, Z. [2] 4, 589). — 8. By heating 
C 9 H A .0H a .0H 2 Br alone or with aloohoho potash 
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at 180° (B. ; Thorpe, Z. 1871, 130).~9. By 
heating O^HyOHBr.OH, with alcoholio KCy 
fRadziszewski, B. 7, 140). — 10. By distilling 
C a H v CH(OAc).CH 8 (R.). — 11. By heating 
CtjH^.CHiOHJ.CHa (derived from acetophenone) 
with ZnCl 2 (Emmerling a. Engler, B. 4, 147). — 
12. By the action of acetylene on benzene in 
presence of A1CI S (Varet a. Vienne, Bl . [2J 47, 
018 ; C. R. 104, 1375). — 13. From phenyl-acetyl- 
ene, zinc, and HOAo (Aronstein a. Hollemarfn, 
B. 22, 1184). 

Properties. — Oil, with aromatic odour. In- 
active to light (Van’t Hoff, Bl. [2] 25, 175). 
Miscible with alcohol and ether. Changes on keep- 
ing, or on heating in a sealed tube at 300°, to solid 
metastyrene. Combines with Cl 2 and Br 2 . HBr 
forms C (i H ,.CHBr.CH a . HC1 forms PhCHCl.CH, 
only (Schramm, B. 26, 1709). Potash has 
no action. Fuming HNO g forms nitro- styrene. 
Chromic acid mixture forms benzoic acid. Cone. 
H^SC^ changes it to metastyrene. On heating 
with aqueous NaHSO, at 120° styrene forms the 
compound C M H H NaHS0 3 [306°] (W. von Miller, 
N. R. P. 24, 31). Condenses, in presence of 
KjS 0 4 , with toluene and xylene, forming di- 
phenyl-propane and phenyl-tolyl-propane re- 
spectively (Kraemer a. Spilker, B. 23, 3169). 

Metastyrene (C 8 H 8 ) X . S.G. 12 1*054. p D 
1*593 (Madan, C. J. Proc . 1, 107). Occurs in 
liquid storax (Kovalevsky, A. 120, 66). Formed 
from styrene on keeping or on heating in a 
sealed tube at 200°. Formed also by heating 
styrene with aqueous NaHSO* at 110° (Miller, 
A. 189, 341). Transparent solid without taste 
or smell, becomes sticky when warmed. Highly 
refractive. Insol. water and alcohol, si. soL 
ether. Inactive to light (Van’t Hoff, B. 9, 1339; 
cf. Berthelot, G. R. 85, 1191). Changes to styrene 
on distillation. Cl and Br act slowly, forming 
the same compounds as with styrene. 

Di-styrene C 1U H, fl i.e. Ph.CH:CH.CHMe.Ph(?). 
(c. 315° i.V.). S.G. 2 1*027; ^ 1*016. V.D. 
7*07 (calc. 7*2). Got by boiling cinnamic acid 
with H 2 SO, (1 vol.) and water (1£ vols.) (Erlen- 
meyer, A. 135, 122; Fittig a. Erdmann, A. 216, 
187). Liquid, with blue fluorescence, which 
slowly disappears. Inactive to light. If kept 
boiling for a long time it decomposes, forming 
toluene, styrene, high boiling produots, and 
probably iso-propyl -benzene. 

Reactions.— 1. Chromio mixture gives benzoic 
acid. — 2. Bromine gives the di-bromide C^H^B^ 
£102°], crystallising from ether in needles. V. e. 
sol. CS 2 , ether or benzene, v. sol. hot alcohol. 

8olid distyrene C lB H l6 . [119°]. A product 
of the distillation of cinnamic acid or of its Ca 
salt (Engler a. Leist, B. 6, 256 ; Miller, A. 189, 
340). Formed also by passing C^.CjjHjBrj 
over red-hot lime (Radziszewski, B. 6, 494). 
Tables, Yields a dibromide G^aBr* [288°], 
crystallising from benzene in needles (Lieber- 
mann, B. 22, 2256). 

References . — Amido-, Bromo-, Bromo-amido-, 
Bromo-nitro-, Chloro-, Chloro-nitro-, Nitro-, 
and Nitro -A.MIDO- Styrene. 

STYRENE BIBROMIDE v. Di-bromo-ethyl- 

BKKZENB. 

STYRENE DICARB0XYLIC ACID C la H 8 0 4 
i.e. [1:2] C0 2 H.O - H..CH:CH.COj { H. o-Carboxy - 
cimiamicactd . [175°]. Formed by heating the salts 
of oxy-carboxy-phenyl-propionio acid (Gabriel 


a. Miohael, B. 10, 1558, 2200)* Slender needles 
(from water). Changed on fusion into the lactone 
of oxv-carboxy-phenyl-propionio aoid. — PbA".-— 
Ag*A 7 ' ; sticky pp. 

Isomeride v. p-Carboxy-cinnamio acid, vol. ii. 
p. 190. 

STYRENE DICHLORIDE v. wa-Di-CHLORO- 


DI-ETHYL-BENZENE. 

STYRENE DI-IODIDE tj, Di-iodo-ethyl- 


BENZENE. 


STYRENE DISULFHOCYANIDE C H H„(SCN) 2 . 
[102°]. Formed by heating O^CHBr.CHsBr 
with potassium sulphocyanide in alcohol (Nagel, 
A. 216, 323). Pale-yellow needles, v. sol. ether, 
hot benzene, and toluene. Crystallises from 
benzene as C l0 H 8 S 2 N 2 C a H,, [62°]. Alcoholic am- 
monium sulphide at 100° forms (C 8 H 8 ) 2 S [151°]. 
Cold fuming HNO g gives rise to the compound 
[1:4] C t ,H 4 (N0 2 ).CH(SCy)0H 2 (SCy) [112°] crystal- 
lising from alcohol in needles. 

DI-STYRENIC ACID C I7 H l# O a i.e. 
Ph.CH:CH.CPhH.CH 2 C0 2 H or 
Ph.CHiCH.CHfCOaHJ.CHjPh. Formed by boil- 
ing cinnamio acid with H 2 S0 4 (1 vol.) diluted 
with water (1 vol.) (Fittig a. Erdmann, A. 216, 
182). White amorphous powder. V. si. sol. 
water, v. e. sol. ether, alcohol, or glacial aoetic 
acid. It melts below 50 \ May be distilled 
almost undecomposed. 

Reactions. — 1 . Sodium amalgam has no 
action.-~2. Br in CS 2 forms no bromide. — 
3. Boiling H 2 S0 4 (1 vol.) mixed with water 
(1£ vols.) does not affect it. — 4. Chromic mixture 
gives only benzoic aoid. 


Bait s. — Ca(C 17 H, !v 0 2 ) 2 . — BaA',.- 
E t h e r. — EtA'. Liquid. 
STYROGALLOL C la H 8 0, i.e. 


"■<> °' H < oa >s 0 m 

CH.CO — 


Formed from 


cinnamic acid, gallio acid, and cone. H 2 S0 4 at 
50° (Jacobsen a. Julius, B. 20, 2588; von Kos- 
tanecki, B. 20, 3137). Yellow needles, which 
may be sublimed; si. sol. hot alcohol. Not 
melted at 350°. With mordants it dyes like 
nitro-alizarin. 

STYR0LENE ALCOHOL v. Di-oxy-ethyl- 


BENZENE. 

STYRONE v. ClNNAMYL ALCOHOL. 

STYRONE DIBROMIDE v . (<Zi)-Bbomo- 

PHENYL-PROPYL ALCOHOL. 

STYRYL -ACRYLIC ACID v. Phenyl-pen- 

TINOIC ACID. 

STYRYL AMYL KETONE CARBOXYLIC 
ETHER 0, 7 H 22 0 8 t.e. C tf H a .CH:CH.CO.CEt 2 .C0 2 Et. 
[102°]. Formed from di-ethyl-acetoacetic ether, 
benzoic aldehyde, and HC1 in the cold (Claisen 
a. Matthews, A. 218, 184). Triolinio prisms 
(from ligro'in). Yields C 17 H 2 . <i Br 2 0, [55°] crys- 
tallising in small prisms. 

STYRYL- ANGELIC ACID C IS H 14 0 2 i.e. 
C tt H 5 CH:CH.CH:CEt.C0 2 H. [127°]. Formed by 
heating cinnamio aldehyde with butyric anhy- 
dride and sodium butyrate at 165° (Perkin, 

81, 413). Crystals, v. sol. alcohol.— AgA'. 

STYRYL BUTENYL KETONE G„H 14 0 i.e. 
C„H a .CH:CH.CO.CH:CMe a . (179 1 at 14 mm.). 
Formed by passing HOI into a mixture of ben- 
zoic aldehyde and mesityl oxide (Claisen a. 
Clapar&de, B. 14, 351). Yellowish liquid, smell- 
ing like strawberries. Yields C lt H 14 Br 4 0 [180°]. 
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STYRYL-CROTONIC ACID C l2 H 12 0 2 . [158°]. 
Formed by heating cinnamic aldehyde with 
propionic anhydride and sodium propionate 
(Perkin, C. J. 81, 413). Prisms (from ligroin). 
— AgA' ; white pp., si. sol. cold water. 

STYRYL ETHYL KETONE CARBOXYLIC 
ACID C e H ft .CH:0H.C0.CH 2 .CH 2 .C0 2 H. Cinna- 
moyl-propionic acid. Benzylidene-levulic acid . 
[120°]. Formed from 0-acetyl-propionio acid, 
benzoic aldehyde, and dilute KOHAq (Erdmann, 
A. 258, 130). Leaflets (from water). May be re- 
duced to C a H 6 .CR i£ .CH 2 .C0.CR,.CR 2 .C0 2 H [88°]. 
Oxim O ls H lt NO s . C 14 ^ 0 ]- 
STYRYL ETHYL OXIDE C 10 H 12 O i.e. 
C fl H 5 .CH:CH.O.C 2 H v (217°). S.G. 2 *981. Formed 
from a-chloro-styrene and NaOEt at 180° (Er- 
lenmeyer, B. 14, 1868). Aromatic liquid. Con- 
verted by heating with water into alcohol and 
phenyl-acetic aldehyde. 

8TYRYL-ETHYL-PYRIDINE C 16 H )5 N 

i.e. 0,H i .CH:CH.0<^ 0 g:^^.0Et. Ethyl-stil- 

bazole . [58°]. (356° cor.). Formed by heating 
methyl-ethyl-pyridine with benzoic aldehyde 
and ZnCl* at 220° (Plath, B. 21, 3087). Needles 
or plates, insol. water, v. sol. alcohol and ether, 
si. sol. ligroin. Bromine yields the dibromide 
C 6 H 5 .CHBr.CHBr.C 5 H 3 EtN. [128°]. - B'HCl. 
[193°]. — ByR.PtCl, 2aq. [188°]. Needles.— 
B'HAuCl.. [168°]. — B'HSnCl, 3aq. [246°].— 
B'HHgCl,. [196°].— B'C„H,N,0 7 . [203°]. 

8TYRYL-GLYOXAL. Oxim C I0 H e NO, i.e. 
C p H 5 CH:CH.CO.CH:N.OH. [144°]. Formed from 
nitroso-acetone, benzoic aldehyde, and alcoholic 
NaOEt (Claisen a. Manasse, B. 22, 529). Crystals 
(from water or benzene). Gradually decom- 
poses, with evolution of HCy. 

STYR YL-GLYoXYLIC ACID C l0 H 8 O* i.e. 
CgHj.CH.CH.CO.COJH. Formed by saponifica- 
tion of its amide by cone. HClAq, and also by 
saturating a mixture of benzoic aldehyde and 
pyruvic acid with HC1 (Claisen, B. 13, 2124 ; 
14, 2472). Gummy mass, sol. water. Split up 
by alkalis, even in the cold, into benzoic 
aldehyde and pyruvic acid. — AgA' : pp. 

Amide CHPh:CH.CO.CO.NH 2 . [130°]. Pre- 
pared by the action of cone. HClAq and HOAo 
on the nitrile of cinnamic acid. Flat prisms or 
plates. Sol. ether and hot water. 

Reference. — Nitro. stykyl-glyoxylic acid. 
STYRYL-HYDANTOIC ACID C„H 12 N 2 O s . 
[185°]. Formed by boiling styryl-hydantoin 
with baryta water (Pinner a. Spilker, B . 22, 692). 
White plates, sol. alcohol and hot water. Boiling 
HClAq converts it into styryl-hydantoin. — AgA'. 
STYRYL-HYDANTOIN v. Di-oxy-styryl-w- 

PYRAZOLE. 

STYRYLIDENE-THI0-GLYC0LUC ACID v. 
Cennamylidene-thio-glycollic acid. 

DI-STYRYL-KETONE v. Di-benzylidene- 
acetone and Nitro- and Oxy- di-btyryl-ketone. 

STYR YL-DI-METH Y L-GL Y OXALIN E 

C, s H„N 2 i.e. C B H,CH:CH.C<^.QMe [202°]. 

Formed from di-methyl di-ketone, cinnamic 
aldehyde, and alcoholic ammonia at 100° 
(Wadsworth, C. J. 57, 11). Crystals, v. sol. 
alcohol.— B'jjHjPtCl,, : minute yellow needles. 

STYRYL METHYL KETONE v.Benzyltdene- 
acetone and Nitro- and Oxy- styryl methyl 

XETOHK. 


STYRYL METHYL KETONE CARBOXYLIC 
ETHER v . Benzylidene-acetoacetio ether. 
vol. i. p. 24. 

STYRYL-METHYL-OXAZOLE DIHYDRIDE 

C^,CH:CH.C^'^ Me . [81°]. Formed from 

£-bromo-propylamine hydrobromide, cinnamoyl 
chloride, and alcoholic potash (Elfeldt, B. 24. 
3226). Transparent crystals. — B' 2 H 2 PtGl a .. 
[198®]. — B'G a H 3 N 8 0 7 . [183°]. Needles. 

STYRYL-METHYL-PYRIDINE G I4 H I3 N 
i.e. G 8 H 4 .CH:CH.0 A H a MeN. Meihyl-stilbazole. 
(c. 323°). S.G. J 1*0717. Formed by heating 
benzoic aldehyde with (a 7 )-di-methyl-pyridine 
and ZnClg at 215° (Bach6r, B. 21, 3072). Oil, 
v. sol. alcohol and ether. Gives G N H I8 Br.jN. 
[140°]. May be reduced to C 14 H lft N (c. 293°) 
and C, 4 H2,N (o. 288°).— Hydroiodide. [211°]. 
B' v H. z PtC16aq. [183 °].~B'HAuC1 4 . [142°].- 

B'HHgCl,,. — B'C a H 3 N,0 7 . [193°]. Yellow needles. 

STYRYL-DI-METHYL-PYRIDINE BICARB - 
OXYLIC ACID C 17 H 15 N0 4 

i.e. 0 8 H 4 .CH:0H.C<^0g ; CMe >N< [2410] . 

Formed from its ether, which is got by the 
action of nitrous acid gas on an alcoholic 
solution of the dihydride C 2 ,H 25 N0 4 [149°], ob- 
tained from cinnamic aldehyde, acetoacetio 
ether, and alcoholio NH S (Epstein, A. 231, 1). 
Minute colourless tablets (containing 2aq), si. 
sol. water, sol. alcohol. Melts at 219° when 
hydrated. Converted by hypochlorous acid into 
C, 7 H, 3 N0 4 2aq (Messinger,B. 19,196).— K 2 A"3aq. 
— (H 2 A ,, ) 2 H 2 PtCl 6 .— H^'HOl. Decomposed by 
water. 

Ethyl ether Et 2 A". [39°]. Yields the salt 
(Et2A") 2 H 2 PtCl 6 [195°]. 

STYRYL-METHYL-THIO-GLYCOLLIC ACID 

V . ClNNAMYL-THIO-GLYCOLLIO ACID. 


STY RYL- (a) -N APHTHOQUIN OLINE 

C H N ie 0H / CH:Cfl ^ CH ^ H 
u 21 Mi 4 jn i.e. u tt n 4 <^ 0 N ;C#C ja ;CH p h> 


[104°]. Formed by distilling the carboxylic acid 
c io H «<CN!j^2^'c5H:OHPh t 266 °]» whlcl1 is 


got by the action of (o)-naphthylamine on cin- 
namic aldehyde and pyruvic acid (Ddbner a. 
Peters, B. 23, 1233). Concentric groups of yel- 
lowish needles, si. sol. alcohol. — B , 2 H 2 PtCl u 2aq: 
orange-yellow pp. — B^H^Cr-P,. — B'C a H 3 N 3 0 7 * 
[230°]. Golden needles. 

Carboxylic acid C-aH^NO^ [256°]. 
Yields BaA' 2 2aq, CuA' 2 aq, and AgA'. 

Styryl- (£) -naph t h oquinoline 

n rr — Q.CH:QH ri75°l 

l, ^ < sOH:CH.O. N :O.CH:CHPh* L17f> J# 


Formed in like manner from (£)-naphthylamine. 
White silky needles or pearly plates.— Salts : 
B' 2 H 2 PtCl fl 2aq. — B'^Crp,. — B'C tt H 3 N 3 0 7 . 
[254°]. Golden needles, si. sol. ether. 

Carboxylic acid C^H^NO^. [305°]. 
Lemon -yellow needles, si. sol. hot alcohol. 

STYRYL-0XAZ0LE DIHYDRIDE ^.H.^O 

i.e. C e H s CH:CH.C^ [53°]. Formed from 

CH JBr.CH,.NH.CO.CH:GHPh and alooholie 
potash (Elfeldt, B. 24, 3225).-B' s H i PtCl r 
[194°]. Orange-yellow powder.— B'C^^O,. 
[189°]. Yellow needles. 
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STYRYL-PENTOXAZOLE DIHYDRIDE 

C <l H 5 CH:OH.C<^^p>CH 2 . [56°]. Formed 

by the action of alooholio potash on the 7-bromo- 
propyl-amide of cinnamic aoid (Elfeldt, B. 24, 
5227). Needles. — B'jjHjPtCl*. Decomposes at 
193°.— BUH 8 N 8 O y . [196°]. 

STYE YL-PHEN OL v . OXY -DI-PHENYL-ETHYL- 
ENE. 

(a) -8TYRYL-P YRIDINE C 18 H n N i.e . 
C 8 H 4 CH:CH.C< C ^;^>CH. Stilbazole. [91°]. 

(826° cor.). Formed by heating benzoic alde- 
hyde with methyl-pyridine and ZnC^ at 220° 
(Baurath, B. 20, 2719; 21, 818). Crystals, m. 
sol. alcohol. 

Reactions . — I. Br forms C, 3 H n Br,N [167°]. 
2. HIAq reduces it to Ci S H 18 N f — 3°j. — 3. Na 
and HOEt reduce it to C I8 H, 9 N (288° cor.). 

Salts. — B'HC14aq: needles. Melts at 177° 
when anhydrous. — B^H^PtCla 2aq. [188°]. Red 
needles.— B'HA uC 1 4 . [185°]. — B'HHgCl* aq. 
[183°]. — B'HIj. [169°]. Prisms, with blue reflex. 
Reference . — Oxy-styryl-pyridine. 

(Py. 3) -STYRYL- QUINOLINE C 17 H 18 N i.e. 

c^.< n ; ;^H:CHPh- t 100 °]- Formed 

distilling its carboxylic acid (Doebner a. Peters, 
B. 22, 8008). Got also by heating (Py, 3)- 
methyl-quinoline with benzoic aldehyde and 
ZnCl 2 (Wallach, B, 16, 2008; Jacobsen a. 
Reimer, B. 16, 2606). Crystals. Yields 
C I7 H l8 Br 2 N [174°].— Salts; B'.ftPtCl,, 2aq.— 
B'KjCr 2 0 7 2|aq. 

References, — Nitbo- and Oxy- Styryl-quin- 

OLINE. 

ST YR YL-QUIN OLINE CARBOXYLIC ACID 

^.<S (C0 ; H) C.CH:CHPh- C 296 °J- Formed 
from cinnamic aldehyde, pyruvic acid, and aniline 
in alcohol (Doebner a. Peters, B, 22, 3006). 
Yellow needles, insol. water, si. sol. ether. — 
MgA' 2 ; concentric groups of needles. 

ST If R YL-Q U IN O LIN E SULPHONIC ACID 
C 9 H 8 (SO s H)N.CH:CHPh. Formed by heating 
(Py, 1) -methyl-quinoline (B. 2)-Bulphonic acid 
with benzoic aldehyde and ZnCl 2 for six hours 
at 170° (Busch a. Koenigs, B. 23, 2682). Crystals 
(containing 2aq). Y. sol. 60 p.c. acetic acid. 

STYRYL THIENYL KETONE O 18 H 10 SO i.e. 
C a H a CH:CH.CO.C 4 H 8 S. [80°]. Formed by pass- 
ing HC1 into a mixture of thienyl methyl ketone 
and benzoic aldehyde (Brunswig, B. 19, 2895). 
Needles. Yields a dibromide C, 3 H 10 Br 2 SO [167°] 
crystallising from alcohol in plates. 

DI-STYRYL-DI-VINYL KETONE v. Di- 

PHENYL-DI-BUTINYL KETONE. 

STYRYL- VINYL METHYL KETONE v. 

PhENYL-BUTINYL METHYL KETONE. 

SUBERCOLIC ACID C ti H 8 (C0 2 H) 2 . Formed 
in small quantity by the action of alcoholic 
potash on di-bromo-suberic acid (Hell a. Rempell, 
B. 18, 820). White powder, yielding at 225°~ 
230° a sublimate of slender white needles. — 
BaA". — CaA". — MgA" 2aq. — Ag 2 A" ; white pp. 

8TTBERCONIC ACID. [166°-170°]. A crys- 
talline product of the action of alcoholic potash 
on bromosuberio acid (Ganttner a. Hell, B. 15, 
149). 

BUBERENE CARBOXYLIC ACID C.H^O,. 
[54°]. Formed by boiling chloro-suberonic acid 


C 8 H, 8 C10 a with NaOHAq (Spiegel, A. 211, 119). 
Pearly plates, volatile with steam. Reduced by 
sodium-amalgam to suberane carboxylic acid 
C 8 H 14 0 2 . 

SUBERIC ACID C 8 H I4 0 4 . Mol. w. 174. 
[140°]. (c. 300°). (279° at 100 mm.) (Krafft, 
B. 22, 816). S. *142 at 15°. S. (ether) *8 at 16°. 
H.C.p. 992,409 (Louguinine, C . R. 107, 597) ; 
985,600 (Stohmann, J. pr. [2] 40, 215). H.F. 
249,400 (8.). 

Formation .— 1. By the action of nitric acid 
upon cork (Brugnatelli, Crell. Ann, 1787, i. 145 
Bouillon-Lagrange, A. Ch. 23, 2 ; J. Ph, 8, 107 ; 
Chevreul, A, Ch, 62, 323 ; 96, 182 ; Brandes, S. 
32, 393 ; 83, 83 ; 36, 263 ; A, 9, 295 ; Bussy,. 
J, Ph. 8, 107 ; 19, 425 ; Boussingault, J. pr. 7, 
211; Harff, N . Br, Arch . 5, 303). — 2. By the 
action of nitric acid upon oleic and stearic acids 
(Laurent, A. Ch. [2] 66, 157 ; Bromeis, A. 35, 
89), upon castor oil (Tilley, A. 39, 166 ; Dale, A. 
132, 244 ; 199, 145 ; Grote, A. 130, 208), upon 
linseed oil (Saco, A. 61, 222), upon cocoa-nut oil 
(Wirtz, A. 104, 261), upon almond oil, upon 
spermaceti (Arppe, A. 120, 292 ; 124, 89), upon 
palmitolio acid (Schroder, A. 143, 33), upon 
paraffin (Pouchet, C. R. 79, 320), upon palm oil 
(Ganttner a. Hell, B. 18, 1165 ; 14, 1549), and 
upon myristic acid (Noerdlinger, B. 19, 1896). — 
3. Occurs among the products of the distillation 
of crude fatty acids in superheated steam 
(Cahours, C. R. 94, 610).— 4. From di-oxy-stearic 
acid and alkaline KMn0 4 (Spiridonoff, J. pr. [2] 
40, 250). — 5. Suberic ether is formed by the 
electrolysis of C0 2 Et.CH 2 .CH 2 .CH 2 .C0 2 K, the 
yield being 28 p.c. of the theoretical amount 
(Crum Brown a. Walker, A. 261, 120). 

Properties. — Long needles (from water) or 
tables. May be sublimed in needles. Not vola- 
tile with steam. 

Reactions. — 1. Yields hexane when distilled 
with baryta. — 2. Forms suberone on distilling 
with lime.— 3. Bromine at 160° forms bromo- 
and di-bromo-suberic acids, which when boiled 
with potash yield oxy- and di-oxy- suberic acidfr 
(Gal a. Gay-Lussac, G. R. 70, 1175). 

Salts. — K2A". S. 85 at 14°.— Na^A" Jaq. 
S. (of Na <2 A") 50 at 14°.-NaHA".— (NH 4 ). 2 A". 
S. 38 at 25°. — BaA"; crystalline powder, less* 
sol. hot water than cold. S. 2*2 at 7*5° ; 1*8 at 
100°. — Sr A". S. 2‘9at 14°; 1*9 at 100°. -CaA" aq. 
S. -62 at 14°; -42 at 100°.— MgA" 2aq. 8. 13-6 at 
20°.— ZnA". S. *041 at 14°.— CuA" aq : blue pp. 
— CuA"2aq. S. (of CuA") *024 at 16°.— 
CdA" aq. S. (of CdA") *08 at 17°.~HgA". S. 
•012 at 7*5°. — Al 2 OA" 2 . S. *0094 at 6-5°.— PbA". 
S. *008 at 16°. — Pb.,A"0 2 .— MnA" 3aq. S. 1*08 
at 13°. — Fe 4 A" 6 0. S. *0015 at 9°.-CoA" 4aq.— 
CoA" 2aq. S. (of CoA") 1-16 at 14° ; -85 at 100°. 
— NiA" 4aq. S. (of NiA") *79 at 7*5°.— Ag 2 A". 
S. -0075 at 8°. 

Methyl ether Me, A". S.G. is 1-014. 

Ethyl ether Et>". (282°). S.G. 

•9852 ; p -9783 (Perkin, C. J. 45, 517). M.ML 
12*461 at 14^. 

Amide C M H 16 N. 2 0 2 . Crystalline. 

Amic acid C rf H 12 (C0NH 2 ).C0 2 H. [0. 170°]. 
Formed by distilling ammonium suberate. Crys- 
talline, v. sol. hot water. 

Anilide C„H 12 (CO.NHPh) 2 . [183®]. Formed 
by heating suberic acid (1 pt.) with aniline 
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(1 pt.) (Gerhardt a. Laurent, A. Ch . [3] 24, 185). 
t? early plates (from alcohol), v. sol. ether. 

Phenylamic acid CaHj^CO.NHPhJ.CO^H. 
Formed at the same time as the anilide. Minute 
laminaB, si. sol. hot water.— AgA' : white pp. 

References.— Bbomo-, Chlobo-, and Oxy- 

8T7BERIC ACID. 

Isosuberic acid is Di-ethyl-succinic acid 
(Hell, B. 22, 67). 

SUBERIC ALDEHYDE C 8 H 14 0 8 . (202°). A 
product of the action of fuming HNO s on pal- 
mitolic acid (Schrfider, A. 143, 34). Oil, par- 
tially decomposed by distillation. Oxidised by 
bromine water to suberic acid. 

SUBEROCARBOXYLIC ACID v. Hexane 

TBIOABBOXYLIC ACID. 

BUBEROMALIC ACID v. Oxy-suberig acid. 

SUBuRONE C 7 H I2 0. Mol. w. 112. (180° 
i.V.). V.D. 3 73 (calc. 3-89). Formed, together 
with hexane, by distilling suberic acid with lime 
(Boussingault, A . 19, 308 ; Tilley, A. 39, 167 ; 
Dale a. Schorlemmer, C. J. 27, 935; A. 199, 
147 ; Wislicenus, A . 275, 356). Colourless 
liquid, smelling like peppermint. Oxidised 
by HNO, (S.G. 1*4) to n-pimelic acid [102°]. 
Does not reduce AgNO, or Fehling’s solu- 
tion. Combines with bromine, forming a pro- 
duct which, when distilled over KOH, gives 
C,H la O (Ladenburg, B. 14, 2406). Combines 
with HCy yielding C 7 H 12 (OH)CN, which is con- 
verted by HC1 into suberyl-glycollic acid 
CjH^OHJ.COJEi [80°], from which cone. HClAq 
.at 130 produces chloro-suberane carboxylic acid 
€ 7 H I2 C1.C0 2 H, a thick oil, converted by KOH 
into suberene carboxylic acid C ; H,,.CO.^H [54 °], 
which may be reduced by sodium-amalgam to 
suberane carboxylic acid C 7 H„.C0 2 H, and this 
may be oxidised by HNO a to a dibasic acid 
C5 h H n 0 4 or C h H ) 2 0 4 (Dale a. Schorlemmer, C. J. 
39, 539 ; Spiegel, A. 211, 117). Suberone is 
reduced in alcoholic solution by sodium to 
€,H h O, a colourless liquid, with mouldy Bmell 
(185°), S.G. *9595, which unites with phenyl 
oyanate forming C 7 H 1H O.CO.NHPh [85°], and 
also with HI forming a compound which is con- 
verted by alcoholic potash into suberonylene 
C 7 H I2 [114 5°] and a little C 7 H 18 OEt. The com- 
pound C 7 H u O is reduced by cone. HIAq at 
250° to C 7 H m . Suberonylene combines with 
bromine (Markownikoff, C . R . 110, 466). 

Oxim C 7 H, 2 :NOH. Liquid, smelling like 
peppermint, sol. alcohol, ether, alkalis, and 
acids (Niigeli, B. 16, 497). Reduoed by sodium- 
amalgam to CtBLj.NHj. 

8UBER0-TARTARIC ACID v. Di-oxy-suberic 
acid. 

8UBERYL-GLYC0LIC ACID v . Oxy-suberanio 
acid. 

SUBLIMATION. The passage of a solid 
body, when heated, to the state of vapour with- 
out melting. The temperature of sublimation 
is definite for every solid, and is dependent on 
the pressure. There is a definite pressure for 
each definite solid below which the substance 
cannot exist as a stable liquid, so that if heated 
below this pressure it passes from the solid 
directly to the gaseous state ; but if heated under 
pressures greater than this pressure the substance 
first liquefies and then vaporises. As the definite 
pressure is considerably below that of the atmo- 
sphere for most substances, but few bodies 


undergo sublimation, properly so called, when 
heated under ordinary conditions. Sublimation is 
treated fairly fully in Thorpe’s Dictionary op Ap- 
plied Chemistry (vol. iii. p. 609), and instances 
are given where the process is made use of in 
manufacturing operations. M. M. P. M. 

SUBSTITUTION. The replacement of one 
element in a compound by another element is 
the primary meaning given to the term • substi- 
tution.’ As our ways of looking at composition, 
and changes of composition, are saturated with 
the conceptions of the molecular and atomic 
theory, substitution is better described as the 
replacement of an atom in a molecule by another 
atom. But the term must be widened to include 
cases wherein an atom is replaced by a group of 
atoms, which group is regarded in that reaction 
as if it were a single atom. The moment atten- 
tion is paid to the number of atoms that can be 
substituted for some specified atom in a molecule 
the conception of chemical equivalency is found 
necessary to give a common foundation to the 
facts that are observed (u. Equivalency, vol. ii., 
especially pp. 449-451). The properties of a 
molecule are changed by the substitution of an 
atom or atomic group in the place of one, or 
more, of the atoms in the original molecule ; the 
rosecution of the inquiry into the connections 
etween the properties of molecules derived, by 
substitution, from some parent molecule leads 
to the hypothesis of types, which iB afterwards 
merged in the wider subject of chemical classifi- 
cation ( v . Classification, Chemical, vol. ii. p. 
196 ; Equivalency, vol. ii. pp. 450-451 ; Types, 
in this vol.). 

Experiments show that the substitution of a 
more positive by a less positive atom, or atomic 
group, is accompanied by a change of properties 
in the direction that the substitution -product is 
more acidic than the parent substance. This 
field of inquiry has been cultivated systemati- 
cally in recent years, and measurements have 
been made of the effects of substitution -changes 
of the kind indicated on the affinities of many 
acids. The results obtained have led, and are 
leading, to new conceptions of the nature of 
affinity, and of the constitutions of molecules 
(v. Physical methods, section Electrical 
methods , pp. 197-207 in this vol.). 

M. M. P. M. 

SUCCINAMIDINE C 4 H 9 N 8 i.e. 

OH^O(NHJ> NH - Formed by the action of 
ammonia on sucoinic-di-imido-di-ethyl ether 
C 2 H,(C(OEt):NH) 2 (Pinner, B. 16, 362, 924, 1643, 
1655). The salt B"2HC1 forms minute needles, 
dissolving in water with formation of NH 4 01and 
succinimidine C^H^NH^. 

SUCCINAMIDOXIM OaHjfCfNHJjNOH)^ 
Succvnene diamidoxim . [188°]. Formed by 

adding hydroxylamine hydrochloride and 
Na 2 CO,Aq to an alcoholio solution of the nitrile 
of succinic acid (Sembritzki, B. 22, 2958). 
Crystals, sol. hot water, sL sol. hot alcohol, 
insol. ether. Coloured reddish-brown by FeCl,. 
Fehling’s solution gives a dirty green pp. Ac a O 
forms C. 2 H 4 (C(NH,):NOAc) 2 [168°]. NaOEt and 
EtI form C 2 H 4 (C(NH 2 ):NOEt) # [119°]. BzCl 
and NaOH produce the benzoyl derivative 
C 2 H 4 (C(NH 2 ):NOBz) 2 [192°], crystallising in 
needles, converted hy heating with water at 
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169° Into CyS 4 (0<^-°^>ePh), [169°]. Aque- 

oub potassium cyanate and HG1 form 
C 2 H 4 (C(NOH).NH.CO.NH,) 2 [164°]. 

Succinimidoxim q^ 2 c(NOH)^ NH * Formed 

by heating the nitrile of succinic acid with 
hydroxylamine at 65° (Sembritzki, B. 22, 2964). 
Prisms (containing 2aq). Sol. hot water, insol. 
alcohol. Alcoholic NaOH forms a blue solution 
turning green. FeCl, gives a dark- violet colour. — 
Ag 2 G 4 H & N 8 0 2 : pearly plates. 

Di- acetyl derivative C 4 H 5 Ac 2 N 8 0 2 . 
[171°]. Crystalline powder, sol. water. 

Di • benzoyl derivative C 4 H a Bz 2 N 3 0 3 . 
[189°]. Crystals, insol. water, sol. hot alcohol. 

SUCCINIC ACID C 4 H fl 0 4 i.e. 
C0 2 H.CH 2 .CH 2 .C0 2 H. Mol. w. 118. [182°] 

(Krafft a. Noerdlinger, B. 22, 816 ; Reissert, B. 
23, 2245) ; [185°] (Davidoff, B. 19, 406). (261-). 

8. G. 1-55. S. 2*88 at 0° ; 5-14 at 14*5° ; 121 at 
100° (Bourgoin, Bl. [2] 21, 110 ; 29, 243 ; 
Miczynski, M. 7, 263). S. (alcohol) 7*5 at 15°. 
S. (ether) 1*25 at 15°. H.C.v. 357,100. H.C.p. 
356,800. H.F. 226,200 (dtohmann, J. pr. [2] 40, 
207) ; 229,000 (von Rechenberg). S.H. *290 (from 
0°~50°) ; *365 (0°-150°) (Hess, A.Ch. [2] 35,410). 
Heat of Neutralisation : Gal a. Werner, C. R. 
103, 871. 

Occurrence. — In amber (Agricola ; Berzelius, 

A. Ch. 94, 187 ; Lecanu a. Serbat, J. Ph . 8, 541 ; 

9, 89 ; Liebig a. Wohler, P. 18, 162 ; D’Arcet, P. 
36, 80), in turpentine from several species of 
pine, in Chelidonium majus (Walz, N. J. P. 15, 
22 ; Zwenger, A. 114, 350), in lettuce (Kdhnke, 

B. J . 25, 443), in Papaver somniferum, in unripe 
grapes (Brunner a. Brandenburg, B. 9, 982), in 
exudations from the bark of mulberry trees 
(Goldschmiedt, M . 3, 136), in beet juice (von 
Lippmann,jB.24,3299),and in rhubarb (Brunner, 
B. 19, 595). Occurs also in the thymus gland 
of the calf, the spleen of the ox (Gorup-Besanez, 
A. 98, 281, in certain pathological exudations 
(Heintz, A. 76, 369 ; Brieger, H. 5, 368), in the 
urine of rabbits fed on carrots (Meissner a. Jolly, 
«7". 1865, 675 ; cf. Saikowski, Pf. 4, 91), and in 
human urine after eating asparagus (Hilger, A. 

171, 208). 

Formation . — 1. By the action of HNO* on 
many organic substances, including fats, fatty 
acids from butyric acid upwards, wax, spermaceti, 
sebacio acid, and azelalc acid (Bromeis, A. 35, 
90; 87, 292; Sthamer, A. 43, 346; Ronalds, A. 
48, 356 ; Radclifif, A. 43, 351 ; Arppe, A. 95, 242 ; 
Dessaignes, A. 70, 102 ; 74, 861 ; Erlenmeyer, B . 
7, 696 ; Noerdlinger, B. 19, 1895).— 2. In the al- 
coholic fermentation of sugar (Pasteur, Bl. 1852, 
52; A . 105, 264). — 3. In the fermentation of 
asparagine (Piria, A. 68, 343), of calcium malate 
(Dessaignes ; Liebig, A. 104, 363), of ammonium 
tartrate (Kdnig, B. 14, 211), and of flesh (Sai- 
kowski, B. 12, 649).— 4. By reducing fumario 
and maleic acids with sodium-amalgam (Kekul6, 
A . Suppl . 1, 133).— 6. By reducing malic and 
tartaric acids with HI (R. Schmitt, A. 114, 106 ; 
Dessaignes, A. 115, 120 ; 117, 134).— 6. By heat- 
ing its nitrile (ethylene cyanide) with alcoholio 
potash at 100° (Maxwell Simpson, A. 118, 873), 
or by treating it with dilute nitrio acid (Jung- 
fleisch, Bl. [2] 19, 197).— 7. From bromo-acetio 
acid and reduoed silver at 180° (Steiner, B. 6, 


184). — 8. From /8-chloro-propionio ether by 
successive treatment with KCy and potash 
(Wichelhaus, Z . [2] 3, 247).— 9. From sodium 
acetoacetio ether by treatment with chloro- 
acetic ether and saponification of the product 
(Wippermann, B. 3, 337; Noeddecke, A. 149 r 
224).— 10. By heating ethane tricarboxylic acid 
at 160° (Bischoff, B. 13, 2162).— 11. By potash- 
fusion from gum arabio, milk sugar, and car- 
minic acid (Hiasiwetz, A. 138, 76 ; 141, 340). — 
12. By reducing acetylene dicarboxylic acid with 
zinc and HOAc at 60° (Aronstein a. Hollemann, 
B. 22, 1183). — 13. Its ether is formed by electro- 
lysis of CO.>Et.CH 2 .C0 2 K in aqueous solution ; 
the yield being 60 p.c. of the theoretical (Crum 
Brown a. Walker, A. 261, 115). 

Preparation.— 1. By distilling amber, heat- 
ing the watery distillate, filtering, and allowing 
to crystallise. The product is freed from oils 
by treatment with nitric acid. — 2. By neutral- 
ising tartaric acid (2 kilos) with NH,A<1> adding 
to the aqueous solution (40 litres) K 2 HP0 4 (20 g.) r 
MgS0 4 (10 g.) and a little CaC0 3 . Fermentation 
iB started by diluting a little (5 c.c.) of the solu- 
tion with water (25 c.c.) and exposing it to the 
air for a few days. When fermentation has set in r 
the liquid is returned to the main quantity, and 
the whole kept at 25°~30° for seven weeks. The 
liquid is evaporated somewhat, clarified by white 
of egg, and boiled with lime. After cooling, the 
calcium succinate is collected and decomposed 
by H,S0 4 . The yield is good (500 g.) (Koenig, 
B. 15, 172). 

Properties. — Monoclinio prisms, permanent 
in air, acid in taste. V. sol. water, m. sol. al- 
cohol, si. boI. ether. Resolved on boiling into 
water and anhydride; the lactone C 7 H h 0 4 being 
also formed. BaCl 2 completely ppts. hot neutral 
solutions (Schmitt a. Hiepe, Fr. 21, 636). BaCl 2 
followed by NH 8 Aq and alcohol ppts. succinie 
(but not benzoic) acid. FeCl., gives in neutral 
solutions a reddish-brown pp. PbAo 2 gives a 
pp. sol. excess. 

Reactions. — 1. Not attacked by HNO,, Cr0 3 , 
or chlorine water. Mn0 2 and H 2 S0 4 yield acetic 
acid. KMn0 4 in neutral solution oxidises it to- 
oxalic acid and C0 2 ; and, in acid solution, to 
C0 2 (Berthelot, Bl. [2] 8, 390 ; Sorokin, J. R. 
11, 883).- 2. Yields ethylene and C0 2 when de- 
composed in alkaline solution by an electric cur- 
rent (Kekul6, A. 131, 79; Bourgoin, A. Ch. [5] 
20, 80; cf. Kolbe, A. 113, 244). In perfectly 
neutral solution only C0 2 , CO, and O are given 
off at the positive pole.— -3. Potash-fusion yields 
oxalic acid.— 4. PCI* forms successively: suc- 
cinic anhydride C-jH^COLO, succinyl chloride* 
C 2 H,(C0C1) 2 , fumaryl cnloride CH 2 (C0C1) 2 , 
chloro - fumaryl chloride 0.^01(0001)^ di- 
chloro-maleyl chloride C 2 CyCOCl) 3 , two tetra- 
chlorinated di-chloro-maleyl chlorides, viz.: 
C 2 C1 2 (CC1 S )(C0C1) and C 2 C1 2 (CC1 2 ) 2 0 JiUh-eHLORO- 
m ale io acid), and finally per-chloro-ethane, 
2C 2 Cla (Kander, J . pr. [2] 81, 1).— 5. On long 
boiling it yields the dilactone of diethyl ketone 

«-di-a>-carboxylio aoid C 76 ^ 

(c. 203° at 15 mm.), crystallising from alcohol bn 
plates, converted by HCJlAq into hydrocbelidonic 
acid CO(CH ii .CH 2 .C0 2 H) 2 [143°], which yields an 
oxim [129°] (Volhard, A. 258, 206). — 6. Conver- 
ted into Buooinio anhydride by treatment with 
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JP,0 Sf AcCl, BzCl, Ac 2 0, or succinyl chloride 
^Anschutz, B . 10, 325, 1881).— 7. A solution con- 
taining 5 p.c. succinic acid and 1 p.c. uranium 
succinate when exposed to sunlight turns green 
and gradually gives off C0 2 , leaving propionic 
acid in solution (Seekamp, A. 138, 253). Barium 
succinate (1 mol.) heated with NaOMe (1 mol.) 
for 8 hours at 300° yields propionic acid (Mai, 
B. 22, 2133).— 8. Heated with a large excess 
lime it yields ethane as chief product (Han- 
riot, Bl. [2J 45, 79). — 9. The salts on distillation 
yield a liquid product (160°-250°) which yields 
benzene when distilled over zinc-dust (Von 
Bicher, J.pr. [2] 20, 206 ; cf. Fumaro, G. 11, 273). 
Hydroquinone is also a product of the distillation 
•of succinates. — 10. The sodium salt heated with 
P 2 S 5 yields thiophene (Volhard a. Erdmann, B . 
18, 454). — 11. The Na salt heated with aldehydes 
and NaOAc forms oxy acids of the form 
B.CH(0H).CH(C0 2 H).CH 2 .C0 2 H (Fittig, B. 18, 
2523). — 12. By heating with phthalic anhydride 
and NaOAc at 250°, exhausting the product 
with water and alcohol, and boiling the residue 
with aniline, there is got ‘ diphthalsuccinanilide * 
[267°] converted by boiling with 
HO Ac and HC1 into 4 diphthalsuccindehydranil- 
ide * CaoH^NjjOjj, crystallising from HOAc in 
small yellow prisms, not liquid at 280° (Boser, B. 
18, 3122). — 13. By heating with glycerin at 200° 
it yields ‘ succinin’ C a H s (OH) A", a gummy mass, 
insol. cold water, alcohol, and ether (Fumaro a. 
Danesi, G. 10, 58). Alkalis and acids split it up 
into glycerin and succinic acid. — 14. a-Chloro- 
, propionic ether and alcoholic potash give 
C 2 H 4 (C0.0.CHMe.C0 2 Et) 2 (c. 302° at 730 mm.) 
^Wurtz a. Friedel, A. Ch . [3] 68, 101 ; Wislicenus, 
A. 138, 262). 

Salts. — (NH^jA". Hexagonal prisms, v. 
sol. water and alcohol. Yields suocinamide when 
heated. — (NH 4 )HA". Triclinic crystals, v. sol. 
water and alcohol (Brooke, Ann . Phil. 22, 286). 
Formed by evaporating a solution of the neutral 
salt. — KjA" 2aq. Deliquescent crystals, sol. alco- 
hol, insol. ether.— KjA" 3aq. Trimetric crystals 
.(Salzer, B. 16, 3025). — KHA" 2aq. Efflorescent 
six-sided prisms. — KH a A"j. — NajA" 6aq : mono- 
clinic prisms. — NaHA". Triclinic prisms. — 
NaHA" 8aq : monoclinic crystals.— BaA". SI. 
sol. water, insol. NH,Aq and alcohol. S. *42 at 
.3°; *48 at 12°; -28 at 67° (Miczynski).— 
CaA" 8aq : small needles, deposited gradually on 
mixing cold cone, solutions of sodium succinate 
.and CaCly On mixing the hot solutions CaA" aq 
is ppd. S. 1*1 at 0°; 1*8 at 24°; *8 at 68° 
(Miczynski, M. 7, 266).— CaH 2 A" 2 2aq.— SrA": 
monoclinio prisms.— BeA" 2aq (Atterberg, BL [2] 
~21, 162).— Be 2 (OH) 2 A'2aq. — MgA" 6aq. Prisms 
<Fehling, A. 49, 154).-MgK*AV-- M g(l A" 2 0 4 aq. 
— CrA" aq : scarlet pp. — CuA" (dried at 200°). — 
<JuA"2NH r -CuA"4NH a (Schiff, A. 123, 45).— 
Ee(OH)A" : brownish-red pp. — NiA" 4aq. — 
MnA" 4aq. Triolinic prisms (Handl, Site. W. 
-32, 254). — PbA" (dried at 100°). White powder, 
si. sol. water, v. sol. KOHAq and HNO a .— 
Pb„OA" a : sticky pp., got by adding lead sub- 
acetate to sodium succinate. — P^O^", (dried at 
200°): white powder.— ZnA" (dried at 200°). 
Crystalline powder. — ZnA"3NH a (Lutschak, B. 
5, 30). — CdA". — (XJrOJgA" aq.— K(UrO)A" |aq.— 
Na(UrO)A" £aq. — Ag*A". White amorphous pp. 
— Quinine salt (CjH^NaOJjjHaA" aq. Prisms. 


S. *11 at 10° (Hesse, A. 135, 831).— 0 i nc h o n i n e 
salt (OjjoH^NjjOJjHjjA" aq. Thick crystals 
(Hesse, A. 122, 226). — Oinohonidine salt 
(C^H^OJ^jA'' 6aq. Silky prisms. S. *4 at 
10° (Hesse, A. 135, 342). — Urea salt 

(OON 2 H 4 ) 2 H 2 A". Six-sided monoclinic prisms; 
a:6:c« 1-483:1:1-365; 3*83° 28' (Lischmidt, 
Site. IV. 52, ii. 238). — Ethylene-di amine salt 
C 2 H 4 (NH 2 ) 2 H 2 A # '. [182°]. Thick white prisms, 
v. sol. water, insol. ether (Mason, C. J. 55, 10). — 
Benzylamine salts (C 7 H 7 NH 2 ) 2 H 2 A". [145°]. 
Thin plates, sol. alcohol (Werner, C. J . 65, 628). 
— (CjHjNHJHjA". [117°]. Bectangular prisms 
(containing aq), v. sol. water. 

Methyl ether Me^". [19°]. (195° cor.). 
S.G. ¥ 1*1209 (Emery, B. 22, 3185) ; U 1*1261 ; 
|| 1-0383 (Perkin, C. J. 45, 516). M.M. 6-232 
at 18-2°. S.V. 159-7 (Lossen, A. 254, 64). H.C. 
(solid) 703,600. H.C. (liquid) 708,500. H.F. 
(solid) 205,400 (Stohmann, J. pr. [2] 40, 353). 
Formed from succinic acid, MeOH, and gaseous 
HC1 (Fehling, A. 49, 195). Formed also from 
succinyl chloride and NaOMe in ether, and from 
AgjA" and Mel. Crystalline, sol. alcohol. 

Methyl ethyl ether MeEtA". (208° cor.). 
C.G. 2 1-093. S.V. 184*6. Formed by the action 
of EtAgA" on Mel (Kdhler, A. 221, 88). On 
saponification by baryta it yields H,A", HMeA'', 
and HEtA" (Lossen a. Kdhler, A. 262, 200). 

Mono-ethyl ether HEtA". Formed by 
boiling succinic anhydride with alcohol (Heintz, 
J. 1859, 280). Syrup, miscible with water, alco- 
hol and ether. — AgEtA": amorphous, si. sol. 
water. — The salt NaEtA" is converted by POCl* 
into C0 2 Et.C 2 H 4 .C0Cl (144° at 90 mm.), which is 
split up by distillation into EtCl and succinic 
anhydride, and is converted by phenyl hydrazine 
into C0 2 Et.C 2 H 4 .C0.NH.NHPh [107°], crystal- 
lising in white needles, itself converted into 
OfCO.CaH^CO.N^Ph^ [137°] by successive 
treatment with HOH and HC1 (Michaelis a. 
Hermans, B. 25, 2748). The salt NaEtA" is 
converted by a-chloro-propionic ether into 
C0 2 Et.C 2 H 4 .C0.CHMe.C0 2 Et (280°) S.G. 2 1-119, 
which is split up by boiling with baryta water 
into succinic and lactic acids (Wurtz a. Friedel, 
J. 1861, 378). 

Ethyl ether EtjA". (216-5° cor.). S.G 
1-0465 ; || 1-0383. M.M. 8 380 at 17‘8 6 (Perkin). 
S.V. 209*4. Formed by boiling succinic acid 
(20 pts.) with alcohol (8 pts.) and H 2 S0 4 (1 pt.) 
(Eghis, B. 6, 1178; cf. D’Arcet, A. Ch. [2] 
58, 291). It is also produced by heating C 2 H 4 Br a 
in alconol with potassium succinate in sealed 
tubes (Davidoff, Bl. [2] 46, 818 ; 19, 406). Oil. 
Converted by Na into the dihydride of dioxy- 
terephthalic ether. Not attacked by hydroxyl- 
amine (Jeaurenaud, B. 22, 1273). Succinic ether 
(40 g.) treated with cyanamide (20 g.) and an alco- 
holic solution of K (18 g.) for 5 hours with in- 
verted condenser yields C 2 H 4 (CO.NKCy) 2 and 
CgH^COjK^CO.NKCy). These bodies may be 
converted by AgNO s into Ag salts, which may 
be separated by HNO a , in which silver * succin- 
cyanamate’ dissolves, while silver ‘succinyl- 
di -cyan-di-amide * is insoluble. The Ag salts 
may then be suspended in alcohol and decom- 
posed by H 2 S (Mdller, J. pr. [2] 22, 214). Suo- 
cinyl-di-cyan-ai*amide C 2 H 4 (CO.NHCy) J! [105°] 
crystallises in monoolinic pyramids (containing 
2aq), decomposed by warm water into succinic 
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Mid and cyanamide. It may also be prepared 
bj the aotion of NaNH.Cy on suocinyl chloride, 
and by warming CjH^COjjNCy with cyanamide. 
The salt C 2 H 4 (CO.NAgCy) 2 iaq crystalliaes in 
plates, sol. NH,Aq.— EtA'^TiCl, (Demar<;ay, 

C. R. 70, 1414). — Et 2 A"2TiCl,.— EtjA'TiCl,. 

Ethyl propyl other EtPrA/\ (231°). 
S.G. § 1-0387. S.V. 230-2 (Wiens, A. 253, 300). 
Yields, on saponification by baryta, salts oi 
EtHA", PrHA'', and HjA" (Lossen a. Kohler, 

A. 262, 201). 

Ethyl butyl ether Et(C 4 H 2 )A M (247 )• 
S.G. * 1-0218. S.V. 255-9 (W.). 

Ethyl heptyl ether Et(C,H 14 )A". 

(291-4°). S.G.g-9850. S.V. 832-9 (W.). 

n-Propyl ether Pr 2 A" (247-1°). (Wiens, 
A. 258, 800) ; (250-8°) (Perkin, O. J. 63, 561). 
S.G. g 1-0189 (W.) -, J 1-0157 ; 1-0062 

•9986 (P.). S.V. 267-8. Formed by passing HC1 
into suceinio acid in propyl alcohol. 

Isopropyl ether PrjA". (228°). S.G. ® 
1-009 (Silva, A. 154, 255). 

Propyl butyl ether Pr(C,H,)A' . (268-7 ). 
S.G. § 1-0106. S.V. 277-8 (Wiens, A. 253, 300). 

Isobutyl ether (PrCH 2 ) 2 A #/ . (265° cor.). 
S.G. 14 -9737 ; || -9667. M.M. 12-707 at 14-6° 
(Perkin, O. J. 45, 519). 

Isoamyl ether (C.H,,)^". (290° cor. at 
728mm.). S.G. is -961. Formed from Ag 2 A" ana 
isoamyl bromide (Del Zanna a. Guareschi, Atti 
Real. Instit. Veneto [6] 6 ; B. 12, 1699). 

Heptyl ether (C,HJ 2 A" (850°). S.G. 

| -9519. S.V. 469-6 (Wiens). 

Cetyl ether (0„H M ) 2 A". [58°]. Formed by 
leating the acid with cetyl alcohol (Tiitscheff, 
Rep. Chim.pure, 2, 463). Plates, si. sol. alcohol, 
v. sol. ether. 

Ethylene ether A". [c. 90°]. By heating 
succinic acid with glycol at 170° there is formed 
crystalline (C0 a H.C,H 4 .C0 2 ) 2 C a H 4 melting below 
100°, which at 300° yields CjH.A" (Louren<?o, 
A. 116, 368). Crystalline, insol. water and ether, 
sol. hot alcohol. Decomposed by distillation. 

Di-phenyl ether CgH^COjPh)*. [119°]. 
<830°). Formed from succinic acid, phenol and 
POC1, (Rasiriski, J.pr. [2J 26, 63). Got also from 
succinyl chloride and phenol (Weselsky, 2?. 2, 
619). Completely decomposed by slowly heating 
(AnBchiitz, C. J. 47, 898). NaSEt gives di-thio- 
Buccinic ether. Pearly plates (from alcohol). 

Di-benzyl ether (CB^Ph)^". [42°]. Formed 
from Ag.^A" and benzyl bromide (Zanna a. 
Guareschi, G . 11, 266). Laminas. 

Chloride C,H 4 (OO.C1), or C 2 H 4 <g£ ll! >0. 

Mol. w. 155. (190°-200°). S.G. 1-39. Formed 
from suceinio anhydride and PC1 4 (Gerhardt a. 
Chiozza, A . 87, 298). 

Preparation . — Suceinio acid is heated with 
PCL for two days with an inverted condenser in 
an oil bath. The POCl s is distilled off (below 
120°) and the residue shaken with benzoline that 
has been dried over lime. The benzoline dis- 
solves the rest of the POC1, and the succinyl 
chloride separates as a lower layer. The opera- 
tion is repeated until the oil no longer forms 
phosphoric acid when mixed with water (H. 
Mailer, J.pr. [2] 22, 208). 

Properties.— Solidifies at 0°. 

Reactions.— 1. Reduced to butyrolactone by 
•odhm amalgam (8 p.c. Na) acting upon its 


ethereal solution mixed with glacial acetic 
acid. —2. Benzene and aluminium chloride give 

°A<co h, >° [9 ° 0:1 ’ C » H <( C0 - C « H *)’ t 134 °]- 

and a little 8-benzoyl -propionic acid (Auger, 
A. Ch. [6] 22, 812 ; Bl. [2] 49, 845).— 3. ZnEt, 

gives CjH t <^Q t2 >0.~ 4. Na 2 S gives succinyl 

sulphide.— 5. PC1„ at 280° gives off HC1 and the 
product, after treatment with water, contains 
C 4 C1 6 0 (199°-216°) which solidifies below 0°. 
Hot cone. H 2 S0 4 dissolves C 4 Cl a O and the pro- 
duct, diluted with water, yields on evaporation 
hygroscopic crystals, which on sublimation give 
non-hygroscopic plates of C 4 C1 2 0* [120°] (Kauder, 
J. pr. [2] 28, 191). Di-chloro-maleic chloride is 
also a product of the action of PC1 4 on succinyl 
chloride.— 6. Chlorine passed into boiling suc- 
cinyl chloride forms chlorides of f umaric, chloro- 
fumaric, and di-chloro*maleic acids (Kauder, 
J. pr. [2] 81, 24).— 7. C tt H,.S0 2 NBzAg forms 
C 2 H 4 (C0 .NBz.S 0 2 .C (J HJ 2 [146°] (G. a. C.).— 
8. Phenyl-hydrazine forms the compound 
C 2 H 4 (CJO.NH.NHPh) 2 [218°] (Freund, B. 21, 
2462 ; Fischer, B. 22,2728), whence phosgene pro- 
duces 0 2 H 4 (C0.N 2 Ph:C0) 2 [225°]. Sodium phenyl- 


hydrazine in benzene forms 

[199°], which gives [179°] 

(Michaelis a. Hermans, B. 26, 2751).— 9. Cyan- 
amide in ethereal solution forms, on warming, 
succin-cyanimide C 2 H 4 (CO) 2 NCy [138°] crystal- 
lising from alcohol in plates (Moller, J.pr [ 2] 
22, 207).— 10. Cyano-acetic ether in Et 2 0 at 100° 
forms 0 2 H 4 :C 2 0 2 :CCy.C0 2 Et [126°] (Muller, C.R. 
112, 1140).— 11. Urea at 65° forms theoompound 
0 2 H 4 (00.NH.C0.NH 2 ) 2 , a powder, v. si. sol. hot 
water (Conrad, J.pr. [2] 9, 801). 

Anhydride C 2 H 4 <^qq^> 0. Mol. w. 100. 

[119°]. (261°) (Krafffc a. Noordlinger, B. 22, 816). 
Formation.— 1. By rapidly boiling succinic acid. 
2. By distilling the acid with P 2 0 4 (D’Arcet, 
A. Ch. [2] 68, 282), with PC1 4 (Gerhardt a. 
Chiozza, C.R. 36, 1050), or with BzCl (Kraut, 
A. 137, 254).— 8. By warming succinyl chloride 
with dry oxalic acid (Anschutz, A. 226, 16). — 
4. By heating suceinio acid (100 g.) with POC1* 
(65 g.) at 120° (Volhard, A. 242, 150).— 5. By 
distilling succinyl chloride (180 g.) with succinic 
acid (137 g.), and crystallising from alcohol 
(H. Mdller, J. pr. [2] 22, 194). -6. By the action 
of dry Pb(NO a ) 2 (also nitrates of other heavy 
metals) upon succinyl chloride; PbCl 2 is pro- 
duced, and N 2 0 4 and oxygen evolved ; yield o. 
60 p.c. of theoretical (Lachowicz, B. 18, 2990). 

Properties . — Long trimetrio needles (from 
alcohol) ; a:b:c - -595:1: *462 (Bodewig, B. 14, 
2788). 81. sol. water, v. si. sol. ether. Converted 
by dry NH„ into succinimide. Slowly converted 
by boiling alcohol into succinic ether. Phenyl- 
hydrazine reacts in alcoholic solution, forming 
C0 2 H.C 2 H 4 .C0.NH.NHPh [120°], converted by 

heat into C^g^N.NHPh [165°] (Anger, 

A. Ch. [6] 22, 339 ; cf. this vol. p. 45) or [158°] 
(Michaelis, B. 25, 2750). Potassium cyanamide 
forms * succincyanamic * acid, the compound 
C0 2 H.0 2 H 4 .C0.NHCy [128°], which is v. e. sol. 
water, v. sol. alcohol and other, is split up by 
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dilute aoids into suooinio acid and cyanamide, 
and yields the following six salts Na A" 5aq, 
K 2 A ,/ aq, CaA"4aq, BaA"2aq, AgHA", and Ag 2 A" 
(M6ller, J. pr. [2] 22, 193). Urea heated with 
suooinio anhydride at 125° forms sucoinurio acid 
CO a H.C 2 H 4 .CO.NH.CO.NH 2 [205°] (Pike, B. 6, 
1104). 

Nitrile C 2 H 4 .(CN) 2 . Ethtjlene cyanide . 
Mol. w. 80. [55°]. (147° at 10 mm.) (F.) ; 
(185° at 60 mm.) (Biltz, B . 25, 2541). H.C.p. 
546,100. H.F. (from diamond) - 32,000 (Berthe- 
lot a. Petit, C. B. 108, 1217). Formed by boiling 
ethylene bromide (300 g.) with alcohol (500 g.) 
and KGy (200 g.) for two hours with inverted 
oondenser (Maxwell Simpson, Pr. 10, 574; 
Geuther, A. 120, 268 ; Fauconnier, Bl. [2] 50, 
214; Nevol6 a. Tscherniak, C. B. 86, 1411). 
Amorphous, sometimes crystalline, solid, v. sol. 
water, alcohol, and chloroform; si. sol. ether. 
Decomposed by distillation under atmospheric 
pressure. Converted into succinic acid by boil- 
ing alcoholic potash. Aniline hydrochloride- at 
200° reacts, forming di-phenyl-succinimidine 

CA<qNph)>NPh (Bloohmann, 1 3. 20, 1856). 

— G^Cy^AgNO, : tables, sol. water and alcohol, 
insol. ether. 

Amide-nitrile CN.G 2 H 4 .CO.NH 2 . Formed 
by heating the nitrile with alcoholic potash at 
110° (Drouin, O. R . 108, 675). Crystals, si. sol. 
alcohol, insol. ether. Slowly decomposes at 
210 °- 220 °. 

Amide GjjH^CO.NHJj. Succinamide . Mol. 
w. 116. [243°]. S. -625 at 9° (Henry, O. B. 
100, 943) ; 11 at 100° (F.). Formed by the action 
of aqueous NH S on the ether and on the chloride 
(D’Arcet, A. 16, 215; Fehling, A . 49, 196). 
Formed also by warming succinimide with 
alcoholic NH, (Menschutkin, A. 162, 165, 187). 
Needles, insoi. ether and alcohol. Decomposed 
at 200° intoNHg and succinimide or by saturating 
at — 15° with gaseous NH S , and heating to 150° 
in sealed tubes (Roubtzoff, Bl. [2] 45, 250).— 
HgC 4 H„N 2 0 2 l|aq. White powder, deposited on 
oooling from a solution of HgO in hot aqueous 
succinamide. 

Iso-amide Ca^ Hi)i >0. [o. 95°]. 

Formed to the extent of 8 p.c. in the preparation 
of the amide from succinyl chloride and NH,Aq 
(Auger, A. Ch . [6] 22, 312). Hygroscopic mass. 
Its aqueous solution gives with AgNO g a pp. of 
0 2 H 4 (GO) 2 NAg. 

Methylamide CjH^CO.NHMe),. [175°]. 
Plates (Wallach a. Kamenski, B. 14, 170). 

Dimethylamide C 2 H 4 (CO.NMe 2 ) 2 . [81°]. 

Formed from succinyl chloride and NHMe 2 in 
ether (Franchimont, B. T. O. 4, 202). Crystals 
(from ether), v. sol. water. 

Benzyl-di-amide 

G 2 H 4 (CONH 2 )(CONHCH i{ Ph). [189°]. Formed 
from the benzylimide and ammonia at 100° 
(Werner, C . J . 55, 633). Minute prisms, si. sol. 
ether and hot benzene. Yields the benzylimide 
when heated. 

Di-benzyl-diamide 

G 2 H 4 (CO.NHCH 2 Ph) s . [206°]. Formed from 
succinic ether and benzylamine in alcohol. Thin 
plates, not decomposed by boiling NaOHAq. 

Anilide C ? H 1 (CO.NHPh) 2 . [227°]. Formed 
by boiling suocmio acid with aniline (Laurent a. 


Gerhardt, A. Ch . [8] 24, 179; A . 68, 27; 
Menschutkin, A . 162, 187). Needles (from 
alcohol), insol. water. Not affected by boiling 
alcoholic potash or by nitrous acid. Gives the 
phenylimide on distillation. Cold fuming HNO* 
converts it into C 2 H 4 (C0.NHC <t H 4 (N0 2 )[l:4]), 
[260°] (Hiibner, A. 209, 377). Benzoic aldehyde 
at 180° forms succinic phenylimide and benzyl- 
idene-aniline (Schiff, A. 148, 338). 

Amide-anilide CO(NH 2 ).C 2 H 4 .OONHPh. 
[181°]. Formed by heating the phenylimide 
with alcoholic NH 8 at 100° (Mensohutkin, A. 
162, 182). Broad needles (from water), si. sol. 
hot alcohol. Alkaline KOBr followed by heating 
with HOAo forms C 2 H 4 :C 2 0 2 :(NHBr)(NHPh> 
crystallising in minute needles, converted by 
boiling alcohol into C 2 H 4 :C 2 0 2 (NH 2 )(NHC u H 4 Br> 
[215°], whence potash forms the compound 
C0 2 H.C 2 H l .C0.NHC u H 1 Br[l:4] [187°] (Hooge- 
werff a. Van Dorp, B. T. G. 9, 41). 

Di-(a)-naphthyl-di-amide 
C,,H 4 (CO.NHC 10 H 7 ) 2 . [285°]. Needles (from 

HOAo). Converted by fuming nitric acid 
into C 2 H l (CO.NH.O 10 H.(NO.J 2 ) 2 , [225°], and 
C 2 H 4 (CO.NH.C, n H 3 (NO.J 4 ) 2 [256°]. 



o-Tolyl-diamide 

C 2 H,(CONH 2 ).CO.NHC 7 H 7 . [160°]. Formed by 
heating the o-tolylimide with alcoholic NH S at 
100°. Plates. 

Di-o-tolyl -diamide C 2 H 4 (CO.NHC 7 H 7 ) 2 . 
[100°]. White needles (Bechi, B. 12, 25, 321). 
V. si. sol. water, m. sol. alcohol. 

p- Tolyl-di-amide 

CA/OONHJ.CONHC.H,. [148°]. Formed by 
heating the p-tolylimide with alcoholic NEL,. 

Di-p-tolyl- diamide C 2 H 4 (CO.NHC 7 H 7 )2. 
[256°]. Plates (from alcohol), si. sol. hot water 
(Bechi, B. 12, 323 ; Hiibner, A. 209, 380). Yields 
on nitration G 2 H,(C0.NH0 7 H fl .N0 2 ) 2 [217°] and 
C 2 H 4 (C0.NH.C 7 H 4 (N0 2 ) 2 ) 3r 

(f3)-Nap hthalide C 2 H 4 (CO.NHC 7 H 7 ) 2 . 
[266T (Bischoff a. Reebe, B. 25, 3267). Got by 
heating succinic acid (10 g.) with (&) -naphthyl- 
amine (24 g.). Insol. ordinary solvents, sol. 
iLjS0 4 . 

Amic acid COjjH.CjH4.CO.NH2. Succin - 
amic acid. [157°]. Formed by warming suooin- 
imide with an equivalent quantity of baryta 
water (Teuchert, A. 134, 136) or milk .of lime 
, (Menschutkin, A. 162, 175). Formed also from 
nitrosoglutario acid by heating alone or with 
Ac 2 0 (Serda a. Wiedemann, B. 23, 8284 ; Wolff, 
A. 260, 114). Needles, m. sol. water, insol. 
alcohol. Decomposed at 200° into water and 
succinimide. Boiling water forms acid am- 
monium succinate. 

Salts . — KA' : very hygroscopic mass (Lands- 
berg, A . 215, 201).— BaA' f ; needles, v. sol. 
water.— CaA'-.— MgA' a 8aq : trimetrio crystals. — 
MgA'j 6aq.— CdA'j aq : prisms.— GuA' g .— PbA'j. 
Concentric needles, v. sol. water.— MnA' 2 5aq. — 
ZnAV — AgA' ; monoclinic crystals, v. soL 
NH„Aq. 

Ethyl-amic acid C0 2 H.C 2 H 4 .C0NHEt. 
Formed by warming the ethylimide with baryta 
water (Mensohutkin, A . 182, 92). — BaA' f ; 
crystals, v. sol. water. 
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Ethyl ene-di-amic acid G 10 H„N,O, i.e. 
G 2 H 4 (NIi.GO.G,H 4 .GO,jH),. Ethylene-disuccin - 
amk acid. [185 6 ]. Formed by boiling ^the di- 
imide with baryta (Mason, 0. J. 55, 13). Large 
plates, ▼. sol. hot water. Does not yield an 
oxim or aphenyl-hydrazide.— CaA" 3aq : prisms. 
— Ag 2 A" : white amorphous powder. 
Benzylamic acid 

CO a H.C 2 H 4 .OO.NHO^E[ 7 . [139°]. Formed by 
boiling the benzyl-imide (2 mols.) with aqueous 
barium hydroxide (1 mol.) (Werner, C . J. 55, 
631). Flat prisms, m. sol. hot water, v. si. sol. 

Phenylamic acid CO3jH.O2H4.CO.NHPh. 
Succinanilic acid . [149°]. Formed by boiling 
the phenylimide with NH 3 Aq (Laurent a. Ger- 
hardt, A. Ch. [8J 24, 179) or baryta (Menschut- 
kin, A. 162, 176). Flat needles, v. si. sol. cold 
water. Decomposed by heat into water and the 
phenylimide. Boiling alcoholic HC1 forms suo- 
cinio acid. — CaA',4aq. — BaA',3aq. — AgA' : 
crystalline pp. 

o-Tolyl-amic acid 

CO,H.C 2 H 4 .CO.NHC 7 H 7 . [97°]. Got by boiling 
the o-tolylimide with baryta water (Bechi, B. 12, 
322). White needleB. — BaA' 2 aq. 

p-Tolyl-amic acid [167 J ].— BaA' 2 aq. 
(*)-N aphthyl -amic acid 
CO2H.C2H 4 .CO.NHC 10 H 7 . [171°]. Formed by 
heating the (a)-naphthylimide with KOHAq 
(Pellizzari, A. 248, 158 ; Q. 18, 823). Needles 
or plates (from aloohol), v. e. sol. HO Ac and 
benzene. 


( B)-Naphthyl-amic acid [192°]. Crystals. 
l)i. phenyl-antic acid 
COjjH.CA.CONPlv [119°]. Plates (Piutti, G. 
14, 468).— AgA' : pp. 

Phenylene-di-amic acid 
CaH 4 (NH.C0.C 2 H 4 .C0 2 H) r Formed by heating 
phenylene-diamine with Bnccinio acid at 200° 
(Biedermann, B. 9, 1668). Small crystals (from 
HOAc). MeltB above 860°. Converted by 

and Mel 


KOHAq and Mel into O.H^HXO.tya, 
crystallising in plates or tables (containing l£aq) 
(Griess, J3.18, 2410). 

/wide [126°] (Erlenmeyer, 

Z. [2] 6, 176). (288°). H.0. 489,000. H.F. 110,500 
(Berthelot a. Andr6, Bl. [8] 4, 229). Formed 
from succinic anhydride and dry NH, (D’Arcet, 
A. Ch. [2] 58, 294), and also by heating sue- 
cinamide or ammonium succinate (Fehling, A . 
49, 198; Laurent a. Gerhardt, Compt. Chim . 
1849, 108; Mensohutkin, A. 162, 165, 187 ; 182, 
93). Large efflorescent crystals (containing aq) 
or octahedra (from acetone) (Bunge, A. Suppl . 
7, 118), v. sol. water and aloohol, m. sol. ether. 
Not attacked by pure HNO, (S.G. 1*53) (Franchi- 
mont, B. T. O. 6, 228). Converted by hot 
baryta water into succmamio acid, and finally 
into succinic acid. Alcoholic NH„ at 100° forms 
sucoinamide. Yields pyrrole on distillation with 


sine-dust. EOH (6 mols.) and KBrO (1 mol.), 
acting for two hours at 60°, form (/9)-amido- 
propionio acid [196°] (Hoogewerff a. Van Dorp, 
22. T. C.10,4). Bromine forms bromo-succinimiae 
~5°] and broxno-maleimide [152°] (Kisielinski, 
n. W. [2] 74, 561 ; cf. Xusseroff, A. 252, 158). 
Chlorine at 160° forme chloro- and di-chloro- 
malelo imide. PCI. forms a compound melting 
Vim. IV. 


at 145°-148° (Bemthsen, B. 13, 1047). A solution 
of bleaching-powder added to a solution of sue- 
oinimide containing exoess of HOAo forms 

C*H 4 <^j^>NCl [148°], which separates from 

benzene in large crystals, and is reconverted by 
acids and alkalis into sucoinimide (Bender, B. 
19, 2273). Hydroxylamine at 65° forms 
NH(CO.C 2 H 4 .CO.NH.OH) a [171°), crystallising 
in needles, v. e. sol. water, and yielding a picrate - 
B'C 6 H,N,0 7 [266°] (Garny, B. 24, 3434). Methyl 

oyanate forms OA^o.NMe^ 00 while 

EtNCO forms corresponding C 7 H 10 N,O, [95°] 
(Menschutkin, A. 178, 204). 

Salts.— XC 4 H 4 N0 2 |aq. Ppd. by adding 
alcoholio potash and ether to an alcoholic solu- 
tion of Buooinimide (Landsberg, A. 215, 200).— ’ 
KA': needles. V. sol. water and alcohol. — 
BaA' 2 2aq. — BaA',2|aq. — MgA' 2 8aq. — 
HgA' 2 . - NH 2 .HgA'. — ClHgA'. — CyHgA'. — 
Cu 4 A'„(OH) 2 9aq. — CUjjAyOH)^ 2aq. — AgA' Jaq. 
Needles. Converted by iodine into IC 4 H 4 N0 2 , 
crystallising in dimetric prisms; a;c-l:*873, 
melting, with evolution of I, at 135°. Silver 
sucoinimide is converted by succinyl chloride 
in ethereal solution into • trisuccinamide ' 
(C 4 H 4 0 2 ),N, [83°], crystallising from ether 
(Gerhardt a. Chiozza, A. 90, 108).— AgATCH, : 
crystalline. 

Methylimide CjH^OaO^NMe. [66*5°]. 
(234°). Formed by distilling methylamine 
succinate. Plates. Got also by the action of 
cone. I^SO, on the oxim of 0-acetyl-propionio 
acid (BiBchbieth ; Bredt a. Boeddinghous, A. 251, 
316). 

Ethylimide [26°]. (234°). 

Formed by distilling acid ethylamine succinate 
(M.), and by adding alcoholic EtI to sodium 
sucoinimide (Landsberg, A. 215, 212). Long 
lancet-shaped crystals, v. sol. water, alcohol, 
and ether. Yields ethyl-pyrrole on distillation 
over zinc-dust. 

Allylimide 0 2 H 4 :CA:NC»Ha. (245°). 
S.G. J 1*1543 ; *£ 1*1432. Formed by heating 
Buccinic acid with allyl thiocarbimide. Liquid, 
v. sol. water and alcohol. 

Ethylene -imide (C. { H 4 :C v 0 2 :N) 2 C 2 H 4 . 
[251°]. (395°). Formed by heating succinic 
acid with the hydrate of ethylene-diamine at 
180° (Mason, C. J. 55, 10). Prisms, sol. hot 
water, v. si. sol. hot alcohol, insol. ether. 

Propylene -imide (C V H , :C 0 2 :N) 2 C»H # . 
[100°]. Formed from the anhydride and pro- 
pylene-diamine (Strache, B. 21, 2360). Crystals 
(from benzene). 

Phenylimide C*H 4 ;C 2 0 2 :NPh. Suc- 
cinanil. [156°) (L. a. G. ; Eauder, J. pr. [2] 
31, 17). [150°] (Hiibner, A. 209, 373 ; Bischoff 
a. Nastvogel, B. 22, 1807) (above 800°). Formed 
by heating succinio acid with aniline, and crys- 
tallising the product from water and aloohol 
successively (Laurent a. Gerhardt, A. Ch. [3] 
84, 179). Formed also by the action of PCI, on 
C 2 H,(C0.NHPh).C0 2 H in ohloroform (Anschutz, 
B. 21, 957). Needles, si. sol. hot water. PCI, 
in presence of boiling POC1, forms the phenyl* 
imide of di-chloro-malelo acid C t Cl t :C„0. ; :NPh. 
Alcoholic NH, forms C,H 4 (OONHJ.CONHPb. 
Boiling lime-water forms C,H 4 <CO,H).CONHPh.. 
Fuming HNO, forms an o-mtro- derivative [156°] 
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and the y>*mtro* derivative [205°-208°]. The 
salt C a H 4 :C s 0 a :NC a H 4 .S0 3 ,Na is got by heating 
euooinio acid with sodium amido-benzene p-sul- 
phonate (Peliizzari, 0. 18, 317). 

Benzylimide CJB. 4 :Ofi 2 :BOBJPh. [99°]. 
Formed from benzyl chloride, succinimide, and 
alcoholic NaOH (Werner, 0 . J. 65, 629). Six- 
sided prisms, sol. alcohol. 

o-Tolylimide C^tCgOjtNC^Me. [75°]. 
(845° uncor.). Formed by heating o-toluidine 
with succinic acid (Michael, B. 10, 579 ; Bechi, 
B. 12, 25, 321). Needles, v. sol. water. 

p-Tolylimide. [150°]. (345°). Needles 

(from water), si. sol. cold water. Yields on nitra- 
tion C,H 4 :CA:NC,H f Me(NO a )[l:4:2] [140°] 
(Hiibner, i. 209, 378). 

Tri*methyl-phenyUimide 
C 3 H 4 :0,0 t :NG 6 Q2Me r SuccinmesidiL [137°]. 
Formed by heating sucoinio acid with mesidine 
(Eisenberg, B. 15, 1018). Pearly plates, sol. 
aloohol and ether, si. sol. water. 

(a).Naphthylimide GA:C 2 0 8 : NC le H 7 . 
[153°]. Formed by heating succinic acid with 
(o)-naphthylamine (Hahnemann, B. 10, 1713; 
Hiibner, A . 209, 381; Peliizzari, A. 248, 158). 
Needles, m. sol. alcohol. Yields a di-nitro- 
derivative [250°]. The sulphonio acid 
GA : C 20 s :NO lo H c SOA prepared from (o)-naph- 
thylamine p-sulphonic aoid, yields KA'2aq (Pel- 
lizzari, 0. 18, 321). 

(fyNaphthylimide, [180°]. Colourless 
needles, v. sol. alcohol. Converted by KOHAq 
into CO 2 HC*H 4 - CJ O.NHC 10 H 7 [192°] (Peliizzari, 
A. 248, 169). 

Benzimidide CAiCAiNCPhiNH. [212°]. 
Formed from acetyl-succinic ether C, 0 H lfl O & , 
benzamidine hydrochloride, and NaOHAq (Pin- 
ner, B. 22, 2620). Needles, si. sol. cold acetone 
and ether, sol. aloohol. 

References. — Amido- , Beomo-, Bromo-amido-, 
CbziObo-, Nitro-, and Oxt -succinic acid and 
Di-iodo-sucoinamic acid. 

Isosuccinio acid v. Methyl-halonio acid. 

SUCCINIC ALDEHYDE. Reduction of suo- 
einio anhydride, which might be expected to 
yield the aldehyde, forms instead the isomerio 
7 -oxy- butyric lactone. 

Oaim CA(CH:NOH) r [178°]. Formed by 
heating pyrrole with hydroxylamine hydro- 
chloride at 100° and, together with ethylamine, 
by the action of hydroxylamine on v-ethyl- 
pyrrole (Ciamioian, B. 17, 533 ;• 22, 1968 ; 28, 
1788). Small white crystals (from aloohol). 
May be reduced to tetramethylene-diamine 
C 2 H 4 (CH g .NHJ, [28°]. 

Phenyl hydrazide C 2 H 4 (CH:N a HPh) r 
[125°]. Formed by heating a solution of the 
oxim (1 pt.) in water (50 pts.) with phenyl 
hydrazine (5 pts.) dissolved in dilute HOAo 
(Ciamioian, B. 22, 1974; 23, 1784). Small 
silky plates, v. sol. aloohol. Converted by cold 
cone. HOlAq into a base CajE^N. [185°], which 
crystallises from EtOAo in needles, v. si. sol. 
alcohol, and gives a deep-blue colour with 
KjCrjjO, and IL*S0 4 . 

Succinic semi-aldehyde. Nitrile 
CN.CH~GEL.GHO. $ •Cyamm'mnonic aldehyde 
(77°). BJ&. W *89. Formed by heating 
CHjt.CH^OHO (92 g.) with aloohol (180 g.) and 
AgCy (67 g) for ten hours (Chautard, A. OK 
[6] 16, 192). Oil, not solid at -20°, miscible 


with alcohol and ether. Reduces Fehling’s 
solution. Does not combine with NaHSO, or 
phenyl-hydrazine. Decomposed by hot alkalis 
and aoids. Aniline at 850° forms the oompound 
CHaCy.CHfNHPh)*. 

Succinimidine 0 4 H 7 N s t.e. 

Formed, as hydrochloride, 

together with NH 4 C1, by the action of water on 
sucoinamidine (Pinner, B. 16, 362, 1657; 18, 
2845). — B"HC1: long plates, v. sol. water, si. 
sol. alcohol. Converted by acetoacetio ether 
into crystalline C B H n N a 0 2 .— B"(HNO,) 2 |aq : 
leaflets (Grabowski, A. 265, 168).— Ag0 4 H 6 N 2 : 
ppd. by adding ammoniacal AgNO, to a solution 
of the hydrochloride. 

SU CCINIMIDO- ACETIC ETHER C s H n N0 4 
i.e. C 2 H 4 ;CA : N.0H 2 .CO 2 Et. [67°]. Formed by 
heating Bucoinimide with alcohol, NaOEt, and 
CH 2 Cl.C0 2 Et (Haller a. Arth, C. B. 105, 280). 
Needles, v. sol. water, alcohol, and ether. Alco- 
holio NaOEt forms gelatinous G 8 H 10 NaN0 4 . 

SU CCINIMIDO-ETHYL ETHER C 9 H la N a 0 2 
i.e. C 2 H 4 (0(NH).0Et) 2 . The hydrochloride 
B f '2HCl is prepared by passing gaseous HC1 
into an ethereal solution of ethylene cyanide 
(Pinner, B. 16, 859). It is v. si. sol. alcohol and 
ether, and decomposed by water into Bucoinic 
ether and NH 4 CL With ammonia it gives 

CAfCtNHJ.NHJ,. 

atJCCIKIMIDOXIM CJg,< ^ 0H) > KH. 

[197°]. Formed by heating ethylene oyanide 
with alcoholic hydroxylamine at 65° (Garny, B . 
24, 3427). White crystals, sol. water. — B'HOl. 
[98°]. Needles.— B'0 tf H s N a 0 7 . [212°]. 
Benzoyl derivative 

°A<0^^> NH - t 184 °]‘ Formed from 

the oxim, NaOH, and BzCl. White powder, sol. 
alcohol, si. sol. ether. 

SUCCINOPHENONE V . Di -PHENYL ETHYLENE 
DIKETONE. 

SU CCINOXYL-AMIDO-BENZOIC ACID v. 
Caeboxy-phenyl-succinamic acid. 

SUCCINYL-AMIDO-BENZOIC ACID v. 
Amido-benzoic acid. 

SUCCINYL - SUCCINIC ACID v . Di-oxx- 

TEBEPHTHALIO ACID DIHYDBIDE, Vol. iii. p. 777. 

SDCCISTERENE C„H I0 . [160°]. (above 
300°). Occurs in the product of distillation of 
amber (Pelletier a. Walter, A . CK [3] 9, 96). 
Flat needles, nearly insol. cold aloohol, v. si. sol- 
ether. 

SUGAB, a term applied to the members of a 
group of carbohydrates in consequence of the 
property they possess of being sweet to the taste 
and of their relationship to the substance to 
which the term was originally given. The known 
natural members of this group are not very 
numerous. They are all easily soluble in water, 
crystallisable, and diffusible. When solutions 
of them are heated with alkaline solutions of 
the more easily reducible metals, reduction takes 
place with precipitation of the lower oxides in 
some oases, and of the metals in others ; some 
sugars, before exhibiting this property, require 
to be digested with dilute miners! aoids. En- 
zymes also convert some of the non-reducing 
members into reducing ones. With phenyl- 
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hydrasine they yield phenylhydraeides and 
phenylosazones. Oxidising agents easily convert 
them into aoids, and reducing agents into alco- 
hols. Some of them undergo fermentation when 
submitted to the action of beer yeast, i.e. they 
are decomposed into alcohol, CO* <feo. They 
yield solutions which are optically active, those 
of some rotating the plane of polarisation to 
the right, of others to the left. They give colour 
reactions with aromatic aoids and phenols. 

The group may be divided into two classes : 
G.) those which, when digested with dilute acids, 
do not yield any other sugar or sugars — the 
sugars of this class are distinguished by the 
termination -ose ; (2) those which, when diges- 
ted with dilute acids, do yield some other sugar 
or sugars — these sugars are distinguished by the 
termination •on . They are designated according 
to the number of oarbon atoms they contain: 
thus, pentose containing O g , hexose containing 
C 8 , <feo., and di-penton containing C lt , di-hexon 
containing 0 12 , <fto. 

The members of the - ose class are : 

Triose C,H 8 O g , glycerose 
Tetroses C 4 H g 0 4 , erythrose 

G 4 H 7 (0 8 H s )0 4 , phenyltetrose 
Pentoses C g H l0 O 6 , arabinose 
„ ribose 

„ xylose 

0 4 H„(CH i ) O g , rhamnose (methyl 
pentose) 

„ fucose (ditto) 

fiexoses 0 8 H 12 0 8 , d- l - and i- 1 glucose (d- 
glucose = dextrose) 
v , d- Z- and i-mannose 

„ d- 1 - and i-gulose 

„ d- Z- and t-fruotose (d- 
fructose * hevulose) 

„ d~ Z- and i-galactose 
„ sorbose (sorbinose) 

„ formose 
„ lokaose 
„ /8-acrose 

C 8 H n (CH 1 )0 i , rhamnohexose 
(methyl hexose). 

Cleptoses C 7 H 14 0 7 , mannoheptose 

„ a - and j9-glucoheptose 

M galaheptose 

„ fructoheptose 

„ digitalose 

C 7 H ia (CH 3 )O fl , rhamnoheptose 
(methyl heptose). 
Octoses 0 8 H, 8 0 g , mannoctose 

„ a- and 0-glucoctose 
Nonoses G»H lg O g , mannononose 
„ glucononose 

Che members of the - on group are ; 

Bi-pen ton C, 0 H, h O # , arabinon 
Bi-hexon CjgH^O,,, cane-sugar (saooharon) 
„ milk-sugar, lactose 

(lac ton) 

„ maltose (di-gluoon, 

amylon) 

M iso-maltose 

„ melibiose 

* trehalose 

M cyclamose 

„ para- saccharose 

„ tewfikose (tewfikon) 


Midi. Pl»ohor*g notatftea, ••• p. MS. 


Tri-hexon C lg H w 0 lg , raffinost 
„ melezitose 

Hex-hexon C M H« s O g „ gentianose 
„ stachyose 

Occurrence. — Some of these sugars have been 
obtained by synthesis, others are products of the 
action of dilute acids or ferments on more com- 
plicated bodies, and others occur naturally. 
The most important souroe of the latter is the 
vegetable kingdom. Little, if anything, is known 
concerning the formation of the sugars in nature ; 
it is very probable that they are intermediate 
products of assimilation between C0 2 and H g O, 
and starch, inulin, cellulose, and suoh bodies. 
For an account of the various theories, see text- 
books of vegetable and animal physiology. The 
sugars found in animals are most probably of 
vegetable origin. 

Determination.^- Owing to the fact that the 
sugars possess many properties in common, the 
presence of a particular sugar can only be defi- 
nitely proved by its isolation in the pure state, 
and a determination of its optical activity, re- 
ducing power, and other definite distinguishing 
properties (v. end of art.). 

Molecular Weight. — Until quite recently none 
of the accepted methods for determining mole- 
cular weights were applicable to the sugars. At 
the present time there are several, chief among 
which are the physical methods of Baoult 
(A. Ch. [5] 28, 133; [6] 2, 66-124; [6] 4, 401 ; 
[6] 8, 289 a. 817), and De Vries, which are of 
general application, and the various chemical 
ones which are of special application. By Baoult’s 
method Brown and Morris (C. J. 1888. 610; 1889. 
462), Tollen sand Mayer (B. 21, 1666), and Tollena, 
Mayer, and Wheeler (B. 21, 3508), Ekstrand and 
Mauzelius ( V etensk. Akad.fiirHandl. 1889. 157), 
and O’Sullivan (0. J. 1890. 62) have determined 
the molecular weight of xylose and arabinose to 
be 150, corresponding to a formula C & H w O § ; of 
dextrose, laevuiose, galactose to be 180, corre* 
sponding to a formula C.H.,0.5 of arabinon to 
be 282, corresponding to a formula C l0 H ig O 9 ; of 
cane sugar, maltose, lactose to be 342, corre- 
j sponding to a formula ; and of raffinose 

! to be 504, corresponding to a formula C^H^O,,. 

' These numbers have been confirmed in the case 
| of the simpler sugars by various chemical methods 
(see succeeding paragraphs). In the case of ara- 
binose it was first shown to be O ft H |g O g by Kilianl 
(J3. 20, 339) by the analysis of some of its com- 
pounds, its formula previously having been con- 
sidered to be CtsHjgOf. 

Synthesis. — The first step towards the syn- 
thesis of the sugars was made by Butlerow ( A . 
120, 295 ; C . B. 53, 145). He obtained a sweet 
syrup, having the common characteristics of the 
sugars, by adding lime-water to a hot solution of 
di-oxymethylene ; the product he oalled methyl* 
enitan t and considered its formula to be OjH^O*. 
The next step was made by Loew (J. pr. 33, 
321), who, having discovered a method for the 
preparation of formaldehyde (OBLO) in quantity, 
investigated its condensation by lime-water. 
He obtained a sweet syrup, which he called 
formose^ and considered it to have a formula 
C 8 H u O g . Neither methylenitan nor formose 
fermented with yeast (see also Tollens, B: 19, 
2133). Fischer (£• 21, 989) finds these products 
to be a mixture of various saccharine bodies, 

MM 2 
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Hie chief whloh is a sugar, formose O fl H lt O„ 
yielding an osazone m.p. 144°. 

Another sugar is present in smaller quantities in 
the condensation products of formaldehyde. It 
yields an osazone greatly resembling glucosazone, 
which has been identified with a-acrosazone. 
Later, Loew (B. 22, 475), by the condensation 
of formaldehyde with lead oxide and magnesia, 
obtained a sugar whioh is fermentable. Loew 
called this methose , but Fischer has shown it 
to be identical with a-acrose. 

Across was obtained by Fischer (B. 20, 1093 
and 2566) by acting on acrolein bromide with 
bases 20 t H 4 0Br a + 2Ba(OH)„« O e H la O # + 2BaBr 2 . 
Two isomerio sugars, a-aorose and 3- across, are 
thus produced. 

Glycerose yields these two sugars by the 
action of alkalis. (Glycerose is a sugar C s H u 0 3 , 
obtained by the action of bromine and soda on 
glycerol and other methods by Van Deen, J. 
1863. 501 ; Grimaux, C. B. 104, 1276 ; and 
Fischer a. Tafel, 3. 20, 1088 and 3385; 22, 
106. It is probably a mixture of the aldehyde 
and ketone of glycerol.) The formation of 
a-acrose from glycerose may be represented 
CEL(OH) .CH(OH) .COH + CH^OH.CO.CRpH ~ 
CBL i OH.CH(OH).CH(OH).CH(OH).CO.CH 3 OH. 
The sugars can only be separated from the pro- 
ducts thus obtained as osazoneB; a-acrosazone 
is identical with glucosazone in every way ex- 
cept in its action on polarised light. 

o-aorosazone 

OH a .OH(CH.OH) 8 C — 0H.N.NHC i H 4 

II 

n.nh.c 4 h 4 

aoted on by fuming hydrochloric acid, is converted 
into a-aorosone OH a .OH.(CH.OH) 8 GO.COH, 
whioh, when reduced by zinc and acetic acid, 
yields a sugar CH r OH(CH.OH) r CO.CH a OH, in 
the form of a sweet syrup ; it ferments with 
yeast, yields lavulinic acid when heated with 
hydrochloric acid, and is reduced by sodium- 
amalgam to a hexahydrio alcohol a-aoritol, 
whioh resembles mannitol in every way except 
that it is optically inactive. By these various 
reactions so muoh is lost that from 1 kilo, 
glvoerol only 0*2 g. acritol is obtained. Further, 
all the bodies obtained in the processes were 
optically inactive. More knowledge was neces- 
sary before the natural sugars could be synthe- 
sised. At this stage a new light was thrown on 
the subjeot by an observation of Fischer (B. 23, 
370) that arabinose carboxylic acid and man- 
nonio acid were identical in every way except 
that their optical activities, although equal, were 
opposite in sign, and that they combined to 
form an optically inactive acid. These three 
acids were reduced by sodium-amalgam to three 
sugars resembling one another in all respects 
except that one of them had a right-handed 
optical activity, the other an equal but left- 
handed one, while the third was optically inac- 
tive. They are named l-mannose , i-mannose , 
and d-mmno$e\' by further reduction they 
yielded the corresponding hexahydrio aloohols 

l-ma/nnitol , i-mannitol, and d-mannitol. 

The sugar obtained from a-acrosazone as 

1 !, i, and d are very unsatisfactory, and somewhat 
mis’eaiUng i but as Fischer has introduced them we must 
let them stand. A little study will make their meaning 


above described is identical with favnloae except 
that it is inactive. If, then, we can decompose 
this lflBVulose into d-laevulose and 1-1 ©villose, the 
synthesis of the natural sugar will be accom- 
plished. This Fisoher hatf done (3. 23, 370). 
If i-lffivulose be submitted to the action of 
yeast, the l©vo- constituent ferments and the 
residue is dextrorotatory. This is 2-l»vulose ; 
it is not the natural sugar: that belongs to the 
d- group, and was destroyed by the ferment. 

To obtain the natural sugar from the in- 
active synthetic one, Fischer proceeded as fol- 
lows i-mannitol, i.e, a-acritol, is oxidised by 
nitrio acid to i-mannose, and this further by 
bromine-water to i-mannonic acid. By fractional 
crystallisation of the strychnine or morphine 
salts it can be mesotomised, the result being d- 
and 2- mannonio Balts, whioh, on being freed 
from the base, yield by reduction the corre- 
sponding mannoses and mannitols. These, by 
means of the osazones, can be converted into 
the corresponding l©vuloses (see Dextrosazone). 

Dextrose and mannose both yield the same 
osazone ; the difference in their constitution 
must therefore be caused by the position of the 
group marked with a * in the formula 

OH.(OH).CH(OH).OHcOH).CH(OH).«OH(OH).OOH. 
Fischer (3. 23, 799 a. 2611) found that by heating 
gluconic acid with quinoline, part was converted 
into mannonic acid and part unaltered ; and also 
that mannonio acid, treated in the same way, 
yielded some gluconic acid. Dextrose may then 
be obtained by reducing the gluconic acid thus 
obtained. The corresponding reaotion with 

2-mannonio acid does not take place easily, if at 
all, but 2-gluoonio acid is produced simulta- 
neously with arabinose carboxylic acid (2-man* 
nonio acid) by Kiliani'B mode of preparation 
(see Arabinose), From 2-gluconic acid, by re- 
duction, 2-glucose, the optical isomer of dextrose, 
is obtained. The table on next page gives a con- 
cise view of the synthesis of dextrose, lavulose, 
and mannose. 

Another sugar, gulose, sterfeoisomeric with 
glucose, has been obtained by Fischer (3. 23, 
93 ; 24, 521) by the reduction of saochano acid, 
the d-, 2- and i- modifications being obtained by 
the reduction of d-, 2- and i- saccharic aoids. As 
these are the products of the oxidation of d- 2- 
and t- glucose, the synthesis of gulose is com- 
plete. 

Galactose" has not been synthesised up to 
the present (June 1893), but by the reduction 
of mucio acid Fischer and Hertz (3. 25, 1247) 
have obtained i-galactonio acid and i-galactose ; 
i-galactonio acid, by the fractional crystallisa- 
tion of its strychnine salt, may be mesotomised 
into d- and 2- galactonic acids from whioh d- 
and 2-galactose are obtained; d-galactose is 
identical with ordinary galactose. 

Arabinose has not been directly synthesised, 
but its relationship to the synthetical sugars is 
shown by the fact that the two acids obtained 
from arabinose by the nitrile reaction are {-man- 
nonio acid and 2-gluconic acid (Fisoher, 3. 23, 
2611 ; 24, 539). 

Of xylose the same must be said ; but by the 
nitrile reaction it yields 2-gulonio acid (Fischer 
a. titahel, 3. 24, 528). 

Arabonio acid, when heated with quinoline* 
is partly changed into its Btereoisomeride xibonia 
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0- acrose (from formaldehyde, glycerol, or acrolein dibromide) 
4-gluoosazone 

1- glucosone 

I 

t-lavulose 
i-mannitol 
»- mannose 


t-mannonic acid 


J-mannonic acid 
■ ■■» ^ ■■■■■■■ . 
{-gluconic acid Z-mannose 

t I I 

{-glucose Z-glucosazone 

Z-lffivulose 


d- mannonic acid 

d-mannose d-gluconic ac.» 

d-glucosazone d-glucose (dextrose) 

d-lavulose (lavulose) 


acid, just as gluconic acid yields gulonio aoid ; 
ribonio acid, by reduction, yields the stereoiso- 
meride of arabinose, which it is proposed to call 
ribose. 

The synthetical passage from an -ose sugar to 
an -on one is said to be accomplished for 
lactose (lactOn) and cane sugar (saooharon) as 
well aB for maltose (amylon). ' 

Lacton. A mixture of dextrose and galactose, 
is acted on by acetio anhydride, and the result- 
ing products, carefully saponified with alkali, 
yield lacton (Demole, C . R. 89, 481). This has 
been oontradicted by Berthelot (Bl. [2] 84, 82) 
and by Herzfeld (A. 220, 219). 

Sucron. A body having a dextrorotatory 
power, and by inversion becoming lavorotatory, 
•was obtained by acting on aceto-ohlorhydrose 
{a derivative of dextrose) with an alcoholio solu- 
tion of lavulose in the presence of barium car- 
bonate. Another body which was lavorotatory, 
and became less lavorotatory on inversion, was 
obtained by acting on aceto-chlorhydrose by 
sodium lavulosate (Colley a. Vakovitch, BL [2] 
84, 826). 

Isomaltose has been prepared by Fischer ( B . 
23, 3687) by the action of HC1 on dextrose. 
Dilute acids again hydrolyse it to dextrose, the 
same product as is yielded by maltose. 

Phenyl-tetrose has been prepared syntheti- 
cally from oinnamaldehyde cyanhydrin ; this, by 
the action of bromine, yielding phenyl-dibromo- 
oxy-butyronitrile CH.Ph.Br.CH.Br.CH.OH.CN, 
which, when heated with hydrochloric 
acid, yields phenyl -bromo-di- oxy-butyro* 
lactone, from which the corresponding acid 
OH.CHJPh.CHBr.CH.OH.COOH is easily ob- 
tained, and which on reduction yields the sugar 
OH.GH.Ph.CH(OH).CH(OH).COH. 

It will not be out of place here to indicate 
what has been done in the way of converting a 
sugar into one containing a carbon atom more. 
To do this, Fischer (B. 22, 2204 ; 23, 870, 799, 
230, 2226, and 8102 ; Ann. 270, 64) made use of 
the well-known reaction for proceeding from one 
aloohol to its next higher homolope by means 
of the nitrile. Now, in this reaction, where an 

ttSvmmAtriA rat.*hnn Atnm in fubfarl la thu mnlMnlA. 


Van’t Hoff has predicted that two isomeric bodies 
will be formed which will differ by the arrange- 
ment of the groups round the new carbon atoms. 
Fischer (Ann. 270, 64) has shown that this is so 
in the oase of the glucose homologues, the two 
acids obtained from glucose being a- and &-gluco - 
heptonic acids ; o-gluooheptonio aoid is always the 
principal product of the reaction, and is identical 
with the dextrose carboxylic acid described by 
Kiliani (see Dextrose). When the reaction takes 
place at 20°-25° hardly a trace of the 8- aoid is 
formed ; but at 40° about 18 p.o. of the latter is 
obtained. By oxidation these acids yield two 
penta-oxy-pimelic aoids, the a- acid being opti- 
cally inactive, and by reduction the two sugars 
a- and 0 -glucoheptose are obtained, 
o-Glucoheptose 


CHgOH 


H H OH H H 


Ah oh A A: 


-CHO 


H OH 


separates from its aqueous solution in rhombic 
prisms, m.p. 180°-190°; they have a faintly sweet 
taste, dissolve in 106 pts. of water at 14°, and 
are easily soluble in hot water and sparingly in 
hot alcohol. Its solution is optically active. 
Freshly -prepared solutions show a slight bi-rota- 
tion ; for a 10 p.c. solution, [a]^ - -19*7°. It 
does not ferment with yeast, but reduces Fehling 
slightly less than dextrose. It is oxidised by 
bromine to a-gluooheptonio acid. It yields a 
hydrazone CJS^OgN^HC^Hs, very soluble in 
water, m.p. 170°, and also an osazone 
C,H 18 0 4 (NaHG ft H ft )„ forming yellow needles, m.p. 
195°, almost insoluble in water and difficultly in 
hot alcohol. Treated with acetio anhydride and 
zinc chloride it yields a hexacetate, m.p. 166°, 
and with sodium acetate and acetio anhydride it 
yields dec-acetyl^lucohepto$eQ l4 p. u (QJl t Q) fiw 
m.p. 181°-182°. 

By reduction with sodium-amalgam, *-gluco- 
heptose yields a-glucoheptitol, which crystallises 
in delicate prisms, m.p. 127°-128°, is optically 
inactive, easily soluble in water and sparingly 
in alcohol. It yields a heptacetyl derivative 
n w /nwnvn. 
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H Q 


OH H 


-C CHO 


GHfOH L-l A-J -0 CHO 

Ah Ah A Ah A 

Is obtained by the reduction of 0-glucohep tonic 
acid, it has not yet been obtained in a crys- 
talline state, it forms a phenyl-hydrazide 
OyHnOaNgH.OJHa, crystallising from alcohol in 
slender needles, m.p. 192° ; the osazone is identi- 
cal with o-glucoheptosazone. 

Just as dextrose yields two isomeric gluco- 
heptonio acids, so a-glucoheptose yields two 
isomeric glucoctonio acids. The a- acid is the chief 
product, and the amount of 0* acid formed varies 
with the temperature. a-Glucoctonic acid yields 
a lactone C*H 14 O g , sparingly soluble in alcohol and 
readily in water, m.p. 145°-147° [a] DJO o = — 45*9 ; 
by reduction with sodium-amalgam it yields a-glu- 
coctose CgH^Og^HaO^hich crystallises in colour- 
less needles, m.p. 93°. Its aqueous solutions 
are optically active and show bi-rotation, [a] Da i 
«* —50*5° for the anhydrous sugar. It yields a 
phenyl hydrazone C 8 H, a 0 7 .(N ; jHC tt H a ) f m.p. 190°, 
and an osazone GgHj^fN^HC^Hj)^ m.p. 210°- 
212°, almost insoluble in water. By reduction 
with sodium-amalgam it yields a-glucoctitol 
OJS. lt O tt which is easily soluble in water; it 
forms slender white needles, m.p. 141°. From 
a-glucoctose two gluoononic adds may be pre- 
pared. Only one has been examined ; this when 
reduced yields glucononose C # H, 8 O b , its phenyl- 
hydrazide CoH^OgN^HG^ is sparingly soluble 
in cold water and alcohol, m.p. 195°-200°, its 
phenyl osazone OaH^O^NaHCgH*), is sparingly 
soluble in hot water and alcohol, m.p. 220°-223°. 
Unlike mannononose, glucononose does not fer- 
ment with yeast. By reduction glucononitol is 
obtained. 

Mannoheptose G 7 H I4 0 7 is obtained by the re- 
duction of mannoheptonio acid. It crystallises 
from alcohol in fine needles, it has a sweet taste, 
m.p. 134°~185°. It is easily soluble in water, 
and does not ferment with yeast ; its solution is 
dextrorotatory and exhibits bi-rotation, the con- 
stant value is [a] D - + 68*6°. It yields a diffi- 
cultly soluble hydrazide O r H M O e .N 2 H.C 8 H s , m.p. 
197°-200°, and an osazone C 7 H, ! jO A (N. / H.O g H 4 ) 2 , 
m.p. 200°. By reduction with sodium-amalgam 
it vields a heptahydric alcohol whioh is identi- 
cal with the naturally produced body, perseit 
(Maquenne, A. Ch. [6] 19, 1 ; O. R. 107, 583). 
It combines with hydrocyanic acid, and the com- 
pound decomposed by hydrochlorio acid yields 
mannootonio acid. 

Mannoctose C 8 H 1# O g is obtained by the re- 
duction of mannootonio aoid. It is easily soluble 
in water, has a sweet taste, and does not fer- 
ment with yeast. Its aqueous solutions are lievo- 
rotatory, [aJ D -. — 83°. It yields a hydrazone 
C 8 H I8 0 7 .N a H.C 8 H ft , difficultly soluble in water, 
m.p. 212° ; and an osazone 0 8 H u 0 8 (N 2 H.C 8 H 5 ) 8 , 
m.p. 223°. By reduction it yields the octohydrio 
alcohol mannoctitol. It combines with hydro- 
cyanic acid, and the compound decomposed by 
hydrochloric aoid yields mannonononio aoid. 

Mannononose CgH l8 0 8 is obtained by the re- 
duction of mannonononio acid. It is easily soluble 
in water and crystallises from alcohol, m.p. 
about 190°, Its solution is dextrorotatory, [«]* 


•> + 50° approx. It ferments readily and com- 
pletely with yeast, and resembles dextrose in 
many ways. It yields a difficultly soluble 
hydrazide G 8 H 18 0 8 .N s H.C 8 H ft , m.p. 223°, and ant 
osazone, m.p. 217°. 

Qalactoheptose 0 7 H h 0 7 is obtained by the 
reduction of galacto-heptoic acid. Its hydrazide 

! m.p. 199°) is sparingly soluble ; so is its osazone 
m.p. 220°). 

Fructoheptose is obtained from lievulose by 
the same set of reactions. 

Rhamnohexose CH s .(CH.OH) a COH is ob- 
tained by the reduction of rhamnohexolactone 
(Fischer a. Piloty, B. 23, 3102); it does not 
ferment with yeast, but exhibits all the charac- 
ters of a sugar; the osazone is obtained in 
stellate groups of needles, m.p. 200°. On re- 
duction the sugar yields rhamnohexitol 
GH 8 (CH.OH) i CH S! OH ; by the action of hydro- 
cyanic acid on rhamnohexose, the lactone of 
rhamnoheptonic aoid is obtained, which on re- 
duction yields rhamnoheptose. The osazone 
forms yellow needles, m.p. 200° ; by the action 
of hydrocyanio acid, rhamnooctonic acid is ob- 
tained. These compounds have the following 
optical activities : — 

Bhamnose, [o] D — + 8°. 

Bhamnohexose, [o]|> = — 61*1°. 
Bhamnoheptose, [a] D * + 8*4°. 

Bhamnitol, [a] D - 4- 10*7°. 

Bhamnohexitol, [a] D • + 11*6°. 
Bhamnohexonolactone, {<*]„*» + 83*8°. 
Bhamnoheptolactone, [a] D » + 55*6°. 
Bhamnootonolactone, [a] D = —51*2°. 

The reverse of the method of proceeding 
from one sugar to its next higher homologue — i*. 
the production of a sugar containing one less 
carbon atom than the original one — has been 
effected by Wohl (B. 26, 780). When dextrose 
oxim (vide below) is treated with aoetyl chloride 
it yields an aoetyl compound from whioh hydro- 
cyanio aoid can be eliminated, and on hydrolysis 
of the resulting compound a pentose is obtained, 
whioh is d-arabinose ; Z-arabinose (ordinary 
arabinose) treated in the same way as dextrose 
yields a tetrose. 

As is well known, muoio and sacohario acids are 
products of the oxidation of the sugars with nitric 
aoid. The action of reducing agents on these bodies 
indicates their relationship to the sugars and helps 
to a clearer idea of the synthetical process. 

Reduction of mucic acid . Sulphuric acid 
and zino-dust reduce muoic acid to i-g alaotonie 
acid (Fischer a. Hertz, B . 25, 1247). The lac- 
tone crystallises in delicate prisms, m.p. 122°- 
125°. It is optically inactive. By further re- 
duction with sodium-amalgam i-galaotose is ob- 
tained. This can be prepared as a crystalline 
mass, m.p. 140°-142° ; it yields a hydrazide, m.p. 
158°-160° and an osazone, m.p. 195°, which is 
identical with that obtained from the oxidation 
product of duloitol (Fischer a. Tafel, B. 20, 3384). 

i-Galactonio acid may be separated into the 
d- and Z- acids by fractional cxystallisation of 
the strychnine salts. The two acids yield 
respectively d- and Z-galactose ; df-galaotose is 
identical with ordinary galactose. Z-Galactose 
may also be obtained by the fermentation of 
i-galactose syrup. The sugar crystallises from 
alcohol, m.p. 162°~163°, its specific rotatory 
power is [«]»*- —73*6°, the phenyl-hydrazide 
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melts at 168°-160° and the osasone at 192°- 
195°. From this, as well as from other matters 
oonneoted with the synthetical portion of the 
work, it will be seen that <2-, *-, and Z- were in- 
tended to mean dextro-, inactive, and laevo-, as 
indicating the optioal activity of the substances 
to whioh they are prefixed ; but it is obvious the 
d- body is not always dextro-, nor the Z- body lgevo-. 
Hence the unsatisfactoriness already indicated. 

Beduction of saccharic acid . Fischer (B. 23, 
930 ; 24, 621) found that the laotone of sacohario 
add was easily reduced by sodium-amalgam with 
formation of glycuronic acid. Thierfelder (H. 16, 
71) has shown that this latter is further reduced to 
an add OaH^O,, which reaction Fischer has con- 
firmed, and calls the acid gulonic acid and the 
corresponding sugar gulose. The relationship 
of these bodies to the others of the sugar group 
is shown here : 

Dextrose . . OH.CH 2 .(CH.OH) 4 .COH. 

Gluconic acid . OH.CH r (CH.OH) 4 .COOH. 

Saccharic acid . OOOBL(OH.OH) 4 .OOOH. 

Glycuronic acid . COOH.(CH.OH) 4 .COH. 

Gulonic acid . COOH.(CH.OH) 4 .CH 2 OH. 

Gulose . . COH.(CH.OH) 4 .CH 2 OH. 

Olycwronic acid obtained by the reduction 
of d-saccharic acid has [a] D - + 19*1°, m.p. 176°- 
178° ; d-gulonic acid obtained by the reduction of 
glycuronic acid yields a lactone, m.p. 180°-181°, 
[a] D « + 66° ; its phenyl-hydrazide is easily solu- 
ble in hot water and hot alcohol, m.p. 147°- 
149° ; d-gulose obtained by the reduction of d- 
gulonic lactone is a colourless syrup, easily solu- 
ble in water and sparingly in absolute alcohol, 
it is oxidised by nitric acid to saochario acid, 
it does not ferment with yeaBt. 

Constitution. Dextrose and galactose are 
represented by the formula 

OH,(OH).OH(OH).OH(OH).OH(OH).OH(OH).OOH 
and hevulose by 

OH,(OH)OH(OH).OH(OH).CH(OH).CO.OH,OH 
and for the following reasons. 

By oxidation dextrose and galactose yield 
acids containing the same number of carbon 
atoms as themselves, whilst hevulose yields 
acids containing less carbon atoms than itself ; 
dextrose and galactose yielding gluconic and 
galactonio acids CH/OH) { CH(OH) ) 4 .COOH 
and by further oxidation sacohario and mucio 
acids COOH { CH(OH) [ 4 COOH respectively ; 
whilst lssvulose gives rise to trioxybutyric 
CH,(OH) { CHjOH) [ 2 COOH, formioRCOOH, and 
glycoliic CH^OH.COOH acids. 

By reduction dextrose and galactose yield 
respectively mannitol and dulcitol ; lrovulose also 
yields mannitol. These yield hexaoetyl deri- 
vatives, and are reduced by hydriodio acid to 
secondary hexyl iodide CHj.fCBLjJjCHI.CHj, 
(Wanklyn a. Erlenmeyer, /. 1861. 731 ; 1862. 
480) ; they are evidently hexahydric alcohols of 
normal hexane. 

All three sugars combine with hydrocyanic 
acid to form nitriles which when boiled with 
hydrochloric acid yield different acids 0 7 H I4 0 (I , 
which are reduced by hydriodio aoid to hep- 
toio aoids ; dextrose and galactose yielding 
normal heptoic acid CH/OH 8 ) s .COOH and 
lsBvulose yielding methyl-outyl-acetio aoid 

C^,} 0H - 000H (Kiliani, B. 18, 8066 ; 19, 221, 
767 a. 1128). Galactose, dextrose, and lavulose 


form oxims or iso-nitroso- compounds by com- 
bination with hydroxylamine (Bisohbieth, B. 
20, 2673 ; Jacobi, B. 24, 696 ; Wohl, B. 24, 998). 
With phenyl-hydrazine, dextrose and galactose 
yield hydrazides 

CH^OH) {CH(OH) } 4 OH.N a H.O c H g ; 
lavulose does not ; but all three yield osazones 
CH 2 (OH){CH(OH)} g O.N 8 H.O fl H a .CH.N 3 H.O ? H 8 . 
All three yield pentaoetyl derivatives (Erwig a. 
Koenigs, B. 22, 2207). Previous to Fischer’s 
synthetio work, other formulas had been sug- 
gested (Tollens, Kurzes Handbuch d. Kohlen - 
hydrate ; B. 16, 921 ; Sorokin, J. pr. [2] 87, 
312), but there is no doubt now that the above 
are correct. 

From the synthetic work above described, it 
is evident that the aldehyde formula belongs 
also to mannose, gulose, arabinose, xylose, and 
ribose, and also their synthetio homologues. 
Bhamnose, as is evident from its reactions, has 
also an aldehyde constitution ; it appears to be 
methyl-arabinose. 

Sorbose appears to be isomerio with lavu- 
lose. By oxidation it yields tri-oxyglutario acid 
COOH. j CH(OH) [ jCOOH and other aoids, and 
by reduction it yields mannitol. It combines 
with hydrocyanio aoid. By reduction with 
hydriodio aoid and phosphorus it yields hexyl 
iodide (Kiliani a. Soheibler, B. 21, 3276). 

Little is known concerning the - on sugars. 
Maltose and lactose are probably anhydrides of 
equal moleoules of dextrose and dextrose, and 
dextrose and galactose respectively ; they yield 
acids (maltobionio and laotobionio) which on 
boiling with dilute mineral aoids are decomposed 
into dextrose and gluconic aoid and galactose 
and gluconio acid respectively. Both sugars 
thus appear to contain the dextrose-aldehyde 
group unaltered. Fischer (B. 21, 2633) has re- 
presented lactose as 

OHa(OH). (OH(OH) } I . 

N OOH-{OH(OH)},OOH. 

Cane sugar appears to be differently constituted 
from either maltose or lactose. 

It thus appear* that the formula 
CH 2 (OH).|CH(OH)} 4 COH must be assigned 
to eight known sugars — i.e. d- and Z- glucose ; 
d • and Z- gulose, <2- and Z- mannose, d- and 
Z- galactose (the i- modifications being analogous 
to racemic acid, i.e, compounds of the <2- and Z« 
modifications). 

Now, as this formula contains four asym- 
metrio carbon atoms, according to Van’t Hoff’s 
theory there will be possible 2* <*16 isomers, 
which in the oase of the symmetrical derivatives, 
as the hexahydrio alcohols and dibasio aoids, 
will be reduced to 10, of which £2**8 com- 
pounds are grouped in pairs (<2- and Z-) and 
£2* * 2 inactive, amesotomio (Fischer, B. 24, 1836 
a. 2683 ; Van’t Hoff, La Chimie da/ne VE space 
and Dix Annies da/ne VHistoire d'une Thiorie ). 

Each of the groups R" G.H.OH R' may 

be grouped in two positions represented thus 
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(the carbon atom being considered to be at 
jhe centre of the tetrahedron). For the sake of 
brevity these two groupings will be written 
9 PH 

B" 0 B' and B" Q B'. 

OH H 

The sixteen possible modifications of the glucose 
formula may then be expressed by the following 
svmbols ; in the case of the symmetrical deriva- 
tives (hexahydric alcohols and dibasio aoids) 
Nos. 11-16 are identical with Nos. 5 to 10 : — 


1. OHa(OH) 


2. CHg(OH) Q ; 


A CH,(OH) 


h 

1 0 

H 

-0 

5 

-C 


fiOTT 

f V 
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H H 
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8. CH 2 (OH)- 


2. CH 2 (OH)- 


10. CH 2 (CH)- 


11. CH 2 (OH)- 


12. CJH^OH)- 
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9 
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9 

-C — COH 
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9 

Q — Q COH 

OH OH 


OH QH H 9 

is. ch*(oh) — g — g — g — g — 

H H OH OH 


-COH 


QH 9 QH 9 

14. ch^oh) — g — g — g — g — coh 

H OH H OH 
OH QH QH 9 

is. gh 2 (oh) — g — g — g — g — coh 

H H H OH 
QH QH 9 QH 

16. CByoH) — g — g — g — g — coh 

H H OH H 

Since saccharic acid may be obtained either 
from glucose or its stereoisomeride gulose, then 
the d- and Z - saccharic acids must be repre- 
sented by formula corresponding to two of those 
numbered 5 to 10. Now, 7 and 8 may be elimi- 
nated, as they are optically inactive from in- 
ternal compensation. Nos. 6 and 10 may be 
excluded for the following reasons : Glucose and 
mannoBe yield the same osazone, and conse- 
quently differ only in the arrangement of the 
groups round the asymmetric carbon atom next 
to the COH group. Other faots which confirm 


these formula are (1) Z-gluconic and Z-mannonio 
acids are both produced by the nitrile reaction 
from arabinose ; (2) fructose reduced by sodium- 
amalgam yields mannitol and sorbitol ; (3) man- 
nonic and gluoonio aoids can be converted, one 
into the other, by heating with quinoline ; (4) all 
attempts to resolve gluoonio and mannonio aoids 
into two components have been unsuccessful. 

If sacchario acid has the configuration 6 or 
10, then manno-saochario aoid must have the 
configuration 7 or 8; but the latter are opti- 
cally inactive, and therefore cannot be the con- 
figuration of manno-sacohario aoid. Hence d- 
and Z- saccharic acid must have a configuration 
corresponding to 5 and 9 ; for convenience we 
may assign 5 to the d- and 9 to the Z- bodies. 

Now the two sugars corresponding to d-sao- 
chario aoid — i.e. d-glucose and d-gulose —must 
consequently have the configuration 5 and 11 ; 
but in order to determine which to assign to one 
and which to the other, we must consider xylose 
and arabinose. 

Arabinose by the nitrile reaction yields 
Z-glucose and xylose yields Z-gulose ; now since 
Z-glucose and Z-gulose are 

H OH QH QH 

(9) ch 2 (oh) — g — g — g — g — coh 

OH H H H 

and (15) 

gH gH qh 9 

ch 2 (oh) — g — g — g — g — coh 

H H H OH 

then xylose and arabinose must be 
9 QH QH 

[a) ch 2 (oh) — g — g — g — coh 

OH H H 
QH QH QH 

and (b) CH^OH) Q Q Q COH. 

H H H 


According to theory, there will be 2* • 8 isomeric 
pentoses, but when the formula becomes symme- 
trical, the asymmetry of the centre carbon is 
destroyed, and there will be only three isomeric 
pentahydric alcohols and three isomeric tri- 
oxy-glutario acids, of which two are optically 
active, i.e . : 

9 5 

COOH Q CH(OH) Q COOH 

OH OH 

QH QH 

COOH Q CH(OH) Q COOH 

H H 

and one is optically inactive, Le . 

QH 9 

COOH Q CH(OH) Q COOH. 

H OH 


The same applies to the pentahydric alcohols. 
As arabitol and the tri-oxy-glutario acid from 
arabinose are both tovorotatory, whilst the cor- 
responding compounds from xylose are optioally 
inactive, the formula marked (a) is the formula 
for xylose, and ( b ) is the formula for arabinose, 
(9) and (15) being the formula for Z-gulose and 
Z-glucose respectively. 

d-gulose will consequently be 

QH H H H 

CH,(OH) Q Q Q Q COH 

H OH OH QH 
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9 9 9 

-g — g — g- 

OH OH OH 


-COH 


9 

-g- 


9 

-g- 


9 

-g- 


9 

-g- 


OH OH OH OH 


-COH 


d-glucose 
CH 2 (OH)- 
d-mannose 
CH,(OH)~ 

I -mannose 

gH gH gH gH 
ch,(OH) — g — g — g — g — ooh. 

H H H H 

As lffivulose yields the same osazone as man- 
nose and glucose, 
d - fructose 

H 9 9 

ch,(oh) — g — g — g — oc— ch 2 (oh) 
oh oh oh 

and Z-fructose 

gn gH gH 

ch 2 (oh) — g — g — g — oo~ch,(oh). 

H H H 

The alcohols will be represented as follows : 
cZ-mannitol 

9 9 9 9 

ch 2 (oh) — g — g — g — g — ch*(oh) 

OH OH OH OH 

Z-mannitol 

QH QH gH gH 

ch,(oh) — g — g — g — g — ch 2 (oh) 

H H H H 

d-sorbitol 

9 9 9 QH 

ch 2 (oh) — g — g — g — g — ch 2 (oh) 

OH OH OH H 

Z-sorbitol 

QH QH QH 9 

ch 2 (oh) — c — c — g — g — ch 2 (oh) 

H H H OH 


and the dibasic acids : 
d-monosaccharic 

9 9 


9 9 


cooh — g — c — g — g — cooh 

OH OH OH OH 
Z-mannosacchario 

QH QH QH QH 

cooh — c — g — g — g — cooh 

H H H H 

d-sacchario 

9 9 9 QH 

cooh — g — g — g — g— 

• OH OH OH H 


-COOH 


l- saccharic 

QH QH QH H 

cooh — g — g — g — g — cooh. 

H H H OH 

The other di-basic acids known are mucio acid, 
which is optioally inactive; allomucic acid, 
formed by the action of pyridine on mucio acid, 
which is also optically inactive ; another isomeride 
of muoic aoid, which is optically active, obtained 
by treating galaotonio aoid with quinoline and 
oxidising the product; and iso-saccharic acid. 
We have as yet not sufficient data to write the 
constitution of these with certainty. 

So far we have considered the sugars in 
general ; we must now turn to a description of the 
individual members of the group. 

Class L • Ose sugars. 

Arabinose CJGE..O- It does not occur in 
nature. 


Formation*’— By the action of dilute aoids on 
metapeotio acid, aoonstituent of beetroot, gum ara- 
bio, cherry-tree gum, gedda gum, gum tragaoanth, 
and many other gums (Scheibler, B. 1, 58, 108 ; 6, 
612 ; Ciaesson, B. 14, 1271 ; Martin, Sachsse’s 
Phytochem. Unter . p. 69 ; Bauer, /. pr. [2] 84, 47 ; 
Kiliani, B. 19, 8030; v. Sandersleben, Saohsse, 
i.c., p. 90 ; O’Sullivan, C. J, 1884. 41, 1891, 
1029 ; Stone a. Tollens, A . 249, 257 ; Stone, Am. 
12,435); wheat and rye bran (B. 23, 3110). Owing 
to the fact that most of the above gums yield 
galactose besides arabinose, the two were for 
some time confused (H. Kiliani, B. 13, 2304 ; 15, 
84 ; ClaSsson, B. 14, 1270 ; B . O. 205; Scheibler, 
J5. 17, 1729 ; E. O. v. Lippmann, B . 17, 2238). 
Arabinon yields on hydrolysis arabinose alone 
(O’Sullivan, C. J. 1890. 59). 

Preparation* — A dextrorotatory gum, or one 
yielding little mucio acid when oxidised by nitrio 
aoid, is selected. A solution containing 30-40 
g. per 100 c.c. is heated to 100° in a water 
bath and digested at that temperature with 
2 p.c. sulphuric acid for 10-15 minutes. The 
solution is then cooled, neutralised with milk of 
lime, baryta water, or calcium or barium carbon- 
ate, and hot alcohol, S.G. 0*83, added as long 
as a precipitate is formed. The clear alcoholic 
solution is poured off the pp. which in a short 
time collects at the bottom, and evaporated in 
a vacuum to a syrup. After standing a few hours 
arabinose crystallises out in well-formed rhombic 
prisms with monoolinic terminations, and is 
purified by recrystallisation from water. 

Formula and synthesis. See general part. 

Properties. — Arabinose crystallises in fine 
rhombio prisms out of aqueous solution. The 
termination and habitat of the crystals vary 
with the source. From alcoholic solutions it 
separates in sphenoids. The crystals melt at 
ICO 3 . Its specific rotatory power is 
+ 104*5° for 10 p.c. solution at 20°C. ; in more 
concentrated solutions it is higher, [a] D » + 110° 
being observed for nearly saturated solutions. 
Freshly-prepared solutions possess bi-rotation, 
an angle of [a] D = 156*7° having been observed 
(Scheibler, l.c . ; O’Sullivan, l.c . ; E. O. v. Lipp- 
mann, l.c , ; Bauer, L. V. 36, 804 ; Toliens, A. 
257, 160 ; Groth, B. 6, 615 ; Griess a. Harrow, B. 
20, 3111). The specific gravity of aqueous solu- 
tions does not increase regularly with the 
strength, being less in proportion for high con- 
centrations than for low ones. The S.G. of a 
solution containing 10 g. in 100 c.c. at 15*5° is 
1*0385-1*0384. 

Action of acids . The action of boiling dilute 
mineral acids destroys much of the optioity and 
K. of arabinose in a short time (O’Sullivan, 1884, 
55). The first products of the change have not 
been studied. When, however, the notion is 
continued for a considerable time, no lavulinic 
acid is produced, but furfural is present in large 
quantities (Ganz, Stone, a. Tollens, B. 21, 2148 ; 
23, 8791). Chalmont a. Tollens (£. 24, 694) 
obtained 52*7 p.c. furfural by precipitating the 
distillate from the products of action of aoids 
with phenylhydrazine acetate. Formio and 
aceto-propionio acids and humus substances are 
also present (Conrad a. Guthzeit, B. 18, 2905). . 

Reductions Treated with sodium-amalgam 
in acid solutions, arabinose yields arabitol , a 
body resembling sorbitol, m.p. 102°. this body 
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does not reduce Fehling’s solution, and is opti- 
cally inactive (Kiliani, B. 20, 12331. 

Oxidation.^ By oxidation witn nitric acid 
arabinose yields arabonic acid (l»vorotatory 
trioxyglutaric acid), and by violent oxidation at 
an elevated temperature oxalic acid (Kiliani, B. 21, 
3006). Bromine also oxidises it to arabonic acid 
C 4 H 10 O 6 , m.p. 89° (Bauer, J. pr. [2] 34, 47 ; C. 0. 
1877. 732 ; Kiliani, B. 19, 3031 ; 20, 845). It is 
oxidised by alkaline solutions of metallic oxides, 
100 c.c. of Fehling’s solution being reduced by 
0 4303 g. arabinose, and 100 o.o. of Saohsse’s 
solution being reduced by 0*4375 g. arabinose 
(Bauer, L. V. 36, 304). Its K« 108 110 (O’S., 
l.c.) t ix. 100 pts. of it reduce as much OuO as 
108-110 pts. dextrose. 

Fermentation. — Arabinose does not seem to 
be capable of fermentation with yeast (Stone a. 
Tollens, l.c. *, Scheibler, lx. ; v. Lippmann, B. 
17, 2238) ; with Bacillus ethaceticus it ferments 
with the production of ethyl alcohol, acetic, 
formic, and carbonic acids, and hydrogen (Frank- 
land a. MacGregor, C. J. 1892. 737). 

Compounds with cyanogen . By the nitrile 
reaotion arabinose yields a mixture of Z-glu- 
conio and Z-mannonio acids (Kiliani, B. 19, 
3029 ; 20, 282, 339, 2710 ; Fischer, B. 23, 2611 ; 
24, 539). The first product of the action of 
HCy on arabinose seems to be a compound of 
both bodies. HC1 oonverts this into a crystal- 
line amide C a H lt N0 6 , which on treatment with 
baryta yields the acids just mentioned. 

Hydrazine compounds. Arabinose yields 
with phenylhydrazine, just as dextrose (q.v.) 
does, an osazone, m.p. 157°-158° (Scheibler, B. 
17, 1729 ; Kiliani, B. 20, 845). 

Compounds with diamines. With o-diamido- 
benzene, arabinose yields arabinose-o-diamido- 
benzene C g H 4 .(NH) 2 C fi H g 0 4 . It is a neutral 
body, not reducing Fehling’s solution, and 
is dextrorotatory, m.p. 235° with decomposi- 
tion ; it withstands boiling with dilute hydro- 
chloric acid or potash, and yields a hydro- 
chloride and hydrobromide. Arabinose-m-p- 
diamido - toluene C a H,(CH 1 )(NH) 2 :C 5 H (j 0 4 , m.p. 
238°, and arabino • 7 * diamido - benzoic acid 
C00RC g N t :(NH) !4 :C ft H„0 4 + 2H a 0, m.p. 235°, 
have also been obtained (Griess a. Harrow, B. 20, 
3111). Arabinose gives colour reactions with 
orcinol and phlorogluoinol (Wheeler a. Tollens, 
A. 254, 314 ; 260, 304). 

Eibose. Fischer a. Piloty, B. 24, 4214. 

When certain carboxylic acids of the sugar 
group are heated with quinoline or pyridine, 
they are converted with stereo-isomeric aoids. 

When arabonic acid 0H.CH 2 (CH.0H) s .C00H 
is treated in this manner it yields a new acid 
COOH.(CH.OH) j| .OH 5 OH,whichtheauthorsname 
ribonic acid ; ribonic lactone crystallises from 
solution in ethyl ad&tate in long prisms, m.p. 
72°-76°, does not reduce Fehling’s solution, and 
is easily soluble in water, alcohol, and acetone. 
Its specific rotatory power is [a] D ao°» - 18. Its 
phenylhydrazide forms colourless needles, m.p. 
1(>2°-164°. Bibonic acid may be converted into 
arabonic acid by heating with quinoline. 

By reducing ribonio lactone with sodium- 
amalgam, it yields the new sugar ribose , which 
forms a phenylhydrazide crystallising from alco- 
hol m colourless crystals, m.p. 154°-155°; 
ribose-osasone is identical with arabinose- 


osazone. By oxidation ribonio aoid yields tri- 
oxy-glutario aoid, which differs from the tri-oxy- 
glutaric acid obtained by the oxidation of xylose, 
but whioh is also optically inactive. By the 
further reduction of ribonio laotone, a penta- 
hydrio aloobol was obtained which has been 
found to be identical with the naturally occur- 
ring adonitol, obtained from Adonis vemalis 
(Fischer, B. 26, 636). 

Xylose. G a H 10 O & . It does not occur free in 
nature. 

Formation. — It is obtained by the action of 
dilute boiling acids on xylan or wood gum (Koch, 
B. 20, ref. 145 ; Wheeler a. Tollens, B. 22, 1046 ; 

A. 260, 289 ; Winterstein, H. 17, 381 ; Stone a. 
Test, Am. 15, 195), on the carbohydrate from 
the epidermis of Psyllium gallicum (Bauer, A. 
248, 140), on vegetable amyloid (Winterstein, 
Z. P. O. 17, 353), on brewer’s grain (Stone a. 
Tollens, A. 249, 227 ; 271, 55), on jute (Wheeler 
a. Tollens, l.c.) t and other vegetable bodies 
(Yoswinkel, C. 0. 1891, 2, 655 ; Hebert, Ann. Ag . 
16, 358 ; 18, 261 ; Stone a. Lotz, B. 24, 1657 ; 
Allen a. Tollens, B. 23, 137 ; Bertrand, Bl. [3] 5, 
554). 

Preparation. — Xylose may be prepared by 
extracting straw or any other of the above-men- 
tioned materials by 5 p.c. soda, precipitating the 
wood gum from the solution by alcohol, and 
hydrolysing this by boiling with dilute sulphuric 
acid. The digested solution is treated in the 
same way as described in the case of arabinose, 
and the xylose may be easily purified by 
crystallisation from water. 

The formula and synthesis have already been 
discussed in the general part. 

Properties. —Xylose is easily soluble in water ; 
100 pts. of water at 20*3° dissolve 117 pts. of 
xylose; it is insoluble in absolute alcohol, 90 
p.c. alcohol will dissolve in 10 c.c. 0*4 g. 
sugar at 19° (Bertrand, Bl. [3] 7, 499). Its solu- 
tions are optically active, freshly-prepared solu- 
tions having about four times the constant 
optical activity (Parous a. Tollens, A. 207, 160). 
For a 10 p.c. solution at 20° [a] D — +19*8° 
(Parous a. Tollens, l.c. ; Bertrand, lx.). Schulze 
a. Tollens (A. 271, 40) give the formula 
[«] D « + 18*095 + 0*06986p at 15°-20°, where 
p ® percentage of xylose in solution. Xylose 
frequently crystallises in prisms belonging to 
the ortho-rhombic system. Its solutions are not 
fermentable by yeast. It reduces Fehling’s 
solution, K - 109*6, agreeing in this respect very 
closely with arabinose (Bertrand, l.c.). Boiled 
with acids it yields about 50 p.o. furfural 
(Gunther a. Tollens, B. 23, 1751 ; Chalmont a. 
Tollens, B. 24, 694 *, Bertrand, Z.c.). 

It is reduoed by sodium-amalgam to a penta- 
hydric alcohol xylitol (Bertrand, BL [3] 5, 554 ; 
Fischer a. Stahel, B. 24, 528). It is oxidised by 
bromine to xylonio aoid (Bertrand, lx. ; Allen a. 
Tollens, A. 260, 306) ; it is oxidised by nitrio aoid 
to inactive tri-oxy-glutaric aoid O a H s O, (Fischer, 

B. 24, 1836). By the nitrile reaction xylose 
yields Z-gulonic acid, the stereo-isomeride of 
Z- gluconio aoid (Fischer a. Stahel, B. 24, 528 ; 
Fischer, B. 23, 2625 ; Fischer a. Curtis, B. 25 t 
1025). 

With phenyl hydrazine it yields an osazone, 
m.p. 160°. Warmed with phloroglncinol and 
hydrochloric acid, it gives a cherry-red coloura- 
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lion, just as arabinose does under the same eon* 
ditions (Toilens a. Mayer, B. 21, 3508 ; Wheeler 
a. Tollens, B. 22, 1046). 

Rhamnose. Isodulcite , rhamnodulcite 

OJEL lt O y B^O. 

Preparation. — Rhamnose is obtained, to- 
gether with other bodies, by the action of hot 
dilate acids on quercitrin, hesperidin, xantho- 
rhamnin, naringin, and franguiin (Rayman a. 
Kruis, Bl. [2] 48, 632 ; C. 0. 1888, 6 ; Hlasiwetz 
a. Pfaundler, A. 127, 862 ; Liebermann a. Hor- 
mann, A. 196, 823 ; Krais, A. 196, 333 ; Berend, 
*4. 196,328 ; Rigaund, A. 90, 292; Will, B. 18, 
1316 ; 20, 297 and 1186 ; Dehn, Zeit. d. Vet. 
15, 662 ; Rayman, Bl. [2] 47, 668 ; Tanret, Bl. 
49, 20 ; Thorpe a. Miller, O. J. 1892. 8). 

Properties. — Rhamnose forms fine crystals, 
which have a sweet taste, and a composition 
corresponding to the formula C a H u 0 4 .H 2 0 ; by 
careful drying it loses water and then melts 
at 90°-110° (Websky, B. 18, 1318 ; Hirschwald, 
A. 196, 330). It is easily soluble water, and its 
solutions are dextrorotatory, [a] D — + 9°. Freshly- 
prepared eolations show bi-rotation (Schnelle a. 
Tollens, A. 271, 61). In alcoholic solutions the 
optical activity decreases as the proportion of 
aloohol to water increases, until the solution be- 
comes lavorotatory (Rayman a. Kruis, C. C. 1888. 
6). It reduces Fehling’s solution, 1 c.o. being 
reduced by 0*0052-0*0055 g. rhamnose (K = 91-96) 
(Rayman a. Kruis, lx.). Its solution does not 
ferment with yeast. 

Action of acids. Boiled with moderately 
strong adds furfural is evolved (Maquenne, O. R. 
109, 603). Oonoentrated nitric acid oonverts it 
into a nitrate. 

Oxidation. — Nitric acid oxidises rhamnose 
to tri-oxy-glutario acid (Will a. Peters, B. 22, 
1697). Malm (A. 145, 197) obtained an acid 
CJSjoO,. Bromine water oxidises it to rham- 
nonic acid G tf H l2 O a , which is obtained in the 
form of the lactone G a H, a 0 4 , m.p. 148° (Will a. 
Peters, B. 21, 1813; Rayman, B. 21, 2046). 
With bromine and silver oxide it is oxidised to 
acetaldehyde and acetic acid (Herrig, Chem. Zeit. 
1887, Rep. 145; M. 8,227). 

Reduction. -—Sodium-amalgam reduces rham- 
nose to rhatnaitol GH i (GH.OH) 4 .CH 2 OH, which 
crystallises from alcohol or acetone in triclinic 
prisms, m.p. 121°, and has a sweet taste (Fischer 
a. Piloty, B. 23, 3102). 

Compounds.— With phenylhydrazine rham- 
nose yields a hydrazide G s H li 0 4 :N 2 HC d H 5 , m.p. 
169°, and an osazone C^H^N^a, m.p. 180° (Will, 
3. 20, 1186 ; Fischer a.Tafel, B. 20, 1089, 1091 a. 
2566). With aniline it forms a compound 
OaHuO^NO^Ha, m.p. 118° (Rayman a. Kruis, lx.)* 
With ammonia and ethylaceto-acetate it forms 
rhamnodiasine C l# H y2 O g N,, m.p. 186° (Rayman a. 
Chodotinsky, B. 22, 304 and 3247). 

Rhamnose combines with hydrocyanic acid to 
produce rhamnonamide. The lactone C 7 H 12 O a 
crystallises in needles, melting-point 168° ; this 
is reduced by hydriodic acid and phosphorus to 
normal heptoio acid (Fischer a. Tafel, B. 21, 
1657 a. 2173). Rhamnose hexoio acid lactone 
is reduced by sodium-amalgam to a sugar 
(Fischer, B. 22, 2204; Fiaoher a. Tafel, B. 23, 
8102). Sodium rhamnose O^H^O^Na* is pre- 
cipitated by adding sodium ethylate to an alco- 
holic solution of rhamnose (Liebermann a. 


Hamburger, B. 12, 1186). With benzoyl ohloride 
tri- and tetra- rhamno-benzoates are formed; 
with acetic anhydride rhamno-tetracetate (Ray- 
man, B. [2] 47, 668). From thermo-ohemioal 
considerations rhamnose appears to be methyl- 
xylose (Stohmann a.Langbein, J. pr. [2] 45, 305). 

Fucose C 8 H 12 0 4 is obtained by the hydrolysis, 
of fucus. The sugar forms microscopic needles. 
Its solution has a sweet taste and is l®vorotatory, 
Md = —77°. With phenyl-hydrazine it forms a 
hydrazide, melting-point 170°, and an osazone, 
melting-point 159° (Bieler a. Tollens, A. 258, 
110 ; Giinther a. Tollens, B. 23, 2585). Fucose 
appears to be methyl-arabinose (Stohmann a* 
Langbein, l.c.). 

Dextrose, d-glucose, glucose, starch -, com-, 
grape-, honey-, diabetic-sugar. (Ger. Krilm- 
melzucker, Traubemucker ; Fr. Sucre de raisin.) 
C a H u O # and C a H 12 O a + BLfi. 

Occurrence . — Dextrose is widely distributed 
throughout the vegetable kingdom, being usually 
accompanied by lavulose and cane sugar. The 
most important Bources are honey, most fruits, 
the sap of plants, seeds. It occurs in the animal 
kingdom in the liver, blood, and other parts of 
the body, and in diabetic urine (S. Sachsse, 
Die Ch. und Phys. der Farbst. Kohlenhydrate 
u. Protein subst., Leipzig, 1877 ; F. Mack, 
1869, 892 ; Girard, B. 17, 17c ; Neubauer, Fr v 

12, 39 ; Gorup-Besanez, B. 4, 906 ; Petit, B. 6, 
1313; v. Schneider, A. 162, 235; Report on 
Sorghum and Cornstalks , Dep. of Agr., Report 
No. 35, Washington, 1881 ; Hermann a. Tollens, 
A. 230, 50; Vogel, B. 15, 2271; Fischer a. 
Bddecke, A. 117, 111 ; De Bary, Hoppe- Seyler’s 
Medic. Oh. Unt . p. 72; Hoppe-Seyler, Handb. 
d. phys. Ch. Ana., 1883, 301 ; Kiason, 

19, 2541; Wehmer, Inaug. Diss., Gottingen, 
1886, 40 ; O’Sullivan, C. J. 1886, 58; Wehmer a. 
Tollens, B. 19, 707 ; Seegen a. Kratzschmer, P/. 
22, 206 ; Kiitz, Pf. 24, 52 ; Boussingault, C. R . 
91, 639 ; J. Sieben, B. C. 1885. 134 ; Hermann a. 
Tollens, A. 230, 50 ; Muller, Ann. Agronom . 

13, 88 ; Seegen, Pf. 37, 348 ; 89, 121 ; 40, 48 ; 
Cuisinier, C. G. 1886, 614; H. Thoms, B. 21, 
1916a; Reali, Q. 17, 325; Maquenne, A. Ch. 
[6] 17, 495). 

Formation. — By the aotion of acids and fer- 
ments on the following glucosides : amygdalin 
(Schmidt, A. 119, 92; Hesse, l.c., 176,112) ; 
populin ( v . Lippmann, B. 12, 1648 b) ; ruberythrio 
acid (Liebermann a. Bergami, B. 20, 2247) ; 
salioin (Schmidt, A. 119, 97; Hesse, l.c., 176,. 
112) ; lupinin (B. 11, 22005) ; hesperidin (Tanret, 
Bl. 49, 20); phlorizin (Rennie, C. J . 1887, 636). 
Other glucosides yield dextrorotatory, reducing, 
fermentable, and crystallisable sugars, but there 
is not sufficient evidence to prove with certainty 
that they are dextrose. These are: escuiin 
(Rochleder a. Schwarz, A. 87, 186; Zwenger, 
l.c., 90, 76); arbutin (Hlasiwetz a. Grabowski, 
Ar. Ph. 141, 329) ; coniferin (Tiemann a. Her- 
mann, B. 7, 608). 

By the action of dilute acids the following 
carbohydrates yield dextrose, alone or with other 
glucoses. Some of them are also hydrolysed to 
dextrose by ferments : 

a- and $- amylan yield dextrose. 

Cellulose yields dextrose (Flechsig, H. 7, 528 $ 
Lindsay a. Tollens, A. 267, 370). 

Glycogen yields dextrose. 



SUGAR. 


640 


Liohenin yieldB dextrose* 

Tunicin „ 

Starch „ 

Dextrin „ 

Maltose „ 

Lactose yields dextrose and galaotose. 

Cane sugar yields dextrose and lsvulose. 

Raffinose yields dextrose, lsevulose, and 
galactose. 

Preparation , — Dextrose can be prepared from 
any of the substances above mentioned, but it is 
in many cases difficult to obtain it in any quan- 
tity in the pure state. Starch and sucrose are 
the bodies usually employed, and we find that 
lactose can also be used with advantage. 

(а) A white saccharum (the commercial 
glucose obtained by the action of acids on starch) 
with an optical activity approaching that of 
dextrose is selected. This is scraped as fine as 
possible, and treated with boiling ethyl alcohol 
S.G. *820. On cooling, the clear saturated solu- 
tion is separated from the undissolved syrup and 
e little previously prepared dextrose added to it. 
Crystallisation soon begins and continues for 
some time ; a crop of fairly pure dextrose is thus 
obtained. Further purification can be effected 
by melting the crystals in 8-10 p.o. boiling 
■water and adding dry boiling methyl alcohol 
until a slight cloud is produced. Anhydrous 
dextrose in a state of great purity separates 
abundantly from this solution. Or the sacoharum 
is melted in 5 or 6 p.c. water, allowed to crystal- 
lise, the crystals pressed and further purified by 
treatment with methyl alcohol as described. 

(б) A 25 p.o. aqueous solution of crystallised 
sucrose is taken and heated to 50°-65° and 2-3 
p.c. pressed brewers’ yeast stirred in (Tompson, 
E. P.8686, 1884), the temperature is maintained 
for 2-8 hours, when the sucrose is completely 
inverted — that is, converted into dextrose and 
Iffivulose. The solution is then evaporated in 
& vacuum to a syrup, S.G. 1*5 or thereabouts. 
On standing for a short time this solidifies to 
a crystalline mass ; it is washed with cold alco- 
hol, S.G. *830, and the residue dissolved to 
saturation in alcohol of the same strength. 
Dextrose soon begins to crystallise out ; the 
crystals can be further purified by dissolving in 
methyl alcohol and recrystallisation. 

Sucrose may also be inverted by digestion 
with sulphuric acid, the acid separated by baryta 
water, and the filtrate from the barium sulphate 
evaporated to a syrup and treated in the way men- 
tioned. Inversion by yeast yields the best result. 
Soxhlet (J, pr, [2] 21, 242) recommends that in- 
version be effected by alcoholic hydrochloric acid. 
480 c.o. of strong hydrochloric acid are mixed 
with 12 litreB of alcohol, S.G. *810, in a glass 
vessel, the mixture heated 45°-50°, 4 kilos, 
powdered sucrose stirred in, and the whole main- 
tained at that temperature for two hours. When 
cool a little previously prepared anhydrous dex- 
trose is added, and in a few days there is an 
abundant crystallisation of dextrose. This can 
be purified by crystallisation from methyl alco- 
hol. Should any colour be developed, the aqueous 
solution is treated with animal charcoal and 
appin concentrated in a vacuum. Under such 
circumstances it is better to begin again, for if 
proper care be taken no colour need be produced. 

An aqueous solution containing 25 px. 


laetose and 8 p.o. sulphuric acid is digested in 
a water-bath for three hours, care being taken 
by continued agitation that no colour is do* 
veloped, the sulphuric acid is separated by baryta 
water, and the filtrate concentrated to a syrup 
containing 76-80 p.o. solid matter. On standing 
this solidifies, and after a few days is treated 
with boiling methyl alcohol ; this dissolves out 
the dextrose, leaving the galactose undissolved ; 
the former soon crystallises from the saturated 
methyl alcohol. A recrystallisation yields the 
pure body in moderately large, well-defined 
crystals. 

Hydrous dextrose C a H, 2 0 8 .H 2 0 can be ob- 
tained from any of the above preparations by 
dissolving in 12 to 20 p.c. water, and allowing to 
crystallise. If honey is used as a source of dex- 
trose, any sucrose it may contain should be 
inverted by yeast or acids, and the residue ob- 
tained by evaporation crystallised from methyl 
aloohol as in the oase of inverted sucrose. A 
pure product may be obtained in a few crystal- 
lisations. 

Formula and synthesis. See first part on the 
sugars generally. 

Properties , — Dextrose crystallises out of 93- 
95 p.o. ethyl or methyl alcohol in the anhydrous 
state. Anhydrous crystals may also be obtained 
by special treatment from concentrated aqueous 
solutions at 80°-S5°. As a rule aqueous solutions 
deposit crystals containing one molecule of 
water of crystallisation. Anhydrous dextrose 
crystallises in rhombic, hemibedric forms ; the 
axial relationship is a: b:c «• 0*704:1: -335. Hy- 
drated dextrose forms hemimorphous crys- 
tals ; the elements are a:6:c* 1*7360:1:1*9080, 
8 « 97° 59' (F. Becke, M, 10, 231). Well-defined 
crystals of both varieties are difficult to obtain ; 
usually the first separates as a powder and the 
second in cauliflower-like masses ; both dissolve 
easily in water, the first with evolution of heat. 
Hydrated dextrose dissolves easily in strong 
ethyl and methyl aloohol, but the anhydrous 
sugar is almost insoluble in them. It is in- 
soluble in ether and hydrocarbons, slightly 
soluble in aniline, acetio acid, and acetic ether. 
Hydrated dextrose easily loses its molecule of 
water of crystallisation when exposed in a 
vacuum over sulphuric acid, or when heated 
gently. The anhydrous sugar melts at 144°- 
146° (Hesse, A, Ch, 176, 106) ; its specific gravity 
is, according to Gu6rin-Varry a. Heintz, 1*386 ; 
according to Bddecker, 1*5884 (v. Lippmann, 
Zuckerarten, p. 12). Dextrose is not so sweet 
as cane sugar. Behr (B, 15, 1106) finds it { as 
sweet, and T. Schmidt (B. C, 1887, 405) tnat 
1*53 pts. of dextrose are as sweet as 1 part of 
cane sugar. An aqueous solution of 10 g. 
dry dextrose in 100 c.c. of solution at 17*5° has 
a specific gravity of 1*0881 (water at 17*5-1) 
(Salomon, B. 14, 2710). This is fairly accurate. 
K - 100. Its solutions rotate the plane of polar- 
isation of a ray of polarised light to the right* 
According to Hesse a. Tollens (B. 17, 2284), the 
amount of rotation for the D line is expressed by 
the formula [a]„»62*5 + *018796P + *0005i688P* 
for anhydrous dextrose, and 
[«]„ - 47*73 4* *015584P + 0008888P* for hydrated 
dextrose, in which P is the percentage of the two 
varieties respectively in solution. In solutions 
containing 10 px. dry sugar and thexeabonte, tho 
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factors M* ■ 52*7 and [aj - 58*3 are sufficiently 
accurate, but probably a shade too low. These 
values are not materially affected by the tem- 
perature. The presence of some inactive bodies 
in the solution appears to have some effect 
(Pribram, M. 9, 395); bodies such as potash, 
soda, lime, <fco., which act on dextrose reduce its 
optical activity; other bodies, such as urea, 
do not alter it (N. Wender, B. 24, 2200). Freshly- 
prepared solutions have a greater optical activity 
than those which have stood a few hours. F. 
Urech (B. 17, 1547) has observed a rotation 2*19 
times greater than the constant value. Parcus a. 
Tollens (A. 257, 160) observed an angle of 
[«] D =* 105*16 in a 10 p.c. solution 5 J min. after 
commencing solution. This phenomenon is called 
bi-rotation ; the optical activity quickly falls, and 
the constant value is reached in about six hours 
in the cold and immediately on boiling. The 
bi-rotation is also immediately destroyed by po- 
tash (O’Sullivan a. Tompson, G. J. 1890, 920), 
or ammonia (Schulze a. Tollens, A. 271, 49). 
Dextrose when produced by the inversion of cane 
sugar at a low temperature is set free in the bi- 
rotatory state (O’Sullivan a. Tompson, l.c.). 
Only crystallised dextrose exhibits this pheno- 
menon ; fused dextrose does not show it (Hesse, 
A . 176, 113). A solution of dextrose in strong 
alcohol retains its bi-rotation (?) The dispersive 
power of dextrose solution is practically the same 
as that of quartz (Hoppe- Seyler, Fr. 3, 1866, 412). 
The ratio between the specific rotatory power for 
the O and D lines respectively is 1:1*258 (Grim- 
bert, J . Ph. [5] 16, 295 and 345). The heat of 
combustion of dextrose is + 677*2 cal., and the 
heat of formation +300*8 cal. (Berthelot a. 
Recoura, C. B. 104, 1571). 

Action of heat. When the dry sugar is 
heated to 170°, a molecule of water is eliminated 
and dextrosan C„H 10 O 5 is produced, which may 
be reconverted into dextrose by the action of 
water and dilute acids. If the temperature is 
raised to 200°, gas, water, and volatile acids are 
given off, and if the heating be continued with- 
out raising the temperature, a brownish black 
mass is finally left. This substance is soluble 
in water and constitutes the colouring matter 
(caramel) used in beer, wine, cooking, &o. 
Should the temperature be raised, carbon mon- 
oxide, dioxide, and methane are evolved, and 
aldehyde, furfural, acetone, metacetone, pro- 
pionic, aoetio, and formio acids distil over, and 
a black oarbonaceous mass is left. If the hy- 
drate be heated for a considerable time in a 
closed tube a fluid is obtained which absorbs 
oxygen and nitrogen (?) from the air (Th6nard, 
C.B. 62, 795). 

Action of acids . Dextrose is dissolved by 
strong sulphuric acid without blackening, dex- 
trose-sulphuric acid being formed (P61igot, A . Ch. 
[2] 67, 170) ; from this solution alcohol preci- 
pitates a compound of diglucose with alcohol 
(Musculus a. Meyer, B. 14, 850). Similar com- 
pounds are produced by the action of chloro- 
sulphonio acid (GlaSsson, J. pr. [2] 20, 1). A 
mixture of sulphuric and nitric acids converts 
dextrose into a nitro- compound (Carey Lea, Bl, 
[2] 10, 416); Dextrose phosphoric acid is said 
to exist (Amato, B. 4, 413). Several acetyl de- 
rivatives have been described. Dextrose di- 
acetate C 8 H^0 4 (C s H s 0 2 ) a and dextrose triacetate 


C*H # 0,(C 5i H !) 0,)j »» amorphous, soluble in 
water, alcohol and ether (Sohfitzenberger a. 
Naudin, Bl. [2] 12, 107, 204; Liebermann a. 
Hermann, B. 11, 1619 ; Herzfeld, B. 13, 265). 
Dextrose pentacetate C a H 7 0(CJH,0 ? ) s is prepared 
by the action of acetic anhydride and zinc 
chloride on dextrose, m.p. 111-112 (Erwig a. 
Koenigs, B. 22, 1464, 2207). Didextrose octo- 
acetate C^HO^OaHgOa),, is prepared by the ac- 
tion of aoetio anhydride and sodium acetate 
on dextrose, m.p. 134 (Herzfeld a. Erwig 

a. Koenigs, l.c.). Dextrose-monochlorhydrin- 
tetracetate is formed by the action of acetyl 
chloride on dextrose (Culley, C. B. 70, 401). 
Tri-, tetra-, and penta-benzyl (C 8 H 7 (C 7 H & 0) a 0«,) 
dextroses are obtained by the action of benzoic 
chloride and potash on dextrose (Skraup, M. 
10, 889 ; Kueny, JET. 14, 330 ; Panormofif, J, B. 
23, 375). Compounds of dextrose with other 
organio acids have been prepared (Berthelot, 
A. Ch. [3] 54, 74 ; Gm.-K. 7, 764 ; v. Lippmann, 
Zuckerarten , p. 40; Baumann, B. 19, 3218; 
Colley, C. B. 76, 436). If dextrose is boiled 
with dilute sulphuric acid the specific gravity of 
the solution gradually increases for some time, 
apparently from the fixation of the elements of 
water. On continued boiling the solutions be- 
come coloured, brown humus substances, aceto- 
propionic and formic acidB, are produced (Ma- 
laguti, A. Oh. [2] 59, 407 ; Tollens a. Grote, A . 
175, 181 ; 206, 207 ; Wohl, B. 23, 2084). Dilute 
hydrochloric acid produces similar results, but 
more rapidly. Gummy bodies are also produced 
(Grimaux a. Lefdvre, G. B. 103, 146). See also* 
Conrad a. Guthzeit (B. 18, 439 ; 19, 2569) and 
Wehmer a. Tollens (B. 19, 707). 

Action of alkalis. Alkalis give a brownish* 
colour with dextrose solution, quickly on heat- 
ing, slower in the cold, with production of 
acetal, acetone, and lactic, acetic, and formio 
acids. Other bodies of unknown composition are 
also formed, such as glucinic, saccharumio and 
japonic acids. When potash is used oxygen is ab- 
sorbed. With calcium hydroxide, saccharin or 
calcium saccharinate is also produced ; this is- 
not one of the products of the action of potash 
(Emmerling a. Loge, B. 14, 1005; 16, 838 i 
Henry, B. 14, 2272 ; Brener a. Zincke, B. 13, 
638 ; Rochleder a. Kawalier, J. pr. 94, 403 r 
Hoppe* Seyler, B. 4, 346 ; Kiliani, B. 15, 700 
Nencki a. Sieber, J. pr. [2] 24, 498; P61igot, 
A. Ch. 30, 75 ; Mulder, A. Ch. 36, 260 *, Reich- 
ardt, Z. 1870. 404 ; v. Lippmann, Zuckerarten + 
p. 22; P61igot, B. 13, 196; Scheibler, B. 13,. 
212; Kiliani, B. 15, 701; Cuisinier, v. Lipp- 
mann, Zuckerarten , p. 25; Scheibler, B. 16, 
2434). Th6nard (O. B. 52, 444) obtained 
bitter bodies containing 10-19 p.c. nitrogen, by 
acting on dextrose with ammonia ; they absorb 
oxygen from the air, and resemble certain nitro- 
genous humic acids. Tanret (Bl. [2] 44, 102)* 
obtained two volatile bases: a-glucosine C*H 8 N 2 

b. p. 136° and /8-glucosine G 7 H, 0 O 8 b.p. 160°, by 
heating dextrose with strong ammonia. Heated 
with aniline, dextrose anilide is produced (Sehiff,. 
A. 140, 123 ; Sorokin, B. 19, 298). 

Beduction. — Nascent hydrogen reduces dex- 
trose in alkaline solutions to mannitol, but not. 
in neutral or add solutions (Linnemanu, A. 123,. 
136 ; Dewar, Z. 1870. 413 ; Bouohardat, Bt [21 
16,38; Krusemaxm,B» 9, 1465). Under the most 
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favourable conditions the yield does not exceed 
10 p.o. If the reduction be carried on at a high 
temperature other fatty alcohols are formed, 
Meunier (0. R. Ill, 49) obtained sorbitol by re- 
ducing dextrose with sodium-amalgam. 

Oxidation . — Gluconic acid C a H 12 0 7 is pro- 
duced by oxidising dextrose with mercuric oxide 
<Heffter, J3. 22, 1049; Herzfeld, A. 245, 27) or 
with chlorine or bromine and subsequent treat- 
ment with silver oxide (Hlasiwetz a. Haber- 
monn, A. 155, 122 ; 156, 253 ; Kiliani, A . 205, 
182; Kiliani a. Kleeman, B. 17, 1298; Herz- 
feld, A . 220, 835, 358), or by the action of Bac- 
terium aceti (Brown, C. J. 1886. 179 ; Boutroux, 
C. R. 1880. 236). Oxygen has no action on 
dextrose in neutral or acid solutions, but it is 
absorbed by alkaline solutions. Ozone oxidises 
dextrose to saccharic and formic acids (Renard, 

A . 0 . 5, 17, 289). Platinum black acts simi- 
larly (Loew, B. 23, 865). Nitric acid oxidises 
dextrose to saccharic acid C a H 10 O 8 , and finally 
to oxalic, formic, and carbonic acids (Liebig, 

A. 113, 1 ; Heintz, P. 51, 183 ; Homemann, 
/. pr. 89, 804 ; Kiliani, A . 205, 172 ; Gu6rin- 
Varry, A . 8, 31 ; Sohst a. Tollens, Z . 11, 99). 
Iodine when acting on alkaline solutions of dex- 
trose yields a little iodoform (Lieben, A . Suppl . 
7, 228; Hermann a. Tollens, B. 18, 1335 ; 
Millon, C. R. 21, 828). Alkaline solutions of 
many metallic oxides oxidise dextrose, in some 
cases being reduced to the metal, in others to 
lower oxides. Potassium ferrocyanide, potas- 
sium permanganate, indigo, picrio acid, litmus, 
<fcc., oxidise dextrose also. The chief products 
are formic, oxalic, glycollic, and carbonic acids. 
Some of these reactions are employed for the 
quantitative estimation of dextrose (Tollens, B. 
16, 921 ; Herzfeld, Zeitschr ; d. Ver. d. Ruben- 
£ticker-Ind . 87, 837 ; Habermann a. Hdnig, B. 
15, 2624 ; Worm-Mfiller a. Hagen, P/. 22, 325 ; 

B. 13, 2096 a. 2442; Herzfeld a. Bruhns, 
Zeitschr. d . Ver. d. Rilbenzucker-Ind. 86, 110 ; 
Reichardt, A. 127, 297; Felsko, A. 149, 856; 
Beyer, A. 131, 853 ; Claus, A. 147, 115 ; Smolka, 
B. 20, 167; M. 8, 1). 

Fermentation.— Under the influence of 
various species of saccharomyces and other or- 
ganisms, dextrose ferments, yielding alcohol and 
carbon dioxide as the chief products, glycerol, 
succinic acid, and small quantities of other 
bodies are formed at the same time. Bacteria 
•decompose dextrose in other ways, one yielding 
chiefly lactic acid, another butyric, another cel- 
lulose, &c. (v. Fermentation). 

Compounds with acids (v. Action of acids). 

Compounds with bases. Potassium and 
sodium dextrose CeH n KO a and C a H„NaO a are 
prepared by adding potassium or sodium 
•ethylate to a solution of dextrose in strong alco- 
hol. A white, bulky precipitate is obtained, 
which is very hygroscopic, and decomposed by 
water (Hdnig a. Rosenfeld, B. 10, 871 ; Franchi- 
moot, B. 10, 994). The compounds with the 
alkaline earths are differently constituted, being 
apparently a combination of the sugar and base. 
They are formed by mixing alcoholic solutions 
of the base and sugar, or by precipitating 
their mixed aqueous solutions with alcohol. 
Lime forms C^HjjO^CaO.H^O, C a H l *0*.Ca0, 
3C a H ll O r 3CaO.H 2 0, 2C # H la O a .3Ca0.2H a O, 
4C a H n O r 3CaO, and similar compounds an 


formed with baryta, strontia, and magnesia* 
Neither lead acotate nor subacetate precipitate 
aqueous dextrose solutions, but lead oxide yields 
compounds similar to those with lime (fee. 
(Brendeohe, Ar. Ph. [2] 29, 84 ; v. Lippmann, 
Zuckerarten , p. 45; P61igot, J. pr. 15, 105; 
Franchimont, B. 12, 1939). Alkaline dextrose 
solutions dissolve copper hydroxide, and from 
these solutions soda or potash in proper propor- 
tions precipitates compounds of copper oxide and 
dextrose of varying composition (Guignet, O. R. 
109, 528 ; Worm-Miiller a. Hagen, Pf. 22, 825 ; 
Fileti, B. 8, 441 ; Salkowski, B. 12, 704). The 
compound C tt H, 2 0 a .2Zn0.3H 2 0 is formed by add- 
ing an alcoholic solution of dextrose to an am- 
moniacal solution of zinc oxide (A. C. Chapman, 

C. J. 1889. 576). Dextrose forms amorphous 
compounds with nickel, chromium, and iron 
oxides (Chapman, C. J. 1891. 323). 

Compounds with metallic salts . Dextrose 
forms well-defined crystalline compounds with 
sodium chloride and bromide; their formulas 
are 2C tt H, a 0 8 .NaCl.H 2 0, which crystallises from 
diabetic urine, C a H 12 O a .NaGl, C a H, a O a .2NaGl, 
2C a H, 2 O a .NaBr (Pasteur, A. Ch. [3] 31, 92; Erd- 
mann a. Lehmann, J. pr. 13, 111 ; v. Lipp- 
mann, Zuckerarten , p. 45 ; Stadeler, C. 0. 1854. 
930 ; Hdnig a. Rosenfeld, B. 10, 872 ; Stenhouse, 
A. 129, 286). 

Compounds with cyanogen. By digesting 
an aqueous solution of dextrose with hydro- 
cyanic acid solution, the following reaction takes 
place ; C a H ia O a + HCN + 2H 2 0 ~ 0 7 H„O g NH 4 
(Kiliani, B. 19, 767). To prepare this compound 
Kiliani gives the following directions : 100 g. 
crystalline dextrose are dissolved in 80 g. water, 
and an equivalent quantity of 60 p.c. hydro- 
cyanic acid is added and digested for six days 
at the ordinary temperature ; after twenty-four 
hours’ further digestion at 35°C. all smell of 
hydrocyanic acid had disappeared, and the liquid 
smelt of ammonia. The ammonium salt thus 
obtained is converted into a barium one by boil- 
ing with baryta, and the free acid obtained by 
removal of the barium by sulphuric acid. 
Fischer (A. 270, 64) dissolves 5 kilos, dextrose in 
25 litres 3 p.o. hydrogen cyanide solution, adds 
10 c.c. ammonia solution, and digests the solu- 
tion at 25°C. for six days, boils with baryta 
(6*7 kilos.) dissolved in water (20 litres) until all 
the ammonia is expelled, the hot liquid 
acidified with sulphuric acid, and boiled to 
expel hydrogen cyanide, neutralised with baryta, 
and filtered. The filtrate is concentrated. This 
syrup contains the lactones of a-heptonio acid 
and 3-heptonic acid. After standing some weeks 
nearly the whole of the a-lactone will have crys- 
tallised out ; the mass is triturated with alcohol 
of 80 p.o. ; the filtrate yields a further orop of 
a-lactone, and the mother-liquor contains the 
/3-lactone. This may be obtained by neutralising 
with brucine ; the brucine jS-heptonate crystallises 
out, and is purified by recrystallisation; the 
brucine may be separated by precipitation with 
baryta, and the barium salt decomposed by 
sulphuric acid. 

a-Gluoohepto-lactone forms rhombic crystals 
readily soluble in water, and has [«]»*■ —55*3 ; 
boiled with concentrated hydriodio acid it yields 
a heptolactone, b.p. 2l6° 230° at 717 mm, with 
partial decomposition. About an equal quantity 
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of normal heptoio acid is also produced (Kiliani, 
B. 19,1128). By digestion with nitric acid S.G. 
1*2 at 40° for 24 hours, a-gluooheptoio acid is 
oxidised to normal penta-oxy-pimelic acid 
(Kiliani, B. 19, 1916) ; this melts at 143°, is 
easily soluble in water, difficultly in alcohol, 
and soluble in ether. o-Gluco-hep tonic acid yields 
a hydrazide G 7 H„0 7 N2H a 0 4 H 4 m.p. 171°-179° 
(Fischer, B. 22, 2732). 

j8-Gluco-heptonio lactone orystallises in deli- 
cate needles, m.p. 151°-152 0 , reduoes Fehling’s 
solution, and is very soluble in water ; its sp. 
rot. power is [a) D20 o ■ —67*7°. Its phenylhydra- 
zide O.H^OjN^H^Ph orystallises from aloohol in 
yellowish leaflets, and melts at 150°-152°. 
Heated with pyridine (4 lactone, 4 pyridine, and 
20 water) in a sealed tube for three hours it is 
oonverted into the a- acid. 

Hydrazine compounds . A concentrated 
solution of dextrose yields, withphenylhydrazine, 
dextrose phenylhydrazine C lg H, B N a O ft ; this forms 
fine crystals, melting at 144°-145°. When heated 
with an aqueous solution of phenylhydrazine, 
hydrochloride, and sodium acetate on the water- 
bath, yellow crystals of phenylgluoosazone 
C 18 H ;a N 4 0 4 are formed (Fischer, B. 20, 824). 
Phenylglucosazone can be prepared by heating 
on the water bath 1 pt. dextrose, 2 pts. phenyl- 
hydrazine hydrochloride, 3 pts. sodium aoetate, 
and 20 pts. water ; after 10-15 minutes’ heating 
the separation of osazone commences, and after 
1£ hours the precipitate amounts to about 85-90 
p.c. of the weight of dextrose taken. It is purified 
by recrystallisation from alcohol. Another method 
which gives satisfactory results is to heat a mix- 
ture containing 1 g. sugar in 100 o.c. water 
and 5 o.c. of a solution containing in 1 litre 
400 g. phenylhydrazine and 400 g. glacial 
acetic acid. According to Maquenne’s (C. B. 
112, 799) numbers, the yield is low, but by in- 
creasing the strength of the BUgar solution and 
keeping up the quantity of the phenylhydrazine 
aoetate solution in proportion, it is materially 
increased. It is insoluble in water; not very 
soluble in cold, but fairly easily in boiling 
aloohol. It melts at 204°-205° with decomposi- 
tion, and so in m.p. determinations it is impor- 
tant that the heating be done as quickly as 
possible. It reduces Fehling’s solution, and is 
lavorotatory (Fischer, B. 17, 579). It dis- 
solves in cold fuming hydrochloric acid, with 
a dark-red colouration, the osazone group 
G e H 4 .HN 2 :0:0:N. 4 HC 6 H & being thereby converted 
into the group .OO.GO. This reaction is common 
to all the osazones of the sugars, and Fischer 
( B . 21, 2681) has called the compounds thus ob- 
tained -osones. Dextrosone reduoes Fehling’s 
solution on boiling, and does not ferment with 
yeast; with phenylhydrazine acetate it again 
yields phenylgluoosazone. The osazone is re- 
duced by zinc and aoetio acid to iso-glucosamine, 
which yields lfevulose by treatment with nitrous 
aeid (Fischer, B. 19, 1920 ; 20, 2569). The 
osone yields compounds with methyl phenyl- 
hydrazine and ortho-diamines (Fischer, B. 22, 
87). By proceeding in the same way o-tolyl- 
dextrosazone C^H^N 4 0 4 m.p. 201° and p-tolyl- 
dextrosazone C M H.^N 4 0 4 have been prepared 
(Baschen, A. 239, 229). Diphenyl-hydrazine 
oambines with the sugars in alcohol solution ; 
sparingly soluble crystalline hydrazones are 


formed, which are resolved into their constituents 
by concentrated hydrochloric acid. The dex- 
trose oompound 0„H sa 0 4 N a (0 < H 4 ) g melts at 161° 
(Stahel, A. 258, 242). Roder (A. 236, 229) has 
prepared phenyldextrosazone carboxylic acid. 

Compounds with aromatic amines . Dex- 
trose - o - diamido - benzene G 4 H 4 (NH) 2 .G 4 H 10 O A 
and anhydro - dextrose - o - diamido - benzene 
O <J H 4 .N 3 .O a H, 0 O 4 + 2H a O are formed by the inter- 
action of dextrose and o-phenylene-diamine in 
acid solution. Di-dextrose-o-diamido-benzene is 
obtained when the reaction takes place in neu- 
tral solution. They are all crystalline bodies, 
soluble in water, and having a bitter taste. The 
first one does not reduce Fehling’s solution, the 
last two do (Griess a. Harrow, B. 20, 281 and 
2205) ; o-tolylene-diamine gives a similar com- 
pound (Hinsberg, B. 20, 495). Dextrose-y- 
diamido-benzoio aoid is obtained by mixing boil- 
ing aqueous solutions of dextrose and 7-diamido- 
benzoio acid (Griess a. Harrow, 2.C.). With 
aniline dextrose forms a crystalline anilide 
m.p. 147° (Schiff, A. 154, 30 ; Sorokin, B. 19, 
513; J '. B. 1887, 877). Dextrose forms com- 
pounds with aldehyde, acetone, benzaldehyde, 
chloral, <fco. (Schiff, A. 244, 19 ; Heffter, B. 22, 
1050). 

Dextrose-oxim O a H I3 O a N is formed by the 
combination of dextrose and hydroxylamine. 
It forms colourless, microscopic crystals, m.p. 
1S6°-187°; very soluble in water, sparingly 
soluble in aloohol, and insoluble in ether. It 
reduces Fehling, and is lavorotatory, having 
Md»»o- —2*2° (Jacobi, B. 24, 696). 

On warming an alkaline solution of dextrose 
with picric acid a blood-red colour is produced 
(Braun, Fr . 4, 185). If to crystallised diazobenz- 
ene sulphonic acid be added soda, dextrose solu- 
tion, and a little sodium-amalgam, a red coloura- 
tion is produced in a short time (Penzold a. 
Fischer, B. 16, 657). 

Many aromatic alcohols give a colouration 
with dextrose and other carbohydrates in the 
presence of sulphuric aoid. If two drops of a 
15-20 p.c. alcoholic solution of (a)-naphthol be 
added to a dextrose solution, and one part of 
concentrated sulphuric acid, a violet oolouration 
will be produced, changing to bluish violet. 

Optical isomerides of glucose, gluconic aoid 
and saccharic acid (E. Fischer, B. 23, 2611). 

2-Gluconie aoid. 2-Mannonic acid can be con- 
verted into 2-gluoonio acid by heating with 
quinoline, but it is most conveniently pre- 
pared from arabinose by treatment with hydrogen 
cyanide and baryta (Kiliani, B. 19, 3029) ; 
2-mannonic and Z-gluoonio acids are formed 
simultaneously. The greater portion of the 
2-mannonic acid may be separated as lactone, 
and the remainder may be separated from the 
2-gluconic acid by crystallising out the calcium 
2-gluconate. 

t-Gluconic aoid is obtained by mixing the 
2- and d- acids, or from 4-mannonio acid by 
quinoline. 

2-Glucose is formed by reducing 2-gluconio 
lactone with sodium-amalgam; it resembles 
dextrose closely, but does not ferment with yeast, 
[a] D m -61*4°; its derivatives also resemble the 
corresponding ones of dextrose very closely* 

i-Glueote is prepared by mixing 2- and 
<f- glucose, or reducing 4-gluconio acid. 
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I-Saccharic acid is prepared by oxidising 
Z-gluoonio acid with nitrio acid. 

t-8accharic aoid is prepared by oxidising 
t-gluconic acid or by mixing U and d- saccharic 
aoid. 

Lfflvulose. d-Fructose, lavoglucose, fruit 
sugar ; 

Occurrence. — Lfflvulose is widely distributed 
in the vegetable kingdom, being found, together 
with dextrose, in many parts of plants, in honey, 
&c. (v. Dextrose). 

Formation.— The following carbohydrates 
yield lfflvulose, either alone or accompanied by 
other sugars, when aoted on by dilute acids : 

Cane sugar yields dextrose and lfflvulose. 

Raffinose yields lfflvulose, galactose, and dex- 
trose. 

Inulin yields lfflvulose. 

Irisin (0. Wallach, A. 234, 364), ltevulan 
(v. Lippmann, B . 14, 1509), triticin (Reide- 
meister, G. C. 1880. 808), scillin (Riche a. 
Remont, J. Ph . [6] 2, 291), sinistrin (Schmiede- 
berg, B. 12, 704),iffivulin or synanthrose (Dieck a. 
Tollens, A. 198, 228 ; Ville a. Joulie, Bl. [2] 7, 
262 ; Popp, A. 156, 185; Miintz, G . B. 287, 679), 
and inuloid (Popp, A. 156, 190) also yield lffivulose. 
Lfflvulose is formed by the oxidation of manni- 
tol (Cotton, Bl. [2] 33, 546; Gorup-Besanez, 
A. 118, 273; Bodenbender, Zsit . d. Ver. 14, 
812; Renard, A. Ch. [5] 17, 316), by the fer- 
mentation of mannitol by B. aceti and B. 
xylmum (A. J. Brown, G. J. 1886, 184 ; 1887, 
641) ; from phenylglucosazone by reduction to 
isoglucosamine, and thence by the action of 
sodium nitrite ; from glucosone by reduction with 
sine and acetic acid (Fischer, B. 22, 87, 2566). 

Preparation.— Inulin is heated with very 
weak sulphuric acid for some hours, after which 
the sulphuric acid is carefully precipitated by 
baryta water and the filtrate decolourised by 
charooal and evaporated on the water-bath to a 
syrup. ThiB is treated several times with ab- 
solute alcohol, which removes the water, and 
the syrup which remains put on one side for 
some time in a closed flask, when fine needles 
make their appearance, and in time the whole 
solidifies (Jungfieisch a. Lefrano, C. B. 93, 547 ; 
also Croofcewitt, A. 45, 184; Krusemann, A. 
282, 26; Wohl, B. 23, 2084). A 10 p.c. solution 
of cane sugar is carefully inverted with hydro- 
chloric aoid (20 c.c. to a litre of solution) at 60°. 
The solution is cooled to —5°, 6g. of slaked 
lime added for each 10 g. sugar, the temperature 
allowed to rise to 2°, and the lime ltevulose 
carefully pressed from the rest of the solution 
and washed repeatedly with water. It is finally 
suspended in water, decomposed by oxalio acid, 
and the filtered solution evaporated in vacuo 
to a syrup which, when treated with absolute 
alcohol as above described, yields crystals of 
lfflvulose (Girard, Bl. [2] 33, 154 ; Dubrunfaut, 
O. B. 42, 901 ; 69, 438). 

Formula and synthesis. See general part. 

Properties . — Lcevulose forms colourless, fine, 
shining needles, belonging to the rhombic sys- 
tem, the axial ratio is a:6;c*» 0*80067:1:0*90674 ; 
they are slightly biaxial as regards their action on 
polarised light ; they have a composition corre- 
sponding to the formula CJELyfi^ melt at 
95°, and lose water at 100°. According to 
H&nig a. Jesser (M. 9, 562), the crystals con- 


tain water of crystallisation and have a formula 
2C tf H, a 0 <t .EL 2 0. If free from alcohol they are not 
deliquescent in the air (Hdnig a. Schubert, Jf« 
8, 529 ; Jungfieisch a. Lefrano, Lc.}. The sugar 
iB almost insoluble in cold absolute alcohol, 
and soluble in a boiling mixture of aloohol and 
ether (Dieoh a. Tollens, A. 198, 228). With re- 
gard to the specifio rotatory power of lfflvulose 
there are many and varied statements ; all those 
based on the factors of unpurified solutions ob- 
tained by the inversion of inulin or cane sugar 
are worthless, as lffivulose is extremely easily 
decomposed by acids (Jungfieisch a. Grimbert, 
G. B. 108, 144), and many apparent discre- 
pancies may be explained by the fact that the 
optical activity varies very much with the tem- 
perature. Jungfieisch a. Grimbert ( O . B. 107, 
390) found for crystallised lfflvulose («]*, 
« - 101*38° -0*56f + 0-108 (p-10), where t is 
the temperature and p the weight of lffivulose 
in 100 o.o. solution. This formula holds for 
temperature 0°-40° and for concentrations be- 
low 40 p.c. The [a]j » - 108° (c - 10 g. sugar 
in 100 o.c.), calculated from [a]j=— 24-5 for 
invert sugars, and [o]j « + 68*5 for dextrose 
agree very well with the numbers of Jungfieisch 
a. Grimbert. Hdnig a. Jesser (AT. 9, 662) give 
[a]j - - 111-38, c 10, t » 20° for a carefully crystal- 
lised preparation. Herzfeld a. Winter (B. 19, 390) 
give for 20 p.o. solution at 20° [o] 0 » - 71*4°; 
but these determinations cannot be for the pure 
body. Freshly-prepared solutions of crystallised 
lffivulose have a greater sp. rot. power than after 
standing a short time ; Parcus a. Tollens (A. 257, 
160) found for a 10 p.c. solution at 20° observed 
in a 200 mm. tube, [a]j>= -104 02° six minutes 
after commencing solution, which sank to a 
constant value [o] D =* —92-25° in 35 minutes. 
This cannot have been pure lfflvulose. K » 100 ; 
but Soxhlet makes it 92-93 (J. O’Sullivan, 
C. J. 1892, 408). 

Action of heat cund acids . Lffivulose is ex- 
ceedingly easily decomposed by heat and acids. 
Its aqueous solutions colour exceedingly quickly 
if heated for any length of time. Wohl ( B . 23, 
2084) found that by the action of minute quan- 
tities of acid on a hot concentrated solution of 
lffivulose, a dextrin-like body was produced 
which was reconverted into lfflvulose by boiling 
with dilute acids. This instability accounts for 
the many different numbers which have been 
given for the sp. rot. power and for the fact that 
the opt. act. of invert sugar does not in all cases 
correspond with that of a mixture of pure lfflvulose 
and dextrose in equal quantities. On boiling with 
dilute sulphuric or hydroohlorio acids, aceto- 
propionio, formic, and other acids are produced 
(Jungfieisch a. Grimbert, C. R.108, 144 ; Grote 
a. Tollens, A. 17 5, 181 ; Sieben, Zeitschr . d. 
Ver. 84, 237 ; Conrad a. Guthzeit, B. 19, 2569). 

Action of alkalis . Alkalis quickly decom- 
pose lfflvulose, especially on warming; oaustio 
soda and baryta yield lactio acid among other 
products (Sorokin, J. B. 1885, 868). Sodium 
lfflvulose 0 t H„Na0 4 is produced by acting on 
an alooholie solution of lfflvulose with sodium 
ethylate (Hdnig a. Rosenfeld, B. 12, 45). Lime 
yields a compound C A H 12 0 i .Ca0.H 4 0, which is 
soluble in 137 parts oold water (E. Pdligot* 
G . B. 90, 163 ; Herzfeld a. Winter, B. 19, 890); 
and 2(C t H ls 0 4 )3Ca0, which forms needles solu- 
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ble in 838 parts cold water (Dubrunfaut, A. Oh. 
[8] 21, 169). Similar oompounds are formed 
with potash, baryta, lead oxide, and bismuth 
oxide (Herzfeld a. Winter, B. 9, 890, and 
v. Lippmann, Zuckerarten , p. 68). If a solu- 
tion of laavulose be boiled with lime, sacoharin 
is formed (Soheibler, B. 18, 2212). 

Reduction. — Laavulose in alkaline solution is 
reduced by nascent hydrogen to mannitol, and 
more easily than dextrose (Soheibler, B . 16, 
8010; H. Krusemann, B . 9, 1465; Herzfeld, 
A. 244, 274). Fischer (B. 23, 8684) finds that 
equal parts of mannitol and sorbitol are pro- 
duced. 

Oxidation. — Mercuric oxide and baryta 
boiled with an aqueous solution of laevulose 
yield formic, glycollio and normal trioxy- 
butyrio acid (Bdrnstein a. Herzfeld, B. 18, 3353). 
Bromine water in the same way yields normal 
trioxybutyrio acid (Honig, B. 19, 171 ; Herz- 
feld a. Winter, B. 19, 390; C.C. 1886,271). Laevu- 
lose by oxidation always yields an acid containing 
less carbon atoms than itself (Herzfeld a. Bdrn- 
stein, G. 0. 1886, 187 ; Herzfeld a. Winter, C. C. 
1886, 271 ; B. 19, 890). Chlorine and bromine 
with silver oxide oxidise lavulose to glycollio 
acid (Hlasiwetz a. Habermann, A. 1 55, 130 ; 
Kiliani, A. 205, 175). Nitric acid yields oxalic 
acid, tartaric acid, glycollio acid, formic acid, a 
little saccharic acid, malic acid, acetic acid, and 
racemic acid (Dragendorf, Materialien zu einer 
Monographic aes Inulins ; Kiliani, A. 205, 162 ; 
Hornemann, J. pr . 89, 283). 

Fermentation. — Ltevulose ferments easily 
with yeast, with formation of alcohol and car- 
bonio acid <fec., but rather slower than dextrose, 
so that towards the end of a fermentation of in- 
vert sugar the solution is always lrovorotatory 
(Bourquelot, A . Ch. [6] 9, 245 ; G. B. 101, 958 ; 
O. R. 100, 1404 and 1466 ; Mauraend, O. R. 100, 
1505 ; 101, 695 ; Leplay, C.R. 101, 479 ; Gourgon 
a. Hubourg, C. R. 110, 865). 

Compounds with acids . Chlorosulphonic 
acid gives a tetra-sulphate (Oladsson, J. pr. [2] 
20, 1 a. 18). Acetyl chloride yields an aceto- 
ohlorhydrin (Colley a. Wachowitsch, B. 13, 2390 ; 
Bl. [2] 34, 826). With acetic anhydride, acetic 
acid, and zino chloride lsvulose yields pent- 
acetyl lsBvulose (Erwig a. Koenigs, B. 23, 672). 
Benzoyl chloride yields pentabenzoyl laevulose, 
m.p. 85° (Skraup, M. 10, 389). 

Compounds with bases . See Action of alka- 
lis above. 

Compounds with metallic salts . Oompounds 
with potassium or sodium chloride have not 
been described. A compound with lead ohloride 
is known (Herzfeld a. Winter, B . 19, 390). 

Compounds with cyanogen. By treatment 
with strong hydrocyanic acid, laevulose yields a 
cyanhydrin C 7 H 18 0«N, this crystallises from 
water in tabular monoclinio crystals, m.p. 110°- 
115°, and has a slight dextrorotatory power; 
fuming hydrochloric acid converts it into the 
lactone of fruotoheptonio acid 0 7 H, 8 0 7 , and this, 
heated with hydriodio acid and phosphorus, 
yields a heptolaotone 0 7 H u O s , b.p. 220 \ which 
does not solidify in a freezing mixture. When the 
lactone is further treated with hydriodio acid and 
phosphorus an aetd is obtained boiling at 210°, 
which is identical with methyl-butyl-aeetio 
arid^is IWWed (Kiliani, B. 18, 


3066 ; 19, 221 and 1914 ; Kiliani a. Dilll, B. 
23, 449). Tetra-oxy-butane-tri-carboxylio acid 
COOH.(CH.OH) s .C(OH)(COOH) 2 is obtained by 
oxidising fruotoheptonio acid by nitric acid 
(Dfill, B. 24, 348). 

Hydrazine compounds . Laevulose yields an 
osazone which appears to be identical with, and 
is prepared in the same manner as, dextrose 
osazone (q.v.). 

Anilides . By heating an aqueous solution 
of laevulose with aniline, an anilide is formed 
C l2 H, 7 N0 5 ; it is easily obtained in crystals which 
melt at 147° with partial decomposition (Soro- 
kin, B. 19, 513; J. R. 1886, 129; 1887, 877). 
With hydroxy lamine laevulose combines to form 
Iffivulosoxim (Wohl, B. 24, 993). It strongly 
resembles dextrosoxim in appearance, m.p. 118 J , 
it is lrovorotatory, and reduces ammoniacal silver 
solutions on warming, whilst dextrosoxim does 
so in the cold. 

Galactose. Lactose. C a H 13 O a . Galactose 
does not occur in nature. 

Formation. — By the action of dilute acids on 
many carbohydrates and similar substances of 
vegetable and animal origin. Lactose yields 
dextrose and galactose (PaBteur, G. R. 42, 347 ; 
Fudakowski, B. 9, 42 ; G. G. 1877, 6). Raffinose 
yields laevulose, galactose, and dextrose. o-Galac- 
tin, 6-galactin, paragalactin, lactosin, agar-agar, 
carragheen moss, plum gum, peach gum, gum 
arabic, gedda gum, and many other similar 
vegetable substances, yield galactose amongst 
other products of their hydrolysis (Miintz, Bl. 
[2] 37, 409 ; A. Ch. [6] 10, 566 ; G. R. 94, 453 ; 
102, 624, 681 ; A. Meyer, B. 17, 690 ; Bauer, J. 
pr. [2] 30, 375 ; L. V. 1898, 33 a. 214 ; Hadicke, 
Bauer a. Tollens, A. 238, 302 ; Kiliani, B. 18, 
2804; 15, 36; v. Lippmann, B. 17,2238; Scheib- 
ler, B. 1, 58 ; 6, 612 ; 17, 1729 ; O’Sullivan, 
G. J. 1884, 41 ; 1391, 1029 ; Hadicke a. Tollens, 
A. 238, 308 ; Schulze a. Steiger, B. 19, 827 ; 
20, 290; L. V. 36, 391; Schulze, B. 25, 2213; 
Maxwell, Am. G. J. 12, 51 a. 265 ; v. Lippmann, 
Deutsche Zuckerind. t 1887, 455 ; B. 20, 1001 ; 
Stone, Am. 12, 435). Galactose is also produce! 
by the long-continued action of dilute sulphurio 
acid on certain nitrogenised constituents of the 
brain (Thudichum, Ann. of Chem. Med. [2] 209 ; 
Thierfelder, Z. P . 0. 14, 209 ; Brown a. Morris, 
G. J. 1890, 57). This sugar was called by the 
discoverer cerebrose ; B. a. M. proved it to be 
galactose. 

Preparation. — A solution of lactose (milk- 
sugar) containing in every 100 c.c. 25 g. dry 
lactose ; 2 to 3 grams H,S0 4 is digested in a flask 
on the water- bath for 2\ to 3 hours, the water 
being kept boiling all the time and care being 
taken by continual shaking of the fiask to avoid 
colouring. The acid is, on cooling the solution, 
carefully neutralised with baryta water and the 
BaSO, separated by filtration. On evaporating 
the filtrate to a strong syrup in a vacuum solidi- 
fication takes place in a short time. The solid 
crystallised mass is digested several times with 
dry methyl alcohol ; this dissolves out the dex- 
trose and other products of the action of the 
acid on lactose and the hydrolysed sugars, and 
leaves galactose as a white crystalline powder. 
This is dissolved in the least possible quantity 
of boiling water, again allowed to solidify, and 
again treated with boiling methyl alcohol. If 
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the whole o! the laetose hydrolysed, and it 
generally is under the conditions indicated, the 
residue is white, nearly pure, galactose. It can 
be rendered pure by recrystallisation from water. 
If the crystals are allowed to form slowly from 
solutions not too concentrated they are dis- 
tinct and well-defined (Rendell, N. Z. 4, 163; 
Soxhlet, J. pr. 2, 21, 269). The sugar can also 
be prepared from certain gums of the arabin 
group. For this purpose the most suitable are 
those having a lffivorotatory power and yielding 
the larger percentage of mucic acid on oxidation 
with nitric acid. The dextro- gums also yield 
the sugar, but in less quantity (O’Bullivan, C. J. 
1884, 41 ; 1891, 1029). A solution of the gum 
selected— gum arabic, Turkey, Levantine or 
East India gum -is made containing about equal 
weights of water and gum ; this is heated in a 
flask in a water-bath as high as the boiling 
bath will take it, and 5 grams H 2 S0 4 diluted to 
15 c.c. added for every 100 c.c. of the gum solution 
employed. The mixture is digested for 30 to 35 
minutes, then rapidly cooled, and alcohol, 8. G. 
0*83, added as long as a pp. is produced. This 
pp. is again dissolved in water, and again ppd. 
One or two repetitions of this process frees the pp. 
from arabinose. A solution of the same strength 
as that above described for the original gum is 
then made of the pp. and heated as high as the 
boiling water of a water-bath will take it, and then 
for every 100 c.c. of the solution 5 grams EL{S0 4 
diluted to 15 c.c. added. At the end of about 
£ hours 1 digestion the solution is cooled, carefully 
neutralised with baryta water, and alcohol, 0 82, 
added as long as a pp. is thrown out. The alco- 
holic solution becomes clear on standing; it con- 
tains galactose, and on concentration in a vacuum 
yields crystals of the body in a fairly pure state. 
They may be completely purified by washing 
with methyl alcohol, recrystallising the residue 
from ethyl alcohol, and finally from water. 

Formula and synthesis. See general part. 

Properties . — Galactose crystallises in hexa- 
gonal plates, m.p. 163°~164° (after drying at 
100°) (E. Bourquelot, J. Ph. [5] 18, 51), or, 
according to v. Lippmann (B. 18, 3335), in 
microscopic six-cornered prisms and needles, 
m.p. 168°. Galactose is easily soluble in 
water, almost insoluble in methyl alcohol. 
Solutions of galactose rotate a ray of polarised 
light to the right, the specific rotatory power 
for the D line being given by the formula 
t a ]o *■ 83*883 + 0*0785P — 0*209t (Meissl, J. pr. 
[2] 22, 97) ; this formula agrees well with num- 
bers found by other observers. Freshly-prepared 
solutions exhibit the phenomenon of bi-rotation 
(Pasteur, J. pr. 68, 428). Parous a. Tollens 
(A. 257, 160) observed an angle of [a] D * 117*48° 
in a 10 p.o. solution at 20°, 7 minutes after com- 
mencing solution. K = 100, and varies slightly 
with the conditions of determination. 

Action of acids . By prolonged heating with 
dilute acids, galactose yields aceto-propionio 
and formic acids (Kent a. Tollens, A. 227, 228 ; 
B. 17, 668 ; Conrad a. Guthzeit, B. 18, 2905) ; 
snlpburio aoid and chloro-sulphurio acid yield 
galactose-sulphuric acids (Hdnig a. Schubert, 
M. 7, 455 ; Oiadsson, J. pr. [2] 20 a. 18). 

Action of alkalis . Alkalis colour galactose 
yellow; the action of milk of lime produces 
saccharin (Ouisinier, v. lippmann, Zuckerarten). 


Fusion with KHO gives rise to acetic and oxalic 
acids. 

Reduction . — By reduction with sodium- 
amalgam, galactose yields dulcitol and other 
alcohols (Bouchardat, A. Ch. [4] 27, 79). 

Oxidation . — Bromine oxidises galaotose to 
galactonio acid (lactonic acid) C tf H 12 0 7 , isomeric 
with gluconio acid (Hlasiwetz a. Habermann, 
A. 122, 96 ; Kiliani, B. 13, 2307 ; 18, 1551 ; 
Bauer, J. pr. [2] 30, 379) ; which when heated 
loses 1 mol. water, and is converted into the 
lactone ; it yields with phenylhydrazine a hydra- 
zide whioh melts at 200°-205° with decomposi- 
tion (Fischer a. Passmore, B. 22, 2731). Nitric 
aoid oxidises galaotose to mucic acid, isomeric 
with saccharic acid. As mucic acid is only slightly 
soluble in water, the yield of mucic acid, which 
is normally 75 to 78 p.c., is sometimes made use 
of for the estimation of galactose ; but the yield 
varies considerably with the condition of experi- 
ment (Pasteur, C. R. 42, 849 ; Kent a. Tollens, 

A. Ch. 227, 228). Neutral or alkaline solutions 
of cupric hydroxide are reduced by galactose ; 
carbonic, formic, glycollic, and lactic acids are 
produced (Habermann a. H6nig, M. 5, 208). 

Fermentation. — According to Kiliani (B. 13, 
2305) and Koch ( B . 20, Ref . 145), galactose does 
not ferment with yeast, whilst v. Lippmann (B. 17, 
2238 ; 20, 1001), Bourquelot (C. R. 106, 283), and 
Pasteur find that it does ferment. 8tone a. 
Tollens (A. 249, 257 ; B. 21, 1572) find that it 
ferments with beer yeast as well as with Mucor 
racemosus , but slower than dextrose. Certain 
bacteria yield lactic acid (Pranzmovaski a. v. 
Tieghem.B. 12, 2087). 

Compounds. — Galactose yields a crystalline 
compound with sodium chloride (Fudakowsky, 
Bl. [2] 30, 433). With a solution of baryta in 
methyl alcohol, galactose yields the compound 
(C tt H n O a ),Ba 2 .BaO (FudakowBky, l.c.). With 
acetio anhydride, a pentacetate is produced 
C ri H 7 0(C 2 H 3 0 2 ) 5 , m.p. 62°-66° (Fudakowsky). 
According to Erwig a. Koenigs (B. 22, 2207) this 
body melts at 142°, crystallises in rhombio 
prisms, reduces Fehling’s solution, is dextro- 
rotatory, and differs in all its properties from 
Fudakowsky’s galactose pentacetate. With 
aniline, galactose forms an anilide, crystallising 
in long triclinic prisms, and lrovorotatory (Soro- 
kin, J. R. 1887, 377 ; B. 19,298). With hydroxyl- 
amine, galactose yields the oxim C fl H, s NO a , the 
crystals melt at 175°-176°, and are easily 
soluble in water and weak alcohol (Risohbieth, 

B. 20, 2673). With ortho-diamido-benzene, 
galactose yields galactose-o-diamido-benzene 
C e H 4 (NH) 2 .C u H, 0 O 5 , melting at 246° with decom- 
position. Galactose-7-diamido-benzoic acid 
COOH.C rf H 3 (NH) 2 .C fl H, 0 O 5 + H.P crystallises in 
needles (Griess a. Harrow, B. 20, 3111). With 
hydrocyanic aoid, galactose yields galactohep- 
tonamide C 7 H 15 N0 7 , m.p. 194° ; it is converted 
into the barium salt of galactoheptonio aoid 
C 7 H,,O g by digesting with baryta. The free 
acid melts at 145° and crystallises in slender 
needles; it is reduced by hydriodie acid and 
phosphorus to the lactone of normal 7-oxyhep- 
toic acid (b.p. 231°) and a very small quantify 
of normal heptoio acid (M&quenne, O. R. 106, 
286 ; Kiliani, B. 21, 916; 22, 521 a. 1885). With 
phenylhydrazine, gahudm forms galaotose- 
phenylhydrazide, orfttsilipiBg in eoloai}*pp 
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needles, rn.p. 158°, and galactose-osazone, 
m.p. 193°- 194° (Fischer, J3. 20, 821). Fischer’s 
first determination o! the melting-point (B. 17, 
579) was 182°, Scheibler ( B . 17, 1731) gave 171°, 
and other observers have given lower numbers ; 
this may be accounted for by the fact that unless 
the osazone be heated up very quickly it decom- 
poses before it fuses. By the action of hydro- 
chloric acid it yields gaiactose-osone (Fischer, 
B . 22, 87). Galactose also yields a diphenyl- 
hydrazide, m.p. 157°(Stahel, A. 258, 242). Galac- 
tose forms a penta-benzoate 0 tt H 7 0(0 7 H 4 0,) 5 , 
m.p. 165° (Skraup, M. 10, 389). 

Sorbose. Sorbinose C fl H 12 0 6 . Sorbose is ob- 
tained from the juice of the mountain ash after 
allowing it to stand for some time. It is doubtful 
if it exists in the fresh juice as a free sugar, but 
it is probably formed by the decomposition of a 
glucoside (Pelouze, A. Ch. [3] 35, 222 ; Bous- i 
eingault, C. B. 74, 939 ; Delffs, B. 4, 799 ; I 
Bysohl, J. pr. 62, 504; Freund, M . 13, 560). 
The expressed juice of the unripe berries of the 
mountain ash is allowed to ferment for eight or 
ten months, the cl ear solution is filtered from the 
organisms by which the fermentation was 
effected, and evaporated to a syrup, when the 
sorbose crystallises out on standing. It forms 
colourless rhombic crystals easily soluble in 
water. Its solutions are lssvorotatory : for 10 p.c. 
solution, [o] D « — 43*4° (Wehmer a. Tollens, B . 
19, 708). It is oxidised by chlorine and silver 
oxide to glycollic acid ; it behaves with bromine 
water like lavulose, being practically unaltered 
(Kiliani a. Scheibler, B . 21, 3276) ; nitric acid 
oxidises it to oxalic, aposorbic and tartaric 
acids. By more careful oxidation with HNO, I 
Kiliani a. Scheibler (Z.c.) obtained trioxy- 


phenyl-hydrazine acetate, and this is decom- 
posed by hydrochloric acid with reproduction of 
the sugar (Fischer a. Hirschberger, B. 22, 365 a. 
3218). 

Properties . — Mannose is precipitated from 
its alcoholic solution by ether ; the syrup, on 
keeping under absolute alcohol, solidifies to a hard 
colourless mass which shows no sign of crystal- 
line structure. Its solutions are dextrorotatory, 
[a] D =* 13-0° approx.; they are reduced by Fehling’s 
solution, 1 o.o. of this solution being reduced by 
4 307 mgm. mannose, i.e. K » 110°-112°. It is 
fermented by yeast. 

Reduction. — Mannose is reduced by sodium- 
amalgam to mannitol. 

Oxidation . — Mannose is oxidised by brominet 
to mannonic acid, the lactone of which (C a H, 0 O a ) 
crystallises in colourless needles, readily 
soluble in water and less in alcohol ; it is dextro- 
rotatory in aqueous solutions, [a] D = 53*8°, and 
forms a phenylhydrazide C l2 H I8 N 2 O a , m.p. 214°- 
216°. Its optical isomeride, Z-mannonio acid, is 
obtained by the nitrile reaction from arabinose. 
Oxidised with nitric acid, manno-saccharic acid 
is obtained (Easterfield, C. J. 1891, 306 ; Fischer, 
B. 24, 539). It crystallises in colourless needles, 
m.p. I80°-190°, and [a] D » 201*8°. With ammonia 
it yields a monamide, and with phenylhydrazine a 
mono- and di-phenylhydrazide. Kiliani’s meta- 
saccharic acid is its optical isomeride (Z-manno- 
saccharic acid) (Fischer, Z.c.). 

Action of acids. Hot hydrochloric acid has 
little action on mannose, but if the heating be 
continued for some time, humus substances are 
formed. 

Action of alkalis. Alcoholio potash pre- 
cipitates a flocculent hygroscopic substance 


glutaric acid. Copper hydrate oxidises it to 
carbonic and formic acids and other bodies, 
amongst which is possibly glyceric acid (Des- 
saignes, J. pr. 89, 813 ; Hlasiwetz a. Habermann, 
A. 155, 129 ; Habermann a. H6nig, M. 6, 208). 
Hydriodic acid reduces it to hexyl iodide (Kiliani 
a. Scheibler, Z.c.). It reduces Fehling’s solution, 
and is coloured yellow by alkalis. Sorbose 
ferments slowly with beer yeast (Stone a. Tollens, 

A. 249, 257). By prolonged heating with dilute 
acids it is decomposed, yielding, amongst other 
bodies, bevulinic acid (Wehmer a. Tollens, l.c.). 
With phenyl-hydrazine it yields an osazone 
<3, 8 ELj 2 N 4 0 4 , m.p. 164°, which is almost insol. in 
water, but fairly easily soluble in alcohol, from 
which it crystallises in fine microscopic needles 
(Fischer a. Tafel, B. 19, 1920 ; 20, 217 and 2566 ; 
Fischer, B. 20, 828). 

Mannose. Seminose G fl H ia O r This sugar 
does not ooour free in nature. 

Formation . — It is obtained by the action of 
dilute sulphuric acid on the so-called reserve 
cellulose (Reiss, B. 22, 609, 3218) and on salep 
juice (Tollens a. Gans, A. 249, 256), and by the 
-oxidation of mannitol (Fischer a. Hirschberger, 

B. 21, 1805; 22, 1155 a. 3218; Oarlet, /. 1860. 
250; Gorup-Besanez, A.118, 257 ; Dafert, B. 17, 
227). 

Preparation. — Sifted ivory nut shavings 

1 pt.) are digested with 6 p.c. hydrochlorio acid 

2 pts.) for six hours on the water-bath, filtered 
hot, and the residue pressed and extracted with 
water. The brown solution oontains the sugar. 
It may be obtained ae hydrazide by adding 


from solutions of the sugar. 

| Compounds. —Lead acetate and ammonia pro- 

i duce a precipitate which becomes yellow on 
keeping. With phenylhydrazine it yields a 
! sparingly soluble hydrazide, C, 2 H lg N 2 0 5 , crys- 
tallising in yellow slender prisms, m.p. 195°-200°, 
lfflvorotatory in dilute hydrochloric acid solution. 
By heating the hydrazide with excess of phenyl- 
hydrazine hydrochloride, sodium acetate, and 
water, it yields an osazone crystal- 

lising in yellow needles, which is identical with 
phenylglucosazone. With di -phenyl-hydrazine 
it yields a di-phenyl hydrazide, m.p. 155°. With 
hydrocyanic acid it yields a compound which is 
; easily decomposed, yielding mannose-heptonio 
acid ; its lactone C 7 H 12 0 7 crystallises in needles, 
m.p. 148°-150° ; by reduction with hydriodic acid 
normal heptoio acid is obtained. With hydro- 
xy lamine mannose yields an oxim C g H lt O a N, 
m.p. 184° (Reiss, lx . ; Fischer a. Hirschberger, 
B. 22, 1155). Aceto-chloro-mannose is obtained 
by the action of acetyl chloride (Fischer, lx.). 

Phlorose C a H, 2 O a . This has been shown to 
be identical with dextrose (Rennie, C . /. 887, 
636 ; Fischer, B. 21, 988). 

Crocose C f H, 2 O a . Kayser (B. 17, 2232) a. 
Rochleder a. Mayer (J. pr. 74, 1) obtained a 
dextrorotatory sugar by heating saffron (from 
Crocus electus or yellow shoots of Gardenia 
grandiflora) with dilute sulphuric acid. It forms 
rhombic crystals, which only reduce halfasmneh 
copper oxide as dextrose. According to Fischer 
(B. 21, 988), it yields, with phenylhydrazine, an 
osazone identical with phenyl gluoosazone. 
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Lokaose C a H I2 O 0 is obtained from lokao or 
Chinese green by boiling with dilute sulphuric 
acid, lokaonio aoid yielding lokanic aoid and 
lokaose C^oH 48 0 27 = + C 6 H 12 0 6 . Lokaose 

forms minute acicular crystals, and is distin- 
guished from dextrose by being optically in- 
active and having a lower reducing power 
(K - 50) (B. Kayser, B. 18, 3417). 

Tabakose is said to exist in tobacco (Att- 
field, Ph. 541). 

Digitalose 0 7 H U 0, is obtained, together with 
dextrin, by the action of strong hydrochlorio 
acid on digitalin; oxidised with bromine it 
yields digitalonio lactone <XH 12 0 4 ; hence the 
formula of the sugar (Kiliam, Ar. Ph. 230, 250 ; 
B. 25, 2116). 

Aromatic sugar. Phenyltetrose (Fischer a. 
Stewart, B. 25, 2555). Oinnamaldehyde cyan- 
hydrin, when dissolved in chloroform and 
bromine added, yields phenyl-dibromo-oxy- 
butyronitril OHPhBr.CHBr.CH(OH)CN ; this 
when heated with hydrochlorio acid yields 
phenylbromodioxybutyrolactone 

CHPh<^® r >CH.OH, from which the acid 

CHPh.CHBr.CH(OHl.COOH is easily obtained; 
on reduction this yields phenyltetrose 
OH.CHPh.OH(OH).CH(OH).COH. It yields a 
phenylhydrazide, m.p. 154°. 

For Across, Formose, Olycerose , see Synthesis 
of the Sugars. 

Class II. The ‘ -on * sugars. 

(a) Dipentose. 

Arabinon, diarabinose, or arabinbiose 
C jo H 1h 0 9 . A product of the partial hydrolysis 
of a series of gum acids. A 25 p.c. solution of 
any of the strongly rotating gum acids is heated 
to boiling, and 2 g. sulphuric acid for every 
100 c.c. solution, previously diluted with 4 to 5 
volumes water, added. At the end of 10 to 15 
minutes* digestion the solution is quickly 
cooled and alcohol, sp.gr. *830, added as 
long as a precipitate forms. The clear alcoholic 
solution contains arabinon and arabinose, and 
some arabinon is taken down with the precipitate, 
and on again dissolving it in a little water and 
reprecipitating with alcohol, the arabinon often 
appears on the surface of the syrup in sphero- 
crystals, and the alcoholio supernatant liquid 
contains it in quantity. It is easily soluble in 
water and methyl alcohol. Dilute ethyl alcohol 
also dissolves it, but absolute aloohol preoipitates 
it as a syrup from a strong methyl alcohol solu- 
tion. Ether also precipitates it. Its solutions 
are dextrorotatory, [a] D - + 202° (o. 6*466), there 
appears to be an increase with the concentration ; 
it reduces Fehling’s solution; K«58(K-67*5 if 
2 mols. sugar reduce 9 mols. GuO). D«8*95. 
It tastes sweet, and is easily diffusible. Dilute 
acids hydrolyse it, the sole product being ara- 
binose, 

GjpHjgC^ + HjjO * 2O,Hj 0 O 1 
Arabinon Arabinose 
(O’Sullivan, O. J. 1890, 59). 

(b) Dihexoses. 

Cane sugar. Saccharon, sucrose Cj^H^O,,. 

Occurrence . — Cane sugar is widely distri- 
buted throughout the vegetable kingdom, and is 
frequently accompanied by dextrose and lavulose. 
The most important sources are the sugar-o&ne 
{ScifUharum officmarum ) ; the sugar-beet (Beta 


vulgaris); the sugar-maple (Acer sacchartnum) 
and Sorghum saccharatum (Girard, O. R. 102, 
103 ; Centrbl. f. Agric. Ch. 1886. 688 ; Berthelot, 
0. R. 53, 583 ; A. Ch. [3] 55, 289 ; Buignet, A Ch. 
[3] 61, 233 ; Maxwell, L. V. 36, 15, Am. 12, 265 ; 
Repoi'ts of the Department of Agriculture, Wash - 
ington , No. 6 ; The Sugar Industry of the United 
States , by Wiley, 1885 ; The Literature of the 
Sugars , H. L. Roth, London, 1890 ; GSssmann, 

A. 104,335 ; Hermbstadt, Qehlen's J. f. Ch. Ph. 
Min., 8, 589 (1809) ; Beier, Jahresb. /. 
Zuckerfabr. 5, 139 ; Balland, J. Ph. [4] 25, 97 ; 
Corenwinder, C. R. 83, 1238 ; A. v. Waohtel, 

B. C. 1880, 344 ; Stone, B. 23, 1406 ; Wiley, 

C . N. 51, 88 ; Ann. Agronom. 11, 392 ; Schulze 
a. Seliwanoff, L. V. 1887. 403 ; Washburn a. 
Tollens, B. 22, 1047; Stingl a. Morawski, M. 
7, 176 ; 8, 82 ; D6on, Bl. [2] 32, 125 ; Reali, O. 
17, 325; Schulze, L. V. 1887, 403, 408; v. 
also the references under the heading Dextrose , 
Occurrence , and many others throughout the 
range of chemical literature). 

Foimation. — leery (A. Ch. [4] 5, 350) and 
Jackson (C. R. 46, 55) found that in the early 
period of vegetation of many plants, invert sugar 
only occurs, and that cane sugar is formed later. 
Leplay (G. R. 46, 444) confirms this observation 
in the case of sugar-cane. Barley contains from 
0*8 to 1*6 p.c. cane sugar, whereas germinated 
barley (malt) oontains from 2*8 to 6*0 p.c. cane 
sugar ; the starch of the endosperm being con- 
verted into cane sugar for the use of the growing 
plant (Kuhnemann, B. 8,202, 387 ; Kjeldahl,R&. 
du C. R. des Travaux du Lab. de Carlsberg * 
1881, 189 ; O’Sullivan, C. J. 1886, 58). Brown 
a. Morris (C. J. 1890, 516) found that the cane 
sugar of germinated barley was chiefly localised 
in the embryo, whilst maltose appears in the 
endosperm; they consider that starch is first 
converted by diastase into maltose in the endo- 
sperm, and then, being transferred to the embryo, 
is converted into cane sugar for the purpose of 
growth. Colley a. Yakovitch (Bl. [2] 34, 326) 
may have obtained cane sugar by acting on 
barium ltevulosate with acetochlorhydrose, but 
the evidence is not satisfactory. Aubert a. 
Giraud (D. P. J. 257, 298) state that by passing 
an electrio current through acidified starch-paste 
at 100°0. cane sugar may be manufactured (?). 

Preparation. — (For the commercial prepara- 
tion of cane sugar see Thorpe’s Dictionary 
op Applied Chemistry.) The best samples of 
commercial cane sugar consist of almost the 
pure sugar. Dry, clean, glassy sugar-candy is 
sufficiently pure for most purposes. Absolutely 
pure saccharon may be obtained by careful 
crystallisation from warm aqueous solutions ; or 
a oold, clear saturated solution' made with care- 
fully-purified distilled water is mixed with an 
equal volume of purified ethyl aloohol, S.G. 
*820, with continual stirring. On standing, 
saccharon crystallises out in pure glassy orystals. 

Properties . — Cane sugar, forms fine large 

monoclinic hemihedral orystals, S.G. 1*68047* 

(SchrSder, B. 12, 562 ; Gerlach, D. P. J. 172, 81 
and 286 ; Joule a. Playfair, C. J. 1, 130), which 
do not contain water of crystallisation. It is 
easily soluble in water ; 100 parts of a solution 
saturated at 0° contain 65*0 pts. saccharon, at 
20° 67 pts., and at 40° 75*8 pts. (Seheibler, 
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£?. F. 1 22, 253). A large number of figures have 
been given to represent the relation between the 
quantity of sugar in solution and the specific 
gravity thereof (v. Lippmann’s Zuckerarten ; 
Brown a. Heron, C. J. 1879, 644 ; P5rier, C. B. 
108, 1202), and much apparent contradiction 
exists on the subject ; but the bulk of this dis- 
appears when the processes by which the figures 
were obtained are inquired into. The general 
agreement is with the numbers of Balling, con- 
firmed, within the limits of error, by Soheibler 
a. Mategczek ( Z . F. 15, 586 ; 24, 827 ; 27, 32) 
and others. These are 


Per cent, saccharon 

Sp. gr. sol. 

17 - 6 ° 

ir& 

in sol. 

5 

1*01970 

10 

1*04014 

20 

1*08329 

40 

1*17943 


The relation is sometimes more convenient 
when expressed as weights in measure. If a 
vessel be made to hold 100 g. H 2 0 at 15*5°, 
and such is the 100 c.c. vessel most generally 
in use, then a solution containing 
H 0 g. saccharon in this 100 c.c. * sp. gr. 1*07686 
10 „ „ „ 1*03857 

5 „ 1*01931 

1 „ „ „ 1*00386 

Hence, if the sp.gr. of a pure cane sugar is 
known the amount of sugar in the 100 c.c. can 
be arrived at broadly by dividing the S.G. — 1*000 
by *00385. This number multiplied by 1000 has 
been called the D of the sugar. D ■= 3*85 for 
saccharon. The use of the number gives too 
low an indication for the higher specific gravities 
and too high a one for the lower ones, being 
almost accurate for solutions containing between 
10 and 20 g. sugar per 100 c.c. It is a useful, 
practical factor when its meaning and value 
are understood, being at most 3 per 1000 incor- 
rect. 

Concentrated sugar solutions possess a higher 
boiling-point than water, an 80 p.c. solution boils 
at 112°, a 90*8 p.c. solution at 130° (Gerlach, 
D . P. J. 172, 31 and 286). 

Solutions of pure cane sugar crystallise 
quickly, but if foreign matters are present the 
crystallisation is very much slower, and the 
forms of the crystals vary with the character of 
the impurity ; some impurities entirely prevent 
crystallisation. These facts play a most im- 
portant part in the refinery (see art. in Dictio- 
nary of Applied Chemistry and v. Lippmann’s 
Zuckerarten , p. 115). Solutions of cane sugar 
are highly diactinic (Hartley, C, J . 1887, 59). 
Cane sugar is soluble in methyl and ethyl 
alcohol, acetone, and glycerin in proportion to 
the amount of water they contain, being almost 
insoluble in them when they are anhydrous 
<Scheibler, Z. F. 22, 246 ; B. 6, 843). Solu- 
tions of cane sugar and the fused sugar are 
•optically active, rotating the plane of polarisa- 
tion to the right; crystallised sugar is not 
optically active. The oldest value given for 
specific rotatory power is [a]j = + 73*8° » 
[«]»• 4* 66*6° (24:21*67: :73*8°:66*6°). 

This is only an approximate average number, 
much of the same value as the D described 

* X. V.mJMtsehrifl d u Vtretm /Jr die BBbensucier in- 
dtutrii 4m 4**t token Beichet, 
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above. It is the apparent specific rotatory 
power, and may be called the working value. 
Tollens (B. 17, 1757), Schmitz (B. 10, 1419), 
Girard a. de Luynes (C. B. 80, 1855), and Calde- 
ron (C. B. 83, 393), from numerous observations 
worked out an absolute value. Tollens gives 
0] D - 66-386 + 0*015035P - 0-0003986P*, where 
P is the p.o. of sugar; Schmitz’s numbers are 
[a] D - 64*156 + 0*051596gr - 0*00028052o*, where 
q « p.c. of water. The optical activity diminishes 
with the concentration of the solution, so that 
for a 100 p.c. solution (t.e. for the dry sugar, if 
the curve follows the same course as the obser- 
vations) the specilic rotatory power is [o] D =* 64° 
approximately, while very weak solutions, as 1 p.c. 
for example, it is [a] D » 67° (Pibram, B. 20, 1849 ; 
Nasini a. Villavecchia, Gaz. 22, 1, 97). The 
temperature of observation has but a very slight 
influence on the optical activity (Dubrunfaut, 
A. Ch. [3] 18, 99 *, Andrews, if. S. [4] 3, 1366). 
The speoifio rotatory powers of solutions of the 
sugar in mixtures of water and ethyl alcohol, 
methyl alcohol, and acetone respectively are 
slightly greater than that of aqueous solutions ; 
if the latter be taken at [oju *= 66*67° they are 
respectively [a] D = 66*83°, 68*63°, and 67*40^ (Tol- 
lens, B. C. 1881,570). Theoptical activity of fused 
sugar is less than that of its solutions, and di- 
minishes according to the length of time it has been 
kept fused. This is, no doubt, due to the presence 
of decomposition products. The specific rotatory 
power of aqueous solutions is altered by the 
presence of most foreign substances; alkalis 
and alkaline earths diminish it (Thomsen, B. 
14, 1649 ; v. Lippmann, Zuckerarten , p. 157 ; 
Farnsteiner, B. 23, 8570). Lead acetate does 
not appear to have any influence, while ammonia 
increases the rotation (Ost, N.Zeitsch.f. Bilbenz.- 
Ind. 9, 42). The dispersion of cane-sugar solu- 
tions is almost the same as that of quartz, so 
that the rotation of the plane of polarisation 
caused by a sugar solution may be almost 
completely neutralised by a plate of left-handed 
quartz of the correct thickness. Grimbert 
(/. Ph . [5] 16, 295) gives [«]„- 66*45° and 
[a] 0 « 52*85°, so that the dispersive power for 
these two wave-lengths is 1*257. The refractive 
index for sugar solutions has been determined 
for seven lines of the spectrum (Obermeyer, 
Landolt-Bdrnstein, Physikalisch-chem . Tabellen , 
Berlin, 1883, p. 213 ; Kanonnikofl, B. 16, 3047). 
Gladstone (C. J. 1891, 589) finds the molecular 
refraction of cane-sugar solutions to be 118*7 
for the A line, and the molecular dispersion be- 
tween A and H lines 4*73. 

Action of heat . Dry cane sugar melts at 
160°, and solidifies on cooling, if oare be taken 
and the temperature does not exceed 160°, to a 
colourless, glassy mass ; but if the temperature 
be maintained the fused mass becomes slightly 
coloured, and on cooling yields the substance 
known as barley-sugar, this after a time becomes 
crystalline *, but even with the greatest care it 
seems impossible to fuse the sugar without pro- 
ducing some decomposition. With the appearance 
of the colour dextrose and Isevulosan are probably 
the chief products ; but although much work has 
been done on the subject, the exact nature of 
the alteration is not settled. A little furfural is 
formed at times (G61is, A. Oh. [3] 57, 234 ; O. R, 
61, 331 ; Schiff, B. 20, 640). When the tempo* 
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rature is raised to 200° distinct decomposition 
sets in, caramel is formed, gases are evolved, and 
finally a residue of eharooal remains. Among 
the gases are carbon dioxide, carbon monoxide, 
marsh gas, ethylene, acetylene ; among the vola- 
tile products are water, acetone, formic, acetic, 
and propionic acids, aldehyde, furfural, acrolein, 
benzoic aldehyde, and a bitter substance assa- 
mur (Volckel, A. 85, 59 ; 86, 63 ; 87, 303 ; Fremy, 
A. 15, 278 ; Schiff, B. 20, 540 ; A, 238, 380 ; 
Reichenbach, A . 49, 3). Caramel has the same 
composition as cane sugar, less one or more 
molecules of water. It is soluble in water and 
partly soluble in alcohol, and probably consists 
of a mixture of several bodies. Baryta and basic 
lead acetate give precipitates with it. It com- 
bines with aniline, reduces some metallio salts, 
and yields an acid with chlorine. It is largely 
used as a colouring matter in cookery, brewing, 
Ac. (G61is, A. Ch. [3] 52, 386 ; 65, 190 a. 496 ; 
Graham, A. Ch . 65, 190 ; PAligot, A. Ch. [2] 67, 
172 ; VSlckel, A. 75, 59 ; 85, 74 ; Pohl, J. pr. 
82, 148 ; Schiff, B. 4, 908 ; Wachtel, Org. d. 
Centr.-Ver. 17, 930). 

It seems proved that when dry saccharon is 
heated at 100°, even for a long time, no change 
takes place, and, as has been said, the sugar can 
be heated to the melting-point, 160°, without pro- 
ducing any marked decomposition, but it would 
appear that rapid heating to this temperature 
can produce a mixture of dextrose and hevuloBan, 
without any change in weight. If, however, a 
mixture of 100 pts. of the sugar and about 5 
pts. water is heated at 150° for some time, a 
mixture is produced which contains little or no 
unaltered saccharon, but which consists, in part 
at least, of a sugar said to be optically inactive, 
and to be a compound of bi-rotating dextrose and 
liBvulose. Other bodies must also be present, 
probably dextrose and lavulose. The compound 
sugar is, no doubt, present, but inasmuch as it 
has never been isolated it cannot be said with 
certainty that it is inactive (Morin, C . B. 
86, 1033; Berzelius a. Mitscherlich, J.Ph. 3, 4, 
216). The so-called inactive sugar is easily con- 
verted by boiling with water into dextrose and 
l&vulose. Neutral aqueous solutions of sacqha- 
ron are slowly inverted on boiling. They are, 
however, stable in the cold, if sterilised, and can 
be concentrated under diminished pressure 
at 50°-60° without undergoing much change 
(Kreuster, Z , K25, 521 ; Blchamp, A. Ch. [3] 54, 
28 ; Morin, C. B . 86, 1,083 ; Horsin-D6on, Bl. [2] 
82,121 ; Gunning, Z . V. 27, 895). By heating to 
150°-200° in a sealed tube, humus substances, 
formic acid, pyrocatechin, and other bodies are 
formed (Ldw, Z . 1867, 510; Hoppe-Seyler, B. 
4, 15). 

Action of acids . All dilute acids, even car- 
bonic acia, hydrolyse (invert) cane sugar, 
causing the assimilation of one molecule of 
water and the production of equal quantities of 
dextrose and laevulose, 

Saccharon Dextrose Leerulose 

+ H g O ~ CaHjgOg + C # H, 2 O a 
This mixture is called invert sugar. The ex- 
periments made on this phenomenon may be 
classified under two headings : (a) the action of 
different acids acting under the same conditions 
on the sugar solutions ; (5) the action of the 
Some acids under varying conditions. With 


regard to those coming under the first heading, 
Ostwald’s experiments are the most complete 
(J. pr. [2] 29 385 ; 30, 93 a. 225 ; 81, 307 ; Koral, 
J. pr. [2] 34, 109). He examined the action of 
thirty-two acids, and finds that there is a close 
relation between the constants of inversion and 
the affinities of the acids. See also Fleury 
(D. P. J. 219, 436 ; J. Ph. [4] 22, 423). With 
regard to reactions coming under the second 
heading, it is found that inversion proceeds more 
rapidly in hot solutions than in cold onea 
(several formulas have been given to express this 
relation, v . Arrhenius, Zeit. phys. Ch. 4, 226 ; 
Urech, B . 20, 1836) ; that increase in the percen- 
tage of acid increases the rapidity of inversion ; 
that, the percentage of acid to water being con- 
stant, increase of volume decreases the time ; and 
that the percentage of acid to sugar being con- 
stant, increase of volume (dilution) increases the 
time (LOwenthal a. Lenssen, J.pr . 85, 321 a. 401 ; 
Urech, B. 13, 1696 ; 15, 2130 ; B. C. 1881, 570 ; 
1883. 601). The presence of neutral salts some- 
times increases and sometimes diminishes the 
rapidity of inversion ; for a detailed account Bee 
Spohr (J. pr. [2] 32, 32 and 33, 265). If the 
heating be long continued, or if too strong acids 
be used, most of the hevulose and part of the 
dextrose is destroyed, and humus substances, 
acetopropionio and formic acids are produced 
(Mulder, J. pr. 21, 219 ; Malaguti, A. 17, 52 ; 
Stein, A. 30, 82 ; Conrad, B. 11, 2178 ; Tollens, 
B. 14, 1951; Sestini, L. V. 26, 285; 27, 163; 
Conrad a. Guthzeit, B. 18, 439 ; 19, 2569 a. 
2844 ; Tollens a. Grote, A. 175, 181, 206, 237 
a. 233. The inversion of cane sugar cannot be 
carried out by heating with acids without de- 
stroying some lfflvulose (q. v.) t unless the tempe- 
rature and quantity of acid be kept within well- 
defined limits (Jungfleisch a. Grimbert, G . B . 
108, 144; Wohl, B. 23, 2084). Nicol (Fr. 14, 
180) and Clerget (A. Ch. [8] 26, 175) give in- 
structions for the preparation of pure invert sugar. 
According to the latter, 5 c.c. of strong hydro- 
chloric acid is added to 50 c.c. sugar solution, 
containing 8T75 g. saccharon, and heated 
for ten minutes at 68 °. Under these conditions 
the sugar is completely inverted, and the pro- 
ducts are unacted upon. They are identical in 
optical activity and cupric reducing power with 
the sugar obtained by the action of invertase 
(see Action of ferments) under the most favour- 
able conditions. There is no doubt that invert 
sugar is a mixture of lcevulose and dextrose in 
equal quantities (Jungfleisch a. Grimbert, O. B . 
108, 144 ; 107, 390), as its properties agree in 
every particular with that of a mixture of these 
two sugars in molecular proportions. Concen- 
trated sulphuric acid dissolves cane sugar at the 
freezing temperature, without the production of 
colour, but slight heating causes it to swell up 
to a black, frothy mass ; a blue fluorescent body 
is formed (Simmler, C. C. 1862, 378). Other 
acids act in a similar way (Gmelin-Xraut, Hand 
huch d. Ch. ; van Kerckhofl, J. pr. 69, 48). 

Action of alkalis. Dilute alkalis do not act 
on cane sugar in the cold, and but slowly on 
heating (Michaelis, J. pr. 56, 430). By heating 
with potassium hydroxide and but little water, 
decomposition takes place, carbon dioxide, acet- 
one, and formic, acetic, propionic, and oxalic 
acids are formed (Gottlieb, A. 52, 122). Potash 
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or baryta under certain conditions yield a large 
quantity of lactic acid (Schtitzenberger, Bl. [2] 
25, 289). Milk of lime and strontia also decom- 
pose cane sugar by prolonged heating (Fremy, 
A. 15, 278 ; Benedict, A. 162, 808 ; Niedschlag, 
Deutsche Zttcksrind. 1887. 159 ; Pinner, B . 16, 
1728). 

Oxidation . Cane sugar is easily oxidised 
by almost all the common oxidising agents. Free 
oxygen does not act on it, but in the presence of 
platinum black it does; ozone also oxidises 
it (Gorup-Besanez, A . 110, 103). Chlorine or 
bromine yields gluconic acid, glucose, and other 
substances (Reichardt, B . C. 1880, 559 j Gries- 
hammer, A, Ph. [3] 15, 193) ; the same reaction 
takes place in the presence of lead or silver 
oxide (Hlasiwetz a. Habermann, A . 155, 128; 
Herzfeld, A. 220, 353). Iodine and potassium 
carbonate yield a little iodoform (Millon, O. B. 
21, 828). The more powerful oxidising reagents— 
such as strong chromic acid, chlorate of potash, 
strong sulphuric acid, <fec.— -act so violently as to 
cause explosions. Strong nitric acid acts very 
energetically ; dilute nitric acid yields sacchario 
and oxalic acids ; anhydrous nitric acid, or a 
mixture of strong nitric and sulphuric acids, yields 
a nitrate (Sobero, C. B. 24, 247 ; SchSnbein, P. 
70, 104 ; Carey-Lea, Bl. [2] 10, 415 ; Tollens, B. 
15, 1828; Salkowski, B. 15, 1738 ; Heintz, A. 51, 
185 ; P.61, 815 ; Reinsch, Jahrb.J. Pharm. 18, 
837 ; Hornemann, J.pr. 89, 804 ; Tollens, Chem. 
Zeit . 11, 1178). Fehling’s solution is not reduced 
by cane-sugar solution, neither are alkaline solu- 
tions of other oxides, except ammoniacal silver 
solutions, which are reduced slowly in the cold 
and quicker on warming; but many neutral or 
acid metallic •solutions are reduced (Tollens, 
Z . V. 32, 712 ; B. 15, 1828 ; Salkowski, B. 
15, 1738). Dilute chromic acid oxidises cane 
sugar to oxalic, formic, and carbonic acids ; 
potassium permanganate yields carbonic acid 
and water; by careful oxidation in the cold, 
oxalic and formic acids are also produced (Heyer, 
Ar . Ph. [3] 20, 836 a. 430 ; Brunner, B. 12, 549). 
Maumen6 (Bl. [2] 22, 2 ; 30, 99) says that 
three acids, di-, tri-, and hexa-pinio acids C 2 H 4 0 4 , 
GjHgOj, and G«H, a O„ are formed under certain 
conditions. 

Action of ferments . Cane sugar is not 
directly fermentable by organised ferments, with 
the exception of Monila Candida ; it requires 
first to be hydrolysed (inverted), and for this 
purpose every organism which has the power of 
assimilating cane sugar produces an organised 
ferment or enzyme called invertase , which first 
inverts it (Bernard, Lemons de Physiologic Expir., 
Paris, 1856; Hansen, Meddelelser , 1888, 2, 143; 
Brown, O. J. 1886. 178). The action of in- 
vertase was first studied by Kjeldahl (Medde- 
lelser, 1881, 8, 186) ; O’Sullivan and Tompson 
(C. c T, 1890, 834) have exhaustively investigated 
the subject. They find the change follows the 
same time curve as a catalytic reaction; the 
time necessary to perform a given percentage of 
hydrolysis varies directly with the amount of 
invertase ; the most favourable concentration of 
the sugar solution is 20-25 p.c., and the most 
favourable temperature 55°. Hydrolysis pro- 
ceeds slowly at the freezing-point ; it ceases at 
about 65° ; alkalis immediately stop the reac- 
tion, whereas very minute quantities of acid 


aid it. Invertase is uninjured by the reaction, and 
is capable of inverting about twenty-two times its 
weight of cane sugar per minute for an unlimited 
period- The dextrose formed is in the bi-rota- 
tory state ; on standing, the invert sugar has the 
same optical activity as that obtained by the 
careful action of dilute acids. See also Barth 
(B. 11, 474), Mayer (B. C. 1881,784; 1882,850), 
Muller (Ann. Agronom. 12, 481),Tamman (Zeit, 
phys. Gh. 3, 25). Invertase acts at a tempera- 
ture higher than is sufficient to kill the yeast 
whence it is derived. For production of aloohol, 
acids, &c., under the influence of organised fer- 
ments, see Fermentation. 

Compounds with acids. Nitrosaocharon 
CjaH^NOJjO,, is prepared by treating the 
powdered sugar with a mixture of strong HjS 0 4 
and fuming HNO g in the cold (Sohbnbein, P. 
70, 167 ; Sobero, O. B. 24, 247). It is a white 
doughy mass, insoluble in water, soluble in alco- 
hol and ether. Boiling water decomposes it; 
m.p. 20°. It is explosive. 

With arBenious acid a compound 
C 12 H 2 a 0 , 1 .As 1 j 03 is said to be produced. The 
composition is improbable. 

By the aotion of acetio anhydride and glaoial 
acetic acid, or acetio anhydride and sodium 
acetate, a series of acetates have been obtained. 
In these the group C 2 H 3 0 takes the place of H. 
We have the monoacetate 
(Schtitzenberger a. Naudin, Bl. 12, 206) ; the 
tetracetate C 12 H l8 (C 2 H 3 0) 4 0 n ; the hexacetate 
(Herzfeld, N. Z. 3, 155) ; the heptacetate 
(Schtitzenberger, Bl. 12, 204 ; O. B. 61, 485) ; 
and the ootacetate (Herzfeld, B. 18, 267 ; D6mole f 
C. B. 89, 481), all more or less resinous sub- 
stances, diminishing in solubility in water in 
proportion to the number of acetyl groups they 
contain, and increasing in solubility in aloohol 
and ether with the same change in composition. 
The octacetate is said to crystallise in needles,, 
m.p. 67°. They are all decomposed by the action 
of acids and alkalis into acetio acid and the 
products of the inversion of saocharon. It is 
probable that by careful treatment with alkalis 
in equivalent quantities (sufficient to neutralise 
the acetic acid formed) saocharon is again pro- 
duced. Benzoyl ohloride yields with saocharon 
a hexabenzoate C, 2 H II ,(C 7 H i O) a O,,, m.p. 109° 
(Baumann, B. 19, 3220 ; Skraup, M. 10, 889j. 

Compounds with bases . By mixing sodium 
ethylate with a solution of cane sugar and pre- 
cipitating with alcohol, a compound C 12 H 2l NaO,| 
is obtained (Pfeiffer a. Tollens, A. 211, 285). 
A similar potassium compound has been pre- 
pared (Soubeyran, A. 43, 223 ; Brendeche, An, 
Ph. [2] 29, 73). Cane sugar combines with 
many bases, forming saccharates which are de- 
composed into the sugar and carbonate by car- 
bon dioxide, and are but slightly soluble in 
water. The most important of these are barium 
saccharate C l2 H 22 0,,.BaO, strontium saccharate 
CjgR^Ou.SrO, and C^H^Op^SrO, the former 
produced by mixing solutions of its consti- 
tuents ; it crystallises with 6H.fi 9 the latter 
obtained by bringing together its constituents 
in boiling solution. Calcium saccharates : 
C J2 H aj O„.3CaO 3aq is but slightly soluble in 
water; C, 2 H 22 0 11 .2Ca02aq and C, 2 £^ s O„CaO 
are soluble in water and decomposed partly by 
boiling into the tri-saccharate and free fugar. 
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C, t H f2 O ll .GaO + 2H. i O, O.^Ojj.aOaO, and 
(OfyH^O^g&GaO have also been described. 
Lead acetate alone does not precipitate cane 
sugar; lead acetate and ammonia yield 
C I2 H l# Pb,0 n and C^H^Pb/),, ; iron and copper 
yield saccharates; it is doubtful if magnesia 
forms one (Soubeyran, A. 43, 223 ; Stromeyer, 
Ar. Ph. [3] 25, 229 ; Brendeohe, Ar . Ph. [2j 29, 
73; P61igot, J. pr . 13,379; 15, 76; A. [3] 54, 
377 ; Landolt a. Degener, Z. V. 32, 325; Scheibler, 
B. 15, 2945 ; 16, 985 ; v. Lippmann, Organ d. 
Centr . Ver. 18, 37 ; B • 16, 2764 ; Benedict, B. 
6,413; Harperath, Chem. Zeit. 1886. 323; Boivin 
a. Loiseau, G. R. 58, 60 ; also old editions of 
Watts’ Diet.), Ammonia gas at 150° forms 
brown amorphous bodies ; solutions of ammonia 
yield similar bodies (Th6nard, G. R . 52, 444 ; 
Payen a. Schiitzenberger, Jahresber . f. Zucker- 
fabr. 1861-62, p. 191, 192 ; Laborde, J. 1874,883). 

Compounds with metallic salts. Several 
compounds of saccharon with sodium chloride, 
bromide, and iodide have been prepared 
(P61igot, A. 30, 71 ; Maumend, Bl. 15, 1 ; 
Gill, G. J. 1871, 269). Such compounds are 
C 12 H 22 0 1I .NaC1.2H,0 ; 2C 12 H 22 0 M .3NaC1.4H 0 ; 

C l2 H, w O l ,.NaBr.l^H 2 O;and20 J2 H^O n .3NaI.3H 2 O; 
the latter is a very stable and definite compound, 
and is, like the others, easily prepared by boil • 
ing a mixture of the sodium salt and saccharon 
in equivalent quantities, and allowing the solution 
to stand in a quiet place over sulphuric acid. 
These bodies form distinct and definite crystals. 
No definite compounds of the halogen salts of 
potassium and ammonium with saccharon have 
been described, but there can be little doubt, 
from the work of Gill, that such are obtainable. 
Lithium salts seem to give lithium compounds. 
Compounds of saccharon with sodium-acetate, 
nitrate, iodate, and phosphate are not obtain- 
able (Gill, Z.c.). A double Balt of copper sul- 
phate and saccharon, C^^Ou.CuSO.^aq 
crystallises from a saturated solution of the 
constituents (Barreswil, J. Ph. [3] 7, 29). 
The sodium mercury chloride compound 
2C Jt H 22 0 1I .NaCl.HgCl2 crystallises in minute 
crystals on the slow evaporation of a solu- 
tion of its constituents in weak alcohol 
(Boullay, Bl. 12, 292). A borax compound 
SCj^H^On.NaJB^.dHp has also been described 
(Stiirenberg, Ar. Ph. 18, 279). Many other com- 
pounds have been described, but they present 
no material interest. 

Saccharon, like many other organio sub- 
stances, prevents the precipitation of many 
metals from their solutions by ammonium, 
sodium, and potassium hydroxide; in some cases 
the prevention is complete, in others only a 
portion of the metal is retained in solution (Lus- 
saigne, G. R. 14, 691 ; Groth, J. pr. [1] 92, 175 ; 
Pellet, J. Fabr. 1 18, 22). 

With phenyl-hydrazine saccharon yields only 
laevulose and dextrose compounds (g. v.). 

Lactose. Lacton , lactobiose t milk sugar 

Oi 2 H S2 0 11 .H 2 0(o) and 

Occurrence. — Lactose has been long known. 
It occurs in the milk of the mammalia and also 
in the fruit of SapotUlier ( Achras Sapota) 
(Bouchardat, Bl. [2] 16, 26). Lactose constitutes 
8-5 p.c. of the milk of women, sheep, goats, and 
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cows, 6 p.c. of asses' milk, and a slightly greater 
proportion of mare's milk (Fleischmann, Das 
Molkereiwesen , Braunschweig, 1875 ; Kiihne, 
Lehrb. d. physiol. Ch'. p. 573). 

Preparation. — Skim milk, or, better, milk from 
which the fat has been separated by mechanical 
means, is coagulated with rennet and the whey 
digested for Borne time with calcium carbonate 
(chalk) and aluminium hydroxide. The insoluble 
matter is then filtered out and the filtrate con- 
centrated in a vacuum to a syrup ; this, on 
standing, yields crystals of lactose. During con- 
centration some matter becomes insoluble ; this 
should be filtered out before final concentration. 
The crystals are purified by repeated re-crystalli- 
sation from solutions concentrated at the tempe- 
rature of boiling water ; on cooling 
crystallises. This is lactose a. If the saturated 
solution is evaporated rapidly on the water-bath 
with continual stirring, small crystals of 0, 2 H 2<! 0 1 , 
are obtained ; lactose y. These are not hygro- 
scopic. If the o modification is dried at 130° 
a hygroscopic mass is left, which is known as 
the 8 modification. There are said to be other 
modifications, but in solution after boiling they 
all have the same optical activity and are iden- 
tical (Enling a. Riif, B. G. 1882, 346 ; Centbl . 
/. Ag. Ch. 1885, 130 ; J. Kunz, Ph. [3] 15,443). 

Properties. — Ordinary lactose forms large, 
rhombio, hemihedral crystals, having a sp.gr. 
1*53-1*54 (Schroder, B. 12, 562) and containing 
1 mol. H z O, which is lost by drying at 130°. It 
is soluble in six parts of cold water and in two 
and a-half or less of boiling water, from which 
on oooling it slowly crystallises. Its solutions 
rotate the plane of polarisation to the right, 
and its specific rotatory power for the D line is 
[a] D = 52*53° + (20 — £) x 0*055 (Schmoger, B. 13, 
1927 ; Hesse, A. 176, 98 ; Erdmann, J. 1855, 
661 ; Denig&s a. Bonnans, J.Ph.[b) 17,363 a.4U). 
The variation with the concentration is very 
little, and, as is obvious from the above formula, 
the effect of temperature is slight. These 
numbers for the [ojp are calculated for the ays- 
talsC^.^On-HjO. For the dry sugar C v JA n O n 
I have found [a]p = 55*5° with a Jellet-Comu 
instrument (Schmidt a. Hans, Ch.), sodium flame, 
and absolutely the same number [oh - 61*6° with 
a Soleil-Soheibler, taking 100 divs. * 88*4®. 

(24:21*67 : : 61*6°:55*5°). 55*5°-5*25 p.c. * 52*59 : 
my observations were made at 15*5°, Schmdger’s 
at 20°. Freshly-prepared solutions of crystallised 
lactose exhibit the phenomenon of bi -rotation, the 
angle immediately after solution being in the pro- 
portion of 8:5 to the constant value (Ureoh,B.16, 
2270 ; Dubrunfaut, G. R. 42, 228 ; Schmoger, l.c .; 
Parous a. Tollens, A. 257 , 160). The rotatory 
power does not vary with the concentration. The 
dispersive power— that is, the ratio between the 
specific rotatory powers for the C and D lines — is 
1:1*259 (Wo « 41*58) (Grimbert, J. Ph. [5] 16,295 
a. 345) . The modification y when freshly dissolved 
in water exhibits the phenomenon of semi-rota- 
tion— that is, the specific rotatory power is only 
about | of the normal, to which it attains on 
standing a few hours (E. O. Erdmann, 
Fortschritte der Physik t 1855, 18 ; B. 13, 2180; 
Sohmdger, B. 18, 1915). The modification 0 on 
solution has immediately the normal optical 
activity; the presence of alkali lowers the 
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activity (SchmOger, lx. 5 Urech, B. 17, 1543). 
Schmfiger give the specific gravity of solutions, 
containing given percentages of the crystals 
from which by calculation we get D =» 3*956 for a 
solution containing 2*5 g. dry sugar in 
100 c.c. at 20°, 8*921 for a 10 g. solution 
and 3*913 for a 15 g. one. My observations are, 
temperature 15*5° : — 

1 gram in 100 c.o. sp.gr. 1*0040 ; D - 4*00 

5 grams,, „ „ 1*0199 ; D - 3*98 

10 „ „ „ 1*0397 ;D = 3*97 

20 „ „ „ 1*0785; D = 3*93 

D ~ 3*99 for solution below 10 g. per 100 c.c. at 
15*5°. The K-79*2 for dry sugar, i.e. 0*5723 
anhydrous lactose reduce 1 g. CuO from Fehling’s 
solution (Jones, Analyst , 1889, 81). According 
to Soxhlet 0*5 g. sugar- 74 c.c. Fehling’s solu- 
tion, hence K ~ 74 ; in this case 1 g. CuO - *6127 
lactose: by weighing the precipitated CuO as 
Cu by Allihn’s method, 1 g. sugar ■* 1*736 CuO, 
or 1 g. CuO * 0*5760 g. sugar, K = 78*8, agreeing 
with the number given by Jones. According to 
Roderwald a. Tollens ( B . 11, 2076) the working 
number 1 g. CuO * *5795 g. anhydrous sugar. I 
am inclined, when the conditions hereafter to be 
described are followed, to place the K at 78*9, 
i.e. 1 g. CuO = 0*5758 g. sugar. In this case 7*5 
mols. CuO are reduced by 1 mol. sugar. 

Action of heat Hydrous crystallised lactose 
(a) remains constant at 100° ; above this water is 
slowly given off, and at 130° the dehydration is 
complete without decomposition if the water 
is eliminated slowly. Anhydrous lactose com- 
mences to colour at 170°-180°, loses water, 
and forms the so-called lactocaramel C tt H 10 O 4 , 
which is easily soluble in water but insoluble in 
alcohol, and yields compounds with lead and 
copper oxide. Lactose melts at 203*5° to a brown 
liquid, and by further heating it is decomposed 
with separation of carbon (Lieben, J. pr . 68, 
409). Heated in a sealed tube with water to 
90°-100° it is coloured, and more so at 180°- 
200°, when a glucose is produced which may be 
precipitated by alcohol, and, by further heating, 
carbonic acid, a little pyrocatechin, and other 
bodies are formed (Vohl, A. 105, 334 ; Hoppe- 
Seyler, B. 4, 16 ; Munk, H. 1, 357). 

Action of acids. By heating with dilute 
acids lactose is hydrolysed (inverted), yielding 
galactose and dextrose 

+ H 2 0 tm C^HjjOj + C 6 H l2 O g 

Lactose Dextrose Galactose 

one molecule of water being taken up. The re- 
action takes some hours to complete; during 
the hydrolysis the reducing power and optical 
activity increase (Pasteur, C. B . 42, 228 ; Fuda- 
kowski, B.8, 559; 9, 42 *, 278 and 1602 ; 11, 1069 5 
Bourquelot, N “. Ztschr . /. Rubenz-ind . 16, 71 ; 
Kent a. Tollens, A. 227, 221 ; Bindell, N. Ztschr . 
/. Rubenz-md. 4, 163). The chief products of 
the reaction are as stated, but the conditions 
have not yet been described by which the op- 
tical activity and K of the resulting substances 
will exactly correspond with those of a mixture 
of equal parts of galactose and dextrose. Other 
bodies are undoubtedly produced. By the con- 
tinued action of acids for several days, aoeto-pro- 
pionio and formic acids are produoed (Tollens 
IL Roderwald, A . 206, 231 ; Conrad a. Guthzeit, 


B. 19, 2575). Concentrated sulphurio acid does 
not blacken lactose in the cold. 

Compounds with acids . A mixture of sul- 
phuric and nitric acids give lactose pentanitrate 

C, JEI, 7 (NO,) 5 O n , insoluble in water but soluble in 
alcohol and ether, m.p. 189*2° and exploding 
when struck by a hammer on an anvil ; lactose 
tri-nitrate C 12 H,g(N0J 3 0,,, very slightly soluble 
in water, but easily in alcohol and ether, m.p. 
37°; and lactose tetranitrate C l2 H, 8 (N0. 2 ) 4 0,,, 
m.p. 80°-81° (G6, J. R. 1882, 258 ; B. 15,2238). 
With chlorosulphonic acid lactose yields dextrose- 
tetra-sulphonic acid chloride (Claesson, J. pr. [2] 
20, 1 and 18). Organic acids act very slowly on 
lactose, but by prolonged action they yield ethers 
of lactose or of dextrose and galactose (Berthelot, 
Chim. org. 2, 279, 295). A series of acetates, 
beginning with the mono- body and ending with the 
octo- one, have been described. C,.H, 4 (C. 2 H 8 0) 8 0 n 
is obtained by boiling lactose with an exoess of 
acetic anhydride or by heating a mixture in the 
proper proportions of the sugar, acetic anhydride, 
and fused Bodium acetate at 100° (Herzfeld, B. 
13, 265). This body is insoluble in water and in 
ether, soluble in benzene, acetic acid, and in al- 
cohol. It crystallises from a mixture of alcohol 
and acetic ether. [a] D = + 31° in alcoholic solu- 
tion. The mono- and di- acetate are obtained 
by incompletely decomposing the octo-acetate by 
alkalis (D6mole, C. R. 89, 481). Tetracetate is 
formed at the same time as the octo- acetate, 
when lactose is boiled with acetic anhydride 
(Schiitzenberger a. Naudin, Bl. 12, 208). It is 
easily soluble in water, [a] D = -i- 50°. Hexacetate 
C 1 . <J H 16 (C 2 H 3 0) tf 0 1 | crystallises from a mixture of 
alcohol and acetic ether in white needles, m.p. 
86° (Herzfeld, N. Z. R. 3, 156). It is doubtful 
whether or not lactose is reproduced when these 
bodies are saponified by treatment with alkalis. 
There seems to be no reason why it should not 
be so, if the alkali is carefully employed. 

Action of alkalis. Hot alkalis colour solu- 
tions of lactose yellow to brown, and form lactic 
acid, pyrocatechin, and other products (Hoppe- 
Seyler, B. 4, 347 ; Nencki a. Sieber, J. pr. [2] 
34, 503 ; Uroch, B. 17, 1543). Fused with KHO 
it yields carbonic, oxalic, and a little succinic 
acids (Hlasiwetz a. Barth, A. 138, 76). 

Compounds with alkalis. Lactoseates are 
formed by the action of potash or soda on lactose 
in alcoholic solutions, or by adding alcohol to the 
mixed aqueous solutions. They are amorphous, 
easily decomposed precipitates having a composi- 
tion expressed by the formula C l2 H. 21 NaO,| and 
C 12 H 2 ,K0 1i (Fremy, A. 15, 278 ; Hdnig a. Rosen- 
feld, B. 12, 45). Galoium, barium, and lead 
lactoseates are obtained by dissolving the base 
in lactose solution and precipitating with alcohol. 
The long-continued action of lime produces iso- 
saccharin and metasaccharin (Ouisinier, M. S. 
[3] 12, 520 ; Kiliani, B. 16, 2625). By heating 
with ammonia, brown, amorphous, nitrogenous 
products are obtained (Th6nard, C . R. 52, 444). 
Aniline yields two crystalline compounds, 
O S0 H 4 # NO m and C M H 54 N. 2 0 M , which reduce 
Fehlmg’s solution (Sachsse, B. 4, 835 ; L. V. 16, 
441). 

Oxidation. — Oxygen and ozone have no ac- 
tion on lactose in the oold ; hot solutions are 
oxidised by oxygen in the presenoe of platinum 
black (Gorup-Besanez, A. 116, 86 a. 103 * Reiset 



554 


SUGAR. 


ft. Millon, 4. Ch. [8] 8, 285). Alkaline perman- 
ganate solutions oxidise lactose easily (Lauben* 
heimer, A . 164, 283). Cbromio acid yields alde- 
hyde (Guckelberger, A. 64, 98). Nitric acid 
first inverts lactose and then yields mucic and 
saccharic acids; from 36 to 40 p.c. of mucic 
acid is produced ; by long-continued heating tar- 
taric and oxalic acids, Ac., are obtained (Liebig, 
A. 113, 1 ; Dubrunfaut, C . B. 42, 228 ; Kent a. 
Tollens, A. 227, 227). Alkaline solutions of 
copper oxide are reduced by lactose, and from 
amongst the products of the reaction Bfideoker 
a. Struckmann (A. 100, 264) isolated gallactinio 
acid C 14 H l0 O* ; pectolactinio acid G 1(J H, a 0 12 , 
lactic and glycollio acids are also produced 
(Habermann a. Hdnig, B. 17, 351). Silver oxide 
oxidises lactose solutions with production of 
oxalic, glycollio, and lactonio (galactonio) acids 
(Kiliani, B . 13, 2307). Chlorine or bromine in 
the presence of silver oxide yield lactonio 
(galactonic) acid C a H 12 0 7 (Barth a. Hlasiwetz, 
A. 119, 281 ; 122, 96). By very careful oxida- 
tion with bromine water Fischer a. Meyer (B. 22, 
361) have obtained lactobionic acid 0 ls H a 0, 9 ; 
it is a colourless, strongly acid syrup, easily 
soluble in water, but only sparingly in alcohol. 
It does not reduce Fehling’s solution ; it decom- 
poses metallic carbonates, forming salts. The 
calcium (^..H^O^Ca, barium (0, t E[ s ,0| 2 )^Ba, 
lead (C I2 H 21 6 12 )Pb, and other salts may be pre- 
pared in this way ; they are insoluble in alcohol, 
but soluble in water. When heated with dilute 
mineral acids, lactobionic acid is decomposed 
into galactose and gluconic acid. With iodine 
and sodium bicarbonate lactose yields a little 
iodoform (Millon, C. R. 21, 828). 

Fermentation. — There is no known enzyme 
capable of inverting lactose ; it does not ferment 
with yeast (Berthelot, A. Gh . [3] 60, 332 a. 362 ; 
Fitz, B. 11, 42). It easily undergoes lactic acid 
fermentation, especially in milk (Fitz, l.c. ; 
Richet, O. R. 86, 550 ; Schmidt-Miilheim, B . 15, 
2631). It undergoes alcoholic fermentation in 
kumys or kefir fermentation (Struve, B. 17, 314 ; 
Vieth, A . 12, 2), and also under the agency of 
certain bacteria (Rotondi a. Zechini, see v. Lipp- 
mann, Deutsche Zuckerind. 1887, 1091). 

Phenylhydrazine yields lactose phenylhydra- 
zide C, ? H 28 0, a N 2 , soluble in water and alcohol, 
insoluble in ether and lssvorotatory, and lac- 
tose osazone G^H^N^O,, crystallising in yellow 
needles; soluble to some extent in hot water, 
and m.p. 200° (Fischer, B. 17, 583 ; 20, 830 ; 
20, 2566). By the action of hydrochloric acid 
it yields lactose osone (Fischer, B . 21, 2631). 

Maltose. Maltobiose , Amylon , C lz HooO n ; 
CjjH^Oh.HjjO. DeSaussure (Bibl. Britannique, 
56, 1814, 333; P. 1819, 29, 58) may have ob- 
tained this sugar when studying the products of 
the spontaneous decomposition of starch -paste 
when exposed to the air at 20°-25°. Gu6rin- 
Varry (A. Ch. 60, 32 ; 61, 66) described accurately 
how the body could be prepared in the crystal- 
lised state and some of its properties, but failed 
to recognise it as a distinct substance ; Jacque- 
lain (A. Ch. 63, 167) added nothing to Varry’s 
work; Dubrunfaut (A. Ch. [3] 21, 78) prepared 
the body according to Varry’s method, observed 
that it was less soluble in alcohol than dextrose, 
and had an optical activity three times as great, 
ix. [ah « 58 x 8 « 174, a figure so high as to lead 


one to believe that he had not a pure body in 
his hands. He recognised it as a distinct body, 
and called it maltose ; he, however, looked upon 
it as a glucose, triglucose ; O’Sullivan ( C . /. 
1872, 576 ; 1876, 478) showed that it was not an 
‘ ose * but an * on ’ sugar, and from this and a 
fuller description of its characters gave it a place 
among chemical entities. 

Occurrence . — It is present in some commer- 
cial glucoses and in beer (Valentin, J. S. A. 24, 
404) ; probably in bread ; in amA, a rice-extract 
prepared in Japan (Yoshida, C . N. 43, 29), and 
in germinated cereals to the extent of 1 to 2 p.c. 
(O’Sullivan, C. J. 49, 58). After feeding with 
amylaceous substances it is found in the intes- 
tinal canal, but the blood of the mesenteries 
contains only dextrose. If injected into a vein 
it is found in the urine; if injected subcuta- 
neously, it is partially converted into dextrose 
(Phillips, B. C . 1882, 127). Some of the re- 
ducing sugars of blood may be maltose. 

Formation . — Diastase converts starch and 
the dextrins into maltose (O’Sullivan, l.c.). The 
ferment of saliva, ptyalin, of the pancreas, and 
of the liver, act in the same way (Nasse, J. Th . 
1877, 62; Musculusa. v. Mering, Z. 2, 403). The 
same ferments act on glycogen, maltose being 
amongst the products ; dextrose is present when 
saliva is employed (Kiitz, Pf . 24, 8). All mineral 
acids and many organic acids act on starch and 
glycogen ; maltose is amongst the products. 

Preparation. — 100 g. purified starch are 
mixed as completely as possible with 300 c.c. 
water at 40°, and then poured with continuous 
stirring into 2 litres of boiling water. The paste 
is cooled to 60° and the extract from 20 g. 
pale malt added to it ; the mixture is kept at 
60°-63° for four or five hours, and the solution 
may be allowed to cool and stand for a few days. 
At the end of that time it is evaporated, best 
in a vacuum, to 200 c.c., and then boiled with 
2 litres alcohol, sp.gr. *820. On cooling and 
standing, the clear liquid is decanted off the un- 
dissolved syrup and put aside in a corked flask ; 
at the end of six days the sides of the flask will 
be found to be covered with a crystalline crust 
of maltose. Or the undissolved syrup may be 
treated with strong alcohol as long as any matter 
is taken up, the whole of the clear alcoholic 
solutions are mixed, the alcohol distilled off and 
the residue concentrated to a Byrup; this on 
standing in a cool place becomes filled with 
crystals of maltose, especially if a few crystals 
from a previous preparation be stirred in. These 
may be washed with dry methyl alcohol ; if this 
is used hot, a portion of the crystals dissolves 
and the solution soon yields much sugar. The 
crystallisation is hastened by adding half a 
volume of ethyl alcohol (*810 sp.gr.) or a little 
ether with some crystals of a previous prepara- 
tion (O’Sullivan, l.c. ; Schulze, B. 7, 1047; 
Soxhlet, J. pr. [2] 21, 277 ; Herzfeld, A. Ch. 220,. 
209 ; Cuisinier, J. 1884, 1803). The body may 
be purified by recrystallisation from methyl 
alcohol or water. 

Properties. — Maltose crystallises out of water 
in plates which contain G 12 H 22 0 n .H 2 0 ; out of 
alcohol (sp. gr. *810) it crystallises in crusts and 
at times in cauliflower-like or warty aggrega- 
tions which contain C^H^O,,. The hydrous 
body easily parts with its water at 100 ° in ft 
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ourrent of dry air. The anhydrous body is but 
slightly soluble in strong ethyl alcohol ; it is 
more soluble in methyl alcohol. The hydrous 
body dissolves more freely in both solvents. 
Both bodies are very soluble in water, but less 
so than dextrose. The solution is optically 
active, and the activity for a solution containing 
10 g. in 100 c.c. is 15°-20° less when freshly 
prepared than after standing. The activity be- 
comes constant in ten to twelve hours in the cold 
or immediately on boiling (Meissel, J. pr. [2] 
25, 120). 

The specific rotatory power for dry maltose 
is [«]j » 154°-165° f [«] D = 139°-140° at 15-5° in 
solutions containing 10 g. per 100 o.o. and 
under (O’Sullivan, O, J . 35, 771 ; 45, 5) ; 
Meissel (J. pr. [2] 25, 114) gives the formula 
[«]d = 140*785- -01837 P-*095 T to represent 
the specific rotatory power of dry maltose at 0°, 
in which P - percentage of maltose in solution 
and T the temperature of observation. On cal- 
culating the value of the sugar in a 10-g. solu- 
tion at 15-5° from this formula we get [a] D = 
138-9 (v. also Soxhlet, l.c.> and Herzfeld, A. 220, 
206). The dispersive power, i.e. the ratio of 
Md •' Wo, is 1*262 (Grimbert, J. Ph. [5] 16, 295). 
A solution of maltose containing 10 g. dry sub- 
stance in 100 c.c. at 15*5° has a sp. gr. 

1*0395. Maltose reduces alkaline copper solu- 
tion. O’Sullivan (C. J. 35, 771) gives its re- 
ducing power K»62*5, i.e. 62*5 parts dextrose 
reduce as much copper oxide as 100 parts of 
maltose. Soxhlet (J. pr. 21, 227-317) says 
0*5 g. maltose in 1 p.c. solution = 64-2 c.c. un- 
diluted Fehling solution (1 c.c. = *005 g. dex- 
trose), i.e. K«64-2, and 67*6 c.c. if the solution 
is diluted with four times its volume of water, 
i.e. K«67*5. He further states that 100 parts 
of dry maltose = 113 parts Cu, hence 141 parts 
CuO ; from this, we have K « 63*94. There ap- 
pears to be fair “evidence that the K varies 
within certain limits according to the mode of 
manipulation, but when we see that the K should 
be 63*17 if it be supposed that 1 molecule malt- 
ose reduces 6 molecules CuO, and that the ob- 
served numbers closely approach this, we may 
take it that this is the true number when errors 
of manipulation are avoided. If the Cu 2 0 be 
separated, the filtrate treated with acid gives a 
further reduction with Fehling’s solution which, 
if added to the first, equals the reduction of 
dextrose (Herzfeld, A. B. 589, 220). Alkaline 
mercurio cyanide solutions are also reduced by 
maltose. Copper acetate is not reduced by it 
(Barfoed, Org . Analysis , 214) ; dextrose reduces 
this reagent. When maltose reduces copper 
oxide, glycollio and a mixture of acids of un- 
known composition are produced (Habermann 
a. Honig, M. 5, 208). 

Maltose is hydrolysed to dextrose according 
to the equation O^HuO,, + H 2 0 » 2C # H 12 0 # by 
the following reagents: the mineral acids and 
many organio ones; pancreatic secretion and 
portions of the small intestine (Brown a. 
Heron, C . N. 42, 63 ; Bourquelot, O. i?. 97, 1000 
and 1922) ; a ferment developed in Aspergillus 
niget ana in Mucor mucedo ; the former con- 
tains also a ferment capable of inverting sucrose, 
the latter yields only the one (Bourquelot, lx.). 
Under the action of ordinary beer yeasts malt- 


ose ferments, i.e. is broken down into carbonio 
acid, alcohol, do., apparently without being pre- 
viously inverted. Other organisms yield lactic 
acid and other products ; v. Fermentation. 

Maltose withstands the hydrolytic action of 
sulphuric acid with five times the power of 
sucrose ; 3 hours’ digestion with a 3 p.c. solution 
gives complete inversion (Meissel, l.c.). 0*5 p.c* 
solution of lactic acid does not hydrolyse it, even 
at 110° ; 1 p.c. oxalic acid acts at that tempera- 
ture ; carbonio acid at 100°, and under a pressure 
of six atmospheres, is without action (Bourque- 
lot, J. de VAnat. et de la Physiol. 22, 161-204 
XJrech, B. 18, 3074). 

Nitric acid converts maltose into saccharin 
acid and finally oxalic acid. Chlorine does not 
act on it as energetically as it does on dextrose 
or sucrose ; the product is neither gluoonio nor 
glycollio acids (Meissel, l.c). Herzfeld ( B . O. 
1883) obtained an acid whicn he called maltonic 
acid, by the action of bromine on maltose -, this 
is probably identical with Fischer and Meyer’s 
(B. 22, 194) maltobionic acid which 

they prepared by acting on maltose in aqueous 
solution with bromine in the cold for two or three 
days. This acid is broken down into dextrose 
and gluconic acid by digestion with sulphuric 
acid. Treated at 110° with acetic anhydride 
and acetic acid, maltose yields monacetyl maltose 
OjjjH^CjftOJOn (Yoshida, l.c ., a. Steiner, O. 2V. 
43, 52) ; with sodium acetate and acetic anhy- 
dride the octacetyl derivative C 12 H u (O a H !l OhO„ 
is produced, the optical activity of which is 
[•]„ = 81-18° (Herzfeld, A. 200, 206). With ben- 
zyl chloride it yields penta-benzyl maltose, m.p. 
110°-115° (Skraup, M. 15, 359). 

Sodium C 12 H 21 NaO n , calcium 
G 1 *H J# Ga0 1 ,.H t O, strontium C i2 H 20 SrO n H 2 O, and 
barium C 12 H 20 BaO n .H 2 0 maltose are prepared 
as easily decomposable amorphous precipitates 
when alcoholic solutions of maltose and the 
corresponding bases are mixed (Herzfeld, l.c.). 
Compounds with the alkaline chlorides or 
bromides have not been prepared. 

When 1 part maltose, 2 parts phenylhy- 
drazine hydrochloride, 3 parts sodium acetate, 
and 15 parts of water are heated together for 
1J hours, phenylmaltosazone crystallises out 
on cooling in fine yellow needles, m.p. 190°- 
191°. The equation C^H^O,, + 2N H 3 .C 0 H a » 
C 24 H 3 ,N 4 0„ + 2H 2 0 + H a represents the reaction. 
Only 30 p.c. of the maltose employed is ob- 
tained as osazone (Fischer, B. 17, 583). With 
7 -diamido-benzoio acid, maltose yields maZto-y- 
diamidO’ benzoic acid according to the equation 
✓COOH 

/COOH 

- 0,H,-NH >0aHa0it + H>0 + Hj 

The body crystallises in white microscopic 
needles or narrow plates ; its barium salt is a 
gummy mass (Griess a. Harrow, B , 20, 2212). 

Isomaltose. Fisoher (B. 23, 3687) prep ared 
a saccharon by the polymerisation of dextrose* 
Previous attempts in this direction had been 
made by Musculus (Bl. 18, 66), Muscu us 
Meyer (C. R. 92, 528), HSnig a. Schuber M. 7» 
455), and they obtained by the action of strong 
sulphuric acid a dextrin-like body 0«H it O c » 
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which slightly reduced Fehling’s solution, did not 
ferment with beer yeast, and was reconverted 
into dextrose by the action of dilute sulphuric 
acid. Grimaux a. Lef5vre ( C . B. 103, 146) ob- 
tained a like result by evaporating in vacuo 
dextrose with dilute hydrochloric acid. Gautier 
(BL 22, 145) obtained a body by the 

action of hydrochloric acid on an alcoholic 
solution of dextrose ; this body reduces Fehling’s 
solution but slightly, does not ferment with 
beer yeast, and could not be reconverted into 
dextrose. Grimaux and Lef&vre considered 
that in their product they could detect maltose 
by the osazone. Scheibler a. Mittelmeier 12?. 
23, 3075; 24, 301) isolated an unfermentaWe 
syrup from commercial glucose which reduces 
Fehling’s solution and yields an osazone 
m.p. 152°-153°. They find it is only 
produced when the heating with acid has been 
prolonged, and that it may be prepared by the 
action of acids on dextrose. This body has been 
previously named gallisin (Cobenzl, Boseneck a. 
Schmitt, B. 17, 1000 and 2456 ; Anthon, D.P. J. 
151, 213 ; Mehring, Deutsche Vierteljahrs- 
schriftfilr Qffentl. Oesundheitspflege , 14, Heft 2). 
Fischer’s substance also yielded the same osa- 
zone, m.p. 150°~153° ; he calls the body isomalt- 
ose, and prepares it as follows: One hundred g. 
glucose (commercial dextrose) are digested with 
400 g. hydrochloric acid solution sp. gr. 1*19 at 
10°-16° for 15 hours. Alcohol throws out of the 
solution a small precipitate, which is not formed 
if the temperature of the reaction is kept be- 
low 10°. To the clear solution an excess of ether 
is added, when a colourless amorphous precipi- 
tate is obtained which is filtered out and washed 
with a mixture of alcohol and ether. This body 
is dissolved in water, neutralised, boiled to expel 
alcohol and ether, and fresh beer yeast added. 
After 18 hours all the dextrose is destroyed (?) ; 
the solution has still a high reducing power, 
and contains isomaltose and other bodies. 

The isomaltose is separated as osazone ; the 
solution is heated with phenylhydrazine acetate in 
the water-bath for 1| hours. A little glucosazone 
separates and is filtered out, and on cooling the 
filtrate deposits a yellow precipitate consisting 
of a mixture of glucosazone and isomaltosazone ; 
the mother-liquor, by further heating and similar 
after-treatment, yields more osazone. The whole 
of the osazone obtainable is boiled with 100 
o.c. water and the solution filtered, the filtrate 
contains isomaltosazone, which is deposited on 
cooling in needles ; 2^ g. of this are obtained from 
100 g. glucose, the actual yield is, no doubt, con- 
siderably higher than this. By the action of 
hydrochloric acid the osazone is converted into 
the osone, which, when boiled with 4 p.c. hydro- 
chloric acid, yields glucosone and glucose. 

Lintner claims to have found isomaltose 
amongst the transformation products of starch 
by diastase (Woch. Braverei , 9, 245), and in 
wort and beer (Zeit. ges . Brauw . 1891, 281), but 
it is very doubtful if this is the same body as 
that above described, Schiffer (C. C. 1892, 2, 
825) has also isolated isomaltose from the dias- 
tase transformation products of staroh. But 
the whole evidence is unsatisfactory, as the fac- 
tors upon which the identity of the bodies con 
be recognised are not stated. Lintner and Dvill 
{ZeiU pea. Brauw. 1892, 145) prepare it as fol- 


lows : 250 g. potato staroh are mixed with 506 
c.c. diastase solution at 55° containing 0*5 g. 
diastase (J. pr. 34, 378) and 2 litres water at 
75°0. After complete solution another 0*5 g. 
diastase is added, and the reaction allowed to 
proceed for three hours at 65°-69°. [a]j> * 170®. 
for matter in solution. The solution is 
evaporated to a syrup, saturated with 80 p.c. 
alcohol, and poured into hot alcohol. Sufficient 
alcohol must be used so that every 100 parts 
of 80 p.c. alcohol do not contain more than 
10 pts. dry substance. After cooling, the clear 
solution is decanted and the alcohol distilled 
off. The residue is diluted to a 20 p.c. solution 
and yeast added in order to destroy the maltose ; 
this is found to take place in about 20 hours. 
The fermented solution is filtered, decolourised 
with animal charcoal, evaporated to a syrup, 
and precipitated with 85 p.c. alcohol ; there must 
be 100 c.c. of 85 p.c. alcohol for every 5 g. of 
dry substance. The solution is evaporated and 
the syrup treated in the same way, but with 
99 p.c. alcohol and so that 100 c.o. of alcohol are 
present for every 3 g. dry substance. The clear 
alcoholic solution contains isomaltose and but a 
trace of dextrin, which may be removed by frac- 
tionating with alcohol. In this way 20 p.o. of 
the starch is obtained as isomaltose. 

Lintner (Zeit. ges . Brauw. 1892, 6) finds the 
reducing power of iso-maltose to be 84 p.c. of that 
of maltose, i.e. K»53-l, and its optical activity 
to be [o] D «139°. He has not been able to 
crystallise it, and finds it under certain condi- 
tions fermentable by yeast and converted by 
diastase into maltose (Zeit. ang . Ch . 1892, 
263). 

Trehalose. Mycose C l2 H 22 0„.H 2 0. 

Occurrence. — It has been isolated from ergot 
of rye (Wiggers, A. 1, 173 ; Mitscherlich, 56, 15); 
trehala-manna, the hollow cocoons of the larv© 
of an insect (Larinus maculatus) (Berthelot 
A. Gh. [3] 53, 232 ; 55, 272 and 291) ; and from 
various fungi (Muntz, C. B. 76, 649). Berthe- 
lot at first considered it a new sugar and called 
it trehalose , but afterwards found it was iden 
tical with the mycose of Mitscherlich, and the 
Saccharum spermodice of Wiggers. 

Preparation. —Any one of the materials 
mentioned is extracted with boiling alcohol of 
moderate strength ; the alcohol is distilled off 
the clear solution. The residue is taken up with 
water and precipitated with basic lead acetate. 
The precipitate is washed with water and pressed; 
it is then suspended in water and submitted to a 
current of HgS. The clear filtrate from the lead 
sulphide is evaporated to a syrup, when the sugar 
crystallises and can be purified by recrystal- 
lisation. I may say that I do not find this mode 
of treatment answer very well ; the filtrate from 
the PbS is, no doubt, clear, but the precipitate 
with the lead salt is bulky and unwieldy. I much 
prefer in this case, as in others of the same 
kind, fractional precipitation with alcohol; a 
few experiments will show the strength of alco- 
hol best suited to holding or precipitating the 
sugar. (See also Apping.) 

Properties. — The sugar crystallises in rhombs 
(0 I .B g2 .d n .H g 0) ; it gives up its water at 100°, 
m.p. 109° ; it is sweet, easily soluble in 
water and boiling alcohol, insoluble in ether. 
Specific rotatory power in aqueous solutions. 
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Wj • 199° (Berthelot); [ajj - 192*5° (Mitscherlich); 
[a] D —197;28° (Apping). These factors are un- 
satisfactory, and cannot be relied on to identify 
the sugar. It does not reduce Fehling’s solution. 
Acids convert it very slowly into dextrose (Berthe- 
lot), there being no other product ; but consider- 
ing that five hours are required for complete 
hydrolysis, it is not possible that only pure 
dextrose could be formed. With strong nitrio 
acid it yields a nitro- compound ; with weaker 
acid no mucic acid is formed, but saccharic acid 
and finally oxalic acid. With acetic and butyric 
anhydrides it yields compounds identical with 
those produced from dextrose. Maquenne 
(0. R. 112, 947) says acetic anhydride yields 
0 igBi 4 (O.^HjjO ) gO | * • Alkalis do not act on it. 
On adding basio lead acetate, or an ammoniacal 
solution of the acetate, to its solutions a lead 
compound is precipitated. It appears to slowly 
undergo alcoholic fermentation in contact with 
beer yeast, but this has not been established 
with certainty. Phenylhydrazine does not form 
a compound with trehalose (Fischer, B. 17, 683). 

AgavoBe OkHbOh (?) is obtained from the 
juice of Agava americana ; it is crystalline, 
soluble in water, and optically inactive (?). It is 
hydrolysed to a sugar or mixture of sugars 
[a]j «* — 14*4°. It reduces Fehling’s solution ; 
K = 62*6, agreeing nearly with maltose in this 
respect. It does not yield mucic acid on treat- 
ment with nitric acid. It is probably ferment- 
able under the influence of some saccharomyces 
and yields alcohol, &c. (Michaud a. Tristan, Am. 
14, 648). 

Gyclamose 0,2^0,,. A sugar obtained from 
Cyclamen europceum , having a lrevorotation 
[alo * — 15*16° or — 11*4° ; it is hydrolysed by 
Mute acids, when the lcevorotation increases to 
[«]d “ — 66*54° (Michaud, G.N. 63, 232). 

Parasacoharose O^H^Oti* This, together 
with another uncrystallisable sugar, is said to 
be obtained from cane sugar by the action of a 
yeast (Jodin, C. R. 63, 1252). It crystallises 
easily, and is easily soluble in water and dif- 
ficultly in alcohol. It is dextrorotatory, having 
[a]j m 108°, and it reduces Fehling’s solution; 
K * 60 (about). Hot dilute sulphuric acid does not 
act on it, whilst hot dilute hydrochlorio acid 
diminishes the optical activity and increases 
the K. On long digestion the solution becomes 
brown, and finally complete decomposition takes 
place. 

Melibiose 0 12 H[ 23 0, 1 is obtained by the care- 
ful hydrolysis of raffinose by acids or invertase 
(see Raffinose). Its specific rotatory power is 
[a] D «* + 126*8°. It forms a hydrazide CjgH^OjoN 
as yellow microscopic crystals, m.p. 145°, and 
an octacetyl derivative 0 12 H 14 0„Ao 8 (Scheibler 
a. Mittelmeier, B. 28, 1488). Invertase oonverts 
it into galactose and dextrose. 

Tewfiko86 C l2 RgO n occurs in the milk of 
the gamoose (Bos Bubalus ). It is prepared by 
precipitating the milk by 4 p.c. acid mercuric 
nitrate (Wiley, Am. 6, No. 6(?), neutralising 
the filtrate with NaHO, filtering out the pre- 
cipitate, separating the mercury from filtrate by 
HgS, and concentrating the slightly acid solution 
to the crystallising point. A slight precipitate 
formed during evaporation must be separated. 
It is purified by two or three recrystallisations. 
The solutions tie dextrorotatory, [a]|> - 48*6° ; it 


reduces Fehling’s solution ; K~73*6, hence 
less than lactose; if 7 molecules CuO were 
reduced by 1 molecule of sugar, the K would be 
73*4, a near approximation; and D*8*94 for 
the crystals, hence they are anhydrous. Acids 
hydrolyse it very easily, the only product being 
dextrose (Pappel a. Richmond, C . J. 1890, 758). 
The substance is, no doubt, an ‘-on* sugar 
0 m H S 2 0|„ and is, like amylon, di-dextrose, and 
should not therefore yield muoio acid on treat- 
ment with nitric acid. 

(c) Trihex oses. 

Raffinose C 18 H 32 O ia 5H s O, first obtained from 
a Tasmanian Eucalyptus manna by Johnston 
(C. J. 1, 169). This was the melitose of Berthe- 
lot (A. Ch. [8] 46, 66), who now says (C. R . 
103, 533) that this term should be applied only 
to a loose combination of raffinose with eucalin, 
which is decomposed by re-crystallisation. From 
the evidence it would appear that the body first- 
described as melitose was impure raffinose, and 
that the impurity even was not eucalin. It occurs 
also in cotton seed (Berthelot, l.c. ; Ritthausen, 
J. pr. [2] 29, 357 ; B6hn, J. pr. [2] 80, 37) ; 
in beetroot (Loiseau, C. R. 82, 1058 ; Tollens, 
A. 232, 169 ; B. 18, 26 ; Rischbieth a. Tollens, 
A. 232, 172 ; B. 18, 2611) ; in beet juice (v. 
Lippmann, B. 18, 3087) ; in barley (O’Sullivan, 
C. J. 1886, 70) ; in young wheat-buds (Richard- 
son a. Crampton (B. 19, 1180); and again in 
Eucalyptus manna (Tollens, A. 292, 201) ; pro- 
bably also in Soja beans. Loiseau considered 
it a product of the refining process, but v. Lipp- 
mann that it was ready formed in beet juice. 

Preparation. —A molasses containing a fair 
quantity of raffinose is selected, and the chief 
part of the cane sugar removed as monostron- 
tium saccharate ; on heating the solution raffin- 
ose and cane sugar bistrontium saccharates are 
precipitated. The compounds are decomposed 
by CO ? and the sugar solution obtained again 
precipitated with strontia, when the cane sugar 
is precipitated as monostrontium saccharate, 
and raffinose remains in solution and may be 
purified by crystallisation (Scheibler, B. 18, 
1409). Raffinose may be extracted from cotton- 
seed cake and Eucalyptus manna by alcohol, and 
purified by crystallisation. See also Tollens (l.c.) ; 
Tenne (Zeit. d. Ver. 81, 795) ; Schaaf (Z. V. 33, 
699) ; Wolff (Deutsche Zuckerind. t 1887, 1418) ; 
Berthelot (l.c.) ; Lindet (0. R. 110, 795) ; Gun- 
ning (0. C. 1891, ii. 798). 

Properties.— Raffinose crystallises in cauli- 
flower - like segregations consisting of thin 
microscopic rhombic prisms, which contain 
0 18 H 3 .,0, fl .5H 2 0. The EL .fl is in greater part 
eliminated in a vacuum over sulphuric acid, and 
the remainder easily at 100° (O’Sullivan). If 
heated too quiokly it melts, and then cannot bo 
dried without decomposition. Berthelot obtained 
crystals containing 6H./) ( C . R. 109, 648;- 
Scheibler, B. 18, 1779; Rinne in Rischbieth 
Dissert . ilber Raffinose t Gfittingen, 1885). It is- 
easily soluble in water, very slightly in strong 
alcohol, and slightly in methyl alcohol, being 
much more soluble than cane sugar in this 
solvent. The dry sugar melts at 118°-119° 
(Scheibler, B . 19, 2868). Its solutions are 
optically active, the specific rotatory power of! 
crystallised raffinose for the D line being [o]» m 
104*5° in 10 p.c. solution ; [«]j » 114*7° or [a]j 
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135*1° for the dry sugar. O’Sullivan observed 
T«]j ** 185-8°. No bi-rotation has been observed. 
It does not reduce Fehling’s solution. D « 3*712 
«(Tollens, B. 18, 2616), but this is due to some 
misunderstanding ; D* 3*956 (O’Sullivan, C. J. 
1886, 70). 

Action of acids . Hot dilute acids hydrolyse 
raffinose ; galactose, hevulose, and probably dex- 
trose are formed (Hadicke a. Tollens, Z . V. 
-87, 17 ; A. 238, 808 ; Beythien a. Tollens, A . 
•255, 214 ; Maquenne, 0. B. 112, 799). By very 
•careful hydrolysis, Scheibler a. Mittelmeier (B. 
•22, 1678) have obtained a saccharosehnd lavulose 
.as the products of the reaction; the saccharose 
is a new body, which they have called melibiose 
.( q . v.). The mixture of saccharose and leevulose 
lias a specific rotatory power [a] D * 50°. Complete 
inversion of raffinose takes some hours. In- 
vertase also hydrolyses raffinose (O’Sullivan). 
The products of hydrolysis are at first leevulose 
•and melibiose (Scheibler a. Mittelmeier, B. 22, 
•8118), and melibiose is slowly acted on. When 
heated for some time with sulphuric acid, 
laevulinic acid is a product (Bischbieth a. Tol- 
lens, A. 232, 195). 

Action of alkalis . By boiling aqueous solu- 
tions of strontia and raffinose, di-strontia raffin- 
•ose C,.H s2 O l6 (SrO) 2 .H. i O is produced. Other 
compounds with baryta C I8 H 32 0 Is .BaO, lime 
•C^H^O^.BCaO^H^O, lead oxide CjgH^Oja.SPbO, 
and soda, Q, 8 H 31 NaO l8 and C 18 H 3 jNaO, 6 .NaOH, 
have been prepared (Beythien a. TollenB, B. 22, 
1047 ; A. 255, 195 ; Bischbieth a. Tollens, A. 
232, 172). 

Oxidation. — Nitric acid oxidises raffinose, 
producing 30 p.o. mucic acid, also saccharic and 
•oxalic acids. 

Fermentation. — Baffinose is slowly fermented 
l>y beer yeast (Bischbieth a. Tollens, A. 232, 
242; Tollens, A. 232, 169; O’Sullivan, C. J. 
1886. 73). Weak yeast only partially ferments it 
<(Tollens, l.c .; Berthelot, C. R. 109, 548) ; the 
melibiose being with difficulty hydrolysed and 
fermented. 

With phenylhydrazine a compound is formed, 
m.p. 187°-189° (Bischbieth a. Tollens, l.c.). 

Melezitose G l fi 9 flwQRfi is obtained from 
Persian manna, a product of Alhagi maurorum 
^DG.), it crystallises in rhombio prisms, m.p. 
147 -148° (when anhydrous) ; the specific 
rotatory power of the anhydrous body is [a] D « 
•87*7°. On inversion it yields turanose and dex- 
trose. Turanose C^H^O,, [o] D » 65°-6S°, yields 
dextrose by the further action of acid (Alekhin, 
J.R. 21, 407). 

(d) Hexahexoses . 

Gentianose C^H^O,,. Obtained by A. Meyer 
(E. 6, 135), from the root of Oentiana lutea , 
by extraction with alcohol, precipitation with 
ether and re-crystallisation from alcohol. It 
has a sweet taste, dissolves easily in water, m.p. 
210°, does not reduce Fehling’s solution, and 
ferments with yeast. It is hydrolysed by dilute 
acids; before inversion the optical activity is 
[«] D = 88*6° ; after, it is 20*2°, and has a redu- 
cing power equal to that of dextrose. Strong 
sulphuric acid chars it, like cane sugar. 

8tachyose is obtained from the root of 
Stachys tuber if era. It has a sweet taste, is 
dextrorotatory, having [a]® « 148*1° in 9 p.c. solu- 
tion. It forms triclinio crystals. When in- 


verted it yields galactose, dextrose, and lffivulose. 
Its formula appears to be C^H^O^+GHjO 
(Planta a. Schulze, B. 23, 1692 ; 24, 2705), the 
products of the hydrolysis being the same as 
those of raffinose. 

Qualitative and quantitative determination 

OF SUGARS. 

If the material to be examined is a solution, 
it must be made neutral, clear, and colourless 
if it is not already so. 

If the material is a dry substance, it must be 
ground fine. If not sufficiently dry to admit of 
grinding, it must, if possible, be dried in vacuum 
over sulphuric acid, or, where this is not possible, 
in the open, at a low, gradually increasing tem- 
perature. 

The finely-ground substance is extracted 
with alcohol sp. gr. *860-880. The solution is 
neutralised and the alcohol distilled off. The 
residue is taken up with water. The examina- 
tion then comes under the head of a solution, 
and the treatment is the same. 

The solution is turbid and coloured after 
neutralisation . The turbidity may be removed 
by simple filtration ; if not, a little aluminium 
hydroxide (prepared by precipitating a solu- 
tion of alum with excess of ammonia and wash- 
ing free from ammonia and sulphuric acid) may 
be employed. A little (well washed) Swedish 
filter paper-pulp is at times found useful. The 
turbidity and colour may be removed together 
by animal charcoal, lead sulphide, barium sul- 
phate, &o. Animal charcoal, either prepared 
from blood or bones, the former by preference, 
thoroughly extracted with hydrochloric acid and 
washed free therefrom, is best employed in all 
cases of investigation. The crude substances are 
employed to remove the colour, <fcc., from sugar 
syrups in the manufacture of refined cane sugar. 
These decolouring agents must always be used 
in the least possible quantity, and with the un- 
derstanding that the charcoal especially is 
capable of taking up some sugar as well as 
colouring matter. Dried, freshly-made bone 
charcoal does not take up more than *006 p.c. of 
its own weight from pure cane-sugar solution 
(Casamajor, C . N. 41, 66). In quantitative work, 
when the decolourising agents have to be used it 
is well to have a knowledge of the influence of 
the agent on the sugar or sugars under exami- 
nation. Charcoal retains sugar, other sub- 
stances influence the optical activity. Part of 
the sugar is again given up on washing the 
agent with water, or the agent is placed on a filter 
and a portion of the solution to be examined 
passed through it and rejected before the por- 
tion intended for examination is collected. This 
is done on the supposition that the charcoal is 
sooner saturated with sugar than with colour- 
ing matter. 

Having thus the sugars in clear solution, the 
means at our disposal for identification are ; — 

1. Taste of solution. 

2. Form of crystals and melting-point thereof. 

3. Depression of the freezing-point (Raoult’s 

method of determining molecular weights). 

4 . Specific rotatory power. 

5. Reducing power. 

6. Action of unorganised ferments ; enzymes. 

7. Action of organised ferments. 
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6. Action of acids. 

9. Action of alkalis. 

10. Action of phenylhydrazine, and melting- 
points of the resulting osazones and 
hydrazides. 

1. The solution tastes sweet if a sugar is 
present. It must not be forgotten, however, 
that some other bodies are also more or less 
sweet. 

2. On evaporating this solution (best in a 
vacuum) to a syrup, if there is no preventive 
material present, crystallisation takes place. 
The microscopic appearance of the crystals will 
often be sufficient to identify the sugar ; indeed, 
the habit of crystallisation will often suffice. A 
substance or substanoes may be present which 
altogether prevent the crystallisation of the 
syrup, although it may contain a crystallisable 
sugar. This substance may be an inorganic or 
organic salt, or another body, or, indeed, another 
sugar. Treatment with strong or absolute ethylic 
or methylic alcohols may at times eliminate 
some or the whole of the substances preventing 
the crystallisation, and dissolve the sugar in so 
clean a state as to admit of the formation of 
crystals on concentration. 

8. Depression of the freezing-point (Raoult’s 
method). For references to Raoult’s work see 
Victor Meyer, B. 21, 536 ; Auwers, id. 701 ; 
Tollens a. Meyer, id . 1566 ; and Brown a. Morris, 
C. t L 1888, 610. When crystals are obtainable 
from the solution as described above, a deter- 
mination of the molecular weight by this 
method will decide to which group it belongs : 
a hexose or a pentose, a dihexose or dipentose, a 
trihexose. In the recorded observations water of 
crystallisation appears not to have received proper 
attention* Tollens a. Meyer record observations 
for dextrose C fi H 12 0<„ so do Brown a. Morris. 
Water of crystallisation is not taken into ac- 
count; the former treat of O l JEL tt O n M i O for 
lactose, the latter omit the H 2 0, while both em- 
ploy crystallised raffinose 0 lg H J2 0 I8 .5H 2 0, mol. 
— 594, with the result that T. a. M. find the 
observed molecular weight between 544 and 644, 
and B. a. M. between 518 and 533. In these 
experiments with raffinose and lactose, it is not 
possible to say whether it is intended that the 
crystallisation water functions with the solid 
sugar or with the water ; the calculations make 
it function with the sugar, but the results, as 
might have been expected, are unsatisfactory — it 
does not function with the sugar. It is perfectly 
clear that water of crystallisation of a sugar must 
be looked upon as water in observations with this 
method— that the quantity of dry sugar should 
be the factor dealt with. If the crystals contain 
water of crystallisation it should be deter- 
mined and allowed for. A determination of 
the D will give some information as to whether 
a dry sugar or one containing water of crys- 
tallisation is being dealt with. The D of the 
different sugars in the dry state is given under 
each sugar. Between 8 and 15 g. dry sub- 
stance is dissolved in water and the solution 
made up to 100 o.c, at 15*5°. A determina- 
tion of the specific gravity of this will give a 
means of calculating the D, and the number 
of g. of water to substanoe employed in the 
solution. About 60 c.c. of this solution are in- 
troduced into a thin glass (190 ox.) beaker. The 


mouth of the beaker is loosely closed with an 
indiarubber plug, in which three holes are bored. 
One of these, in the middle, admits of the intro- 
duction of a thermometer ; the second, at the 
side, carries a stirrer, of very thin glass rod or 
platinum, best in the form of a flat coil, so that 
when the stirrer is moved up and down in the 
liquid the thermometer will be in the middle of 
the coil ; and the third, also at the side, to admit 
of the introduction of a small solid particle of 
the frozen solution or of ice. The thermometer 
must be graduated for 2° or 3° above and below 
0° to the 20th of a degree. By means of a tele- 
scope, if the divisions are open, and they should 
be so, readings to *005° can be made with a fair 
amount of accuracy. The beaker thus charged 
and fitted is placed in a freezing mixture of ice 
and salt — which should not be at too low a tem- 
perature, — 4° to — 5°, not more than 2°-8° below 
the freezing-point of the solution— contained in 
a strong beaker of 500-600 c.c. capacity. In a 
short time the temperature in the inner beaker 
will be observed to sink below 0°, and, on rapidly 
moving the stirring rod up and down, to go 
gradually lower and lower until a point is 
reached when the solution begins to freeze. This 
may be accelerated by adding a particle of the 
solution previously frozen; when freezing be- 
gins the mercury of the thermometer rapidJy 
rises and soon becomes stationary. This is the 
freezing-point of the solution c, and is the ob- 
servation upon which the molecular weight of 
the substance employed is calculated. 



cxy 
x x 100* 


z^g. substance ; y =* g. water, and 19 is a number 
calculated by Raoult for water as a solvent from 
observations with well-defined compounds. As 
examples, Brown a. Morris (l.c.) with a solution 
containing 8*258 g. sucrose and 94*93 g. water 
observed a freezing-point c * 0*490°, thence 
19 


M- *49 x94*93 -337*5. C l5 


*342. 


8*258 x 100 

Hence, if an unknown sugar were under obser- 
vation there would be no doubt left as to the 
molecular weight. O’Sullivan {C. J. 1890, 59) 
observed for arabinon; sp.gr. sol. 1*02554, 
y ~ 96*088 g., x « 6*466 g., c « 0*535° ; thence 
96*088 x -535 

19 + 6-466x100 “ 239 ' 2, 


the molecular weight of the new sugar. A 
dipentose requires 282. The indications agreed 
with further confirmatory observations. When 
the solution contains more than 12 g. per 100 o.e. 
the results are low ; with most sugars a solution 
containing from 5 to 8 g. substance per 100 c.o. 
gives the best results, and with more dilute solu- 
tions the results are again low. Raoult’s latest 
observations (O. B, 114, 264) for sucrose, made 
with apparatus constructed to meet the exact re- 
quirements of the case, the concentration of the 
solution being 5*839 g. sucrose in 100 g. water, 
work out M - 823, against 342, the true molecular 
weight. The results are, even under the best 
conditions, low ; but the indication is sufficiently 
good to enable us to decide to which group the 
sugar we are dealing with belongs. If, instead 
of the factor 19, 19*8 were substituted, the re- 
sults would agree with the accepted moleoulaf 
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weight o! morose, and it is probable that this 
number or 20 will be finally decided upon as the 
constant. 

4. Specific rotatory power. If the form of 
the crystals or their habitat does not indicate 
the sugar present, a determination of the specific 
rotatory power may give the desired informa- 
tion. This is the quantitative expression of a 
property possessed by the sugars in common with 
many other substances. When light from any 
source is examined through a Nicol prism — i.e. 

f jolarised— no change is evident; but if the 
ight, after passing through one prism (the 
polariser) is examined by another, it is found 
that in certain positions of the examining prism 
—or analyser , as it is called — no light passes. If 
the analyser is made to carry an index, and is 
so mounted as to rotate with its axis at right 
angles to a diso graduated to degrees, it will be 
found that, if the position of the two prisms is so 
arranged that the index is at 0° on the graduated 
circle when no light passes, light will pass on 
the least rotation of the analyser to the right or 
left, and if the movement is continued another 
position is found on the diso in which the light 
is again cut off. This is at 180°, so that the 
circle should be graduated to 180° right and 
180° left. Now, if a cell or tube with flat glass 
caps be filled with a solution of, say, sucrose and 
introduced between the two Nicols, and the 
source of light be a Bunsen burner flame 
coloured yellow with sodium chloride, when the 
index of the analyser is at 0° it will be observed 
that the light passes, and that on rotating the 
analyser a certain number of degrees to the right 
a point is found (which is not 180°) at which the 
light is cut off ; and if note be taken of the exact 
number of degrees, and the analyser rotated 
further, it is found that the light is not again 
cut off at 180°, but the same number of degrees 
beyond 180° as the first extinction was beyond 
0°. This is the optical activity of the BUgar 
solution. It is the power of rotating the plane 
of polarisation of the ray passing through the 
polariser so as to admit of its passing through 
the analyser when it would not pass had the 
sugar solution not been introduced. The amount 
of rotation of the analyser to again find the 
direction of the plane of polarisation, as indi- 
cated by the index on the graduated disc, is the 
measure of the activity of the sugar solution, 
and the direction of the movement of the index 
is the direction in which the rotation has taken 
place ; in the present case {i.e, when the index 
is moved on the diso in tne direction of the 
hands of a watch) right or -K If the sugar 
solution be now hydrolysed by dilute acids or 
invertase, and again introduced between the 
Nicols, it is found that the analyser must 
be rotated to the left in order to find the posi- 
tion of extinction — i.e, the direction of the 
plane of polarisation of the rotated ray. This 
is left rotation, and is indicated by the sign — . 
On further rotation of the analyser light again 
passes, and finally there is a second extinction 
as far beyond 180° as the first extinction was 
beyond 0°. From this it is clear that the second 
reading may indicate right-handed rotation as 
well as left. Say the first extinction was 10° 
feftof 0° (-10°), the second would be 4 * 170°, 
10° less than 180° ; then the activity might be 


- 10° or + 170°. On diluting the solution say 
one-half, if the activity is — the readings will 
be —5° and +175°, if + they will be +85° and 
— 95°. The exact measurement of this activity 
has been the subject of much investigation, and 
many plans have been devised to facilitate 
the operation. It is, however, beyond the scope 
of this article to deal more fully with the subject 
(for details see Das optische Drehungsvermdgen 
organischer Substamen , Landolt, Braunschweig, 
1879, Engl. Tram . ; Handbook of the Polari- 
8cope t Macmillan & Co., 1882; Watts’ Dic- 
tionary, Suppl. 8, art. Light). In the experi- 
ments above described the light of a sodium 
flame was employed ; it was observed early in 
the investigation of the phenomena that readings 
sufficiently aoourate, especially if the amount of 
activity was small, could not be obtained. 
Hence other devices were introduced. In the 
literature we find the activity expressed 
Mb, [«j], or [«] d and Mb, Me, Mm, &o. 

Mb values are not now used. They were 
obtained by employing white light, gnd in- 
terposing between the polariser and the source 
of light a plate of red glass. They are of no 
value for our purpose, and may be neglected. 

Mj values are frequently used, but unless 
they are referred to a definite standard they, too, 
are of no value. If any ordinary source of white 
light be substituted for the sodium flame in the 
experiments above described, it will be observed 
that on rotating the analyser to find the effect 
produced by the sucrose solution no position of 
the analyser can be found in which all the light 
is cut off, but at one stage marked blue light 
passes, and, on further rotation of the analyser, 
red. This is due to the fact that the sugar solu- 
tion acts unequally on the different rays of which 
the beam of white light is composed, the red 
rays being rotated least and the violet most, so 
that when the analyser is rotated the ray the 
plane of polarisation of which is rotated least is 
first cut off. The first cut off rays are the red, 
the complement of those out off passing, the 
dominant being blue; on further rotation the 
dominant becomes red. On rotating the analyser 
carefully it is found that the transition from the 
blue to the red is well marked; this is the 
Oj value ; it is the, so-oalled, transition tint, the 
ray complementary to the median yellow, jaune 
moyen ; hence aj. For the same strength of 
sugar solution the position of the analyser is not 
the same for every source of white light. The 
stage at which the transition appears with 
candle-light is different from that at whioh it 
appears with gas-light ; the stage in this case 
differs again from that obtained with the electric 
light, and even the position for direct sunlight 
differs from that of the light reflected from a 
cloud. Hence, when a pair of Nicols are em- 
ployed as described above, even when the source 
of light is given, aj cannot be looked upon as a 
standard value. This value has, however, been 
given to it by the French instrument makers. 

Soleil invented an instrument with whioh 
lamp- or gas- light is employed (afterwards im- 
proved by Duboscq, and known as the Soleil- 
Duboscq (see Watts’ Dictionary , 1st ed. 8, 
674, a. Suppl. 8, 1199), by which the activity of 
a solution is measured by dwiskms of a scale 
Instead of degrees; 100 of these divisions w era 
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made equal to the amount of rotation pro- 
duced by 1 mm. quartz for the aj; this was 
considered to be 24°. Of course, if this is 
taken as a standard it is of full value ; it may 
not be truly even for the quartz, but it 
is Oj referred to a definite measure, the 100 
divisions of the instrument being 24°. This was 
complicated by the fact, since pointed out by 
Scheibler, that quartz from different sources has 
not the same optical activity; hence we have 
various observers giving different values for the 
amount of sucrose in 100 c.c. solution, which 
when observed with the Soleil-Duboscq instru- 
ment, in a tube 200 mm. long, equals the 
activity of 1 mm. quartz. If, however, we look 
upon the 100 divisions of the instrument as 
= 24° aj, we have a standard value for the ex- 
pression. I believe this is the value given to it 
by the French observers. The writer employed 
it in the same way. Another instrument of 
much the same construction is the Soleil- 
Ventzke-Scheiblor ( v . Watts, l.c.). In this the 
100 divisions of the scale are made to repre- 
sent the activity of 26* 048 g. saccharon in 
100 c.c. solution; we have only to inquire as 
to the [a]j and [a] D of cane sugar to arrive at 
a value in degrees of the 100 divisions for these 
two expressions. From these two factors we J 
get 100 divisions, Soleil-Duboscq =*24° aj and 
2l‘67°a D , and 100 divs. S.Y.S. - 38*34° aj and 
34*65 0 a D , The angular value for any other 
instrument in use in which the scale is given in 
divisions can be calculated for aj or a D by ascer- 
taining the number of divisions required to com- 
pensate a solution of sucrose containing 10 g. 
in 100 c.c. at 15*5°, and taking the apparent 
specific rotatory power of the sugar for the con- 
centration to be [a]j =» + 73*8° and [o] D * 66*6°, the 
value of the divisions in degrees for both rays 
can be calculated. The direction of the rotation 
is indicated in these instruments by the direc- 
tion of the movement of the 0 point to find the 
compensation necessary ; if from left to right it is 
right or + , if in a contrary direction left or — . 
With the other instruments in use sodium flame 
is the source of light employed; the readings 
are therefore o D . The scale is a cirole graduated to 
degrees on a disc, beginning with 0 at the top and 
graduated in half degrees and degrees to 180° 
to the right, and in the same way to the left. 
The analyser rotates in the axis of this disc, and 
carries an index with vernier, which admits of 
readings being made to minutes. The arrange- 
ment is such that the polarised ray before en- 
tering the active solution has the appearance 
of a circular disc divided into halves by a per- 
pendicular diameter. The position of the plane 
of polarisation is not the same in both semi- 
discs, so that when the light is completely cut 
off at one side it passes at the other, and 
vice versd . To find these positions the analyser 
has to be rotated several degrees, but between 
the two positions of complete cut off there is a 
position of the analyser in which the two semi- 
discs are equally illuminated; this is a well- 
marked position distinctly ascertainable. The 
0 point of the index and of the graduated Beale 
are made to correspond exactly with it. It can 
always be found to within lesB than a minute. 
When the active Bubstance is introduced the 
equality of the illumination of the semi-discs is 
Von. IV, 


destroyed; the analyser is rotated until it is 
again restored. The amount of rotation as 
shown by the graduations gives the activity in 
degrees and minutes, or degrees and decimals, 
according to the make of the vernier. These 
are the half-shadow instruments, of which 
the Jellet-Comu and Laurent are examples 
(see Watts, l,c.). Other devices have been em- 
ployed to facilitate an accurate determination 
of the position of the plane of polarisation of the 
ray before and after rotation ; a description will 
be found in Landolt and in Watts (lx.). Recently 
an instrument has been introduced in which th6 
half-shadow contrivance is adopted, white light 
(a strong gas-flame) being employed. The scale 
is the same as that of the Soleil-Ventzke- 
Scheibler instrument ; readings with it can be 
made with great accuracy. It is manufactured 
by Sohmidt & Haensch, Berlin, 

When it is necessary to determine the activity 
for rays of other refrangibility, say for the 
lithium or the thallium flame, it is only neces- 
sary to colour the Bunsen flame with these 
metals in the same way as in the case of sodium 
above. The readings are then a u and o T h- 
The a B , a 0 , a D , &c. for any active substance 
can be found by employing a pair of ordinary 
Nicols as described above — white light, best a 
ray of sunlight, being employed — and examining 
the light after passing the analyser, with a 
spectroscope. If the positions of the lines of 
the solar spectrum are marked, the amount of 
rotation for the active substance introduced 
between the polariser and the analyser is found, 
when on rotating the analyser the thickest part 
of the black band is on the marked position of 
the line of the spectrum. This is read off on the 
scale connected with the analyser. 

With any of these instruments we can de- 
termine the optical activity of a sugar and thus 
identify it. The sugar is crystallised ; it is 
dried, and 10 g. or thereabouts carefully weighed 
out. This is dissolved in water, and the solu- 
tion made up to 100 c.c. 1 at 16*5°. A portion of 
this is introduced into a tube of definite length, 
and an observation made with any of the instru- 
ments mentioned above. The formula [a]-*;* 00 
gives the apparent specific rotatory power for the 
concentration. a = the angular disturbance ob- 
served, l = length in decimetres of tube employed, 
and grams substances in 100 c.c. Let us 
take an example, 10 g. sucrose, dissolved and 
made up to 100 c.c. Disturbance observed in a 
200 mm. tube, with a Soleil-Duboscq instrument, 
» 61*5 divs. ; now for aj 100 div. = 24°. Then, 
substituting the values in the above formula we 
have 

61*5 x *24 x 100 r , 

— 2100 Mi “ + 78 - 8° 

100 divs. » 21*67° a D ; then 

61*5 x *2167 x 100 „ , 

2^10 [«]»-+ 66’6». 


The scale of the Soleil-Ventzke- Scheibler instru- 
ment is so graduated that 100 divisions - the 
activity of a solution of sucrose containing 

1 This is practically the usual 100 c.o. of a volumetric 
analysis. For more accurate manipulation see Landolt. 
This is, however, unnecessary for the Identification of the 
sugar— our purpose. ^ ^ 
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26 048 g. in 100 e.c. in a 200 mm. tube. The 
apparent specific rotatory power of sucrose in a 
solution of this concentration is [a] D = 66*33° and 
(a]j« 73*61°. Substituting these values in the 
formula we get 

2x26*048"“ 66 33 » 

w «* the value of 100 divisions in degrees a D 
- 84*55°, and 

x ' . 100 


&' « the value of 100 divisions aj « 38*34°. 

It is of importance that the values in degrees 
of the scales of these two instruments should 
be clearly understood. We find it stated that a 
quantity of sugar varying from 16*49 to 16*35 g. 
in 100 c.o. require, in a 200 mm. tube, a compensa- 
tion with a Soleil-Duboscq instrument = 100 
divisions ; 16*85 g. is the best-recognised factor ; 
from my observations it is still too high. 


100 x *24 x 100 
2 x 16*35 " 

100 x *2167 x 100 
2 x 16*35 


[a]J~ 73*39°, and 
«[a] D » 66*27°, 


figures slightly too low for the apparent specific 
rotatory power of sucrose for the c , hence 
16*35 g. is too high. The number, no doubt, 
should be 16*28, and this gives factors agreeing 
well with the observed [a] D and [a]j for the c. 

A solution containing 10 g. sucrose in 100 
c.c. requires a compensation in a 200 mm. tube 
of 38*5 divisions f a Soleil-Ventzke-Scheibler 
instrument. 


38*5 x *3834 x 100 
2x10 

88*5 x *3455 x 100 
2x10 


[a]j m 73*8° and 


** [®]d = 66*5°, 


numbers agreeing accurately with the specific 
rotatory power for the c. The optical arrange- 
ments of thesG instruments admit of the em- 
ployment of white light. 

If either of the sodium-flame instruments is 
employed the angular disturbance is introduced 
directly into the formula. With the 10 g. in 100 c.c. 
solution of sucrose, the reading in a 200 mm. tube is 


aj, - + 18*3°, then 


18*3 x 100 


• [o] D * 66*5°. The 
We have a solu- 


2x10 

use of this factor is obvious, 
tion of a known sugar of unknown strength, 
and want to find the c (g. in 100 c.c.). An 
observation is made in a tube of known length, 

a D or otj ; then - j «• the determined value of 

[a] v or [a]j, a the ray for which the observation 
is made, and [a] the specific rotatory power for 
that ray, according to the light employed and 


concentration, o > 


flulOO. 

1 [a] l 

It has been shown that if a solution contains 
two or more active substanoes, the observed 
activity iB the algebraic sum of the activities of 
the constituents. The specific rotatory power of 
each individual sugar is given in the description 
of it. 


5. The reducing power. As has been stated, 
most of the sugars possess the power of redu- 


cing the oxides of the higher metals and some 
organic colouring matters. Various propositions 
have been made to employ this property as a 
means of qualitatively and quantitatively deter- 
mining the sugars, and various solutions have 
been proposed for that purpose; but speaking 
with many years’ experience I may say that 
they may all be discarded in favour of alkaline 
copper solution, Fehling's solution ; and even 
with regard to the value of this a great diversity 
of opinion exists. But there is a general agree- 
ment that if the conditions under which it is 
used are constant the results are constant. 
For literature see Becquerel, A. Ch. [2] 47, 15 ; 
TrSmmer, A. 38, 360 ; Muller a. Hagen, Pf. 23, 
221 ; Neubauer, Fr . 1, 378 ; Maly, Fr. 10, 383 ; 
Seegen, C. C . 1875, 223 ; Fehling, A. 72, 106 ; 
Claus, J. pr . [2] 4, 63 ; Neubauer, Ar. Ph. [2] 71, 
278 ; Patterson, C . N. 25, 149 *, Loiseau, C. R. 
1873. 26 ; Soxhlet, J, pr. [2] 21, 227 ; Krause a. 
Stadeler, C. C . 1854. 936; Griiger, Fr. 7, 490; 
Buswitz, B. 11, 1445 ; O’Sullivan, C. J. 1876, 2, 
125 *, Marcker, O. 1 7, 699 ; Brunner, Fr. 11, 32 ; 
Bayley, C. N. 37, 211 ; Allihn, J.pr. [2] 22, 55; 
Salomon, B. 14, 2711; Digener, Z.V. 31,349; 
Schwarz, A. 84, 84 ; Mohr, Fr. 12, 296 ; Perrot, 
B. 9, 19 ; Ulbricht, B. 10, 128 ; Jean, C. R. 73, 
1397 ; Scheibler, Z. 9, 820 ; Weil, Fr. 11, 284 ; 
Arnold, Fr. 20, 331 ; Volhard, A. 190, 1 ; Sol- 
daini, B. 9, 1126; Possoz, O. R. 1874, 721; 
Pellet, J. Fabr .* 19, 22 ; Pavy, C. N. 39, 1004 ; 
Lowe, Fr. 9, 20 ; Vogel, J. Ph. [2] 1, 245 ; and 
others of less value. As a result of a study of 
all this literature, I may say that I have come 
to the conclusion that if the Fehling’s solution 
is carefully made with pure materials, and em- 
ployed as described below, the reducing power 
of any sugar can be determined with constancy 
and accuracy, and when the conditions are ful- 
filled the reduction is molecular — i.e. a definite 
number of copper oxide molecules are reduced 
by a definite number of molecules of the sugar. 

Fehling’s solution is made as follows ; 
34*61 g. pure recrystallised copper sulphate 
are dissolved in 400 c.c. H 2 0 or thereabouts, 173 
g. sodium potassium tartrate (Rochelle salt), 
and 74* grams freshly-prepared sodium hy- 
droxide (commercial stick soda) are dissolved 
to 450 RjO; when the solution is cold it is 
gradually added to the copper solution in small 
portions at a time, so that the pp.at first formed 
is re-dissolved. When both solutions are mixed 
the volume is made up to 1 litre. It is very 
generally stated that this solution does not keep 
very well. I found it constant in its properties 
for more than twelve months when kept in 
carefully-stoppered bottles, sealed with paraffin, 
in a cool, dark place. Some recommend that 
both the solutions be made up to 500 c.c., kept 
separately and mixed in equal volumes when re- 
quired for use. This is probably the better plan, 
but unless the solutions are kept in well-stop- 
pered bottles sealed they will deteriorate as 
badly as if mixed. This solution is used as (a) 
a qualitative test for the reducing sugars. It 

* O. m Organ des Centralvercins /Ur Rilbtnruckerfdbrio& 
tion in der faterreichUclhungarUchen Monarchie. 

* Journal des Fdbricants de Sucre. 

* Bedewald a. ToUens (if. 11, 2076) employ 60 g„ 
and they say the Increase of alkali to 70 g. diminishes 
the reducing power of lactose about 1 pc. 
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is also used (b) quantitatively, to determine the 
reduoing power and the quantity of a sugar. 

(a) Qualitatively. A portion of the solution 
supposed to contain sugar, prepared as described, 
is heated to boiling in a small beaker or test-tube, 
and is added to 5 c.c. of the alkaline copper solu- 
tion previously diluted with its own bulk of water, 
and heated to boiling. The production of a red 
pp. of Cu 2 0 indicates the presence of a reducing 
sugar. There are substances besides the sugars 
capable of reducing Fehling’s solution. The ab- 
sence of these must be established before it can 
be inferred that the reduction is due to sugar. 

(b) Quantitatively. The reducing power of a 
sugar, or of a solution containing reducing 
sugars, can be determined volumetrically or 
gravimetrically , with Fehling’s solution. It is 
now very generally admitted that the gravimetric 
method gives the only reliable results. 

Volumetrically. The sugar solution, pre- 
pared as described, should be diluted (0-5 to 10 
g. reducing sugar in 100 c.c.). This is in- 
troduced into a burette, and the Fehling’s solu- 
tion into a second one. Of the latter a definite 
quantity, say 10 c.c., is measured into a por- 
celain dish of about 60 to 100 c.c. capacity, and 
diluted with four times its own bulk of water. 
The dish is then placed over a small Bunsen, 
and the contents heated to boiling. The sugar 
solution is then run in a c.c. at a time until 
the blue colour of the copper solution has nearly 
all disappeared, then drop by drop until it has 
quite gone. The first experiment may only give 
approximate results; in a second a quantity of 
sugar slightly less than was found necessary 
in the first experiment is measured into a small 
beaker, heated to boiling, and mixed rapidly 
with the boiling dilute copper solution. If the 
whole of the copper is reduced, a few drops more 
of the Fehling’s solution are added from the 
burette. A few experiments of this kind will 
give fairly approximately the amount of copper 
solution a certain quantity of the sugar solution 
is capable of reducing. That the Fehling’s solu- 
tion is not in excess is seen by the absence of blue 
on subsidence of the Cu 2 0, and may be con- 
firmed by filtering a little and testing for copper 
with a dilute solution of potassium ferrocyanide 
in acetic acid. The absence of a brown coloura- 
tion indicates the absence of GuO. If the sugar 
:is in excess, more CuO solution is decolourised, 
-but after boiling the sugar in the alkaline solu- 
tion the amount reduced is not a measure of the 
•quantity of sugar. The final experiment must be 
performed after two or more observations, when 
the relative value of the two solutions has been 
approximately ascertained, as described above, 
by adding the whole, or nearly the whole, of the 
sugar at a boiling temperature to the copper 
solution at once. If only a few drops of the sugar 
solution are required to remove the last traces 
of CuO, the error is not great ; 10 c.c. of the 
Fehling’s solution, made as directed, contain 
•1100 g. CuO ; 396 CuO = 180 dextrose, i.e. 6 mols. 
CuO (79*2 + 5*396) are reduced by 1 mol. dex- 
trose 180, then 396:110*180:050 grams 
dextrose *10 c.c. Fehling’s solution. Soxhlet 
(l&.) states that the value of the CuO solu- 
tion in dextrose varies with the way in which 
4he experiment is performed ; that 10 c.c. 
undiluted Fehling’s solution are reduced by 


0*04753 g. dextrose, while it takes 0*0494 to 
reduce the same bulk diluted with four measures 
of water. The same applies to the other re- 
ducing sugars, only in the case of lactose 
dilution has no effect, while in that of maltose 
dilution diminishes the amount of sugar re- 
quired. This is, no doubt, correct under the con- 
ditions stated, but it is not necessary in dealing 
with a reaction of this kind to deviate from re- 
cognised conditions such as those laid down 
above. When these are adhered to it is found 
that the reduoing power of the sugar very 
closely approaches molecular interaction ; in fact, 
so much so that the molecular relation most 
closely approximated to by the experimental 
data may be taken as the nor?nal reducing 
power of a sugar. These normals for the better- 
known sugars are : — 

10 c.c. Fehling’s solution = 0 0500 g. dextrose.* 
„ „ 0*0500 g. galactose. 

>, „ 0*0500 g. lsevulose. 

„ „ 0*06334 g. lactose.f 

„ „ 0*07196 g. maltose.f 

„ „ 0*04630 g. arabinose. 

„ ,, 0*08701 g. arabinon. 

* Soxhlet eaya the reduoing power of lsevulose is 
different from that of dextrose. This is not supported ; his 
error is due to his mode of preparing invert sugar, 
f Sugar free from water of crystallisation. 

Gravimetrically . The Fehling’s solution is 
prepared as described ; 25-30 c.c. of it are 
measured into a beaker of 130-140 c.c. capacity, 
and about 50 c.c. well boiled water added. 
The beaker is then placed in a boiling-water 
bath, consisting of a larger beaker in which water 
is kept boiling. At the end of five or six minutes, 
when the dilute copper solution has acquired 
the temperature of the bath, a known weight 
or measure of the sugar solution is heated 
to boiling, and added. If at the end of a few 
minutes the blue colour is completely destroyed, 
it can be restored by adding more Fehling’s 
solution, but it is much better to so arrange 
matters by a few experiments that the amount of 
sugar solution employed will reduce the Fehling s 
as nearly a3 possible, leaving only sufficient 
blue, on subsidence of the Cu 2 0, to make it evi- 
dent that the copper solution is in slight excess. 
After twelve to fourteen minutes’ boiling the 
clear supernatant liquid is decanted on to a filter, 
the Cu 2 0 is washed by decantation, and finally 
on the filter. If the Fehling’s solution is in 
large excess it is difficult to wash the filter free 
from unreduced copper oxide (blue colouration), 
but if the excess is only slight there is no indica- 
tion that the filter retains copper compounds other 
than Cu 2 0. Ignition for four or five minutes in 
an open porcelain crucible converts the red pre- 
cipitate into black copper oxide OuO, in which 
form it is weighed. From this the sugar is cal- 
culated by multiplying by the constants (see next 
page). It may be again pointed out that the factors 
given by various authorities differ more or less 
from these (see the K of individual sugars), but 
I believe these are the constants, the differences 
amongst the authors being due to manipulation, 
to the state of dilution and alkalinity of the 
solutions, and to the temperature of the mixed 
sugar and CuO solution. An imperfect knowledge 
of the composition of the material is a source of 
error. In dealing with some solutions, other 

o o 2 
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1 mol. sugar to 5 mols. CuO : 1 g. CuO * 0*4545 g. dextrose : K * 100 
„ „ 6 „ „ lg. „ - 0*4545 g. galactose : K = 100 


»» n ^ » »♦ 1 S' »* 

*» J* 7*5 ,, ,» '1 g. y, 

»» »» 0 yy yy 1 g. yy 

tt t* 4*5 „ „ 1 g. „ 

*t »» 4*5 „ „ 1 g. y, 

substances may be precipitated with the Cu 2 0. 
These should be ascertained, determined, and 
allowed for. In dealing with solutions in which 
ammonia is found, or liberated by the alkali, 
CJu 2 0 is retained in solution. Sundry propositions 
have been made to avoid the disturbing influence 
of the alkali in Fehling’s solution, but they seem 
to have met with no favour. Soldani (B. 9, 
1126) proposed copper carbonate in potassium 
bicarbonate; Possoz (0. B. 1874, 721) and 
Pellet (J. fb. 19, 22) other solutions of copper 
in alkaline carbonates. L8we (Fr. 9, 20) re- 
commends the use of a solution of CuO in 
glycerol, but so far little can be said of the value 
of the solution. In cases where the sugar solution 
contains other substances than reducing sugars 
capableof giving a precipitate with Fehling’s solu- 
tion without reduction, the whole precipitate may 
be dissolved in hydrochloric acid, made strongly 
alkaline, and added to an excess of ammoniacal 
solution of silver nitrate. The copper suboxide 
reduces an equivalent quantity of silver oxide. 
The silver in the precipitate may be estimated 
as chloride (Jean, C. B. 78, 1397). As has been 
stated above, many other solutions and modifi- 
cations of Fehling’s solution, have been proposed 
for employment in determining the sugars, but 
they appear to be of no value. 

Pavy (l.c.') recommends the addition of suffi- 
cient ammonia to the Fehling’s solution to hold 
the Cu 2 0 in solution ; the disappearance of the 
blue is then the indicator of the reaction. The 
reducing powers for sugars other than dextrose 
for this solution have not been ascertained; even 
for dextrose it is doubtful ( v . Hehner, An. 
6,218). 

Three solutions of mercury salts have been 
proposed as agents by which sugars can be 
determined by their reducing power— the one 
known as Knapp's solution, the other as 
Sachsse's solution, and the third as Hager's 
solution. Neither of them are of high value, 
except in certain circumstances, but Hager’s 
least of all. 

Knapp's solution is made by dissolving 
10 g. HgCy, in about 600 c.c. water, then add- 
ing gradually 100 c.o. sodium hydroxide solu- 
tion, specific gravity 1*145, and diluting the clear 
solution to 1 litre ; 10 c.c. of this solution equal 
0*025 g. dextrose ; but according to Soxhlet 
(l.c.) this is not true, and the quantity varies 
with the conditions under which the reducing 
solution and reducible one are brought in 
oontact, and even with the indicator used in 
determining the absence of mercury. The solu- 
tion is used as follows : — 40 c.o. of it are 
heated to boiling in a flask, and the sugar 
solution, which should not contain more than 
0*5 p.c. reducing sugar calculated as dextrose, 
run in as quickly as possible until the whole of 
the mercury is ppd. as such, the mixed liquids be- 
ing kept continually boiling. /The complete pre- 
sipitation of the Hg is ascertained bytesting for 


» 0*4545 g. laevulose : K = 100 
« 0*5758 g. lactose : K - 77*67 
« 0*7196 g. maltose ; K = 63*16 
*» 0*4209 g. arabinose : K* 108*8 
*0*7910 g. arabinon : K*57*5 

it with ammonium sulphide, or alkaline tin solu- 
tion. Less mercury is reduced by adding the 
sugar gradually than when the addition is made 
all at one time (Brunner, J.pr . [2] 21 ; Soxhlet 
l.c.). According to the latter, when the reducing 
solution is added all at one time, and alkaline 
tin solution employed as a test for the absence 
of Hg from the solution, 0*200-*202 g. dextrose 
reduce 100 c.c. of Knapp’s solution. 

Sachsse's solution is made to contain in 1 
litre 18 g. mercuric iodide, 25 g. potassium 
iodide, and 80 g. potassium hydroxide. The 
mercury salt is dissolved in a solution of the 
potassium iodide, the solution of the potassium 
hydroxide added, and the mixture made up to 
the litre. A measured quantity, 40 c.c., of the 
solution is boiled in a porcelain dish, and the 
sugar solution, containing not more than 0*5 g. 
per 100 c.c., run in until a drop of the super- 
natant liquid ceases to give a brown colour with 
an alkaline solution of tin chloride. It is said 
that in using this reagent more mercury is 
reduced by adding the sugar slowly than by 
adding it all at one time, the reverse being the 
case with Knapp’s solution. Soxhlet ( l.c .) com- 
pares the value of these solutions for the re- 
ducing sugars as follows : — 

Taking the reducing power of dextrose =» 100, 
the reducing powers (K) of the other sugars are : 



Feliling 

(undiluted) 

Knapp 

Sachsse 

Dextrose . • 

. 100 

100 

100 

Invert sugar , 

. 96*2 

99 

124*5 

Lfflvulose . 

• 92*4 

102*2 

148*6 

Galactose 

. 93*2 

83*0 

74*8 

Lactose (hydrated 

.?) 70-3 

64*9 

70*9 

Maltose (dry?) . 

. 61-0 

63*8 

650 


These relations for the K of the sugars for 
Fehling’s solution do not agree at all with the 
generally recorded numbers ( v . K of individual 
sugars) ; there are no data to enable one to form 
an opinion on the value of the K for the other 
solutions. 

Potassium ferricyanide has been proposed as 
an agent for determining the reducing power of 
the sugars by Gentele (Fr. 9, 458), but although 
Stahlschmidt (B. 1, 141), Stammer (D. P. J. 158, 
40), and Sostmann (V. Z. 22, 170) have worked 
with it, we kno*w nothing very definite about its 
value. It should yield definite results, as the- 
complete reduction is definitely recognisable. 

6. The action of unorganised ferments. 
Enzymes. Sucrose is converted by invertase 
into laevulose and dextrose; the only other 
sugar acted upon by this enzyme is raffinose 
(Kjeldahl, Fr. 22, 588 ; O’Sullivan, C. J. 1886. 
70 ; and O’Sullivan a. Tompson, C. J. 1890. 884), 
and, as it has been shown, the invertive action 
is most active at a temperature at which yeast, 
from which the invertase is prepared, has no fer- 
mentative action on the products of the inversion; 
yeast can be employed instead of prepared in- 
vertase. The products of the action of invertase 
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on raffinose are lsevulose and melibiose, the 
latter yielding finally dextrose and galactose. 
Baifinose is but very sparely distributed. It may 
be considered that sucrose is present if the optical 
activity ot a solution is materially altered by treat- 
ment with invertase and the copper oxide reducing 
power at the same time increased. The absence 
of raffinose can be determined by the non-pro- 
duction of mucic acid on treatment with nitric 
acid. Before applying the invertase test the solu- 
tion to be tested must be boiled. If this is not 
done, and active diastase and any of the high- 
starch transformation products are present, the 
latter would be acted upon by the diastase, the 
opticity lowered, and the cupric reducing power 
increased. Diastase does not appear to act on 
any of the sugars, except isomaltose (?) 

Other organisms, such as the moulds which 
grow on steamed rice, contain an enzyme 
capable of acting on maltose, but this substance 
has not been employed in the detection or esti- 
mation of maltose. There is no doubt, however, 
it is available for the purpose. 

7. Organised Ferments (see Fermentation). 
The hyphomycetes , saccharomycetes t and schizo - 
mycetes act on the sugars and yield various pro- 
ducts, and, no doubt, can be made available for the 
detection and estimation of them ; but we have 
only to concern ourselves here with the action 
of ordinary beer yeast (saccharomyces cerevisice ) ; 
the changes effected by the other organisms come 
under art. Fermentation. On adding pressed 
yeast to a very slightly acid solution, and keeping 
the mixture at a temperature of 20° or there- 
abouts, if a fermentable sugar be present, a frothy 
head will form on the surface of the liquid, carbon 
dioxide will be evolved, and alcohol formed. The 
specific gravity and optical activity of the solu- 
tion diminishes. Certain substances known as 
antiseptics prevent this reaction — they must be 
proved to be absent. The fermentable sugars, 
in this sense, are described as such under the re- 
spective heads. 

The quantitative value of this phenomenon 
has been studied by many workers, but it is still 
nnsatisfactory. It has been made available with 
approximate accuracy in determining the total 
fermentable sugars in presence of other sub- 
stances from which they cannot otherwise be 
conveniently separated. The solution should be 
of about sp.gr. 1-050-1*060, slightly acid, and 
should not contain much foreign matter. A 
measured quantity of this is taken, best 100 c.c. 
if available, introduced into a 150 c.c. flask, and 
0*5 to 1 g. freshly-pressed yeast added. If neces- 
sary, a little yeast ash dissolved in the least pos- 
sible quantity of hydrochloric acid, together with 
a little ammonium tartrate, should be added. A 
temperature of from 20° to 22° is best suited for 
the process. The gas evolved is washed by being 
made to pass through a few c.c. water in two 
successive wash-bottles. In some cases the fer- 
mentation is very slow and takes many days to 
•complete itself, in others it is rapid and is 
finished in a few days ; but in all cases it should 
he continued as long as gas bubbles through the 
wash-bottles on shaking the flask in which the 
fermentation is going on. As soon as this point 
ts arrived at, the contents of the flask are washed 
with the water of the wash-bottles into a distilling 
flask, and submitted to distillation. Dilute alco- 


hol distils over and is collected in a 100 c.c. 
flask. If only 20-25 c.c. wash water were used, 
the distillate, when it amounts to 80-85 c.c., 
will contain all the alcohol produced. This is 
then made up to 100 c.c. and its specific gravity 
taken. On referring to the alcohol tables, the 
weight of alcohol in the 100 o.c. is ascertained. 
From this a knowledge of the amount of ferment- 
able sugars is arrived at. Sucrose yields 51 p.c. 
alcohol, dextrose 48-49 p.c. (Pasteur, A. Oh . [8] 
58, 330), maltose 60*4-51*8 p.c. (O’Sullivan, C. J . 
1876, 479). Hofmann, Graham, and Bedwood 
(C. J. 5, 229) gave expression to the value of the 
specific gravity of distillate, in points or degrees 
of specific gravity lost by the saccharine solution 
fermented for various sugars. These factors are 
still employed in determining the original speoiflc 
gravity of beer, from the alcohol it contains and 
the specific gravity of the residue after distilla- 
tion. The residue left in the distilling flask 
mentioned above is with the washings made up 
to 100 c.c., the specific gravity of this solution 
subtracted from that of the solution before the 
yeast was added + 1— or 1000 if water be taken 
at 1000 instead of 1 — will give approximately 
the specific gravity of a solution containing the 
amount of sugars or sugar fermented in 100 c.c. 
The average D of the sugars being known, the 
quantity fermented within 2 or 3 p.c. can be 
calculated from this. Inasmuch, however, as the 
value in specific gravity of the non-volatile pro- 
ducts of the fermentation of the sugars has not 
been accurately determined, this mode of estima- 
tion can only be approximate. 

It has been proposed to estimate the amount 
of sugar or sugars by determining the amount of 
carbon dioxide evolved during fermentation. 
Pasteur (Z.c.) gives 0*4665 g. C0 8 as the product 
of 1 g. dextrose. Jodlbauer ( Z . V. 25, 808) states 
that dry maltose yields 49*54 p.c. C0 2 and dex- 
trose 46*54 p.c. These figures are, no doubt, 
true also for all the fermentable *-on * and **ose * 
sugars. 

Some of the sugars when in the pure state 
are not fermented by yeast, but the presence of 
a small quantity of an easily fermentable sugar 
sets up the action. Pure galactose is not fer- 
mented by yeast ; the presence of a little dex- 
trose, lfflvulose, or maltose sets up the process 
(Bourquelot, C. B. 106, 283 ; Tollensa. Stone, B, 
21, 1572; Stone a. Tollens, A. 249, 257), the 
fermentation of galactose being as complete as 
that of dextrose if the suitable nourishment is 
present. Under the same condition sorbose 
ferments more slowly and less completely, ara- 
binose and lactose very slowly and incompletely. 
Pure arabinose behaves like pure galactose. 
Sucrose is inverted by yeast, dextrose ferments 
easily, lavulose less so, maltose still less, and 
raffinose less still. The other sugars ferment 
only when these are present ; hence it should be 
possible to detect the presence of individual 
sugars from the specific rotatory power and K by 
fractional fermentation. With some varieties of 
yeast liBvulose ferments before dextrose (Dubourg, 
C. B. 110, 868). Again, some organisms are 
found to ferment the 4 -ose * sugars and to be in- 
capable of fermenting the * -on ’ ones. A study 
of the action of these organisms will yield results 
valuable in the identification and estimation of 
the sugars. 
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8 . Action of acids . All the di- and tri- sugars 
me converted into mono- sugars by the action of 
dilute mineral acids ; this is accompanied by an 
alteration in the K and [a] of the solution. If 
this took place only with the high sugars, the 
reaction would be applicable in distinguishing 
the ‘-on * and ‘-ose -on * sugars from the ‘-ose ; * 
but the K and [a] of these sugars are also affected 
by digestion with mineral acids, but much more 
slowly, so that the reaction is only available 
when carefully performed. If the sugar solution 
increase in K, and there is a material alteration 
in fa] on ten or twelve minutes’ boiling with 2-3 
p.c. sulphuric acid or hydrochloric acid, it may 
safely be inferred that a high sugar (di- or tri-) 
is present. Some organic acids act differently 
on the high sugars. Dilute citric acid inverts 
sucrose ; it is without action, at least material 
action, in a short time on lactose (Jones, l.c.). 

The invertive action of acids — except under 
well-defined conditions, such as the employment 
of hydrochloric acid by Clerget in hydrolysing 
sucrose— cannot, for the reason mentioned above, 
be employed in estimating these sugars. 

Dextrose and substances capable of yielding 
It can be detected by acting on the material with 
nitric acid (1 pt. mat. 1 pt. H.,0 and 5 pts. 
nitric acid, sp.gr. 1-16). Saccharic acid, recog- 
nisable by the microscopic appearance of its acid 
potassium salt, is produced (Sohst a. Tollens, A. 
245, 1). Lsevulose, galactose, sorbose, and arabin- 
ose do not yield this acid (Gans, Stone, a. Tollens, 
B. 21, 2148). Galactose, lactose, and raffinose, 
on, treatment with nitric acid in the same way, 
yield mucic acid. This reaction has some quanti- 
tative value. Pasteur (C. R. 42, 349) obtained 
75 to 78 p.c. mucio acid from galactose. The 
yield, however, varies very considerably with the 
quantity and strength of the acid employed. 
Kent a. Tollens (A. 227, 221) find on employing 
1 pt. sugar, 12 pts. nitric acid, sp.gr. 1*15, al- 
lowing to Crystallise in 1*5 to 2*0 pts. solution, 
and washing with 5 pts. water that galactose 
gives 77*4 p.c. mucic acid. Lactose treated in 
the same way gives 40 p.c., and raffinose (Risch- 
bieth a. Tollens, A. 232, 172) 22-23 p.c. By 
using 1 g. dry sugar, or a quantity equal thereto, 
in a concentrated syrup, 4 g. nitric acid sp.gr. 
1*25-1*24, heating gently until red fumes began 
to be evolved, then allowing the reaction to pro- 
ceed until the violence was over, heating on a 
water-bath until red fumes ceased to be evolved, 
allowing to stand for 24 hours to crystallise, I 
obtained 73 p.c. mucic acid from galactose, 86*9 
p.c. from dry lactose, and 28-30 p.c. from dry 
raffinose (O’Sullivan, C . J. 1886, 73). The 
mucic acid was collected on a tared filter, washed 
carefully with 50 c.c. water, dried in a vacuum 
over sulphuric acid, then at 100°, and weighed. 
By treating 0*6 g. mucic acid in the same way, 
the los3 was 0*04-0*05 g. Corrected for this the 
above numbers become 80-81 p.c. for galactose 
and 40*5-41*5 p.c. for lactose. The number for 
raffinose was corrected. 

The pentoses, and bodies from which they can 
be obtained, yield on digestion with strong hydro- 
chloric acid, furfural, the detection of which iB 
simple and definite. ’ This reaction has been em- 
ployed in the estimation of these sugars. It must 
hot, however, be forgotten that the hexoses also 
yield furfural, although, no doubt, in very small 


quantities (Gfinther a. Tollens, B. 28, 1751 ; de 
Chalmot a. Tollens, B. 24, 694 ; Stone, B. 24, 
3019). The first difficulty to overcome was to* 
determine the conditions under which the great- 
est yield of furfural was obtainable, the next to 
accurately determine the furfural. 2 to 5 g. of 
the material are digested with 100 c.c. hydro- 
chloric acid, sp.gr. 1*06, and then distilling, re- 
turning the distillate until the reaction is com- 
plete ; or the mixture of material and acid is sub- 
mitted to distillation in a flask over a small 
flame, so that not more than 10 c.c. distillate pass 
over in five minutes, fresh acid being regularly 
added until a sample of the distillate ceases to 
give the reaction for furfural. The distillate is 
then neutralised with soda, acidified with a few 
drops of acetic acid, and made up to a definite 
volume. In this the furfural is estimated by a 
standard solution of phenylhydrazine, made by 
dissolving 2 g. phenylhydrazine chloride with 
6 g. sodium acetate in 1 litre water. This is 
standardised with a solution of furfural of known 
strength (1 g. pure furfuramide in a little acetic 
acid to 1 ltr. water). Standardisation must be 
made before each set of determinations, &3 the 
phenylhydrazine solution loses its value in a 
short time. The titration is performed as fol- 
lows : 25 c.c. of the distillate are mixed with a 
measured quantity of the phenylhydrazine solu- 
tion, the mixture rapidly boiled and cooled ; a 
little of the solution is filtered and boiled with 
twice its volume of Fehling’s solution ; if the 
phenylhydrazine is in excess reduction takes 
place, but if furfural is in excess there is no re- 
duction. Trials are made until the equivalent 
amount of phenylhydrazine solution is found 
(Stone, lx.). The dilute acidified solution is 
precipitated with phenylhydrazine acetate, the 
hydrazide collected on an asbestos filter and 
dried in a vacuum in a specially-constructed 
apparatus at 50°-60° until the weight becomes 
constant. The precipitation is always effected 
in the same volume of solution, so that allow- 
ance can be made for the solubility of the hydra- 
zide. Arabinose yields on an average 48*72 p.c. 
and zylose 56*25 p.c. furfural (de Chalmot a. 
Tollens). 

9. The action of alkalis. This can only be 
applied as a rough qualitative test. All the 
hexoses yield a brown colouration when boiled 
for a few minutes with a 3-4 p.c. solution sodium 
hydroxide. The ‘ -on * sugars are not affected. 

10. The action of phenylhydrazine. The melt- 
ing-point of the osazones and hydrazides and 
composition thereof give good indication of the 
nature of the sugar whence they are prepared. 
For preparation and melting-point see individual 
sugars. Maquenne ( C . R . 112, 799) finds that dif- 
ferent sugars yield, with excess of phenylhydra- 
zine, very different quantities of osazones. By 
heating 1 g. each sugar for one hour at 100° with 
100 c.c. water, and 5 c.c. of a solution of phenyl- 
hydrazine acetate, containing in 1 litre 400 g. 
phenylhydrazine and 400 g. glacial acetic acid, 
cooling, collecting the precipitate, washing with 
100 c.c. water and drying at 110°, he found 
sorbose gave 0*82 g., laavulose 0*70, xylose 0*40, 
dry dextrose 0*32, arabinose 0*27, galactose 0*23, 
rhamnose 0*15, lactose 0*11, maltose 0*11. There 
must, however, be some error or misunderstand- 
ing here, as there is no difficulty in getting 126 
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p.o.osazone from arabinose and more than 130 p.c. 
fromlsevulose. 0. O’S. 

8ULPHACETIC ACID v. Sulphoaoktic acid. 

SULPHAMIC ACID and SULFHAMATES 

S0 2 .NH 2 .0H and SOa.NH 2 .OM 1 . (Amidosulphonic 
acid and Amidosulphonates.) By passing dry 
NH, over S0 8 , Rose (P. 33, 81 ; 47, 471 ; 49, 
183) obtained a compound S0 3 .2NK,. This com- 
pound, called by Rose * sulphatammon t i is gene- 
rally described as ammonium sulphamate 
S0 5 ,.NH 2 .0NH 4 , but Divers a. Haga (G. J . 61, 
948) have shown, fairly conclusively, that the 
compound is tri-ammonium imidosulphonate 
(N(NH 4 )(S0 2 .0NH 4 ) 2 [ = 2S0 3 .4NHJ ; this salt 
is described under Imidosulphonic acid and its 
salts (1 v . Sulphonig acids and derivatives, p. 600). 

Barium sulphamate go^H 2 0 ^>B& seems 

to have been obtained by Borglund (B. 9, 1896) 
by boiling an aqueous solution of barium imido- 
sulphonate HN<^gQ 2 *Q^>Ba (t>. Imidosulphonic 

acid under Sulphonig acids and derivatives, 
p. 600) till the solution reacted strongly acid, 
adding excess BaOAq, boiling so long as NH S 
came off, filtering, removing excess of Ba by 
passing in C0 2 , filtering, evaporating the filtrate 
to a small bulk, and allowing to stand. The salt 
crystallises in long, lustrous needles ; it is not 
changed by heating to 200°, nor by boiling in 
solution, even in presence of HClAq. 

Berglund (l.c.) says that a solution of potas- 
sium sulphamate is obtained by the reaction of 
nascent hydrogen with potassium oxyamidosul- 
phonate (v. Oxyamidosulphonic acid under 
Sulphonig acids and derivatives, p. 602), thus: 
NHOH.S0 2 .OKAq + 2H - NH 2 .S0 2 .0KAq + B^O. 
B. was unable to isolate the salt. Raschig 
(A. 241, 176) obtained the potassium salt 
S0 2 .NH 2 .OK by boiling potassium imidosul- 
phonate NH(S0 2 .OK) 2 with a little water for 
some time, removing the H 2 S0 4 that was pro- 
duced by CaCO„ filtering from CaS0 4 , evapora- 
ting, pouring off from K 2 S 0 4 that separated, and 
allowing the syrupy mother-liquor to crystallise. 
The salt separated in large colourless, rhombic 
crystals. In 1878 Berglund prepared several 
sulphamates, viz. the salts of NH 4 , Cd, Ca, Co, 
Cu, Pb, Li, Mn, Ni, ? Ag, Na, Sr, Tl, and Zn 
(Lunds Universitets Arsskrift , 13 ; abstract in 
Bl. [2] 29, 422). 

Sulphamic acid SO 2 .NHj.OH. This acid was 
obtained by Berglund (l.c.) by passing H 2 S into 
a solution of the silver salt, filtering from Ag 2 S, 
and evaporating over H 2 S0 4 . It forms largo, 
translucent, rhombic crystals; the ratio a’Jbic 
« -9945:1:1056 (Raschig, A 241, 178). Easily 
sol. water, less sol. alcohol; aqueous solution 
only slowly decomposed to NH 4 .H.S0 4 on boiling ; 
more rapidly decomposed if HClAq is added ; 
not decomposed by heating to 190° (B., lx.). A 
solution of the acid gives no pp. with BaOAq ; 
on boiling with HClAq and BaCl^Aq a pp. of 
BaS0 4 gradually forms. Raschig (l.c. p. 209) 
obtained sulphamic acid by saturating a solution 
of hydroxylamine hydrochloride with S0 2 , allow- 
ing to stand for a little, and then evaporating 
on a water-bath (NR 2 OH.HClAq + RSOg-OHAq 
» NH 2 .S0 2 .0HAq + HClAq + H 2 O). 

SULPHAMIDE SO-^NBL^ (Sulphonamide. 
Sulphurylamide.) The neutral amide of sul- 


phuric acid is obtained by passing dry NHg into 
cooled S0 2 Cl2, diluted with 15 to 20 vols. CRCl* 
to complete saturation, dissolving the pp. so 
produced in water, making strongly acid by 
HNO„Aq, ppg. Cl as AgCl by addition of 
AgNO a Aq, filtering, neutralising by KOHAq, and 
again ppg. by AgNO a Aq, filtering from SO^Ag 
(v. Sulphimide, p. 587), adding more AgN0 3 Aq 
and then KOHAq, warming and then cooling 
quickly, and collecting the pp. that forms. This 
pp. consists chiefly of S0 2 (NHAg) 2 , but there is 
a small quantity of another Ag salt which must 
be removed. This is done by washing well, 
adding exactly enough HClAq to convert all Ag 
into AgCl, neutralising by NH 3 Aq, adding 
AgNO s Aq, filtering from the pp. of the foreign 
Ag salt, adding more AgNO^Aq and then excess 
of NH 3 Aq, when pure S0 2 (NHAg) 2 is ppd. The 
salt is decomposed by exactly the proper quan- 
tity of HClAq, AgCl is filtered off, the filtrate is 
evaporated in vacuo at a temperature not above 
40°, and the liquid is allowed to remain in vacuo 
over H 2 S0 4 , when S0 2 (NH 2 ) 2 separates in large, 
colourless crystals (W. Traube, B. 26, 607). 
Sulphamide is very sol. water, less sol. dilute 
alcohol, insol. alcohol, ether, and other ordinary 
organic solvents; it softens at 75° and melts 
at 81°, begins to give off NBC, below 100°, no 
further decomposition occurring to 250°; above 
250° gives off acid vapours, and is completely 
decomposed. An aqueous solution of sulphamide 
is neutral ; boiled with acids it gives H 2 S0 4 Aq 
and NH S . Solutions of alkalis split off NH S and 
form alkali salts of S0 2 .0H.NH 2 . Small quan- 
tities of H 2 S0 4 Aq are formed after prolonged 
boiling. By adding AgNO*Aq to solutions of 
sulphamide, and then NH 3 Aq, a pp. of 
S0 2 (NHAg) 2 is formed ; other metallic deriva- 
tives of S0 2 (NH 2 ) 2 exist, but have not yet been 
isolated satisfactorily. 

Imido-sulphamidb NH(S0 2 .NH 2 ) 2 v. Sulph- 
lmido- amide (p. 587). M. M. P. M. 

SULPHAMINE-BENZOIC ACID v. Amide of 

O-BULPHO-BENZOIO ACID. 

3ULPHAMM0NIC ACIDS AND SALTS v» 

Sulphur oxyacids, nitrogen derivatives of, 
p. 619. 

SULPHANILIC ACID v. vol. i. p. 154. 

SULPHANTIMONATES, Ac. For such salts 
as sulphantimonates, sulphar senates, sulpho - 
phosphates v. Thio-antimonates Ac., under 
Antimonates Ac. 

SULPHATAMMON and PARASULPHATAM- 

MON v. Tri-ammonium imidosulphonate and 
Di-ammonium imidosulphonate under Imido- 
sulphonic acid and salts , a section of 

SULPHONIO ACIDS AND DERIVATIVES, p. 600. 

SULPHATES and allied salts . Salts of 
sulphuric acid H 2 S0 4 . The compositions of the 
normal sulphates are expressed by the general 
formulas M^SO^ M n S0 4 , M IM 2 (S0 4 ) s , and 
M iv (S 0 4 ) 2 ; the greater number of the acid sul- 
phates come under such formulas as M J HS0 4 , 
M“H2(S0 4 ) 2 , M“*H(S0 4 ) 2 , M”H2(S0 4 ) s . All sul- 
phates, whether normal, acid, or basio, may be 
represented by the formula nMO.mSO*.aiH a O, 
where MO stands for a basic oxide. The sul- 
phates are prepared (1) by the interaction of 
HjSOiAq with metals, metallic oxides, or hy- 
droxides ; some metals react with dilute H 2 S0 4 Aq, 
giving sulphates and H, others react only with 
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hot cone. H 2 S0 4 , giving sulphates and SO* or 
PO a and ELjS, and sometimes H also ; (2) by the 
interaction of HjSC^Aq with salts of vofatilisable 
nr decomposable acids, e.g. with chlorides, ni- 
trates, or carbonates ; (3) by the direct combina- 
tion of SO s with metallic oxides ; (4) by oxidising 
sulphides, by boiling with HNOjAq, or by reacting 
with Cl in presence of water, or sometimes by 
heating in air, e.g . FeS0 4 , CuS0 4 , and ZnS0 4 ; 
(5) by double decomposition from other sul- 
phates, e.g. BaS0 4 , PbS0 4 . Most of the metal- 
lic normal sulphates are soluble in water; 
BaS0 4 is msol. water, PbS0 4 and SrS0 4 nearly 
insol., and CaS0 4 very slightly soluble. The 
basic sulphates are generally insoluble in water. 
Sulphates of metals whose oxides are strong 
bases — the alkali and alkaline earth metals— are 
not decomposed by heat alone; the sulphates 
of metals whose oxides are weak bases are de- 
composed by heating, giving off SO*, or S0 2 and 
O, and leaving oxides, or metals if the oxides 
are reducible by heat. Sulphates are reduoed by 
heating with charcoal, either to sulphides or 
oxides, with evolution of CO and CO*, and also 
SO* from the sulphates of weak bases. Many 
sulphates are decomposed completely by heating 
with HOI gas, giving ohlorides ( v . Hensgen, B. 
9, 1671 ; 10, 259). Fusion with excess of alkali 
carbonate produces alkali sulphate and carbonate 
of the metal of the original sulphate. Many 
sulphates are reduced by strongly heating in a 
stream of NH„ yielding sulphides, oxides, metal, 
or mixtures of these (t>. Hodgkinson a. Trench, 
C. N. 66, 223). Several sulphates occur as 
minerals; e.g. BaS0 4 (heavy spar), CaS0 4 (gyp- 
swmhSrSO. ( celestine ), MgS0 4 (Epsom salts), <fec. 

Aluminium sulphates. The normal salt 
A1 # (S0 4 ) 8 . 18aq occurs native as feather alum ; it 
is prepared by heating clay with cone. 11*80, Aq 
and boiling down the solution ; also, according 
to Persoz ( A . Ch. [8] 66, 102), by adding solu- 
tion of alum or A101 a to a large excess of cone, 
boiling HgSO., when anhydrous Al*(S0 4 )» sepa- 
rates as a white powder. Gawalovski ( G . O. 
1886. 721) says that perfect octahedral crystals 
of Al a fS0 4 ) a . 17aq are obtained by saturating 
P^SOAq with freshly ppd. A10 s H a and allowing 
to stand for some months. Crystallises with 
difficulty from water ; crystallisation hastened 
by adding alcohol in which the salt is insol. 
(P., l.c.). Concerning ppn. of Al t (S0 4 ) 8 .a;H 2 0 
from aqueous solutions by v. Eremin, 

J. B, 20, 468 (abstract in <7. J. 66, 847). When 
heated gives off all water; heated to redness 
gives off SO a and leaves Al^O,. Various basic 
Balts are known ; they are obtained by heating 
solution of A1 j(S 0 4 ), with A10*H a , or by partially 
ppg. solution of the normal salt by NH H Aq, or by 
partial reduction of the normal salt by Zn (v. 
Maus, P. 11,80 ; Debray, Bl. [2] 7, 1 ; Athanasesoo, 
C. B. 108, 271 ; Crum, A . 89, 156 ; Marguerite, 
C. B . 90, 1854; L6we, J.pr, 79, 428; Bley, J.pr . 
89, 1). 

The double salts Al 2 (S0 4 ) s .M 2 S0 4 . 24aq, where 
M = NH 4 , Na, K, Bb, Cs, A g, or Tl, are alums. 
For expansions of alums v. Spring, B, 15, 1254, 
1739 ; 17, 408. 

Ammonia alum AL i (S0 4 ),.(NH 4 ) 2 S0 4 . 24aq, 
prepared by adding (NH 4 ) 2 S0 4 or NH 4 C1 to 
AUSOJjAq, so that the salts are in equivalent 
quantities, crystallises in octahedra ; S.G. 1*56 ; 


S. 5-29 at 0°, 421*9 at 100°. Heated to 190°, 
23H*0 is given off and A1 2 (S0 4 ),.(NH 4 ) 2 S0 4 . aq 
remains ; NH a begins to come off at o. 198° 
(Lupton, C. J. [2] 13, 201). 

Potash alum Al 2 (S0 4 ) a .K*S0 4 . 24aq, pre- 
pared by mixing solutions of the two sulphates 
and evaporating, crystallises in regular octa- 
hedra; S.G. 1*7; S. 3*29 at 0°, 9*52 at 10°, 
22 at 30°, Slat 60°, 90 at 70°, 857 at 100°. The 
crystals effloresce in air. At 190°, 23H.P is 
given off (L., l.c .). Also obtained in cubical 
crystals (v. Polis, B. 18, 360). Solution in water 
has an acid reaction, and dissolves Zn and Fe, 
giving off H. 

Cffisium and rubidium alums v. Bun- 
sen, P, 119, 1 ; Godeffroy, B. 181, 176 ; Redten- 
bacher, J. pr. 95, 148. Setterberg (A. 211, 100) 
gives S. in water from 0° to 80° (of. C^esitjm, 
vol. i. p. 658). 

Silver alumv. Church a. Northoote, C . N. 
9, 155. 

Sodium alum v. Pouisin, Poly tech. Oen- 
tralbl . 1852. 774 ; Zellner, S. 36, 183 ; and espe- 
cially Aug6, C. B. 110, 1139 (abstraot in O, J. 
58, 1059). 

Thallium alum v. Lamy, Bl. [2] 11, 210. 
The double salts of Al^SOJg with FeS0 4 , MgS0 4 , 
MnS0 4 , and ZnSO^ also crystallise with 24H*0. 
For double salts with Fe 2 (S0 4 ) s , Mn 2 (S0 4 ) 9 , and 
Cr 2 (S0 4 ) a v. Etard (Bl. [2] 31, 200). For a double 
salt with PbS0 4 v. Bailey (0. 8. I. 6, 415). 

Ammonium sulphates. The normal salt 
(NH 4 ) 2 S0 4 is found in certain volcanic districts ; 
it is prepared by neutralising H*80 4 Aq by NH ? Aq 
or (NH 4 ) 2 OO s Aq and evaporating. Crystallises 
in clear rhombic forms, is isomorphous with 
K*S0 4 (Mitscherlich, P. 18, 168). S.G. 1*761 
(Playfair a. Joule, C. S. Mem. 2, 401) ; for S.G. 
from 10° to 100° v . Spring (B. 15, 1940). Melts 
at c. 140° (Marchand, P. 42) ; decomposes above 
280° ; according to Johnson a. Chittenden ( Am.S . 
[3] 16, 181), gives NH 4 HS0 4 and (NH 4 ) 2 S 2 0 7 , and 
at incipient redness gives SO,, H/), and NH,. 
Absorbs dry HOI, forming some NH 4 G1 (v. Thomas, 
C. J. 83, 372). S. 71 at 0°, 78 65 at 10°, 76*3 at 
20°, 78*95 at 80°, 81*6 at 40°, 84*25 at 50°, 86*9 
at 60°, 89*55 at 70°, 92*2 at 80°, 94*85 at 90°, 97*5 
at 100° (Alluard, G. B. 59, 600). Insol. absolute 
alcohol. For S.G. of (NH 4 ) ? S0 4 Aq from 1 to 
60 p.c. (NH 4 ) 2 S0 4 v. Sohiff (A. 108, 338 ; 110, 
74). H.F. [N 2 ,H 8 ,S,0 4 ] * 284,800 (Thomsen, 
J. pr. 21, 477). The acid salt NH 4 HS0 4 crys- 
tallises from solution of (NH 4 ) 2 S0 4 in hot 
cone. H*S0 4 in long rhombic prisms, S.G. 
1*787 (Schiff, A. 107, 83). S. 100 in cold water. 
Two other acid salts have been isolated : 
(1) (NH 4 ),H(S0 4 ), [ = 3(NH 4 )*S0 4 .S0 J .H 2 O or 
3(NH 4 )*0.4S0 2 .H 2 0] by adding the proper quan- 
tity of H 2 S0 4 to (NH 4 ) 2 S0 4 Aq (Marignao, Arm. M. 
[5] 12,38) ; (2) (NH^SO^SO, [« (NH^OBSOJ 
by heating dry (NH 4 ) 2 S0 4 with S0 2 to 100° in a 
closed tube and distilling off excess of SO t at 
c. 60° (Weber, B. 17, 2501). 

Antimony sulphates. The normal salt 
Sb 2 (S0 4 ), is obtained by dissolving Sb 2 O a in 
boiling cone. HaSOAq (c. 98 p.c. H,S0 4 ), reorys- 
tallising from cone. H 2 S0 4 , and drying on a 
porous tile over HjSC^ (Adie, O . J. 67, 540; 
where an account of the action of HgS0 4 Aq of 
different concentrations, and of SO a , on Sb f O a , 
will be found, with references to older papers)* 
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Barium sulphates. The normal Balt BaS0 4 
occurs native as heavy spar* Prepared by add- 
ing dilute H 2 S0 4 Aq or dilute solution of a sul- 
phate to solution of a salt of Ba, washing, and 
drying. A white solid; 3.G. 4*525 (G. Rose, 
P. 75, 409 ; v. also Sohrdder, P. 106, 226 ; a. 
Wiedemann, P. M. [5] 15, 371). Obtained as a 
crystalline powder by fusing 1 part K 2 S0 4 with 
4| parts dry BaCl 2 in a dosed cruoible, and 
washing with water (Manross, A. 82, 848) ; also 
by heating dilute BaCl 2 Aq with slight excess of 
H 2 S0 4 Aq to 245° (Scheerer a. Drechsel, J. pr. 

[2] 7, 63). H.F. [Ba,0 4 ,S] = c. 338,000 (Th. 3, 
516). Insol. water ; 1 part dissolves in o. 23,000 
parts cold, and in c. 4,900 parts hot, HClAq 
S.G. 1*03, and in c. 9,200 parts HNO s Aq S.G. 
1*02. Struve (Fr. 9, 34) gives 8. of BaS0 4 in 
cono. H 2 S0 4 as 5*69, and 15*89 in Nordhausen 
acid. BaS0 4 is partly decomposed by boiling 
with oonc. solution of an alkali carbonate, or 
by fusion with alkali carbonate ; Spring ( Bl . [2] 
44, 166) found that some BaCO g was formed by 
compressing BaS0 4 and Na^COa at a pressure of 
c. 6,000 atmospheres. 

An acid salt BaS0 4 .H 2 S0 4 is formed by dis- 
solving BaS0 4 in hot cono. H 2 S0 4 S.G. 1*843, 
and heating to 100° (v. Garside, C. N. 31, 245). 

Beryllium sulphates. The normal salt 
BeS0 4 . 4aq is formed by dissolving BeCO., in 
dilute H 2 S0 4 Aq and concentrating the slightly 
acid liquid. For crystalline form v. Tops&e 
( W. A. B. 66 [2nd part], 5). According to Klatzo 
(J. pr . 106, 233) the salt crystallises with 7H 2 0. 
Various basic salts are obtained by the action of 
BeCO a or Zn on solution of the normal salt. 

Bismuth sulphates. The normal salt 
Bi 2 (S0 4 ) s is best prepared by dissolving Bi 2 S g in 
cone. H 2 S0 4 heated to commencing vaporisation ; 
on cooling the salt separates in lustrous, very 
deliquescent, needles (Hensgen, B. T. G . 4, 401 ; 
cf. Schultz -Sellack, B. 4, 18). ' For the action of 
heat on Bi 2 (S0 4 ) s v . Bailey (O. J. 51, 680). An 
acid salt BiH(S0 4 ) 2 . 3aq was obtained by Leist 
(A. 160, 29) by dissolving Bi 2 0 3 in dil. H 2 S0 4 Aq 
under definite conditions. Basic salts are also 
formed by the reaction of dilute H 2 S0 4 Aq with 
BLjOj ( v . Heintz, P. 63, 55, 567), and by the 
action of H 2 0 on the normal salt (cf. Hensgen, 
Z.c.). 

According to R. H. Adie ( priv . comm.), acid 
salts BiH(S0 4 ) 2 . <raq (x ■ probably 1J and 8) 
crystallise from solutions of Bi 2 O a or Bi 2 (S0 4 ) g 
in H 2 S0 4 Aq of concentrations varying from 
H 2 S0 4 .H 2 0 to c. H 2 S0 4 .5H 2 0 ; from acid of the 
concentration H 2 S0 4 .6H 2 0, a basic salt crystal- 
lises, probably Bi.OH.SO4.H3O. 

Cadmium sulphates. The normal salt 
CdS0 4 . aq is obtained by dissolving Od in dilute 
H 2 S0 4 Aq, and concentrating, by boiling, the acid 
solution (von Hauer, J. pr. 72, 872). Various 
other hydrates have been isolated. H.F. 
[Od,S,0 4 ]- 221,550 (Th. 8, 516). CdS0 4 com- 
bines with NH g to form various compounds (v. 
H. Rose, P. 20, 152; Malagutia. Sarzeau, A.Ch. 

[3] 9, 431 ; Isambert, O. B. 70, 456 ; Muller, A. 
149, 70). Forms double salts with (NH 4 ) 2 S0 4 , 
MgS0 4 , and Na 2 S0 4 ; these salts crystallise with 
6aq Jfvon H., l.c.) The double salt with 
Ala(SOJ g is an alum. 

Caesium sulphates. Normal salt Cs 2 S0 4 ; 
by neutralising B^S0 4 Aq by Cs 2 CO g and evapo- 


rating. Short needles, not hygroscopic; insol. 
alcohol ; S. 158*7 at - 2°. The acid salt CsHS0 4 , 
formed by reacting on Cs 2 S0 4 with excess of 
H 2 S0 4 , crystallises in small rhombic prisms 
(Bunsen a. Kirchoff, P. 113, 342). 

Calcium sulphates. The normal salt 0aS0 4 
occurs native as anhydrite, and the dihydrate 
CaS0 4 .2aq as gypsum , alabaster, and selenite. 
CaS0 4 is obtained in crystals by fusing KaS0 4 
with excess of CaGL, and washing (Manross, A. 
82, 348 ; cf. Mitscherlich, P. 21, 321). CaS0 4 . 2aq 
is formed by ppg. fairly cone. CaCljAq by dil. 
H 2 S0 4 Aq or solution of a sulphate, evaporating, 
and washing the solid that separates. CaS0 4 . 2aq 
is said to be formed by the interaction of CaCO g 
and S moistened with water (Polacci, G. 1874. 
177, 245) . CaS0 4 has S.G. 2*964, and CaS0 4 . 2aq 
has S.G. 2*31 (v. also McCaleb, Am. 11, 35). S.for 
CaS0 4 , *19 at0°, *206 at 20°, *214 at 40°, *208 at 
60°, *195 at 80°, *174 at 100° (Marignac, A. Ch. [5] 
1, 274) ; S. for CaS0 4 .2aq *2119 at 16*5°, *2352 
at 22° (Oossa, G. 1873. 135) ; S. for CaS0 4 . 2aq 
in glycerin, *957 at ordinary temperature, S. in- 
creases as temperature rises (Asselin, O. B. 76, 
884). According to Raupenstauch (C. 0. 1888. 
821) the solubility in water of gypsum increases 
to 32°, is constant from 32° to 38°, and decreases 
above 88°. Gypsum loses 2H.0 when heated to 
80° in a stream of dry air ; when the CaS0 4 
thus produced is moistened it takes up 2H 2 0, be- 
comes crystalline, and expands. The dehydrated 
CaS0 4 obtained by heating gypsum to 160° takes 
up water very slowly ; *if the gypsum is heated 
to 0. 300° the CaS0 4 formed combines with 
water with extreme slowness (v. Schott, D. P. J. 
202 , 52, 855, 513 ; cf. Blaster of Paris, under 
Cements, in Dictionary op Applied Chemistry, 
vol. i. p. 468). 

According to Potilitzin (*7“. R. 1893 [1] 201, 
207) CaS0 4 . 2aq slowly gives off water at 62°-65° 
till the hydrate 2CaS0 4 . aq is formed; OaS0 4 
prepared by heating CaS0 4 . 2aq to 180°-170® 
absorbs H 2 0 from ordinary air until 2CaS0 4 . aq 
is formed when absorption of water ceases. The 
hydrate 2CaS0 4 .aq absorbs water from air 
saturated with moisture, forming CaS0 4 . 2aq. 
The water of crystallisation of gypsum is not 
equally firmly retained ; P. writes the formula 
2CaS0 4 . 4aq ; three-quarters of the H 2 0 iB much 
more readily given off than the other fourth. 
The hydrate 2CaS0 4 . aq is more soluble in water 
than the dihydrate CaS0 4 . 2aq. 

An acid salt CaH 2 (S0 4 ) 2 is said by Berzelius 
to be formed by digesting CaS0 4 with E^SC^Aq 
at 80°-100° ; it is decomposed by moist air to 
the normal salt and H 2 S0 4 . For double salts 
with alkali and alkaline earth sulphates v. Fass- 
bender (B. 9, 1358 ; 11, 1968) ; Struve (Bl. [2] 
12, 348) ; Ditte (C. B. 84, 86) ; Popp (A. Suppl. 
8, 1) ; Hannay (O. J. 82, 899). 

Cerium sulphates , The normal cerous sub 
phate, Oe 2 (S0 4 ) 3 .ccELjO (x being probably 6, 8, 9, 
and 12) is obtained in odourless crystals by 
evaporating a solution of Ce 2 (CO g ) g in dilute 
H 2 S0 4 Aq, or a solution of Ce0 2 in H^SC^Aq 
saturated with S0 2 . The normal ceric salt 
Ce(S0 4 ) 2 . 4aq forms, in yellow crystals, from a 
solution of CeO, in dilute H 2 S0 4 Aq. Geroso- 
cerio sulphates, ccCe 2 (S0 4 ) g .yCe(S0 4 ) r 2aq, are 
obtained by dissolving Ce0 2 in cone. H^SO^ and 
evaporating. Basic salts are formed by the 
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interaction of water with the normal salts. 
Double salts of Ce 2 (S0 4 ) 3 with (NH 4 ) 2 S0 4 , &>S0 4 , 
and Na 2 S0 4 are known (v. Marignac, A . Ch. [4] 
30, 57 ; Czudnowicz, J. pr . BO, 19 ; Hermann, 
«T. pr, 92, 126 ; Zschiesche, J. pr. 107, 65 ; 
Rammelsberg, B . 6, 85; Jolin, Bl. [2] 21, 52S; 
Wyrouboff, Bl. [3] 2, 745 ; Wing, Am. S. [2] 40, 
856). 

Chromium sulphates. The normal chromous 
salt CrS0 4 . 7aq was obtained by Moissan (Bl. 

[2] 37, 296) by dissolving the acetate in warm 
dilute H,S0 4 Aq, crystallising, and drying be- 
tween paper, all operations being conducted in 
an atmosphere of C0 2 (for directions for making 
Cr(C 2 H 3 0o) 2 v. Nitrogen, Preparation , vol. iii. 
p. 557). Blue crystals; isomorphous with 
FeS0 4 . 7aq. S. 12-35 at 0° ; si. sol. alcohol. Ab- 
sorbs O rapidly from air, and acts as a strong 
reducer. A monohydrate CrS0 4 . aq was obtained 
as a white crystalline powder by adding the 
acetate to excess of cone. H 2 S0 4 (M., l.c.). Forms 
a double salt , CrS0 4 .K,S0 4 . 6aq (P61igot, A. Ch. 

[3] 12, 539). 

The normal chromic salt Cr 2 (S0 4 ) 3 .a;H.,0 
exists in two forms. (1) Violet, x= 15 (Schrot- 
ter, P. 53, 516), *18 (Siewert, A. 126, 97); by 
digesting 1 pt. CrO a H a dried at 100° with 1 to 
1£ pts. cone. H. 2 S0 4 , in a closed vessel, till a mass 
of greenish -blue crystals is formed, dissolving 
these crystals in water, ppg. by absolute alcohol, 
dissolving again in water, adding alcohol till ppn. 
just begins, covering the vessel with moist 
parchment-paper, and allowing to crystallise 
slowly. Regular octahedra; red-violet in re- 
flected light, garnet-red in transmitted light ; 
S. 120 in cold water (Schrotter, P. 53, 516; 
Lfiwel, A. Ch. [3] 40, 42). (2) Green, ® = 5. 
By heating the violet salt to 100° ; the salt 
melts, gives off water, and then solidifies to a 
green amorphous mass. Also formed by dissolv- 
ing CrO a H a in cone. H 2 S0 4 at 50°-60°, and eva- 
porating quickly. Easily sol. alcohol ; whereas 
the violet salt is insol. alcohol. 

Addition of a cold solution of a Ba salt ppts. 
all S0 4 from a solution of the violet form, but 
boiling is needed to complete the ppn. from the 
green variety. According to Etard ( C . B. 84, 
1089), the difference between the two forms is 
one of hydration only (but v. Chromium salts, vol. 
ii. p. 167; and v. also Recoura, C. It. 113, 857). 

Basic salts are obtained by adding a little 
NH a Aq to solution of the normal salt, also by 
digesting the normal salt with Cr0 8 H 3 , or excess 
of CrO s H 8 with H.,S0 4 Aq (v. Schrdtter, P. 53, 516; 
Siewert, A. 126,97; Schiff, A. 124, 167, 172; 
Recoura, C. R. 112, 1439). According to Traube 
(A. 66, 87), an acid salt , Cr 2 (S0 4 ) 3 .H 2 S0 4 , is 
formed by heating either variety of the normal 
salt with excess of BLjS 0 4 till vaporisation of the 
acid begins, and allowing to cool (Schrotter 
[l.c.] regarded this as an insoluble variety of the 
normal salt) ; insol. water, not acted on by oold 
KOHAq, heated strongly gives Cr 2 0„ S0 2 , and O. 

Cr 2 (S0 4 ), forms many double salts ; those 
with the alkali sulphates have the composition 
Cr 2 (S0 4 ) a .M 2 S0 4 .24aq, and are alums. 

Ammonia chrome-alum is ppd. by 
adding fNH 4 ) 2 S0 4 to a saturated solution of violet 
Cr 2 (S0 4 ) 8 ; also formed by mixing (NH 4 ) 2 S0 4 Aq 
and Cr^SOJ Aq t and evaporating ; also by mix- 
ing Or 8 (80j t Aq (violet) with (NHJAO.Aq, 


adding a little H 2 S0 4 ,and allowing to evaporate. 
Crystallises in ruby-red octahedra; S.G. 1*738. 
Effloresces slowly in air. Solution in water is 
violet ; at 75° it becomes green, but slowly returns 
to violet on standing for some weeks (regarding 
this change v . Chromium salts, vol. ii. p. 167). 

Potash chrome-alum is produced simi- 
larly to the ammonia salt; also by heating 
K 2 Cr 2 0 7 with cone. H 2 S0 4 , more quickly in pre- 
sence of a reducer, e.g. S0 2 . Crystallises in large 
dark-purple octahedra; S. 14*5 in cold water. 
Solution in water is grey-blue with tinge'of red ; 
heated to 70°-80° it becomes green and non- 
crystallisable, but roturns to violet after stand- 
ing for some weeks. For Soda chrome-alum 
v. Schrdtter (P. 53, 513). For double salts of 
Cr 2 (S0 4 ) 8 with A1.,(S0 1 ) 3 , Fe 2 (S0 4 ) 3 , and 

Mn 2 (S0 4 ) a v. Etard (Bl. [2] 31, 200) ; for double 
salts of the form Cr 2 (S0 4 ) ; ,.3M -; S0 4 , where M»Li, 
K, or Na, v. Warnicke (P. 159, 572). 

For description of other double salts of 
Cr 2 (S0 4 ) a with alkali sulphates, v. Klobb, C. R . 
117, 311 (Abstract in C. J. 64 [ii.], 573). 

Cobalt sulphates. — The normal cobaltous salt 
CoS0 4 .7aq occurs native as biberite ; prepared 
by dissolving Co, CoO, or CoCO a in dilute 
H 2 S0 4 Aq, and evaporating. Forms carmine-red 
crystals, isomorphous with FeS0 4 . 7aq ; S.G. 
1*918 at 15° (Thorpe a. Watts, C. J. 37, 102). 
Unchanged in air ; loses all water by heating, 
and gives CoS0 4 as a red powder, not decomposed 
easily by heat ; S.G. 3*472 at 15° (T. a. W., l.c.). 
Klobb (C. R. 114, 836) obtained the anhydrous 
salt in crystals by mixing CoS0 4 .7aq with excess 
of (NH 4 ) 2 S0 4 and heating in a partly-dosed 
crucible, out of contact with the gases of the 
flame, till (NH 4 ) 2 S0 4 was all volatilised. The 
hexahydrate CoS0 4 . 6aq separates from solutions 
of Co or CoCO ? in H 2 S0 4 Aq at 40°-50° ; it is 
isomorphous with the corresponding salts of 
Mg, Ni, and Zn (Marignac). For other hydrates, 
with 4aq and aq, v. Fr5hde (J. 1866. 244) ; 
Vortmann (B. 15, 1888). CoS0 4 .7aq is insol. 
alcohol ; S. water 30*5 at 10°, 36*4 at 20°, 40 at 
29°, 46-3 at 35°, 55*2 at 50°, 60*4 at 60°, 65*7 
at 70° (stated as parts CoS0 4 dissolved by 100 
parts water ; Tobler, A. 95, 193). Thomsen (Th. 
3, 516) gives H.F. [Co, S, 0\ 7H,0] * 234,000. 
By electrolysing CoS0 4 Aq in presence of K 2 S0 4 
and H 2 S0 4 , under special conditions, Marshall 
obtained Co 2 (S0 4 ) a along with ( C . J . 59, 

760). 

Basic salts are formed by addition of a 
little NH 3 Aq to hot CoS0 4 Aq, also by digesting 
CoS0 4 Aq with CoCO a ( v . Habermann, M. 5, 442 ; 
Athanasesco, C. R. 103, 271). 

For double salts with FeS0 4 , MgS0 4 , MnS0 4 , 
and ZnS0 4 v. Vohl (A. 94, 57). 

Normal cobaltic sulphate Co 2 (S0 4 ) 3 was ob- 
tained by Marshall ( C . J. 59, 767) by electro- 
lysing CoS0 4 Aq in presence of H 2 S0 4 , under 
special conditions. A blue crystalline powder, 
unchanged in a stoppered bottle in ordinary 
air, but decomposes rapidly in diy air; soi. 
water, with evolution of O ; sol. cone. H a S0 4 ; in 
HClAq forms CoCl 2 and gives off Cl. 

Copper sulphates. Only salts corresponding 
with the oxide CuO have been isolated. The 
normal salt CuS0 4 is obtained by dissolving Cu 
in hot cone. HjS 0 4 , decanting the hot solution, 
and allowing to cool; also by adding cone; 
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H 2 S0 4 to CuS0 4 . aq; also by heating powdered 
crystals of CuS0 4 . 5aq to c. 230° as long as they 
lose weight. Klobb (G. B. 114, 836) obtained 
CuS0 4 in crystals by heating a mixture of the 
hydrated salt and excess of (NH 4 ) 2 S0 4 in a 
partly closed crucible till all (NH 4 ) 2 S0 4 had 
volatilised. A white crystalline powder; S.G. 
8-606 at 16° (Thorpe a. Watts, G. J. 37, 102). 
Partly decomposed at red heat, wholly at white 
heat, to S0 2 , 0, and CuO. Beduced by heating to 
redness with charcoal, giving Cu, S0 2 , and C0 2 . 
At a higher temperature some CuS is said to be 
formed ; also reduced to Cu by heating in II ; 
heated in PH, gives off H 2 0, and leaves a mix- 
ture of sulphide and phosphide of Cu. HC1 gas 
forms CuCl 2 and H. 2 S0 4 . CuS0 4 acts as a 
powerful dehydrating agent ; it rapidly absorbs 
water, forming CuS0 4 .5aq. H J?.[Cu,S,0 4 ] =» 
182,600 ( Th . 3, 616). 

The pentahydrate CuSO^. 5aq (blue vitriol) is 
prepared by dissolving Cu in hot cone. H 2 S0 4 , 
evaporating, and recrystallising from water the 
solid that separates. At. c. 20° there is a very 
slight reaction, with formation of Cu 2 S and 
CuS0 4 ; at c. 270° the reaction is Cu + 2H„S0 4 
« CuS0 4 + S0 2 + 2H 2 0 (Pickering, C. J. 33, 112). 
According to Anthion (B. P.81, 344), CuS0 4 .5aq 
free from nitrate, is obtained by dissolving Cu 
in a warm mixture of dilute H 2 S0 4 Aq and 
HNO s Aq, and crystallising. (For preparation of 
commercial blue vitriol v. Dictionary op Applied 
Chemistry, vol. i. p. 608.) Large blue, triclinic 
crystals ; S.G. 2*284 at 16° (Thorpe a. Watts, 
C. J. 37, 102). Solubility in water is given by 
Poggiale (A. Ch. [3] 8, 463) as follows 


S. I s. 


Temp. 

0uS0 4 . 5aq 

cuso 4 

Temp. 

CuS0 4 . 5aq 

CuS0 4 

0° 

31*61 

18*20 

60° 

77-39 

38*83 

10 

36*95 

20*92 

70 

94*40 

45*06 

20 

42*31 

23*55 

80 

118*03 

53*15 

30 

48*81 

26*63 

90 

156-44 

64*23 

40 

56*90 

30*29 

100 

203-32 

75*25 

60 

65*83 

34*14 





Gerlach (D. P • J. 181, 129) gives the following 
table : — 


Percentage S.G. 
CuS0 4 . 6aq of solution 
2 . 1*0126 

4 . 1-0254 

6 . 1-0384 

8 . 1-0516 

10 . 1-0649 

12 . 10785 


Percentage S.G. 

CuS0 4 . 6aq of solution 
14 . 1-0933 

16 . 1-1063 

18 . 1-1208 

20 . 1-1354 

22 . 1-1501 

24 . 1-1659 


Insol. absolute alcohol; S. in 40 p.c. alcohol 
at 16°«w25 (Schiff). Fairly sol. glycerin. 
Effloresces in dry air, giving off 2H 2 0 ; heated 
for some time to 100° loses 4H 2 0, the last H 2 0 
is removed at c. 230°. For dissociation-pressures 
of water given off at various temperatures v. 
Lescoeur (C. B. 102, 1466). Solution in HClAq 
gives CuClj^H./) on evaporation. The dry salt, 
in powder, absorbs HC1, the water of crystallisa- 
tion being set free (Kane, A. 19, 1); several 
compounds of CuS0 4 , HC1, and H 2 0 are formed 
according to Latschinoff (/. B. 1888 [1] 586, 
657 i 707 ; abstract in B . 22 Be/. 192). Combines 
with KH*, forming CuS0 4 .5NH„ all water of 
crystallisation being removed (L., lx .). 

L Other hydrated popper sulphates are (1) 


CuS0 4 .6aq and (2) CuS0 4 .7aq, obtained by 
Lecoq de Boisbauaran ( C . B. 65, 1240), the 
former by placing a crystal of NiS0 4 .4aq in a 
warm supersaturated solution of CuS0 4 . 5aq, to 
which a few drops of H 2 S0 4 Aq had been added, 
and tho latter by placing a crystal of FeS0 4 .7aq 
in the mother-liquor from the first-named 
hydrate ; (3) CuS0 4 . 3aq, by keeping CuS0 4 .5aq 
in dry air at 25°-30° (Magnier de la Source, <7. B. 
83, 899) ; also by pouring cold cone. CuS0 4 Aq 
into H 2 S0 4 Aq, S.G. 1*7, and washing the pp. 
with small quantities of absolute alcohol (Thorpe 
a. Watts, C.J. 37, 104) ; (4) CuS0 4 . 2aq by keeping 
the pentahydrate in vacuo at 20° for some days, 
or by pouring cone. CuS0 4 Aq into cold cone. 
H 2 S0 4 , and washing the pp. with absolute 
alcohol (T. a. W., l.c.) ; (5) CuS0 4 . aq by heating 
powdered pentahydrate at 110 3 till it ceases to 
lose weight (T. a. W M lx.). T. a. W. (l.c.) give 
the S.G. of these hydrates, at 15°, as : mono- 
hydrate, 3 289; dihydrate, 2*953; tnhydrate, 
2*663. Lescoeur (G. B. 102, 1466) obtained only 
the penta-, tri-, and monohydrates. 

Double salts with the alkali sulphates, of the 
form CuS0 4 .M 2 S0 4 .6aq, are obtained by crystal- 
lising mixtures of the constituents in the proper 
proportions (v. Graham, P. M. 1835. 327, 417 ; 
Brunner, P. 15, 476 ; 32, 221 ; Pickering, C . J . 
49, 1). Vohl (A. 94, 57) has described several 
triple salts of theform CuS0 4 .MS0,.2X 2 S0,. 12aq, 
where M = Fe, Zn, <fcc., and X =* an alkali metal ; and 
also quadruple salts CuS0 4 .2MS0 4 .3X 2 S0 4 .18aq. 
Double salts of the form CuS0 4 .MS0 4 .a;aq, x 
being 5 and 7, and M being Co, Fe, Mg, Ni, or 
Zn, are described (v. Bammelsberg, P. 91, 321 ; 
also Lefort, A. Ch. [3] 23, 95 ; von Hauer, P. 
125, 638). Several basic salts of the form 
CuS0 4 .xCuO. aq are known : — jc=* 1, v. Boucher 
(J. Ph. [3] 37, 249); «-2, v. Beindel (J. pr. 
100, 1 ; 102, 204), Persoz (A. Ch. [3] 25, 257), 
Shenstone (G. J. 47, 375) ; x =» 3, v. Smith (J. 25, 
280), Pickering (G. J. 43, 336 ; 49, 1), Grimbert 
a. Barr6 (J. Ph. [5] 21, 414), Kuhn (Ph. C. 1847. 
595), Kane (A. 19, 1); x -4, v. Smith (l.c.) ; 
x=*7 f v. Pickering (l.c.). For other basic sul- 
phates v. Steinmann (B. 15, 1411), Brunner 
(P. 15, 476 ; 32, 221), Booquerel ( C . B. 67, 1081), 
Casselmann (Pr. 4, 24). 

Didymium sulphates (v. Marignac, A. Ch. 
[3] 58, 148 ; Cleve, Bl. [2] 21, 246 ; 39, 151 ; 
Hermann, J. pr. 82, 385 ; Frerichs a. Smith, A* 
191, 348). The normal salt Di 2 (S0 4 ) 3 . 8aq crys- 
tallises in red, lustrous, monoclinio crystals 
from a solution of Di 2 O s or Di^CO,,)* in excess 
of H 2 S0 4 Aq ; S.G. 2*878 ; S.PI/-1948 (Nilson a. 
Pettersson, B. 13, 1459). Heated to 300° loses 
all water of crystallisation, leaving Di 2 (S0 4 ) 3 as 
a red powder *, S.G. 3*735 ; S.H. *1187 (N. a. P., 
l.c.) ; S. 43*1 at 12°, 11 at 50°, 2 at 100° (Marig- 
nac). For effect of heat at various temperatures 
v. Bailey ( G . J. 51, 682). Hydrates with 6aq 
and aq crystallise from cold saturated solutions 
of Di 2 (S0 4 ) 3 ; Marignac (lx.) also obtained a 
hydrate with 9aq. Double salts of the form 
Di 2 (S0,) 3 .M 2 S0 4 . 8aq, where M is an alkali metal, 
are known. Basic salts are formed by heating 
the normal salt, also by adding a little NH^Aq 
to solutions of the normal salt. 

Gold sulphates. The normal auro-a/wrio 
sulphate AuS0 4 was obtained by Schottlander 
(A. 217, 312) by evaporating solution of 
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Au0.H.S0 4 (v. infra) nearly to dryness at 250°, 
and drying in a desiccator over lime. Lustrous, 
•scarlet prisms, that rapidly absorb moisture 
irom the air, with partial decomposition. A 
basic salt AuO.H.S0 4 (auryl sulphate) was ob- 
tained (S., he.), as a yellow crystalline powder, 
toy heating AuO.NO s with cone. H*S0 4 at c. 200° 
(AuO.N0 3 was formed by dissolving AuO s H s in 
HNO s Aq S.G. 1*4, filtering through asbestos, 
and evaporating under reduced pressure over 
lime and soda). A double salt AuK(S0 4 ) 2 was 
formed by dissolving KHS0 4 in solution of 
AuO.H.S 0 4 , and evaporating at 200° (v. also 
Allen, C. N. 25, 85). 

Indium sulphates ( v . Winkler, J.pr. 94, 1 ; 95, 
414 ; 98, 844 ; 102, 278 ; R. Meyer, A. 150, 429). 
The normal salt In^SO^ * s obtained by dissolv- 
ing In or InO s H s in excess of H^SC^Aq, evapora- 
ting to dryness, and heating till excess of acid is 
removed ; a white, very hygroscopic powder ; 
S.H. *129 (Nilson a. Pettersson, B . 13, 1459). 
S.G. 8*438 (N. a. P. f O. R. 91, 232). By dissolv- 
ing in water and evaporating, a hydrate with 9aq 
is obtained as a gummy solid. The solution 
of In or InO.,H 3 in excess of £LjS0 4 Aq yields a 
syrupy liquid on evaporation which probably 
contains an acid salt (? In^SO^.H^SOJ. By 
adding (NH 4 ) 2 S0 4 Aq to solution of In 2 (S0 4 )„ and 
evaporating, the double salt with the composition 
In^SOJj.fNH^SCV 24aq is obtained; this salt 
is an alum ; it is sol. in J part water at 16°, and 
in J part water at 30°. On evaporating the 
mother-liquor, the salt In 2 (S0 4 ) s .(NH 4 ) 2 S0 4 . 8aq 
is obtained (Rossler, J. pr. [2] 7, 13). Double 
salts with K 2 S0 4 and Na^SC^, crystallising with 
8aq, have also been obtained. 

Iridium sulphates. By treating IrS 2 with 
cone. HNO a Aq, Birnbaum (A. 136, 179) obtained 
an amorphous, brownish-yellow solid, easily 
sol. water, probably a sulphate of Ir. The double 
salt Ir 2 (S0 4 ) 8 .3K 2 S0 4 was obtained by Lecoq de 
Boisbaudran (C. R . 96, 1406, 1551) by fusing 
KHS0 4 with Ir compounds, treating with water 
containing KHS0 4 , dissolving the residue in hot 
water, and crystallising; green, translucent 
crystals, probably regular octahedra; almost 
insol. saturated KHS0 4 Aq. 

Iron sulphates. I. Ferrous salts . The 
normal salt , FeS0 4 , is obtained by heating pow- 
dered FeS0 4 . 7aq very carefully to 300° till it 
ceases to lose weight (the heating is best done 
in a stream of H) ; at a slightly higher tempera- 
ture S0 2 and O begin to be given off, and finally 
Fe 2 0 8 remains. FeS0 4 is a white powder; 
S.G. 8*346 (Thorpe a. Watts, C. J. 37, 102). 
Several hydrates of FeS0 4 are known, ordinary 
green vitriol being the most common and 
best examined of these; this heptahydrate , 
FeS0 4 . 7aq, is best prepared by adding iron 
filings to warm dilute H. 2 S0 4 Aq until the acid 
is saturated and a little iron remains undis- 
solved, boiling for a little, filtering into a vessel 
that has been rinsed with a very little cone. 
H 2 S0 4 , allowing to crystallise, washing the crys- 
tals two or three times with very small quantities 
of cold water, and then with alcohol till all acid 
is removed, drying at c. 30°, powdering the dry 
crystals, and strongly pressing between paper or 
linen. As thus prepared the salt does not 
readily oxidise in the air. If alcohol is added 
to the hot solution, filtered from undissolved 


iron, FeS0 4 .7aq is ppd. in minute crystals; ii 
this pp. is washed with alcohol till acid is re- 
moved and then spread on filter paper, in dry 
air, till the alcohol has evaporated, the salt is 
obtained as a bluish white powder, which does 
not oxidise except in very moist air. Blue-green, 
monoclinic orystals ; S.G. 1*8889 at 4° (Playfair 
a. Joule, O. J . 1, 188), 1*9854 at 16° (Pape, P. 
120, 372). H.F. [Fe,S,0 4 , 7H 2 0] - 240,100 (Th. 
3, 516). Heated to 100° gives off 6H 2 0, and at 
c. 300° leaves FeS0 4 ( v . supra), S. 60*9 at 10°, 
70 at 15°, 114*95 at 25°, 227*27 at 46°, 263*15 at 
60°, 270*27 at 84°, 370*37 at 90°, 333*33 at 100°. 
Gerlach (D. P. J . 181, 129) gives the following 
data ( v . also Schiff, D . P. J, 1858. 38) ; — 


S.G. FeSO*Aq 

Pctge. FeSO*. 7aq 

Pctge. FeS0 4 

1*0267 

5 

2*811 

1*0537 

10 

5*784 

1*0823 

15 

8*934 

1*1124 

20 

12*277 

1*1430 

25 

15*834 

1*1738 

30 

19*622 

1*2063 

35 

23*672 

1*2391 

40 

27*995 


Insol. glacial acetic acid and absolute alcohol. 
FeS0 4 . 7aq is fairly easily oxidised; exposure 
to air produces basic ferric sulphates. FeS0 4 Aq 
absorbs NO, forming FeS0 4 .®NO (x probably 
= 1 or £; v. Gay, A. Ch. [6] 5, 145, and cf. 
Nitric oxide, vol. iii. p. 563). Other hydrates 
of ferrous sulphate are (1) FeS0 4 . 4aq, formed by 
crystallising FeS0 4 Aq at 80° (Regnault, A. Ch. 
[3] 1, 201), also by exposing finely-powdered 
FeS0 4 . 7aq over EL,S0 4 , in an atmosphere of 
C0 2 , until it ceases to lose weight (Thorpe a. 
Watts, C, J, 87, 102) ; S.G. 2*227 (T. a. W.) ; 
(2) FeS0 4 . 3aq, by evaporating FeS0 4 Aq made 
strongly acid by ELjSC^ (Kuhn, S. 61, 235), also 
by dissolving FeS0 4 . 7aq in hot HClAq and crys- 
tallising (Kane, A. 19, 7) ; (3) FeS0 4 . 2aq by boil- 
ing the heptahydrate with successive quantities 
of alcohol; S.G. 2*773 (T. a. W., l.c .) ; (4) 
FeS0 4 . aq, by heating powdered FeS0 4 . 7aq to 
120° in H; S.G. 2*994 (T. a. W.; v. also Mit- 
scherlich, P. 18, 152). Several cfouble salts of 
ferrous sulphate are known ; they are generally 
prepared by crystallising a mixture of the con- 
stituent sulphates in the proper proportions. 
The salts FeS0 4 .M 2 S0 4 .6aq, where M®NH 4 , K, 
Na, or Tl, form blue-green monoclinio crystals 
(v. Marignac, Ann. M. [5] 9, 19 ; Schiff, A. 108, 
326 ; Tobler, A. 95, 193 ; Wilm, A. Ch. [4] 5, 
56). For the salts FeS0 4 .MS0 4 .14aq, where 
M«Mg or Zn, v. Schiff (Z.c.), and Murmann 
(W. A. B. 27, 172). For various triple and 
quadruple salts containing FeS0 4 , alkali sul- 
phates, and sulphates of Mn, Mg, Zn, <Src., v. 
Bette (A. 14, 278) and Vohl (A. 94, 57). 

II. Ferric salts. The normal salt 
Fe 2 (S0 4 ) s is obtained by addipg 1 part cone. 
H 2 S0 4 to 5 parts FeS0 4 . 7aq dissolved in water, 
warming, and adding HNO„Aq little by little till 
oxidation is complete, evaporating to a syrup, 
and then heating very cautiously so long as acid 
fumes are given off ; bn oooling Fe 2 (S0 4 ) g re- 
mains as a white amorphous solid ; S.G. 3*097 
at 18° (Pettersson, Upsala t Nova acta , 1874). 
Fairly large quantities of FeS0 4 . 7aq should be 
used, as evaporation of a dilute solution contain- 
ing Fe 2 (S0 4 ) 8 produoes ppn. of basic sulphates. 
The hydrate Fe t (S0 4 ) r 9aq occurs native as 
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toqtdmbite in Chili. On one occasion Bertels 
obtained rhombic leaflets of a hydrate with lOaq 
( J . 1874. 268). Fe 2 (S0 4 ) 8 is slowly sol. in water ; 
the presence of a very small quantity of FeS0 4 
causes Fe 2 (S0 4 ) 8 to dissolve rapidly in water 
(Barreswil, Ph. C. 1846. 604). Fe 2 (S0 4 ) a is 
insol. in cone. II 2 S0 4 ; it is reduced to FeS0 4 by 
most metals, more quickly if a little H 2 S0 4 is pre- 
sent. Fe 2 (S0 4 ) 8 forms several double salts. The 
compounds Fe 2 (S0 4 ) 8 .M 2 S0 4 . 24aq, where M — NH 4 
or K, are alums. Potash iron alum 
Fe 2 (S0 4 ) 8 .K 2 S0 4 . 24aq is prepared by dissolving 
28 parts FeS0 4 . 7aq in water, adding 5 parts 
cone. H 2 S0 4 , oxidising by HNO s Aq, adding 8*75 
parts K 2 S0 4 , and crystallising; or by mixing 
10 parts powdered FeS0 4 . 7aq with 4 parts 
KN0 8 , slowly adding 5 parts cone. H 2 S0 4 , warm- 
ing so long as N0 2 is given off, dissolving the 
residue in 4 times its weight of water at 80°, 
and allowing to stand at 0° for some time 
(Heintz, A. 44, 271). The salt slowly decom- 
poses in the air ; heated to 80° it gives Fe 2 (S0 4 ) 8 , 
basic ferric sulphate, and H 2 S0 4 ; a similar de- 
composition occurs when an aqueous solution of 
the salt is heated (Rose, P. 94, 459). Addition of 
KOHAq to a cone, solution of the salt till a slight 
permanent pp. is formed, followed by evapora- 
tion, produces a double salt of K,S0 4 with a 
basic ferric sulphate (v. Richter a. Scheerer, P. 
87, 73). Ammonia iron alum is formed 
similarly to the K salt ; loses 23H 2 0 at 150° (v. 
Lupton, C . J. 28, 201). For double salts with 
A1 2 (S0 4 )„ Cr 2 (S0 4 ) 3 , Mn 2 (S0 4 ) s and MnS0 4 , v. 
Etard (Bl. [2] 31, 200). Some double compounds 
of Fe 2 (S0 4 )„ with (NH 4 ) 2 S0 4 , and with FeS0 4 
and (NH 4 ) 2 S0 4 , are described by Lachaud a. Le- 
pierre (G. B. 114, 915). 

A great many basic salts have been described ; 
generally prepared by the action of air on solu- 
tions of FeS0 4 .7aq, or by heating Fe 2 (S0 4 ) 3 Aq in 
sealed tubes (v. Athanasesco, G . B. 103, 271). 
Pickering (O. J. 37, 807) gives very full refe- 
rences to all the memoirs on those basic salts, 
and comes to the conclusion that only one exists, 
viz. 2Fe 2 0 8 .S0 8 ; in a later paper (G. J '. 43, 182) 
he gives reasons for writing the formula rather as 
6Fe3O8.3SOg.xH2O, or Fe 2 (S0 4 ) s .5Fe 2 0 8 .xH20. 

Lanthanum sulphates. The normal salt 
La 2 (S0 4 ) 8 is obtained by dissolving La,0 3 in 
excess of H 2 S0 4 Aq, evaporating, drying the 
crystals of La^SOJs. 9aq that separate, and 
heating to dull redness; a white powder, S.G. 
3*6 (Nilson a. Pettersson, O. B. 91, 232) ; S.H. 
*1182 (N. a. P., B. 13, 1459). Much more sol. 
cold tnan hot water; Mosander (P. 11, 406) 
gives S. 16*6 at 2°-8°, 2*35 at 25°, *87 at 100°. 
The hydrate with 9aq, formed by the slow eva- 
poration of La 2 0 3 in excess of H 2 S0 4 Aq, crystal- 
lises in large, lustrous, hexagonal prisms 
(TopsoS) ; S.G. 2*853 (N. a. P., C. B . 91, 232). 
A hydrate with 6aq was obtained by Freriehs a. 
Smith (A. 191, 331). Several double salts with 
the alkali sulphates have been obtained; the 
principal are M.(NH 4 ) 2 S0 4 . 8aq, M.3K 2 S0 4 , and 
M.4K 2 S0 4 , where M^La^SOJg (v. Cleve, Bl. [2] 
89, 151 ; 43, 56). A basic salt was obtained by 
F. a. S. (Ic. p. 860). 

Lead sulphates. The normal salt PbS0 4 
occurs in various lead ores. It is obtained as a 
white, heavy powder, by heating Pb with cone. 
ja,S0 4 , by the interaction of warm RjS0 4 Aq 


and PbO, or of Pb0 2 and S0 2l and by ppg. solu- 
tions of lead salts by dilute HaSC^Aq or solution 
of a sulphate. PbS0 4 is prepared in small 
rhombic crystals by melting PbCl 2 with K 2 S0 4 , 
and washing with water. S.G. 6*2 (Schrader, P. 
Ergdnz. Bd. 6, 622) ; 5*96 at 17° (Pettersson, 
Upsala , Nova Acta , 1874). H.F.[Pb,S,0 4 ] » 
216,200 ( Th . 3, 516). Nearly insol. water; 
Rodwell (G. N. 11, 60) says that 31,062 parts 
water at 15° dissolves 1 part PbSp 4 . Struve 
(Fr. 9, 34) gives S. in cono. H 2 S0 4 as *13, and S. 
in Nordhausen acid as 4*19 (v. also Kolb, D. P. J . 
209, 268). For solubility in dilute HClAq and 
HNO s Aq v. Rodwell (G. J . 15, 59) ; for S. in 
various salt solutions v . Lowe (J. 1859. 686) *, 
Staedel (J. 1863. 245) ; Storer (G. N. 21, 17) ; 
Dibbits (Fr. 1874. 137). Heated to redness, 
PbS0 4 melts without decomposition, but at a 
white heat it gives PbO, S0 2 , and O (Boussin- 
gault, C. B. 64, 1159). Heated in a stream of 
H, it is reduced to Pb with evolution of S0 2 , 
H 2 S, and steam ; heated with charcoal, PbO, 
PbS, or Pb is formed according to the propor- 
tions of the reacting substances. Reduced by 
Fe or Zn in contact with water. Rubbed with 
K 2 Cr0 4 produces PbCr0 4 ; with KIAq yields 
Pbl 2 , and with NaCl is partly decomposed to 
PbCl 2 (v. Matthey, Ar. Ph. [3] 13, 233). For 
reaction when heated in NH S v. Rodwell 
( C . N. 15, 137). A double salt PbS0 4 .(NH 4 ) 2 S0 4 
is formed by adding excess of H^SC^Aq to 
Pb(C 2 H 3 0 2 ) 2 Aq, neutralising excess of acid by 
NH 3 Aq, boiling, and allowing to cool. An acid 
salt PbS0 4 .H 2 S0 4 . aq was obtained by Schultz 
(P. 133, 137) by dissolving PbS0 4 in cone. 
H 2 S0 4 and setting aside. A basic salt 
PbS0 4 .PbO is formed by digesting PbS0 4 with 
NH 8 Aq (Kuhn, Ar. Ph. [2] 50, 281). 

Lithium sulphates. The normal salt L^SO* 
is obtained by dissolving Li 2 CO a in R 2 S0 4 Aq, 
evaporating, drying the crystals of Li 2 S0 4 . aq 
that separate, and heating them to 0. 135°. 
S.G. 2*21 at 15° (Brauner, P. M. [5] 11, 67). 
Melts at 818° (Oarnelley, G. J. 33, 280). S. 85*34 
at 0°, 84*36 at 20°, 32*8 at 45°, 30*3 at 65°, 29*24 
at 100° (Kremers, A. 99, 47). Easily sol. alcohol ; 
insol. S0 8 (Weber). H.F.fLP.S.O 4 ] - 833,200 
(Th. 3, 516). Heated in HC1 gas below redness- 
gives LiCl (Hensgen, B. 8, 125). The wono- 
hydrate Li 2 S0 4 . aq crystallises in monoclinio 
forms (Rammelsberg, P. 128, 811). S.G. 2*052' 
at 21° (Pettersson, Upsala , Nova Acta , 1874). 
Effloresces a little in air, gives up water at a. 
little above 130°. An acid salt LiHS0 4 is ob- 
tained by dissolving Li 2 S0 4 in H 2 S0 4 Aq S.G. 1*6- 
to 1*7 (Schultz, P. 130, 149) ; prismatic crystals, 
melting at 0. 120° (Lescoeur, Bl. [2] 24, 516). 
Double salts with K 2 S0 4 are obtained by evapo- 
rating mixed solutions of the constituent salts 
(v. Rammelsberg, A. 128, 311 ; Schabus, J. 1854. 
323). For double salts with Rb 2 S0 4 and Na 2 S0 4 
v. Wyrouboff (Bull. soc. mineral, de France , 
1882. part 2). Wernicke (P. 159, 576) describes 
a salt 3Li 2 S0 4 .Cr 2 (S0 4 ) 8 formed, in green needles* 
by adding Cr 2 0 8 to molten LiHS0 4 . ^ Li 2 SO* 
does not form alums, nor does it combine with 
the magnesian sulphates (Rammelsberg, lx . ; 
Scheibler, J.pr. 67, 485). 

Magnesium sulphates. The normal salt 
MgS0 4 is obtained by dissolving MgO or MgCO* 
in H a S0 4 Aq (or by heating dolomite till C0 2 m 
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removed, treating with HClAq, which dissolves 
CaO, and dissolving the residual . MgO in 
H 2 80 4 Aq), evaporating, crystallising out 
MgS0 4 . 7aq, drying this salt, and heating it 
gradually to c. 300° till it ceases to lose 
weight. A white solid ; S.G. 2*709 at 15° 
(Thorpe a. Watts, C. J. 37, 102) ; 2*77 to 2*795 
at 14° (Pettersson, Upsala , Nova Acta , 
1876). ELF. [Mg, S,0 4 ] - 302,300 (Th. 3, 516). 
£MgSCM,Aq] = 20,765 (Pickering, C. J. 47, 100). 
Decomposed to MgO, S0 2 , and O at c. 360° ( v . 
Bailey, C. J. 51, 682). Not acted on by HC1 gas 
below incipient red heat (Hensgen, B. 9, 1671 ; 
10, 259). The heptahydrate MgS0 4 . 7aq (Epsom 
salts) occurs in many mineral springs, in sea 
water, and in some rocks. It crystallises at the 
ordinary temperature from solutions of MgO or 
MgCO a in H 2 S0 4 Aq. Translucent, rhombic 
prisms ; from supersaturated solutions crystal- 
lises in hexagonal forms, and from solutions 
containing some FeS0 4 in monoclinic forms. (v. 
Marignac, Ann . M. [5] 12, 60). S.G. 1*678 at 
15° (Thorpe a. Watts, C. J. 37, 102) ; 1*683 
at 4° (Playfair a. Joule, G. J. 1, 138). 

H.F. [Mg,S,0\7H 2 0] - 326,400 (Th. 3,516). Melts 
at 70° (Tilden, C. J. 45, 267) ; gives up 6H 2 0 by 
prolonged heating at 150°-160°, and all water 
of crystallisation at c. 280° (r. Pickering, C. J. 
47, 100). The following data for solubility in 
water are calculated by Mulder from observa- 
tions by Gay-Lussac, Tobler, and others : — 


Temp. 

s. 

Temp. 

s. 

0° 

25*76 

60° 

65*0 

5 

29*3 

65 

57*3 

10 

31*5 

70 

59*6 

15 

33*8 

75 

61*9 

20 

36*2 

80 

64*2 

25 

38*5 

85 

66*5 

30 

40*9 

90 

68*9 

35 

43*3 

95 

71*4 

40 

45*6 

100 

73*8 

45 

48*0 

105 

76*2 

60 

60*3 

108*4 

77*9 

65 

62*7 



■Gerlach (Fr. 8, 287) gives the following : — 

Px. MgSO« 

S.G. MgSO*Aq 

P.c. MgSO* 

S.G. MgSO*Aq 

1 

1*01031 

14 

1*15083 

2 

1*02062 

15 

1*16222 

3 

1*03092 

16 

1*17420 

4 

1*04123 

17 

1*18618 

6 

1*05154 

| 18 

1*19816 

6 

1*06229 

19 

1*21014 

7 

1*07304 

20 

1*22212 

8 

1*08379 

21 

1*23465 

9 

1*09454 

22 

1*24718 

10 

1*10529 

23 

1*25972 

11 

1*11668 

24 

1*27225 

12 

1*12806 

25 

1*28478 

13 

1*13945 




• 8. at 15° in 10 p.c. alcohol 39*3, 20 p.c. alcohol 
21*3, 40 p.c. alcohol 1*62 (Schiff, A. 118, 366). 
Heated with Nad gives off HOI, leaving Na^SC^, 
MgCl 2 and Borne MgS0 4 (Ramon de Luna, J. pr. 
66, 256). Decomposed, almost entirely, by heat- 
ing in steam, giving off HjSC^ and leaving MgO 
(Clemm, J. 1864. 764). Strongly heated with 
charcoal gives off S0 2 and C0 2 (or CO), and 
leaves MgO. Mixed with Nad and heated in 
steam gives Na 2 S0 4 , MgO, and HCL 

Other hydrates of magnesium sulphate* (1) 


MgS0 4 . aq occurs native as Tcieserite , S.G. 2*28! 
at 16° (Pape, P. 120, 369) ; dissolves slowly in 
cold water, easily in boiling water, forming 
MgS0 4 . 7aq; prepared by heating the hepta- 
hydrate for a long time at 150°-160° (Pickering, 
C. J. 47, 100) ; S.G. 2*445 (Thorpe a. Watts, 
C. J. 37, 102). (2) MgS0 4 .6aq, by crystallising 
a solution of the heptahydrate above 40° ; S.G. 
1*734 (T. a. W., lx.). (3) MgS0 4 .5aq, by drying 
the heptahydrate over cone. H 2 S0 4 ; S.G. 1*869 
(T. a. W., he.). (4) MgS0 4 .2aq, by boiling pow- 

dered MgS0 4 . 7aq with absolute alcohol ; S.G. 
2*373 (T. a. W., l.c.). (5) According to Jacquelain 
(A. Ch. [3] 32, 201), the hydrates 4M.7aq, 
4M.9aq, and 2M.5aq exist (M = MgS0 4 ). 

Acid salts. Schiff (A. 106, 115) obtained 
deliquescent, hexagonal plates, MgS0 4 .H 2 S0 4 , 
from a solution of MgS0 4 in hot cone. H 2 S0 4 ; 
according to Schultz (P. 130, 149), the crystals 
are MgS0 4 .3H 2 S0 4 . 

Double salts. With K 2 S0 4 , or (NH,) 2 S0 4 , to 
form compounds MgS0 4 .M 2 S0 4 .6aq ; by crys- 
tallising mixtures of the component salts in 
proper proportion. For solubility and S.G. of 
solution of the K 2 S0 4 compound, v. Tobler (A. 
95, 193), Schiff (A. 113, 183), Gerlach (Fr. 8, 
287). The compound of MgSO, and Na 2 S0 4 con- 
tains 4aq (cf. van’t Hoff a. Deventer, B. 19, 
2144). The compound MgS0 4 .KCl. 3aq occurs 
native as kainite (v. Reichardt, Ar. Bh. 159, 
204; Erlenmeyer, B. 2, 289). A double salt 
MgS0 4 .Al 2 (S0 4 ) 3 .a;H 2 0 occurs as feather alum , 
and pickeringite. Some triple salts of MgS0 4 
with CaS0 4 and K 2 S0 4 occur as minerals (v. 
Reichardt, Ar. Ph. 159, 204; Precht, B. 14, 
2138). 

Manganese sulphates. 1. Manganous 
salts . The normal salt MnS0 4 is obtained by 
dissolving MnCO a or Mn in warm dilute H. 2 S0 4 Aq, 
crystallising out MnS0 4 .5aq, drying this salt, 
and heating to c. 280° until it ceases to lose 
weight. A white salt, with very faint rose tint ; 
S.G. 3*282 (Thorpe a. Watts, C. J. 37, 113). 
H.F. [Mn, S, CM] = 249,900 (Th. 3, 516). S. 56*6 
at 6*3°, 60 at 18*7°, 68*7 at 37*5°, 67 at 75° 
(Brandes, P. 20, 575). Decomposed by heating 
to full redness, giving off S0 2 and O, and 
leaving Mn 3 0 4 ; heated in steam is said to give 
an oxysulphide Mi^OS (Arfvedson, P. 1, 50). 

Hydrates of manganous sulphate. (1) 
MnS0 4 .7aq separates from solutions of Mn or 
MnCO a i* 1 H 2 S0 4 Aq below 6° (Mitscherlich, 
P. 25, 287 ; Claassen, Ar. Ph. [3] 26, 310). Very 
pale rose-coloured, monoclinic crystals; iso- 
morphous with FeS0 4 .7aq. Very sol. water; 
S. at 18*5° c. 200 (Jahn, A. 28, 110). According 
to Etard ( C . B. 86, 1399), solubility increases 
from 0°-65°, and decreases from 56°-145° ; the 
changes are probably due to the formation of 
different hydrates. (2) MnS0 4 .5aq, obtained by 
crystallising between 7° and 20°, or by treating 
a cone, solution of MnS0 4 with 95 p.c. alcohol 
and allowing to crystallise slowly (Claassen, 
Ar. Ph. [3] 25, 310). S.G. 2*103 (Thorpe a. 
Watts, C. J. 37, 113). H.F. [Mn,S,0\5H 2 0] 
- 263,600 (Th. 3, 516). (3) MnS0 4 . 4aq, obtained 
by crystallising between 20° and 30° (C., l.c . ; 
Mitscherlich, P. 25, 287). S.G. 2*261 (TopsoS, 
C. C . 4, 76). This is the main constituent of 
ordinary manganese sulphate. Mulder gives 
solubilities as follows : — 
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Temp. 

S. MnSO*. 4aq 

1 Tem 

8. MnS0 4 .4aq 

0° 

55*4 

50° 

74-8 

5 

58*2 

54 

75-3 

10 

63-8 

63-5 

61-3 

20 

66-3 

64 

61-5 

25 

68-5 

85 

61-3 

30 

70-4 

90 

60-3 

35 

71*9 

95 

57-9 

40 

73-1 

100 

52-9 

45 

74-0 




Insol. absolute alcohol ( cf . Schiff, A. 118, 305). 

(4) MnS0 4 . 2aq, obtained by boiling the powdered 
pentahydrate with absolute alcohol ; also by 
pouring a saturated solution of the pentahydrate 
into cone. H 2 S0 4 ; S.G. 2-526 (T. a. W., Z.c.). 

(5) MnS0 4 . aq, obtained by heating the penta- 
hydrate at 100° till it ceases to lose weight ; 
S.G. 2-845 (T. a. W., Z.c.). 

Linebarger (Am. 15, 225) has obtained hy- 
drates of MnS0 4 with 1, 2, 3, 4, 5, 6, and 7 H 2 0. 
Below — 10° mixtures of the heptahydrate and 
ice separate from MnS0 4 Aq; above 117° only 
MnS0 4 separates. The solubilities of the various 
hydrates are discussed ; the more water in the 
hydrate, the more soluble it is. 

Acid salts MnS0 4 .H.,S0 4 and MnS0 4 .3H,S0 4 
were obtained by Schultz (P. 130, 149) by 
dissolving the normal salt in hot cono. H 2 S0 4 . 

Basic salts are formed by adding a little warm 
KOHAq to a large excess of boiling MnS0 4 Aq 
( v . Gorgeu, C. B. 94, 1425). 

Double salts ; (1) with sulphates of Cu,Fe, Mg, 
and Zn to form salts MnS0 4 .MS0 4 .a;H0 
{ v . Rammelsberg, P. 91, 321 ; Vohl, A. 94, 73). 
<2) With A1,(S0 4 ) s , Fe,(S0 4 )„ and Cr. 2 (S0 4 ), v. 
IStard (C. E. 86, 1399 ; 87, 602). (3) With alkali 
sulphates to form MnS0 4 .M 2 S0 4 . 4aq or 6aq 
( v . Marignac, Ann. M. [5] 9, 1 ; Pierre, A. Ch. 
[3] 16, 239; von Hauer, J. pr. 74, 431). For 
various triple salts of MnS0 4 with alkali sul- 
phates and CuS0 4 , MgS0 4 , &c. ; v. Vohl (A. 94, 
67). 

II. Manganic salts. — The normal salt 
Mn 2 (S0 4 ) $ is obtained by the action of hot cone. 
H 2 S0 4 on Mn0 2 . Oarius ( A . 98, 53) recommends 
to prepare pure Mn0 2 by passing Cl into 
NaOHAq containing MnC0 8 in suspension, to 
wash and dry the Mn0 2 , to rub up to a paste 
with cono. H 2 S0 4 , and heat gradually to 110° 
till O is given off and the mass becomes grey- 
violet, then to heat to c. I35°-140° till the 
whole is liquid, to pour the solid that forms as 
the liquid partially cools on to warm unglazed 
porcelain, after H 2 S0 4 has become absorbed to 
mix with a little cono. HNO a Aq and allow to 
drain on the porcelain, to repeat this treatment 
with HN0 3 six or eight times, and finally to 
heat at 150° till all HNO a is removed. Franke 
(J, pr. [2] 36, 451) obtained Mn 2 (S0 4 ) s by heat- 
ing 8 g. KMn0 4 with 100 c.c. cone. H 2 S0 4 at 
100° for some time. A dark-green powder; 
Franke describes it as green crystals. Decom- 
posed above 160°, giving MnS0 4 . Insol. cone. 
H 2 S0 4 or cono. HNO*Aq. Sol. cone. HClAq to 
•a brown liquid, which gives off Cl when wanned. 
Mn 2 (S0 4 ) # is very hygroscopic; quickly decom- 
posed by water, with separation of MnO^scELjO 
(Oarius, Z.c.). 

Forms double salts with A1 2 (S0 4 ) 3 , Fe 2 (S0 4 )„ 
*nd Or t (S0 4 ) a (v, Etard, O. P. 86, 1399). The 
• double compounds of Mn 2 (S0 4 ) f with alkali sul- 


phates — Mn 2 ( S0 4 ) 8 .M 2 S0 4 . 24aq— are alums. Ac- 
cording to Fremy (O. B. 82, 1231), the salt 
Mn(S0 4 ) 2 , manganese disulphate , corresponding 
with Mn0 2 , is formed by decomposing KMn0 4 
by a considerable excess of cold cone. H 2 S0 4 (c/. 
Franke, J. pr. [2] 86, 453). 

Mercury sulphates. I. Mercurous salts. 
The normal salt Hg 2 S0 4 is obtained by gently 
warming equal weights of Hg and cone. H 2 S0 4 , 
removing the white solid so produced before the 
whole of the Hg is changed, washing with cold 
water, and drying at a low temperature. Divers 
a. Shimidzu (C. J. 47, 639) recommend to mix 
Hg with fuming sulphuric acid rich in SO* in 
a covered dish, in a cool place, adding a little 
more Hg from time to time till there is sufficient 
to saturate the S0 3 in the acid, but avoiding ex- 
cess, and when the Hg is all converted into 
Hg 2 S0 4 to set the dish in a warm place to expel 
S0 2 . Hg 2 S0 4 is also obtained by adding 6 pts. 
water to 18 pts. HgS0 4 and rubbing with 11 pts. 
Hg (Planch e, A. 66, 168). Also by ppg. HgN0 3 Aq 
by dilute H 2 S0 4 Aq or solution of a sulphate ; or 
by rubbing together HgNO, and Na^C^ and 
washing with cold water (H.Rose; Stoedeler, A . 
87, 129). A white powder, consisting of mono- 
clinic prisms (S., Z.c.) ; S. G. 7*56 (Playfair a. 
Joule, G. S. Mem. 2, 401). SI. sol. water ; S. in 
cold water -2, in boiling water *33 ; more sol. 
dilute HN0 3 Aq ; sol. cone, hot H 2 S0 4 , crystal- 
lising out on cooling. Hg 2 S0 4 becomes grey on 
exposure to light (v. Buchner, Chcm. Zcitung , 
10, 759) : hence the salt should be kept in the 
dark. Hg 2 S0 4 melts to a reddish liquid, and 
decomposes at a higher temperature, giving off 
S0 2 and O, and also partially subliming. Slowly 
changed by boiling water to an acid salt, and a 
yellow powder which is probably a basic salt (v. 
Kane, P. 42, 367). An acid salt Hg 2 S0 4 .H 2 S0, 
is said to be formed by the prolonged reaction of 
cone. H 2 S0 4 containing a drop of HNO s Aq on 
Hg (Braham, O. N. 42, 163). A double salt 
Hg 2 S0 4 .2HgS0 4 was obtained by Brooks (P. 66, 
63) by gently warming mercuro-mercuric nitrate 
(formed by warming 2 pts. Hg with 3 pts. 
HNO s Aq S.G. 1*2) with Na 2 S0 4 Aq. 

II. Mercuric salts. The normal salt 
HgS0 4 is obtained by the reaction of 6 pts. 
boiling cono. H 2 S0 4 with 5 pts. Hg, till SO a 
ceases to be evolved, and a little of the white 
solid produced gives no pp. of HgCl when 
dropped into dilute HClAq ; the white mass is 
gently warmed till acid fumes cease to be given 
off. A white powder; S.G. 6*466 (Playfair a. 
Joule, C. S. Mem. 2, 401). Becomes yellow, 
then red when heated ; decomposes at red heat to 
Hg, O, and S0 2 , a little HgS0 4 subliming (Mohr, 
A. 31, 180). Decomposed by water to a yellow 
basic salt and H 2 S0 4 Aq. Hot HgS0 4 absorbs 
HC1 and HBr gases ; according to Ditte (A. Ch. 
[5] 17, 120) the compounds HgS0 4 .2HCl and 
HgS0 4 .2HBr are formed ; these bodies are said 
to be sol. water without formation of basic salts, 
and HgS0 4 .2HCl is said to sublime unchanged 
when heated. Solution of HgS0 4 in H 2 S0 4 Aq 
is said to react with PH„ to form the compound 
2(3HgO.SO s ).HgjP (H. Rose, P. 40, 75). Mono- 
hydrated mercuric sulphate HgS0 4 . aq was ob- 
tained by Eisfeldt (Ar. Ph. [2] 76, 16) by cover- 
ing a thin layer of HgS0 4 with the calculated 
quantity of water. The basic salt HgS0 4 .2HgO 
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(*»8HgO.SO s ) is obtained by the action of hot 
water on HgS0 4t also by adding Na 2 S0 4 Aq to 
hot HgfNOJ-jAq ; a citron-yellow powder, 
S.G. 6*44 ; nearly insol. water (v. Cameron, An. 
1880. 144). Decomposed by 01 at the ordinary 
temperature. Absorbs HC1 and HBr, forming 
HgS0 4 .2Hg0.6HCl(or 6HBr) (Ditte, lx.). This 
basic salt was formerly known as minerale 
twrpethum or turbith mineral (from its resem- 
blance to a coloured gum obtained from an 
Oriental creeping plant [. Ipomcea turpethum]). 
Hopkins (Am. 8. 18, 364) described another 
basic salt 8HgS0 4 .Hg0 = 4Hg0.8S0 s . Double 
salts. — (1) HgS0 4 .(NH 4 ) 2 S0 4 .a;H 2 0 and 

HgS0 4 .K 2 S0 4 .fcH 2 0 (v. Hirzel, J. 1850. 822). 

(2) HgS0 4 .HgI 2 (v. Souville, J. Ph. 26, 474). 

(3) 2HgS0 4 .HgS ( v . Jacobsen, P. 68, 411). 

Molybdenum sulphates. By evaporating a 

solution of Mo0 8 in cone. E^SC^, Schultz-Sel- 
lack ( B . 4, 14) obtained white lustrous crystals 
of Mo0 8 .S0 3 ; the compound Mo0 8 .3SO s . 2aq, de- 
scribed by Anderson (B. J. 22, 161), could not be 
obtained by S-S. 

Nickel sulphates. The normal salt NiS0 4 
is formed, as a clear yellow powder, by heating 
powdered NiS0 4 . x&q (v. infra) to c. 800°. The 
salt is obtained in crystals, regular octahedra, 
by heating NiS0 4 , NiO, or NiC0 3 with five 
or six times its weight of fused (NH 4 ) 2 S0 4 , 
separating the yellow crystals of the double salt 
3NiS0 4 .2(NH 4 ) 2 S0 4 that form, and heating these 
in presence of some (NH 4 ) 2 S0 4 in a partly closed 
crucible out of contact with the gases of the 
flame till all the ammonium salt is removed ; 
S.G. of crystals 3*67 at 20° (Lepierre a. Lachaud, 
C. R. 115, 115 ; Klobb, C. R . 114, 836). Tobler 
(A. 95, 193) gives solubilities of NiS0 4 as fol- 
lows 


Temp. 

s. 

Temp. 

8. 

2° 

30-4 

41° 

49*1 

16 

87*4 

60 

52-0 

20 

39*4 

53 

54-4 

23 

41*0 

60 

57*2 

31 

453 

70 

61-9 


The hexahydrate NiS0 4 . 6aq is obtained by dis- 
solving Ni, NiO, or NiC0 8 in exoess of H 2 S0 4 Aq, 
evaporating, and orystallising. At the ordi- 
nary temperature, bluish tetragonal pyramids 
separate (Brooke a. Phillips, P. 6, 193) ; greenish 
monoclinic crystals separate from warm solu- 
tions (Pierre, A. Ch. [3] 16, 252). The salt is, 
therefore, dimorphous (Marignac, A. 97, 294; 
cf. Mitscherlich, P. 12, 144; also Lecoq de 
Boisbaudran, A. Ch. [4] 9, 173). By dissolving 
this hydrate in water, and crystallising at 15°- 
20°, emerald-green rhombic prisms of the hepta- 
hydrate NiS0 4 . 7aq are obtained, isomorphous 
with MgS0 4 .7aq; melts at 98°-100° (Tilden, 
C. J. 45, 267). When this hydrate is heated to 
103° it loseB 6H 2 0 and leaves the monohydrate 
NiS0 4 . aq. By passing NH 8 into NiS0 4 Aq, com- 
pounds of the form NiS0 4 4cNH g .yH 2 0 are ob- 
tained (a? -4, 5, and 6; v. F. Bose, Ammon. 
Kobaltverbind. [Heidelberg, 1871] 27 ; also P. 
20, 166). 

Double salts. (1) With (NH 4 ) 2 S0 4 , KjSO^ 
and TL 2 S0 4 to form NiS0 4 .M 2 S0 4 . 6aq (v. F. Rose, 
lx. ; Link, CrelVs Ann. 1796 [1] 82; Werther, 
J. pr. 92, 132). (2) With BeS0 4 to form various 
compounds (Klatao, tTber die Constant, der 


Beryllerde , Dorpat, 1868). (3) With CuS0 4 , 

CoS0 4 , FeS0 4 , MgS0 4 , MnS0 4 , and with some 
of these and also alkali sulphates (v. Pierre, 
A. Ch. [3] 16, 253 ; Lecoq de Boisbaudran, O. R. 
66, 497). 

Basic salts are formed by the gradual re- 
action of NiS0 4 Aq with NiCO s , and by adding a 
little NH s Aq to boiling NiS0 4 Aq (Habermann, 
M. 5, 440). 

Palladium sulphates. The normal palladous 
salt PdS0 4 . 2aq is obtained in brown crystals 
by evaporating a solution of Pd in H 2 S0 4 Aq 
containing HNO a . Addition of a little KOHAq 
to a cone, solution in water of the normal salt 
ppts. a basic salt PdS0 4 .7Pd0.6aq (v. Kane, B. J. 
24, 236). 

Platinum sulphates. By dissolving PtOJE[ 2 
in dilute HjSC^Aq, Berzelius (Lehrbuch [5th ed.] 
3, 987) obtained a dark syrup which probably 
contained platinous sulphate PtS0 4 , Platinic 
sulphate Pt(S0 4 ) 2 was obtained by Berzelius 
(lx., p. 989) by evaporating PtCl 4 with cone. 
H 2 S0 4 (1 part acid for 1 part Pt), as an almost 
black solid. E. Davy (T. 1820) obtained the salt 
by oxidising PtS 2 by fuming HNO a . Prost (Bl. 
[2] 46, 156) obtained a basic salt by allowing an 
acid solution of Pt(S0 4 ) 2 to stand for some days; 
Prost also describes several double salts of 
Pt(S0 4 ) 2 with alkali Bulphates. 

Potassium sulphates. The normal salt 
KjjS 0 4 is found in the lava from Vesuvius, in 
small quantities in sea water, and in some 
mineral springs, in combination with MgS0 4 and 
MgCl ? as kainite (KjS0 4 .MgS0 4 .MgCl 2 . 6aq), in 
combination with MgS0 4 and CaS0 4 as poly- 
halite (K 2 S0 4 .MgS0 4 .2CaS0 4 . 2aq), and as alum. 
KjSC^ is prepared by decomposing KC1 by H 2 S0 4# 
by neutralising H 2 S0 4 Aq by KOH or K 2 OO s , and 
evaporating (for the preparation of I^SC^ on the 
large scale v. Dictionary of Applied Chemistry, 
vol. iii. p. 279). K z S0 4 forms in white, hard, 
four-sided, trimetric prisms, unchanged in air. 
S.G. 2-656 at 4° (Playfair a. Joule, C. J. 1, 182) ; 
for S.G. at various temperatures from 0° to 100° 
v. Spring, B. 15, 1940. Melts above 861° (Car- 
nelley, Melting- and Boiling-Point Tables, 1, 33); 
melts at 1073° according to V. Meyer a. Biddle 
(B. 26, 2443). H.F. [K 2 ,S,0 4 ] *844,600 (Th. 3, 
516); [K 2 SO\Aq]»-6167 (Pickering, C. J. 47, 
98). Mulder (Scheikund. Verhandg. 1864. 49) 
gives solubilities in water as follows ; — 


Temp. 

s. 

Temp. 

S. 

5° 

9-1 

65° 

16*8 

10 

9*7 

60 

17*8 

15 

10*3 

65 

18*8 

20 

10-9 

70 

19*8 

25 

11*6 

75 

20*8 

30 

12-3 

80 

21*8 

35 

18*1 

85 

22*8 

40 

14*0 

90 

23*9 

45 

14*9 

95 

25*0 

50 

15-8 

100 

26*2 

Gerlach (Fr. 8, 827) gives S.G. of l^SC^Aq as 
follows ; — 

Pctge^.SO* S.G. K g S0 4 Aq 

Pctge.KjSO A 

S.G. E|S0 4 Aa 

1 

1*00829 

6 

1*04947 

2 

1*01635 

7 

1*05790 

8 

1*02450 

8 

1*06644 

4 

1*03277 

9 

1*07499 

5 

1*04105 

9'92 (Mtd.) 1-0880& 
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Insol. absolute alcohol $ sol. aqueous alcohol in 
proportion to amount of water present (v. Schiff, 
A. 118, 862). Insol. KOHAq 1-32 S.G.; si. sol. 
KOHAq 20 p.o. S. in saturated NH 3 Aq = *0365 
(Giraud, Bl . [2] 43, 652). S. in glycerin (S.G. 
1*225) at ordinary temperature - 1*32 (Vogel, 

N. B . j*. 16, 557). More sol. in solution of 
CuS0 4 , MgS0 4 , or Na 2 S0 4 than in water. Reacts 
with strong acids to give KHS0 4 (for thermal 
measurements v. Berthelot, Essai de m4c. 
chimigue , 1, 389). Dissolves in hot cone. 
HNO,Aq, KHS0 4 separates on cooling, then 
KNO„ and then a compound of E^SO* with 
HNO, ; H,P0 4 Aq reaots similarly ( v . Jacquelain, 
Biedermann’s Techn . Chem. J. 4, 62). Absorbs 
HOI gas when heated, forming KOI and KHS0 4 
(Thomas, G. J. 33, 372 ; Hensgen, B. 9, 1671 ; 
10, 259). Decomposed by heating with NH 4 C1, 
giving KOI (H. Rose, P. 64, 568). Heated to 
redness with iron filings gives KOH mixed with 
Fe^Ogand^FeS (d’Heureuse, P. 75, 255). Reduced 
to sulphide (or KSH) by heating in CO ; to KSH 
and KOH by heating in H (v. Berthelot, G. B. 
110, 1106). Sulphur reacts at full red heat, 
giving S0 2 and polysulphides of K (Berthelot, 

O. B. 96, 303). SO* is without aotion at a red 
heat. 

Double salts . (1) With Al 2 (S0 4 ) a , 0r 2 (S0 4 ) a , 
and Fe 2 (S0 4 ) a to form K 2 S0 4 .M 2 (S0 4 ) a . 24aq ; v . 
potash alum , potash chrome-alum and potash 
iron-alum , under Aluminium sulphates (p. 568), 
Chbomium sulphates (p. 670), and Ibon sul- 
phates (p. 672). (2) With sulphates of Oe and 
Di respectively, to form 3K 2 S0 4 .M 2 (S0 4 ) a (v. 
Cleve, BL [2] 43, 359 ; Czudnowitz, J. pr. 82, 
129 ; Hermann, J. pr. 82, 385) ; also the salt 
2K2S0 4 .Ce(S0 4 ) 2 . 2aq (Marignac, Ann. M. [5] 15, 
275). (3) Witb sulphates of Cd, Co, Cu, Fe, Mg, 
Mn, Ni, Zn to form K 2 S0 4 .MS0 4 . 6aq (v. Graham, 

P. M. 1836. 327, 417 ; Brunner, P. 15, 476 ; 32, 
221 ; Pickering, G. J. 49, 1 ; Tobler, A. 95, 193 ; 
Schiff, A. 108, 326; 113, 183; Gerlach, Fr. 8, 
287 ; Marignac, Ann. M. [5] 9, 19 ; Wilm, A. Ch. 
[4] 5, 56 ; Pierre, A. Gh. [3] 16, 239 ; von 
Hauer, J. pr. 74, 431 ; Werther, J. pr. 92, 132). 

(4) K 2 S0 4 .BeS0 4 .2aq (Awdejeff, P. 66, 101). 

(5) K 2 S0 4 .Na i S0 4 (Penny, P. M. [4] 10, 401 ; 
Mitsoherlioh, P. 58, 468 ; von Hauer, J. pr. 83, 
856). 

The acid salt KHS0 4 occurs in some volcanic 
districts as misenite ; it is formed by heating 
13 parts K f S0 4 with 8 parts cone. H 2 S0 4 , or by 
heating KNO s and cone. H 2 S0 4 in the ratio 
KN0 t ;H 2 S0 4 . Crystallises in white rhombic 
forms, S.G. 2*273; also in monoolinio forms, S.G. 
2*245 ( v . Wyrouboff ; abstract in O. J. 50, 665). 
Melts at o. 200°. Easily sol. water ; Kremers 
gives S. 33*9 at 0°, 48 at 20°, 62*9 at 40°, 114 at 
100°. An aqueous solution is said to deposit, first 
&.SO,, then KHSO^SO,, and then KHS0 4 ; 
by evaporating KHS0 4 Aq at a low temperature 
until a solid mass formed on removing the flame, 
arborescent and very deliquescent crystals 
formed on the surface of the solid, which were 
2KHS0 4 .HHj 0 according to Senderens (BL [3] 
2, 728). 

Other add salts. (1) KHS0 4 .K 2 S0 4 , obtained 
by evaporating KHS0 4 Aq. (2) 2KHS0 4 .K 2 S0 4 » 
crystallising from K,S0 4 in B^SC^Aq [Phillips, 
J. pr. [2] 1, 429 ; Marignac, Ann. M. [5] 9, 7). 
(8) KBSO^HgSO*, formed by heating K*S0 4 with 


less than 5 parts oone. ELS0 4 (Schultz, P. 133. 
137). 

Rhodium sulphates. The normal rhodic 
sulphate Rh 2 (S0 4 ), is obtained by dissolving 
Rh 2 O s .£caq in IL 2 S0 4 Aq, evaporating, and heating 
to 400° till excess of acid is removed; a red 
powder, decomposed by hot water to the yellow 
basic salt Rh 2 (S0 4 ) a .Rh 2 0 a (Leidi6, O. B. 107, 
234). Claus (Beitrdge zur Ghemie der Platin - 
metalle [Dorpat, 1854]) obtained the hydrate 
Rh 2 (S0 4 ) a . 12aq, as a pale-yellow crystalline salt, 
by crystallising a solution of Rh 2 O s . aaq in 
HaSC^Aq, and washing witb alcohol. T he double 
salt Rh2(S0 4 ) 3 .3K 2 S0 4 was obtained by Claus 
(Lc.) by evaporating a solution of the constituent 
salts in the ratio Rh 2 (S0 4 ) 3 :5K 2 S0 4 . The double 
salt Rh 2 (S0 4 ) a .Na 2 S0 4 was obtained by Bunsen 
(A. 146, 265 ; v. also Seubert a. Kobb6, B. 23, 
2556) by the action of hot oono. H 2 SO. on 
RhSO a .6Na 2 SO a . 9aq (formed by heating RhCljAq 
for some time with NaHSO,). 

Rubidium sulphates. The normal salt 
Rb 2 S0 4 is obtained by neutralising H 2 S0 4 Aq by 
RbjjCO, and evaporating ; it crystallises in trans- 
parent, hexagonal forms, unchanged in air. 3. 
42*4 at 70°. S.G. 3*6438 at 0° ; 3*6256 at 50° ; 
3*6036 at 100° (Spring, B. 15, 1940). If excess 
of H 2 S0 4 Aq is used, the acid salt RbHS0 4 sepa- 
rates in rhombic prisms (Kirohoff a. Bunsen, P. 
115, 584). 

Double salts. (1) With Li 2 S0 4 to form 
RbLiSO, (Wyrouboff, BL [2] 48, 184, 630). 

(2) With CaS0 4 and PbS0 4 to form the compounds 
Rb 2 S0 4 .2MS0 4 . ccaq (Ditto, G. B. 89, 641). 

(3) With A1.JSOJ* to form rubidium alum 
AL 2 (S0 4 ) 8 .Rb 2 S0 4 . 24aq (Bunsen, P. 119, 1 ; 
Godeffroy, A. 181, 176 ; Redtqpbacher, J. pr. 
95, 148). 

Ruthenium sulphate. Normal ruthcnic sul- 
phate Ru(S0 4 ) 2 is obtained by oxidising RuS 2 
(formed by prolonged action of H^S on RuCl s Aq) 
by cone. HNOjAq, and evaporating off excess of 
acid. An amorphous, brownish-yellow, very 
hygroscopic solid. Strongly heated gives Ru0 2 
(Claus, J. pr. 42, 364). 

Silver sulphates. The normal salt Ag 2 S0 4 is 
obtained by heating finely divided Ag with ex- 
cess of cone. RjS 0 4 , by neutralising HaS0 4 Aq by 
Ag 2 0 or Ag 2 CO s and evaporating, by evaporating 
AgNO, with HjSO.Aq, or by ppg. AgNO s Aq by 
Na^SO^q. Small, white, lustrous, rhombic 
crystals, isomorpbous with Na 2 S0 4 (Mitsoherlioh, 
P. 12, 138 ; 25, 301). S. 1*15 cold water, 1*45 
at 100° (Wenzel, P. 82, 136). S.G. 5*822 (Play- 
! fair a. Joule, G. 8. Mem. 2, 401), 5*425 when 
fused (Sohrdder, P. 106, 226). Decrepitates 
when heated to 800° ; melts at 645° (Carnelley, 
O. J. 83, 279). Decomposed at very high tem- 
perature, giving Ag, S0 2 , and O. Reduced to 
Ag by heating in H, with O, or in GO (Stam- 
mer, J. pr. 11, 70). Absorbs 2NH t (H. Rose, P. 
20, 153). 

Add salts are obtained by dissolving Ag 2 S0 4 
in different quantities of H^SO^q and crys- 
tallising ; Schultz (P. 133, 137) describes 
(1) AgHS0 4 , (2) 2Ag 2 S0 4 .3H t S0 4 . 2aq, (3) 

Ag 2 S0 4 .3H 2 S0 4 . 2aq. Carey Lea (Am. 8. [8] 44, 
822) describes a hemisulphate Ag,S0 4 .Ag 4 S0 4 . aq, 
but this salt was not obtained free from AgJPOp 

Forms a double salt Ag 2 S0 4 .Al 2 (S0 4 ) 4 . 24aq ; 
this salt is an alum (v. Church a. Northoote, 

PP 
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G. N. 9, 155). Also combines with Ag 2 S 
and with K 2 S0 4 (Berzelius; H. Rose, P. 53, 
463). 

8 odium sulphates. The normal salt Na 2 S0 4 
ocours native as thenardite , in combination with 
CaS0 4 as glauberite, and with MgS0 4 as IVweite ; 
the salt also occurs in sea water and in many 
mineral springs. It is prepared by adding H 2 S0 4 
to NaCl in the ratio NaCi:H 2 S0 4 , and strongly 
heating the NaHS0 4 thus produced; also 
by the reaction between NaCl, S0 2 , steam 
and 0 at 400°-450°; 2NaCl + S0 2 + 0 + H 2 0 
«Na 2 S0 4 + 2HCl (for the application of these 
processes on the large scale v. Dictionary of 
Applied Chemistry, vol. iii. p. 439). Na 2 S0 4 is 
also obtained in the decomposition of NH 4 C1, 
or NaNO s , byH 2 S0 4 ; it is formed by neutrali- 
sing BLjSO^q by NaOHAq or Na 2 CO s , evapora- 
ting, and heating to redness the crystals of 
Na 2 S0 4 . £aq that separate. Na 2 S0 4 is a white 
amorphous powder; S.G. 2*597 (Playfair a. 
Joule, G. 8. Mem. 2, 401) ; 2*631 (Karsten, 8. 65, 
894). Obtained in rhombic crystals, isomorphous 
with Ag ? S0 4 (Mitscherlich, P. 12, 138 ; 25, 301), 
by heating to 40° a solution saturated at 33° ; 
S.G. 2*6618, or 2*6637 orystallised at 110° (Nicol, 
P. M. [5] 15, 94). Dissolves in water with pro- 
duction of heat ; according to Berthelot (C. R. 
78, 1722) [Na 2 SO\Aq]*780 at 21*2°, but -100 
at 3°; Pickering ( G . J. 45, 686) thinks that two 
modifications of Na 2 SO, exist ; the salt dried at 
100° or 150° gave [Na 2 S0«,Aq] - 57 at 20*4°, but 
after heating to temperatures varying from 250° 
to the melting-point the heat of solution was 
[Na 2 SO\Aq] = 760. Thomsen {Th. 8, 516) gives 
HP. [Na 2 ,S,0 4 ] * 328,600. Tilden (Pr. 35, 345) 
gives solubilities as follows : 5 at 0°, 78*8 at 34°, 
42*7 at 100°, 41*95 at 120°, 42 at 140°, 42*9 at 
160°, 44*25 at 180°, 46*4 at 230°. Etard (C. R . 
113, 854) says that S. increases from 33° to 80°, 
remains constant to 230°, and then decreases to 
320° ( v . also L6wel, A.*Ch. [3] 33, 334 ; 49, 32 ; 
Gemez, C. R . 60, 833 ; de Coppet, Bl. [2] 17, 
146). For S.H. and expansion of Na 2 S0 4 Aq v. 
Thomsen (P. 142, 837) and Marignac (A. Gh. 
[4] 22, 415). NasjS0 4 melts at 861° (Carnelley, 
C. J . 33, 280); at 843° (V. Meyer a. Riddle, B . 
26, 2443). S.G. at melting-point » 2*104 (Braun, 

B. 7, 958). 

Heated with charcoal out of air Na 2 S0 4 is 
reduced to Na*S ; Gay-Lussac (A. Gh. [2] 11, 
312) says polysulphides are also formed; C0 2 
is evolved, but no CO (Unger, A . 63, 240; 
Scheurer-Kestner, A. Oh. [4] 1, 412; Stromeyer, 
A. 107, 361) ; heated to bright redness with C in 
a vessel containing air, NaaS is formed and CO 
evolved (Berthelot, G. R. 110, 1106). Reduced 
to sulphide by heating to bright redness in 
carbon monoxide (B., l.cJ) ; reduction by hydrogen 
begins at o. 500°, the products are NagS, NaSH, 
NaOH, HaO, and HjS (B., Z.c.). Heated with 
hydrogen chloride , NaCl is formed (Bousingault, 

C. R. 78, 593) ; boiling HClAq produces NaCl 
and NaHS0 4 (Thomas, O. J. 33, 873). A little 
NaCl is formed by heating with ammonium 
chloride (Nicholson, G. N. 26, 47). Boiled with 
barium carbonate some Na 2 CO s and BaS0 4 are 
formed ; after a time a condition of equilibrium 
is attained. A very little NaOHAq is produced 
by boiling for some time with milk of Umei 
under increased pressure NaOHAq is formed 


fa. Soheurer-Kestner, A. Gh. [4] 1, 412). Not 
decomposed by heating strongly with calcium 
carbonate (S.-K., l.c.). When a mixture of NagSO. 
and alumina is heated in steam t S0 2 is given off 
and sodium aluminate remains; presence of 
charcoal hastens the reaction (Wagner). Ac- 
cording to Stromeyer (A. 107, 361) fusion with 
iron produces Fe a O„ Na 2 0, and Na 2 S.2FeS. The 
final products of heating with silica and carbon 
in a closed crucible are Na 2 0.2Si0 2 , S, C0 2 and 
CO (S.-K., G. R. 114, 117). 

Hydrates of Na 2 S0 4 . (1) The hep ta- 

li y dr ate Na 2 S0 4 .7aq is obtained by melting 
Glauber's salt Na 2 SO 4 .10aq in its water of 
crystallisation, heating to boiling, at once closing 
the vessel, and shaking repeatedly as the liquid 
cools till 18° is reached ; Na 2 S0 4 separates at 
first but dissolves again, and below 18° Na 2 S0 4 . 7aq 
separates (Ldwel, A. Gh. [3] 33, 334 ; 49, 32). 
The following method gives better results 
(L., l.c.) : 22 parts Na 2 SO 4 .10aq are dissolved 
in 10 parts water, the solution is heated to 
boiling, and the flask is then closed with a cork 
carrying two narrow tubes bent at right angles ; 
when the liquid is cold the outer end of one of 
the tubes is dipped into 30 p.c. alcohol at 40°, 
and the alcohol is caused to run into and fill the 
flask by sucking at the outer end of the other 
tube. As the alcohol withdraws water, large, 
translucent, rhombic or tetragonal crystals of 
NagS0 4 .7aq gradually separate. The crystals 
must be quickly pressed between filter paper. 
They rapidly absorb water from the air, changing 
to Na 2 SO 4 .10aq; exposed to air, even under 
dilute alcohol, they soon change to the deca- 
hydrate. According to Lowel (l.c.) the hepta- 
hydrate is much more soluble in water between 
0° and 26° than the decahydrate. The tempera- 
ture of maximum solubility is 27° ; the solution 
then contains 56 p.c. Na 2 S0 4 , which is the same 
quantity as is present in solution of Na 2 S0 4 . lOaq 
saturated at 34°-36°. If a crystal of Na 2 S0 4 .7aq 
is added to the saturated solution of this salt at 
27° it does not dissolve, but crystals of Na 2 S0 4 
separate until a concentration is reached corre- 
sponding with a saturated solution of Na 2 S0 4 at 
the temperature. The heptahydrate is able to 
form supersaturated solutions, but less readily 
than the decahydrate ; addition of a crystal of 
Na 2 8 0 4 . 7aq causes separation of the hepta- 
hydrate. These results were confirmed by 
de Coppet (Bl. [2] 17, 146). 

(2) The decahydrate Na 2 S0 4 . lOaq crystallises 
from a hot saturated solution of Na 2 S0 4 cooled 
to at least 32° ; a supersaturated solution may be 
cooled in a closed vessel to 0°. If a crystal of 
Na 2 S0 4 . lOaq is dropped in, a mass of crystals of 
F the decahydrate is formed, and the temperature 
rises to o. 18°. Large, white, striated, monoclinio 
prisms; isomorphouB with Na 2 Cr0 4 . lOaq and 
Na 2 Se0 4 . lOaq. S.G. 1*469 (Playfair a. Joule, 
G. 8. Mem. 2, 401) ; 1*485 at 19°, 1*492 at 
20° (Pettersson, Upsala t Nova Acta , 1874). 
[Na 2 ,S,O 4 ,10H 2 O] » 347,800 (Th. 8, 516). Melts 
at 34° (Tilden, G. J. 45, 267). Effloresces in air. 
When melted in the water of crystallisation, 
boiled, and allowed to cool in a closed vessel, 
Na,S0 4 separates, but on shaking, this salt dis- 
solves till 18° is reached, after which crystals of 
Na 2 60 4 . 7aq separate (v. supra). Na l B0 4 . lOaq is 
insoL absolute alcohol; alcohol of S.G. *978 din- 
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solves 14*86 p.c., o! S.G. *972 dissolves 5*6 p.o. y 
And of S.G. *989 dissolves 1*3 p.c. Solubility 
in water increases with temperature to 33°-34° f 
whereat the solution contains 55 parts Na 2 S0 4 
in 100 of water; a crystal of Na 2 S0 4 . lOaq 
dropped into the solution dissolves, and Na 2 S0 4 
separates till 49*53 parts Na 2 S0 4 are in solution 
in 100 parts water, which is the same quantity 
of Na 2 S0 4 as is present in a solution made by 
saturating water with Na 2 S0 4 at 34° (L6wel, 
A. Ch. [8] 88, 334 ; 49, 32). As temperature is 
increased above 84° Na 2 S0 4 seems to be formed, 
and the solubility of this salt decreases as tem- 
perature rises to the b.p. of saturated Na 2 S0 4 Aq. 
There appear to be three temperatures of 
maximum solubility for Na 2 S0 4 and its hydrates: 

(1) at 34°, which is the maximum for Na 2 S0 4 . lOaq, 

(2) at 26°-27° for Na 2 S0 4 . 7aq, (3) at 17°-18° for 
Na 2 80 4 . The quantity of salt in solution, cal- 
culated as Na^SO^ is about the same at these 
temperatures. Lowel (Z.c.) gives the following 
table : — 


S.G. 

P.o. Na,S0 4 

Pa NOjSO*. lOaq 

1*1015 

11*025 

25 

1*1057 

11*466 

26 

1*1100 

11*907 

27 

1*1142 

12*348 

28 

1*1184 

12*789 

29 

1*1226 

13*230 

80 


Acid salts . (1) NaHS0 4 ; by adding 7 parts 
H 2 S0 4 Aq S.G. 1*85, to 10 parts Na 2 S0 4l and 
heating gently till the mass melts and water- 
vapour ceases to be given off. By dissolving in 
water, or by evaporating Na 2 S0 4 in H 2 S0 4 Aq 
at 50°, crystals of NaHS0 4 .’aq are obtained 
(Mitscherlich, P. 12, 138 ; H. Bose, P. 82, 545). 

(2) Na 2 S0 4 .NaHS0 4 ( = Na 2 H(S0 4 ) 2 ) ; by crystal- 
lising Na 2 S0 4 from half as much H 2 S0 4 in water 
as is required to formNaHS0 4 (M., Z.c. ; B., Z.c,). 

(3) NaHS0 4 .H 2 S0 4 (NaH ? (SO ? ) 2 ) ; by crystal- 
lising Na 2 S0 4 from solution in almost 7 parts 
H 2 S0 4 (Schultz-Sellack, J. pr. [2] 2, 459; 
Lescoeur, O. R. 78, 1044). 

Double salts . (1) Na 2 S0 4 .K 2 S0 4 (Penny, P. M. 


100 parts water contain , when solution is saturated , 


Temp. 

Na„S0 4 Na„S0 4 . lOaq 

Sol. made with Na,S0 4 

Na,S0 4 Na 9 S0 4 . lOaq 

Sol. made with Na^SOv lOaq 

Na.SC), 

Sol. 

Na 8 S0 4 . 7aq Na,SO 4 .10aq 
made with Na,S0 4 . 7aq 

0° 



5*02 

12*16 

19*62 

44*84 

59*23 

10 




9*00 

23*04 

30*49 

78*90 

112*78 

15 



18*20 

35*96 

37*43 

105*79 

161*57 

18 

68*25 

871*97 

16*80 

48*41 

41*63 

124*59 

200 

20 

62*76 

361*51 

19*40 

68*35 

44*73 

140*01 

234*4 

25 

61*53 

337*16 

28 

98*48 

62*94 

188*46 

365*28 

26 

61*31 

333*06 

80 

109*81 

54*97 

202*61 

411*45 

30 

60*37 

816*19 

40 

18409 




33 

49*71 

805*06 

50*76 

323*13 




34 

49*53 

302*07 

55 

412*22 




40*15 

48*78 

290*00 






45*04 

47*81 

275*34 






50*4 

46*82 

261*36 






69*79 

45*42 

242*89 






70*61 

44*35 

229*87 






84*42 

42*96 

218*98 






103*17 

42*65 

210*67 







The following table gives S.G. of Na 2 S0 4 Aq 
At 19°:— 


S.G. 

P.o. Na a S0 4 

Pa Na 3 S0, 

1-0040 

1*441 

1 

1-0079 

1*881 

2 

1*0118 

1*323 

3 

1-0158 

1-764 

4 

1-0198 

2*205 

5 

1*0238 

2*646 

6 

1*0278 

3*087 

7 

1-0318 

3*528 

8 

1*0858 

8*969 

9 

1*0398 

4*410 

10 

1*0439 

4*851 

11 

1*0479 

5*292 

12 

1*0520 

5*378 

13 

1*0560 

6*174 

14 

1*0601 

6*615 

15 

1*0642 

7*056 

16 

1*0683 

7-497 

17 

1*0725 

7*938 

18 

1*0706 

8*379 

19 

1-0807 

8*820 

20 

1*0849 

9*261 

21 

1*0890 

9*702 

22 

1*0931 

10*149 

23 

1*0978 

10*584 

24 


[4] 10, 401 ; Mitscherlich, P. 58, 468 ; von 
Hauer, J. pr. 83, 356). (2) Na 2 S0 4 .(NH 4 ) 2 S0 4 ; 
by the interaction of (NH 4 ) 2 S0 4 and NaCI with a 
little water (Schiff). (3) Various double salts 
with Li 2 S0 4 (Kammelsberg, P. 128, 311 ; Wyrou- 
boff, Bl . [2] 9, 35. (4) With sulphates of Od, 
Ca, Cu, Di, In, Fe, La, Mn, and Mg ; references 
under Cadmium sulphates, Calcium sulphates, 
<fec. (5) The compounds Na 2 S0 4 .M 3 (S0 4 ) r 24aq, 
where M * A1 or Cr, are alums (references under 
Aluminium sulphates and Chromium sulphates). 

Strontium sulphates. The normal salt 
SrS0 4 occurs native as celestine. It is obtained 
by adding H,S0 4 Aq or solution of an alkali 
sulphate to solution of a strontium salt ; large 
crystals are formed by dissolving ppd. SrS0 4 in 
cono. H 2 S0 4 , adding dilute HClAq, heating to 
150 3 , allowing to cool, again heating to 150° 
with HClAq, and repeating this treatment three 
or four times (Bourgeois, O. R . 105, 1072). SrS0 4 
is also obtained crystalline by fusing K 2 S0 4 
with excess of SrCl 2 (Manross, A . 82, 850). A 
white solid ; S.G. 3*927 to 3*955 crystalline (M. f 
Z.c. ; Neumann, P. 23, 1) ; 8*7 ppd. (Sohrdaer, 
P. 106, 226; v. also Clarke's Table of Spec . 
Ora/ 08 . [New Ed.l 82). H.F. [Sr, S,0 4 ] * 330,900 
(Th. 8, 516). Almost insol. water; S. *0146 
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ordinary temperature, *0104 at 100° (Fresenius) ; 
insol. dilute H 2 S0 4 Aq ; S. cone. HjSC^ at 70° - 14 
(Garside, C. N. 81, 245) ; lor S. in solutions of 
NaGl, KC1, MgCl a , and Cad, v. Virck (G. C. 
1862. 402). Melts when strongly heated ; is de- 
composed to SrO, S0 2 , and O at full white heat 
(Bousingault, J. 1867. 161). Reduced by heat- 
ing strongly with O, Fe, or Zn (d’Heureuse, P. 
75, 277), or in a steam of H or moist CO (Jac- 
quemin, C. 22. 46, 1164). Loses S0 4 when heated 
with As 2 O a (Moretti, S. 9, 169), or when heated 
continuously to redness in Hd (Bousingault, 
C. B. 78, 593). Decomposed by nesting with 
solutions of alkali carbonates. Forms double 
salts, SrS0 4 .M 2 S0 4 , with alkali sulphates (H. 
Rose, P. 93, 604; 110, 296). An acid salt 
SrH 2 (S0 4 ) 2 (« SrS0 4 .H 2 S0 4 ) is formed by digest- 
ing SrS0 4 in cone. H 2 S0 4 with excess of SrS0 4 
(Schultz, P. 113, 147). 

Thallium sulphates. The normal thallous 
salt Tl a S0 4 is obtained by dissolving T1 in hot 
BLjS 0 4 , or by neutralising H 2 S0 4 Aq by TlOH or 
Tl 2 CO s , and evaporating (Crookes, G. N. 24, 38). 
Forms white rhombic prisms, isomorphous with 
£,80, (von Lang, P. M. [4] 25, 348) ; S.G. 6*77 
(Lamy, Bl. [2] 11, 210 ; v. also Clarke’s Table 
of Spec . Gravs. [new ed.] 79). H.F. [T1 2 ,S,0 4 ] =* 
221,000 (Th. 8, 516). S. 4*74 at 15°, 18*5 at 
100° (Lamy, l.c.). Not decomposed by heating 
to full redness in absence of air ; heated more 
strongly in air gives Tl 2 O s , S0 2 , and O (Carstan- 
jen, J . 1867. 279). Reduced to TLjS by heating 
with KCN. The add thallous salt T1HS0 4 . 3aq 
separates from a solution of the normal salt in 
H 2 S0 4 Aq after some months. When strongly 
heated yields TL 2 S0 4 and H 2 S0 4 (Carstanjen, 
l.c.). Double salts , TL 2 S0 4 .MS0 4 . 6aq, are formed 
when M « Cu, Fe, Mg, Ni, or Zn (Willm, A. Ch . 
[4] 9, 5 ; Werther, Bl. [2] 2, 272). The salt 
T1 2 S0 4 A1 2 (S0 4 ) 8 . 24aq is an alum (v. Lamy, 
Bl. [2] 11, 210). Normal thalUc sulphate 
TUSOJ,. 7aq is obtained as thin, white leaflets 
by dissolving Tl a O,.BL 2 0 in fairly cono. H 2 S0 4 Aq 
and evaporating. Loses 6aq when heated to 
200°, at higher temperatures SO, and O are given 
off and Tl a S0 4 remains (Strecker, A. 135, 207 ; 
Crookes, C. N. 8, 243). The double salts 
TySO^MjSO, [«T1M(S0 4 )J, where M-K or 
Na, are described by Strecker (lx .). 

Thorium sulphates. The hydrated normal 
sulphate ThfSOJ^ aaq is obtained by dissolving 
ThO a in slight exoess of H 2 S0 4 Aq, and crystal- 
lising at 10°~15°. The anhydrous salt is ob- 
tained by heating the hydrated salt to c. 400° 
( v . Chydenius, P. 119, 43 ; Delafontaine, A. 181, 
100; Cleve, Bl. [2] 21, 115; Demarqay, C. B. 
96, 1860). For a full discussion of the conditions 
of formation, relations, and solubilities of the 
various hydrates of Th(S0 4 ) 2 v. Roozeboom 
(Z.P. 0. 5, 198). Th(S0 4 ) 2 has S.G.4*053 at 22-8° 
(Clarke, Am. 2, 176) ; 4*2252 at 17° (Kruss a. 
Nikon, B . 20, 1676). The 8.0. of ThfSOJ*. 9aq is 
2*767 according to Tops5e (Bl. [2] 21, 120). The 
hydrate Th(S0 4 ) 2 .9aq is isomorphous (mono- 
clinio) with 0(80,)*. 9aq (Rammelsberg, B. B. 
1886. 603). Double salts Th(S0 4 ) 2 .M,S0 4 . ®aq 
are known, where M « an alkali metal (Cleve, l.c. ; 
Chydenius, lx.). 

Tin sulphates. The normal stannous salt 
BnSO, is obtained, in very small white crystals, 
by dissolving Sn in warm fairly cono. H a S0 4 A q, 


taking care that Sn is in exoess, dissolving the 
white solid so formed in water, and allowing to 
crystallise out of contact with air (Marignac, 
Awn. M. [5] 15, 221). SnS0 4 is very sol. water ; 
the solution soon deposits basic salts. The nor- 
mal stannic salt Sn(S0 4 ) a . 2aq was obtained by 
Ditto (G. B. 104, 178) by dissolving SnO a . saq 
(ppd. from SnCl 4 Aq by alkali) in dilute H 2 S0 4 Aq 
and evaporating (v. also Krasko witz, P. 35, 518). 
It forms white rhombic leaflets ; very sol. water ; 
decomposed by much water with separation of 
SnO a . A basic salt SnO(S0 4 ). aq is Baid to be 
formed (Ditte, l.c.) by dissolving the normal salt 
in R 2 S0 4 Aq, warming, adding exoess of Sn, and 
then ether. 

Titanium sulphates. Normal titanous sul- 
phate Ti 2 (S0 4 ) 3 . 8aq is obtained, as violet crys- 
tals, by evaporating a solution of Ti in H a S0 4 Aq ; 
sol. water, solution gives a black pp. when 
warmed (Glatzel, B. 9, 1838 ; Ebelmen, J. pr. 
42, 76). Normal titanic sulphate Ti(S0 4 ) a . 3aq 
was obtained by Glatzel (lx.) by oxidising the 
titanous salt by HNO ? , adding a drop or two 
H 2 S0 4 Aq, and evaporating ; a white, translucent 
mass. A double salt Ti(S0 4 ) a .K 2 S0 4 .3aq was 
obtained by Warren (P. 102, 449), by fusing 
TiO a with KHS0 4 , treating with cone. H a S0 4 , 
evaporating, and washing the residue with cold 
water (v. also Glatzel, l.c.). By dissolving TiO a 
in hot KjSOjAq, evaporating, drying the residue 
on a porous tile at 180°, and then heating to c. 
350°, Merz (J. pr. 99, 157) obtained the acid 
salt TiO.SO, as a hard white solid. 

Uranium sulphates. Normal uranic sul- 
phate U(S0 4 ) 2 .9aq is obtained, as green mono- 
clinio crystals isomorphous with Th(S0 4 ) 2 .9aq 
(Rammelsberg, B. B. 1886. 603), by evaporating 
a solution of UO a in excess of H a S0 4 Aq (R., lx.; 
Ebelmen, J.pr. 27, 385). Unchanged in air; 
slowly loses water of crystallisation when heated ; 
at higher temperatures gives yellow (U0 2 )S0 4 , 
and when strongly heated leaves U,0 8 . Heated 
in H gives UO a . Easily sol. dilute H a S0 4 Aq or 
HClAq. Decomposed by water, giving basic 
salts (v. R., lx . ; Athanasesco, O. B. 103, 271). 
Forms double salts with alkali sulphates (R., l.c.). 
The wranyl salt (UOJS0 4 . x&q is obtained, in 
citron-yellow crystals, by dissolving U s O g in 
H a S0 4 Aq with a little HNO a ; or by decomposing 
UO a (NO g ) a by oonc. H 2 S0 4 , evaporating nearly 
to dryness, dissolving in water, evaporating to 
a syrup, and allowing to crystallise slowly (Ebel- 
men, A. 56, 230). By evaporating a solution of 
the hydrated salt in cono. H 2 S0 4 , Schultz-Sel- 
lack obtained the anhydrous salt (UO a )S0 4 (B. 
4, 13). Forms double salts with alkali sulphates 
(U0 2 )S0 4 .M 2 S0 4 . 2aq (Rammelsberg, B. 5, 1005). 

Vanadium sulphates. Vanadyl sulphate 
(VO)S0 4 . £&q is obtained by heating a solution 
of V a 0 4 in cono. H 2 S0 4 . Gerlach (B. 11, 98) 
prepared several compounds of V a 0 4 and SO s by 
dissolving V a O & in H 2 S0 4 . For more detaik and 
descriptions of various salts v. Vanadium tbtbox- 
xde and pentoxude (infra). 

Zinc sulphates. The normal salt ZnS0 4 
is obtained by dissolving Zn, ZnO, or ZnCO s in 
dilute H a S0 4 Aq, evaporating, drying the crys- 
tals of ZnS0 4 . 7aq, and gradually heating to c. 
280° till water oeases to be given off ; it is diffi- 
cult to drive off every trace of water without 
decomposing some of the ZnS0 4 and fanning 
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basic sulphates. Klobb (C. B. 114, 836) ob- 
tained ZnS0 4 in crystals by heating ZnS0 4 . 7aq 
mixed with excess of (NH 4 ) 2 S0 4 in a partly- 
dosed crucible, protected from the gases of the 
flame, till all (NH 4 ) 2 S0 4 was volatilised. A white 
solid ; S.G. ,3-436 at 16° (Pape, P. 120, 867) ; 
3*6236 at 16° (Thorpe a. Watts, C. J. 87, 108). 
HJF. [Zn,S,0 4 ] - 230,100 (Th. 3, 616). Decom- 
posed to ZnO, SO z , and O at c. 400° (Bailey, 
C. J. 61, 681). Heated with charcoal, SO, and 
C0 2 are evolved and ZnO remains ; if the tem- 
perature is rapidly raised to a white heat, S0 2 and 
CO are given off and ZnS is formed. Heating 
in H produces an oxysulphide of Zn. For solu- 
bility in water v . infra. [ZnS0 4 ,Aq] - 9,960 (Th. 
3, 616). For compounds of ZnS0 4 with NH S v. 
Schindler (Mag. Pharm. 31, 167 ; 36, 43), Kane 
(A. Ch. [2] 72, 290), Muller (Z. [2] 6, 250 ; 6, 96). 
Hydrated zinc sulphate. Several hydrates are 
known. The heptahydrate ZnS0 4 . 7aq crystal- 
lises, at ordinary temperatures, in white, right 
rhombic, prisms, isomorphous with MgS0 4 . 7aq. 
S.G. 1*964 (Thorpe a. Watts, C. J. 37, 110). 
H.F. [Zn,S,0‘,7RO] = 252,700 (Th. 3, 616). 
Melts at 60° (Tilden, C. J. 45, 267). At 100° 
loses 6H*0. Poggiale (A. Ch. [3] 8, 467) gives 
solubility in water as follows : — 


S. 

-a. 




»■ ■ ^ 

Temp. 

ZnS0 4 . 7aq 

ZnS0 4 

0° 

115-22 

4302 

10 

138*21 

48-36 

20 

161*49 

53T3 

30 

190-90 

68-40 

40 

22405 

63*52 

60 

263-84 

68-75 

60 

313-48 

74*20 

70 

369*36 

79*25 

80 

442*62 

84-60 

90 

532*02 

89*78 

100 

653*59 

95-03 

Gerlach (Fr. 8, 

260) and Schiff (A. 110, 72) 

give the following data for ZnS0 4 Aq : — 

B.G. 


Gerlach, at 15° 

Schiff, at 20-6° 

Pctge. ZnS0 4 . 7aq 

1*0288 

1*0289 

5 

1*0593 

1*0588 

10 

1*0905 

1*0899 

15 

1*1236 

1*1222 

20 

1*1574 

1-J560 

25 

1*1933 

1*1914 

30 

1*2315 

1*2285 

85 

1*2709 

1*2674 

40 

1-3100 

1*3083 

45 

1*3532 

1*3511 

50 

1*3986 

1*3964 

55 

1*4451 

1*4439 

60 


Almost insol. absolute alcohol; 100 parts of a 
saturated solution in alcohol of 40 p.c. contain 
3*48 parts ZnS0 4 . 7aq (Schiff, J. 1861. 87). 

Hexahydrate , ZnS0 4 . 6aq ; obtained by 
crystallising ZnS0 4 Aq at 40° ; S.G. 2-07 (T. a. 
W., lx . ; v. also Marignac, J. 1856. 389). Penta~ 
hydrate , ZnS0 4 .5aq; obtained by boiling the 
finely-powdered heptahydrate with alcohol of 
S.G. *826 ; S.G. 2*206 (T. a. W., l.c .; e. also 
Kflhn, <7. 1830. 300 ; Schindler, Mag. Phartn. 
81, 167; 86, 43; Pierre, A. Ch. [3] 16,242). 
Dihydrate, ZnS0 4 .2aq ; formed by pouring cold 
saturated ZnSO«Aq into oono, HjSO* and wash- 


ing the pp. with absolute alcohol; S.G. 2*958 
(T. a. W., lx.). Monohydrate , ZnS0 4 . aq ; ob- 
tained by heating ZnS0 4 . 7aq to 100°- 110° till it 
ceases to lose weight ; S.G. 8*28 (T. a. W., lx. ; 
v. also Graham, P. M. [3] 6, 827, 417). 

An acid salt ZnS0 4 .H 2 S0 4 . 8aq is described 
by von Kobell (J. pr. 28, 492;. Several basic 
salts are formed by boiling solutions of 
ZnS0 4 . 7aq with ZnO or ZnO^ (v. Schindler, 
lx. ; Kiihn, lx. ; Kane, A. Ch. [2] 72, 290 ; 
Beindel, Z. [2] 5, 608 ; Haberm&nn, M. 6, 432 ; 
Athanasesco, C. B. 103, 271). 

Double salts are numerous : (1) With alkali 
sulphates, ZnS0 4 .M 2 S0 4 . <raq ( v . Pierre, Ph. Q. 
1846. 410 ; Tobler, A. 95, 193 ; Graham, P. M. 
[3] 6, 827, 417 ; Karsten, B. B. 1841). (2) With 
CoS0 4 , FeS0 4 , MgS0 4 , NiS0 4 , <feo., to form 
ZnS0 4 .MS0 4 .a:aq (u. Bammelsberg, P. 91,821; 
Pierre, l.c. ; Etard, C. B. 86, 1399 ; 87, 602). 

Zirconium sulphates. The normal salt 
Zr(S0 4 ) 2 is obtained by dissolving Zr0 2 in 
slightly diluted H 2 S0 4 , evaporating, and driving 
off excess of acid at a temperature below red 
heat. Zr(S0 4 ) 2 is decomposed by heating to 
redness, giving Zr0 2 . By concentrating a solu- 
tion of Zr(S0 4 ) 2 containing Borne free HjSO,, 
Paykull (B. 6, 1467) obtained crystals of the 
tetrahydrate Zr(S0 4 ) 2 . 4aq (confirmed byWeibull, 
B. 20, 1394). 

Basic salts are obtained by digesting a 
solution of a salt of Zr with saturated l^SC^Aq 
(v. Berzelius, P. 4, 117 ; Warren, J.pr. 75, 861). 

Double salts with K 2 S0 4 are formed by 
fusing KHS0 4 and Zr0 2 (B., lx. ; W., lx.). 

DITHIOPEBSULPHATES. Under the name 
of sodium dithioper sulphate, Villiers (C. B. 106, 
851, 1354) described a salt Na 2 S 4 0 8 . 5aq. This 
salt was said to be obtained by adding to sodium 
thiosulphate insufficient water to dissolve all the 
salt, saturating with S0 2 , adding a little more 
water, again saturating with SOa, keeping the 
yellow solution at the ordinary temperature for 
two or three days, passing in S0 2 as long as it 
was absorbed, and, after standing a day or two, 
evaporating in vacuo over H 2 S0 4 . A mixture of 
Na 2 S 4 0 8 and Na 2 S 2 0 8 was thus obtained ; on ex- 
posure to air the crystals of Na 2 S s 0 8 effloresced, 
and the Na 2 S 4 O a was then picked out. The salt 
Na 2 S 4 O g was described as white, lustrous, rhombic 
prisms *, unchanged in air ; melting at c. 125 ° f 
and giving off S0 2 at c. 140°, leaving N%S0 4 
mixed with S. In a later paper (C. B. 108, 402) 
V. announced that the salt supposed by him to 
be Na 2 S 4 O g was only hydrated sodium tetra- 
thionate Na^Og.RX). 

NITBOSOSULPHATES. In 1800 Dayv (Be- 
searches, chiefly concerning Nitrous Oxyde) no- 
ticed that NO was absorbed by a mixture of 
NajjSOgAq and NaOHAq, a compound being 
formed which, on addition of an aoid, gave off 
N 2 0 while Na 2 S0 4 remained in solution ; he 
supposed that the NO was reduced to N 2 O t the 
Na^SO, being oxidised to Na^O^ and that the 
N 2 0 combined with the NaOH. Pelouze (A. Ch. 
[2] 60, 151) found that a salt containing N, 8, 
and O was formed in the reaction examined by 
Davy; to this Balt he gave the composition 
Na 2 SO s (NO) r 

A mixture of 1 vol. SO, and 2 vols. NO is 
gradually absorbed by cone. KOHAq or NaOHAq. 
forming K^NO),SO A or Na t (NO) a S0 1 . 



SULPHATES. 


Ammonium nitrososulphate (NH 4 ) 2 (NO) 8 SO, 
is best prepared by passing NO for some hours 
into cold cono. (NH 4 ) 2 S0 3 Aq mixed with 6 to 6 
times its volume of NHgAq. White crystals of 
the salt gradually form ; they are washed with 
ice-oold NHaAq, dried in vacuo , and kept in a 
well- stoppered bottle (Pelouze, l.c.). Potassium 
nitrososulphate and sodium nitrososulphate, 
M 2 (N0) 2 S0 8 , are prepared similarly to the am- 
monium salt. Barium and lead nitrososul- 
phates are obtained by ppg. aqueous solutions of 
the K salt by cone. BaOAq and solution of basio 
acetate of lead, respectively (Divers a. Haga, 
C. J. 47, 864). The nitrososulphates readily de- 
compose; they are stable in solution only in 
presence of excess of alkali. Heated moist they 
give off N 2 0, leaving pure sulphate ; heated dry 
they give NO and sulphite ( v . D. a. H., C. J. 47, 
208). With acids, and also with most metallio 
salts in solution, also in contact with spongy Pt, 
charcoal, Ag 2 0, Mn0 2 , <fcc., they give N 2 0 and 
sulphates. Solution of an alkali nitrososulphate 
has no reaction with KMn0 4 Aq (D. a. H., l.c . p. 
205). An alkaline solution of the K or Na salt 
is slowly reduced by Na amalgam, giving 
KjSOjAq and KjNjjOgAq, or the corresponding 
Na salts (D. a. H., l.c. p. 203). 

PEESULPHATES. Persulphuric anhy- 
dride S 2 0 7 is formed at the anode during the 
electrolysis of fairly cone. H 2 S0 4 Aq (v. Sulphu- 
ric peroxide t under Sulphur oxides, p. 616). 
The acid corresponding with this oxide would 
be H 2 S 2 0 8 or HS0 4 ; this acid has not been iso- 
lated, but some of its salts have been prepared 
by Marshall (C. J. 59, 771 [1891]). 

Potassium persulphate K,S 2 0 8 is obtained by 
passing a current of 3 to 3J amperes, for some 
dayB, through saturated KHS0 4 Aq contained in 
a Pt dish, wherein is suspended a porous cell 
containing dilute H 2 S0 4 Aq ; the Pt dish stands 
in a vessel of copper, through which runs a 
stream of cold water, and which is connected 
with the battery so that the Pt dish becomes the 
anode ; the cathode consists of a stout wire of Pt 
dipping into the dilute H 2 S0 4 Aq in the porous 
cell (for description, and diagram, of the appa- 
ratus v . Marshall, C. J. 59, 765-6). The granu- 
lar salt that slowly separates during electrolysis 
is collected by filtering through Pt foil, dried on 
a porous plate, treated with hot water so as to 
obtain a nearly saturated solution, which is at 
once rapidly cooled (the mother-liquor yields 
more K 2 S 2 0 8 when again electrolysed). K 2 S,,0 8 
forms small, white, prismatic crystals ; by spon- 
taneous evaporation of a solution, large, flat 
tables are obtained, probably asymmetric. 
Slightly sol. cold water ; S. at 0° = 1*77 ; insol. 
absolute alcohol, hot or cold. Measurements of 
the electrical conductivities of solutions of the 
salt indicated the formula KS0 4 , and not K 2 S 2 0 H ; 
but Bredig (Z. P . C . 12, 230) showed that 
Marshall’s results were based on data, given by 
Ostwald, which were not quite accurate (the data 
were afterwards corrected in Ostwald’s Lehr - 
buch [2nd ed.] 2, 730). Bredig’s measurements 
established the formula K 2 S 2 0 8 ; and this was 
confirmed by LOwenberg’s determinations of the 
freezing-points and conductivities of solutions of 
the Balt (Chem. Zeitung , 1892. 838). K t S 2 0 8 Aq 
very slowly decomposes at the ordinary tempera- 
ture, giving KHSQ 4 Aq and O ; in contact with 


zinc, decomposition is still very slow; with a 
Cu-Zn couple the rate of ohange is hastened ; 
heating also hastens the reaction. After keeping 
for some time in a dosed bottle a peculiar smell 
is noticed on opening the bottle, perhaps due to 
H 2 S 2 0 8 or S 2 0 7 ; ozone is sometimes also given 
off. Heat decomposes K 2 S 2 0 8 ; K 2 S0 4 remains 
and S0 8 and O are given off ; decomposition is 
marked at a little above 100°, but is not complete 
at 260°. When gently warmed with cone. HNO,Aq 
or HjSO^ muoh ozone is given off ; 01 is evolved 
when cone. HClAq is used. K 2 S 2 0 8 Aq does not 
yield pps. of persulphates with solutions of me- 
tallic salts ; when pps. are formed they are due 
to reactions with K 2 S0 4 Aq formed by the decom- 
position of the K 2 S 2 0 8 Aq. Solution of a salt of 
Ba slowly throws down BaS0 4 ; the reaction is 
very slow, even when the solution is boiled. 
Solution of a salt of Pb also slowly forms PbS0 4 
when heated with K 2 S 2 0 8 Aq ; if alkali is added, 
PbO a is ppd. AgNO a Aq produces no pp. at once, 
but after a time black AgO, the solution be- 
coming acid ; several other metallio salts in 
presence of alkali yield pps. of peroxides with 
KjS-jOgAq, e.g. salts of Co, Cu, Mn, and Ni. KIAq 
is slowly decomposed by K 2 S 2 0 8 Aq, with separa- 
tion of I ; litmus and turmeric solutions are 
gradually bleached; paper and cloth become 
rotten when dipped in K 2 S 2 0 8 Aq. K 4 FeCy 6 Aq is 
oxidised to K^FeCyaAq, and alcohol yields alde- 
hyde, by warming with K 2 S 2 0 8 Aq. 

Ammonium persulphate (NH 4 ) z S 2 0 8 . Pre- 
pared, similarly to K 2 S 2 0 8 , by electrolysing dilute 
H. 2 S0 4 Aq (c. 1 to 6 by volume) with (NH 4 ) 2 S0 4 ; 
the salt is purified by cooling by ice a solution 
saturated at a little above the ordinary tem- 
perature. Crystallises in transparent lozenge- 
shaped, apparently mono-symmetric tables. Very 
sol. water; S. at Eeacts similarly to 

K 2 S 2 0 8 (cf. Elbs, J. pr. [2] 48, 185). 

Barium persulphate Ba 2 (S0 4 ) 4 . 8aq. Prepared 
by rubbing in a mortar saturated (NH 4 ) 2 S 2 0 8 Aq 
with excess of pure Ba0 2 H 2 — Ba 2 (S0 4 ) 4 goes into 
solution, and BaS0 4 also forms— passing a rapid 
stream of air till most of the NH 3 set free in the 
reaction is removed, placing in vacuo over 
H 2 S0 4 till no free NH 3 remains, passing in CO, 
to remove excess of BaO-jHj, keeping in vacuo 
for a short time (to decompose Ba bicarbonate 
to BaCOjj), filtering from BaS0 4 and BaSO g , 
evaporating in vacuo till crystallisation begins 
(with addition from time to time of a little 
BaOAq to neutralise ILjSjjOj, that is set free during 
evaporation), dissolving the crystals that first 
separate in as little water as possible, filtering, 
cooling by ice, and drying the small prismatie 
crystals that form on a porous plate. The 
crystals of Ba 2 (S0 4 ) 4 .8aq gradually become milky 
from formation of BaS0 4 , the change soon 
spreads, and the orystals orumble to a moist, 
powdery mass of BaS0 4 . Ba 2 (S0 4 ) 4 .8aq is very 
sol. cold water; S. at 0°~52*2. Sol. absolute 
alcohol; on standing white crystals are deposited* 
probably Ba 2 (S0 4 ) 4 . 2aq. 

Lead persulphate Pb 2 (S0 4 ) 4 . a?aq ; or 6* 
probably 6. Obtained by adding a slight excess 
of BL 2 S0 4 Aq to cone. Ba 2 (S0 4 ) 4 Aq, neutralising 
with PbC0 8 , filtering after some time, evaporating 
in vacuo over H*S0 4 (removing PbS0 4 from time 
to time by filtration) till a solid mass is obtained* 
which is at once dried between filter paper and 
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placed in vacuo. Pb ; (S0 4 ) 4 was not obtained 
quite free from PbS0 4 ; it decomposes very 
readily, giving off pungent fumes, that separate 
I from KIAq on paper. 

Zinc persulphate was obtained, but not pure, 
by adding ZnS0 4 Aq to Ba^SO^Aq in the proper 
proportions, filtering, and evaporating in vacuo 
over H 2 S0 4 . The copper salt was also obtained, 
but not free from CuS0 4 . For thermal data con- 
cerning the formation and solution of the per- 
sulphates of NH 4 , Ba, K, and Na d, Berthelot 
(C. B. 114, 875 ; abstract in C. J. 62, 951). 

PYROSULPHATES. (. Disulpliates . Anhy - 
drosulphates.) Salts of the acid H 2 S 2 0 7 (v. Pyro- 
sulphuric acid, under Sulphuric acid, p. 620). 
These salts bear to the sulphates a relation 
similar to that of the dichromates to the chro- 
mates. The sulphates may be written S0 2 (0M) 2 , 
and the pyrosulphates 0M.S0 2 .0.S0 2 .0M. The 
sulphates and pyrosulphates may also be regarded 
as compounds of the acidic radicle SO,, with 
basic radicles MO ; thus sulphates MO.SO s , 
pyrosulphates M0.2S0 s . Inasmuch as H^O, 
may be regarded as a partial anhydride of 
ELjS 0 4 (2H 2 S0 4 - H 2 0 =»H 2 S 2 0 7 ), the acid H 2 S 2 0 7 
is sometimes called anhydrosulphurio ( cf . Acids, 
vol. i. p. 50). 

Potassium pyrosulphate KoS 2 0 7 is formed 
by heating K 2 S0 4 with half its weight of H 2 S0 4 
till acid ceases to come off at an incipient red 
heat. Prismatic needles; S.G. 2*277 (Jacquelain, 

A. Ch. [2] 70, 311). Melts at 300°, according to 

Schultz -Scllack ( B . 4, 109). Cannot be crystallised 
from water. Solution in fuming H 2 S0 4 gives 
crystals of the acid salt KHS 2 0 7 , melting at 
168° (S.-S., Z.c.). Heated with alcoholic solution 
of KSH gives K 2 S0 4 , K 2 S 2 0 3 , and H 2 S ; boiled 
with 0 2 H^ONa in alcohol gives KNaS0 4 and 
KEtS0 4 (Drechsel, J. pr. [2] 5, 367). The pyro- 
sulphates of NH 4 , Ba, Ag, and Na are prepared 
similarly to K 2 S,0 7 (o. Schulze, B. 17, 2707 ; J., 
he. ; S.-S., he.). * M. M. P. M. 

SULPHAZIDES x.nh.nh.so 2 .y. 

Formation. — 1. By the action of alcoholic 
S0 2 upon diazo- compounds.— 2. By the action 
of hydrazines upon sulphonic chlorides Y.S0 2 C1. 
3. By the action of hydrazine hydrochlorides 
upon sulphinic acids Y.SOJEL— 4. By reduction 
of the compounds X.N 2 .S0 2 .Y. 

Reaction.— By heating with aqueous alkalis 
(e.g. baryta-water) they are decomposed into a 
sulphinic acid, a hydrocarbon, and nitrogen; 
X.N.,H 2 .S0 2 .Y = XH + Y.S0 2 H + N 2 . 

References : Koenigs, B. 10, 1531 ; Wiesinger, 

B. 10, 1715 ; Fischer, A. 190, 132 ; Escales, B. 
18, 893 ; Limpricht, B. 20, 1238. 

SULPHAZOTISED ACIDS v. Sulphur oxy- 
ACIDS, NITROGEN DERIVATIVES OP (p. 619). 

SULPHIDES. Binary compounds of sulphur. 
The name is generally applied only to binary 
compounds of S with elements less negative than 
itself— that is, to compounds with elements other 
thanBr, C1,F, I, or O ; thus S0 2 and SO, are called 
oxides of sulphur rather than sulphides of oxy- 
gen. Compounds of S with organic radicles, 
which compounds react similarly to sulphides of 
metals, must be regarded as binary compounds 
if the definition of the term sulphide is to be 
made as wide as possible. In the present article, 
however, only binary compounds of S with less 
negative elements are included. Sulphides of 


all the metals, and also of the non-metals H, B, 
0, N, Si, P, Se, and Te, are known. 

Many sulphides of metals ocour native. Sul- 
phides are frequently prepared by the direct 
union of the elements; sometimes by heating 
metallio oxides with excess of S, e.g. As 2 S, — in 
many cases a mixture of sulphide and oxide is 
formed in this way ; addition of alkali carbonate 
to the mixture of metallic oxide and S some- 
times brings about formation of sulphides, e.g* 
formation of sulphides of Or and U ; polysul- 
phides mixed with sulphates are produced by 
heating the hydroxides or carbonates of alkali 
metals with S. Most heavy metals give sulphides 
when their oxides are heated in H 2 S gas, also 
when H 2 S is passed into solutions of their salts. 
Heating metals in H 2 S gas often produces sul- 
phides. Sulphides are also formed by heating 
one metal with the sulphide of another, more 
negative, metal. Reduction of sulphates, generally 
by heating in H or with C, frequently yields sul- 
phides. Some metallic oxides yield sulphides 
when Btrongly heated in vapour of CS 2 . Sul- 
phides of many heavy metals are formed by im- 
mersing the metals in (NH 4 ) 2 SAq containing 
excess of S ( v . Priwoznik, A. 164, 46). Many 
metallic oxides yield sulphides by heating with 
dry Na 2 S 2 0 3 (v. Landauer, Fr . 1872. 427). 

The sulphides of the alkali and alkaline earth 
metals are soluble in water ; other sulphides are 
insoluble, or only very slightly soluble, in water. 

Very dilute aqueous solutions of several 
metallio sulphides, in the colloidal form, were 
obtained by Winssinger ( Bl . [2] 49, 462) by the 
following methods; (1) ppg. the sulphide by 
H 2 S from an extremely dilute solution, and dia- 
lysing ; (2) washing the ppd. sulphide for a long 
time with cold water, or with dilute H 2 SAq ; (3) 
forming the sulphide in a solution free from alt 
substances capable of causing ooagulation. In 
these ways W. obtained colloidal soluble sul- 
phides of Bi, Co, Au, Fe, In, Pb, Hg, Mo, Ni, 
Pd, Pt, Ag, Tl, W, and Zn. For preparation of 
colloidal soluble CdS v. Prost (C. O. 1888. 32), 
and of colloidal soluble CuS v . Spring a. de 
Boeck (BL [2] 48, 165). 

Metallio sulphides are decomposed by strong 
acids, giving salts and HJ3; secondary reac- 
tions frequently occur, S almost invariably 
separating. Several sulphides, e.g. As 2 S 2 and 
HgS, are sublimable out of contact with air ; all 
sulphides are oxidised by heating to redness in 
air. The sulphides of the very positive metals 
yield sulphates, and the sulphides of the heavy 
metals generally form oxides (the sulphides of 
Au, Hg, Pt, and Ag form metal) and give off 
S0 2 . All sulphides of metals yield metallic 
chlorides and SgCIa when heated in a stream of 
Cl. Many metallio sulphides are decomposed by 
water, at different temperatures, giving oxides 
or hydroxides and H 2 S (cf. de Clermont a. From- 
mel, C. B. 87, 330). Sulphides of non-metals 
are decomposed by water, generally to oxyaoids 
and H 2 S; NS gives NH 4 salts of H 2 S v O* and 
HjS 3 0 # . Many sulphides of heavy metals are 
decomposed by heating with water and I, giving 
iodides, S, and a little sulphate (v. Filhol a. 
Mellies, A. Ch. [4] 22, 68). 

The double sulphides , formed by the union 
of sulphides of more positive elements with sul- 
phides of less positive elements, are comparable 
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with the double oxides or oxysalts; most of 
these double sulphides are probably best re- 
garded as salts of thio-acids corresponding with 
salts of oxyacids, but it is customary to apply 
this conception generally only to those com- 
pounds which oontain sulphides of non-metals 
or of Sb, As, or Sn. The double sulphides, or 
thio- salts, are generally decomposed by water, 
forming oxides and H,S. Many double sul- 
phides, containing K 2 S or Na^S as one consti- 
tuent, are formed by fusing metals or metallio 
sulphates with K 2 CO g , or Na 2 GO s , and S (v. 
Schneider, J. pr . [2] 7, 214 ; 9, 209 ; 10, 55). 
The sulphides may be classified, like the oxides, 
as monosulphides, disulphides, &o. It is better, 
however, to divide them into basic, acidic , in- 
different , and persulphide^ ; but this classification 
has been less developed and applied than in the 
case of the oxides. Basic sulphides react with 
acids to form salts and H 2 S, just as basic oxides 
react with acids to form salts and H 2 0. Acidic 
sulphides react with the basic sulphides to form 
thio- salts, as acidic oxides react with basic 
oxides to form oxy- salts ; but few compounds 
have been isolated of acidic sulphides with H 2 S, 
corresponding with the compounds of acidic 
oxides with water which are oxyacids. The more 
strongly acidic sulphides — that is, the sulphides of 
non-metals — are decomposed by water, generally 
giving H 2 S and oxyacids. The persulphides have 
not been much studied; any sulphide of an 
element containing more 8 than the basio or 
acidic sulphide of the same element may be 
placed provisionally among the persulphides. A 
sulphide which does not react as basic or acidic, 
and which from its composition cannot well be 
called a persulphide, may be classed as an in- 
different sulphide. The sulphides of 0 and P 
oombine with several metallic sulphides to form 
thio- salts ; double sulphides (or thio- salts) have 
not been isolated containing sulphides of B, N, 
Si, Se, or Te; the sulphides of Sb, As, and Sn 
combine with the sulphides of the alkali metals, 
and with some other sulphides of positive metals, 
to form thio- salts. The greater number of the 
double sulphides are formed by the union of 
two sulphides, both of which are metallic. The 
sulphide of that metal which, on the whole, is 
the more positive is regarded as the basic 
radicle ; and the sulphide of the metal which, on 
the whole, is the less positive is regarded as the 
acidic radicle of the double sulphide. Some 
metallic sulphides must be classed both as basic 
and acidic; Ou 2 S, for example, combines with 
As 2 S a , and is therefore basic towards the dis- 
tinctly acidic sulphide of As, but it also combines 
with K^S, and is therefore acidic towards the 
distinctly basic sulphide of E. It is impossible 
to divide the metallio sulphides into two dis- 
tinctly-marked classes; the relativity of the 
terms ( basio * and * acidio * becomes even more ap- 
parent in dealing with sulphides than in dealing 
with oxides. The sulphides BaS„ BaS 4 , CaS 4 , and 
CaS. may be taken as examples of those which 
are loosely put together under the name persul- 
phides. As examples of indifferent sulphides NS 
and Cr„S 4 may be mentioned. Many metallic sul- 
phides which have been little studied — and which 
must, therefore, for a time be called indifferent — 
are very probably basio in their reactions ; such 
are Al t S, and OdS. M.M.P. M. | 


STJXPHIDO-DIACETIG ACID C 4 H a S0 4 Ia. 

S(GH 2 .00 2 .H) 2 . ThAodiglycoUic acid . [129°]. S. 
42 at 18°. Formed from chloro-aoetio acid and 
alooholio ammonium sulphide, aqueous Oa(SH) v 
or Na-S (Schulze, Z . 1865, 78 ; 1866, 184 ; 
Sohreiber, J*. pr . [2] 13, 472; Lov6n, B. 17, 
2818). Formed also by heating bromo-aoetio 
acid with benzyl sulphide, allyl sulphide, or 
ethylene sulphide (Letts, Tr. E. 28, 612). Tri- 
metric tables, v. sol. alcohol. Oxidised by 
KMn0 4 to SOjjfCH^SOjHJa. The Na salt is con- 
verted by treatment with sodium ohloro-acetate 

into CO,H.CH J SMe<^ Hs >CO [150°] (Deliglo, 
B. 25, 2450). The analogous compound 
(CO s H CH 2 ) 2 S<^g^>CO [168°] is formed from 

chloro-acetio acid, Na 2 OO f , and Na 2 S (Delisle), 
and yields Na^jA" 3aq. 

Salt 8 . — K-jA" aq : deliquescent prisms. — 
KHA".— CaA". S. 2 at 21°.-BaA".— BaA"5aq. 
— ZnA" 4aq. — PbA". — Pb^'O.- OuA" aq.— 
A g2 A". 

Methyl ether Me^A". (185° at 11mm.). 

Ethyl ether EtJL". (268° cor.). Formed 
from chloroaoetic ether and alcoholic KSH 
(Wislicenus, A. 146, 153). 

Amide S(CH 2 .CO.NH 2 ) 2 . Formed from 
chloro-acetic acid and alcoholic (NH 4 ) 2 S. 

Amic acid 8(CH 2 .C0 2 H).CH 2 .C0.NH 2 . 
[125°]. Prisms, m. sol. cold water.— BaA' a aq. — 
CaA' 2 aq. — AgA': needles (from hot water). 

Imide s <ch.co> NH - t 128 °^ downed 
by heating the ammonium salt at 200°. Crystals. 

Anhydride S<ca'CO>°- [102 ° 3, ( 158 ° 
at 10 mm.). Formed by boiling the acid with AcCl 
(Anschutz, A . 273, 68). Needles (from CHC1,). 

Chloride SfCH^COCl),. 

Mono-anilide 8(CH 2 .C0 2 H).CB^.C0NHPh. 
[103°]. 

Di-anilide S(CH 2 .CO.NHPh) 2 . [168°]. 

p-Toluide SfCH.-COgH). CH a .CO.NHC 7 H 7 . 
[95°]. Needles. 

JDi-sulphido-di-aoetic acid ( di-thio-di-glycollic 
acid) S 2 (CH 2 .C0 2 H) 2 [100° uncor.]. Formed from 
thio-glycollio acid CEL,(SH).C0 2 H by Fe 2 Cl g or 
by atmospheric oxidation of the alkaline solution 
(Claesson, B. 14, 410 ; Ginsburg a. Bondzynski, 
JB. 19, 114). White plates or prisms. V. sol. 
water, alcohol, and ether, si. sol. benzene. Gives 
with AgNO, a white pp. AgHA". By tin and 
HOI it is reduoed to thio-glyoollio acid. — 
KjA" 1 Jaq ; easily soluble crystals. — KHA" aq.— 
BaA" 4aq : amorphous pp. 

Ethyl ether (c. 280°). 

Amide [155°]. Crystalline. 

8ULPHID0-DI-ACET0 ACETIC ETHER 
0 If H, g 80 a i.e. 8(CHAc.C0 2 Et) 3 . [90°] (S.); 

[84°] (D.) ; [76°] (B .). Formed by the action of 
S 2 C1 2 (2 mols.) or of SCL on sodium acetoaoetio 
ether (1 mol.) suspended in benzene (Buchka, 
Be 18, 2092; 22, 2545, 2555; Delisle, £. 22, 
306). Formed also from cupric acetoaoetio ether 
and S in benzene (SohOnbrodt, A . 253, 197). 
Needles, v. e. sol. benzene. Converted by KOH 
into sulphido-diacetio acid. Yields a crystalline 
phenyl-hydrazide C 20 H ?2 N 2 S0 4 , converted by 
warming with an alcoholic solution of phenyl- 
hydrazine into oxy-pbenyl-methyl-pyrazole-axo- 
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benzene ^^^ e >C:N.NHPh (Michaelis a. 

Phillips, B . 23, 560). Phenyl-hydrazine (2 mols.) 
added to sulphido-di-acetoaoetic ether dissolved 
in cooled HO Ac forms C^H^N^SO^, which 
yields B'HOAc [161°] and B'HOEt (Michaehs, 
B. 23, 2476 ; Sprague, C. J. 59, 332). 

STTLPHIDO-ANILINE v . Di-amido-di-phenyl 

SULPHIDE. 

DISTJLPHlDO-DI-BENZOIC ACID 

S 2 (C a H 4 .C0 2 H) 2 . [244°]. Formed by oxidation of 
C 8 H 4 (SH).C0 2 H by moist air or by bromine 
water (Frerichs, B . 7, 794 ; Hiibner a. TJpmann, 
Z. 1870, 294). Formed also from m-diazo-benzoio 
acid and H .S (Griess, J, pr. [2] 1, 102) and, in 
small quantity, by fusing sodium sulphobenzoate 
with sodium formate (Ador, B. 4, 622 ; Meyer, 
B. 6, 1150). Needles, nearly insol. hot water, 
si. sol. alcohol.— (NH 4 )., A" 2aq.-~CaA"3aq. — 
BaA" 3aq. — PbA"aq. — Cu 2 (OH) 2 A" 5aq. — 
Ag^'l^aq: yellowish-white pp. 

y-SULPHIDO-DIBTJTYRIC ACID 
S(CH 2 .CH 2 .CH 2 .C0 2 H) 2 . [99°]. Formed by warm- 
ing its nitrile with fuming HClAq (Gabriel, B. 
23, 2492). Flat crystals. 

’ Nitrile S(CH 2 .CH 2 .CH 2 .CN) 2 . (above 300°). 
Formed by boiling 7-chloro-butyronitrile with 
alcoholic K 2 S. Thick liquid. 

a-Sulphido-dibutyric acid S(CHEt.C0 2 H) 2 . 
[105°]. Formed by heating a-bromo-butyric 
ether (2 mols.) with an alcoholic solution of 
KSH (1 mol.) and KOH (lmol.), and saponifying 
the product (Lov6n, J. pr. [2] 33, 102). Tufts 
of needles (from water). — BaA". 

o-Sulphido-di-isobutyric acid SfCMe^COaH^. 
Formed from a-bromo-isobutyric ether and alco- 
holic K 2 S, the product being saponified. Tablets 
(from water), insol. dilute H 2 S0 4 . — BaA" 2aq. 

Di-7-sulphido-dibutyric acid 
S 2 (CH 2 .CH 2 .CH 2 .C0 2 H) 2 . [109°]. Formed by boil- 
ing the amide with cone. HClAq (Gabriel). Flat 
plates, v. sol. alkalis. 

Amide S 2 (C,H„.CO.NH 2 ) 2 . [167°]. Formed 
by dissolving Cy.C 3 H 8 .S.Cy in cold cone. B 2 S0 4 . 

SULPHIDO-DICINNAMIC ACID C 1B H 14 S0 4 
i.e . (PhCH:C(C0 2 H)) 2 S. Formed by boiling 
sutyhido-diacetic acid with Ac 2 0 and NaOAo 
(LovAn, B. 18, 3242). Small needles (from alco- 
hol), insol. water. Yields C, g H, 4 Br 2 S0 4 . — 
NajA"2£aq : silvery plates. 

Di-a-aulphido-di-cinnamic acid c„h 22 s 2 o 4 
Le. (Ph.CH:O.C0 2 H) 2 S 2 [179°]. Formed by 
the oxidation of sulphydro - cinnamic acid 
Ph.CH:C(SH).C0 2 H by iodine in alcoholic solu- 
tion. Long yellowish needles, v. sol. alcohol, less 
in benzene (Ginsburg a. Bondzynski, B. 19, 123). 

DI - SULPHIDO-DI-M ETHENYL-DI-AMIDO- 
DI-NAPHTHYL MERCAPTAN 

S 2 (C<^g^>C 10 H 6 ) st . Formed by oxidation of 

C lfl H f <^g^>C.SH with alkaline K 3 FeCy a (Jacob- 
son a. Frankenbacher, B. 24, 1408). The (a)-com- 
pound melts at 194°, the (0)- isomeride at 180°. 

DISTJLPHIDO- DI-METHENYL-DI-AMIDO- 

DI-PHENYL MERCAPTAN S s (0<g>0,HJ r 

[186°]. Formed by oxidising sulphydro-methenyl- 
amido - phenyl mercaptan with and 

HOAo (Jacobson a. Frankenbacher, B. 24, 


1404 ; cf. Hofmann, B. 20, 1789). Plates (from 
benzene). 

DI . STJLPHIDO - DI . METHENYL - Dl - 
BENZENYL - DI - AMIDOSULPHIM 

S 2 (C ^g^^CPh)^ [120°]. Formed by oxida- 

tion of 0,H,.C<^ g>G.SH (Crayen, B. 24, 889). 

Stellate groups of needles, insol. water, si. sol. 
alcohol. Reduced by sodium-amalgam to the 
parent substance. 

DI - STJLPHIDO - DI - METHENYL - DI - p - 
TOLENYL-DI-AMIDOSULPHIM 

S‘(°<S N N>°W e >’- [ 109 °]- Formed by 

oxidation of C,H,.C<^jj N g^C.SH with HNO, 

free from nitrous acid (Crayen, B. 24, 392). 
Needles, insol. alcohol ana ether, sol. hot G 8 H 8 . 

DI- STJLPHIDO -DI- METHYL -ANILINE v. 
Tetra-methyl-di-amido-di-phenyl-di-sulphidb. 

DI - STJLPHIDO-DI-N APHTHALEN £-DI-(0)- 
STJLPHONIC ACID S 2 (C 10 H 8 .SO 3 H) 2 . Formed 
from the product of the action of potassium 
xanthate on diazotised (0)-naphthylamine (0)- 
sulphonio acid by treatmont with alcoholio 
potash (Leuckart, J. pr. [2] 41, 223). Colourless 
plates, v. sol. water and alcohol. Reduced by 
zinc-dust and dilute R 2 S0 4 to C 10 H 8 (SH).SO 3 H. — 
ILA". — PbA" : amorphous pp., si. sol. water. 

STJLPHIDO -DI-(0)-NAPHTHYL-CARBAMIC 
ACID. Phenyl ether 

s <^g»> N . c °.°Ph. [215°]. S. (96p.o.aloo- 

hol) *20* at 16° ; S. (benzene) 1*20 at 16°. 
Formed from the chloride and alcoholic NaOPh 
(Paschkowezky, B. 24, 2916). Needles. 

Chloride S:(C 10 H 8 ) 2 :N.COCl. [255°]. 

Formed by heating 0-imido-di-naphthyl sulphide 
with COCLj in toluene at 170°. Needles (from 
benzene-alcohol), v. si. sol. ether. Converted by 
aniline into S:(C 10 H 8 ) 2 :N.CO.NHPh, which is 
crystalline, S. (96 p.c. alcohol) *04 ; S. (benzene) 
•18 at 17'5°, converted by boiling aniline into 
SfC.oH^NH,), and C0(NHPh) 2 . The chloride is 
converted by alcoholic NHj at 145° into 

S<q ,0 ^>N.C0.NH 2 , crystallising in needles, 
S (96 p.c*. alcohol) *06 ; S. (benzene) *10 at 17*5°. 
The chloride S<S ln S*>N.COCl is converted 
by 0-imido -di-naphthyl sulphide in xylene at 
280° into (s<CQ^g[*^>N) 2 CO, crystallising in 

yellowish plates and tables [over 350°]. 

SULPHIDO-DI-PHENYL- AMINE v. Imido- 

DI-PHENYL SULPHIDE. 

STJLPHIDO-DI-PHENYL-CARBAMIC ACID. 

Ethyl ether S<p*® 4 >N.OO,Et. [110°]. 

Formed from imido-di- phenyl -sulphide and 
ClC0 2 Et (Franckel, B. 18, 1845). Silky plates. 

Phenyl ether S:(C 8 H 4 ) 2 :N.C0 2 Ph. [164°]. 
S. (96 p.c. alcohol) *24 at 16°; S. (benzene) 
1*9 at 16°. Formed by heating the chloride 
with NaOPh in alcohol on the water-bath 
(Paschkowezky, B. 24, 2908). Needles. 

Chloride S:(C.H 4 ) 2 :N.C0C1. [172°). Formed 
from S:(O f HJ,:NH and COC1, at 100°. Colour- 
less prisms, sol. chloroform, and hot HOAo. 
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p*SULPHIDO-DI-PHENYL-DI-HYDRAZINE 

S(C.H 4 .NH.NH 2 ) 2 . [115°]. Formed from 

S(O tf H 4 .NH 2 ) 2 by diazotisation, treatment with 
HaHSOj,, and reduction with zinc-dust (Ruhl, B. 
28, 3482; A. 270, 149). Yellowish leaflets, 
decomposing at 130°, si. sol. cold water and 
ether, v. sol. alcohol. Reduces Fehling’s 
solution in the cold. Benzoic aldehyde yields 
S(C„H 1 .N 2 H:CHPh) 2 . — B"2HC1. [209°]. — 

B 'H 2 S0 4 . [219°].— B"H 2 C 2 0 4 . 

SULPHIDO - PHENYL - NAPHTHYLAMINE 


n n 

KclE‘> NH - Imido-phenyl-napJithylamine. 

Formed by heating phenyl-naphthyl-amine with 
S at 240° (Kym, B. 23, 2464). The (a)- com- 
pound melts at 138°, the (£)- isomeride at 178°. 
Both form yellow crystals, m. sol. hot alcohol, 
and give a deep blue solution in cone. H 2 S0 4 . 
SULPHIDO - DI - PHENYL - DI - (0) - NAPH- 

THYL-UEEA N(C 10 H,) 2 .CO.N<£“®‘>S. [225°]. 

S. (96 p.c. alcohol) *12 ; S. (benzene) *55 at 16°. 
Formed from S:(C ft H 4 ) 2 :N.COCl and (C 10 H 7 ) 2 NH 
at 260° (Paschkowezky, B. 24, 2914). White 
nodules, si. sol. hot alcohol, sol. hot benzene. 

Sulphido - tri - phenyl - (j8) - naphthyl - urea 
NPh(C, 0 H 7 ).CO.N:(C 6 H 4 ) 2 :S. [170°]. S. (96 p.c. 
alcohol) *52 ; 8. (benzene) 3*38 at 15°. Formed 
by heating sulphido-di-phenyl-carbainic chloride 
with phenyl-(£)-naphthylamine at 250° (P.). 


SULPHIDO - DI - PHENYL - DI -TOLYL- DI- 
GUANIDINE (NHPh.C(NH).NH.C 7 H a ) 2 S. [153°]. 
Formed from the corresponding thio-urea, HgO, 
and alcoholic NH S (Truhlar, B. 20, 675). Needles 
(from ether ligroin).— C 28 H 28 SN a H 2 PtCl 6 . 

Sulphido- tetra-phenyl-di- tolyl-di- guanidine 
(NHPh.C(NPh).NH.C 7 H 6 ) 2 S. [106°]. 

Formed by warming an alcoholic solution of 
(NHPh.CS.NHC 7 H 6 ) 2 S with aniline and HgO. 
Grey amorphous powder, v. e. sol. alcohol. 

Disulphido - di - phenyl - tetra - tolyl-di-guani- 

3i_ upi « /NH.C 7 H,S.C 7 H,NH\ n xtd'u 
dine NPh:C< NH 0 | H » s c J H ^ NH >C.NPh. 

[119°]. Formed by heating the corresponding 
thio-urea with excess of aniline and HgO. 
Resinous mass, v. e. sol. alcohol. 

SULPHIDO - DI - PHENYL - DI - TOLYL - DI- 
THIO-DI-UREA (NHPh.CS.NH.C.H e ) 2 S. [134°]. 
Formed from S(C 7 H <J .NH 2 ) 2 ana phenyl-thio- 
carbimide (Truhlar, B. 20, 670). Needles. 

SULPHIDO-DI-PHENYL-UREA C 13 H 10 N 2 SO 

i.e. S<c‘h) N ' C 0 - NH " [202°]. 8. (96 p.c. alcohol 

at 17*5°) *3 ; 8. (benzene) 2*7 at 17*5°. Formed 
from S:(C fl HJ 2 :N.COCl and alcoholic NH 3 
(Paschkowezky, B. 24, 2908). Plates. 
Sulphido-tri-phenyl-urea 

B<g‘g‘>MO.NHPh. [169°]. S. (96 p.c. alco- 
hol) -26 at 17-6° ; S. (benzene) 3-74 at 17-5°. 
Formed from S(C fl H 4 ) 2 NCOCl and aniline. Bluish 
aeedles, sol. alcohol. 

Sulphido-tetra-phenyl-urea 
S(C,,H 4 ) 2 N.CO.NPh 2 . Formed in like manner, 
using NPh^JH. Hexagonal plates. 
Di-sulphido-tetra-phenyl-urea 


co (n<o“J;>S). [225’] (F.); [231°] (P.). 

S. (96 p.c. alcohol) -043 at 17° ; 4- 16 at 78°. 
Formed by heating NH:(C # H < ),:S with 


S:(C s H 4 ),:N.0001 (Franokel, B. 18, 1848). Plates 
(from HOAc), v. si. sol. ether and hot alcohol. 

DI-SULPHIDO-DI - PROPYL • DI - PHTHAL - 
AMIC ACID 0 22 H 24 N 2 S 2 0 fl i.e. 
S a (C a H ? .NH.C0.0 t} H 4 .C0 2 H) 2 . [136°]. Formed 

by boiling ( 7 )-phthalimido-propyl sulphocyanide 
with a 10 p.c. solution of KOH (Gabriel a. 
Lauer, B. 23, 89). Plates (from HOAc), v. sol. 
alkalis.— KjA" ; crystalline pp. 

(a)-SULPHIDO-DIFROPIONIC ACID 
S(CHMe.C0 2 H) 2 . Thiodilactylic acid. [125°]. 
Formed, together with CH 3 .CH(SH).C0 2 H, by 
boiling potassium a-chloro-propionate with KSH 
(Schacht, A. 129, 4 ; Bottinger, A. 196, 106). 
Formed also by passing H 2 S into a solution of 
potassium pyruvate (Bottinger, B. 12, 1425) and 
by the aotion of CH 3 .CH(8K).C0 2 K on 
CH 3 .CHC1.C0 2 K (Lov6n, J. pr. [2] 29, 373). 
Monoclinic prisms, v. e. sol. water, alcohol, and 
ether. Not affected by nascent hydrogen. 
Oxidised by dilute HNO, to S0..(CHMe.C0 2 H) 2 . 
— KA." : deliquescent. — BaA" : amorphous, v. 
sol. water (S.). Its solution on boiling deposits a 
crystalline salt, S. ’1 (L,). — Ag 2 A" : amorphous 

pp. 

Di-(a)-Bulphido-dipropionic acid 
S 2 (CHMe.CO.,H) 2 . [142°]. Formed by oxidation 
of CH a .CH(SH).CO ,H by I or FeCl 3 (S. ; Bottinger, 

A. 196, 103 ; B. 10”, 1047; Lov6n, J. pr. [2] 29, 
372). Needles, si. sol. cold water, v. sol. alcohol 
and ether. Reduced by zino and HClAq to 
CH a .CH(8H).C0 2 H. — (NH 4 ) 2 A".— K 2 A" 2aq. — 
AgaA" : amorphous pp. 

Di-/3-sulphido-dipropionic acid 
S 2 (CH 2 .CH 2 .CO,H) 2 . Formed by oxidation of 
CH 2 (SH).CH 2 .C0 2 H (L.). Thin silvery plates. 

Tri-sulphido-di-propionic acid 
S,(CHMe.C0 2 H) 2 . [95°]. Formed from 

CH 3 .C0.C0 2 H and H 2 S (Lov6n, J. pr. [2] 47, 
173). Plates, v. sol. hot water. Yields a-sulpho- 
propionic acid on oxidation. 

SULPHIDO-TOLUIDINE v. Di-amido-di- 

TOLYL SULPHIDE. 

SULPHIDO - DI - TOLYL - DI - CARBAMIC 
ETHER S(C a H a Me.NH.C0 2 Et) 2 . [113°]. Formed 
from imido - di - tolyl sulphide and ClC0 2 Et 
(Truhlar, B. 20, 668). Needles, v. sol. alcohol. 

DI - SULPHIDO - TETRA- TOL YL-DI-GUANI- 
DINE C(NH)<NHAH. ; S ; C,H„ ; NH >C(NH) 

[196°]. Formed by boiling the corresponding 
thio-urea with alcoholic NH, and HgO (Truhlar, 

B. 20, 673). White amorphous powder, v. sol. 
benzene and hot alcohol.— B' 2 H 2 PtCl u : brown 
amorphous powder. 

SULPHIDO-DI-TOLYL-THIO-UREA 

S< CcH NH> CS - P 35 °]- formed from 
S(C,H^.NH.Ja end alcoholic CS... 

Sulphido-di-tolyl-di-thio-di-urea 
S(C 7 H 8 .NH.CS.NH 2 ) 2 . [121°J. Formed by eva- 
porating the hydrochloride of di-amido-di-tolyl- 
sulphide with ammonium sulphocyanide 
(Truhlar, B. 20, 669). Amorphous powder, si. soL 
ether. 

Di-sulphido-tetra-tolyl-di-thio-di-urea 

cs <nh:c;I::s:c;h::n 1> cs - 

by boiling an alooholio solution of di-p-amido- 
di-tolyl sulphide with CS a (Truhlar, B. 20, 672)* 
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White amorphous powder, nearly insol. ordinary 
solvents. 

SULPHIDO-DI-TOLYL-DI-UBEA 

S(0 6 H 8 Me.NH.00.NH ! j) 2 . Formed from di- 
amido-di-tolyl sulphide, hydrochloride and 
potassium cyanate (Truhlar, B. 20, 609). Crys- 
tallises from benzene in needles [lol°] contain- 
ing C # H a . 

Di-sulphido-tetra-tolyl-di-urea 



S(C-H a .NH 2 ) 2 and COCl 2 (Truhlar, B. 20, 671). 
White amorphous powder, sol. hot alcohol. 

SULPHIDO-DI-ISOVALEBIC ACID 


S(C 4 H 8 .COjjH) 2 . Formed from bromo-isovalerio 
acid and K 2 S (Lov6n, J. pr . [2] 33, 102). Crystals. 
— BaA": in soluble powder. 

SULPHIMIDE S0 2 .NHAq. Obtained only in 
aqueous solution, which is prepared by decom- 
posing the Ag derivative, SO a .NAg, with the 
proper quantity of dilute HClAq, and filtering. 
The compound S0 2 .NAg is prepared by saturating 
well-cooled S0 2 C1 2 in 15-20 vols. CHC1 3 , with 
dry NH :i , dissolving the pp. in water, acidifying 
with HNO a , ppg. all Cl by AgNOjAq, filtering, 
neutralising with KOHAq, and adding more 
AgN0 3 Aq; the pp. thus obtained is purified 
by recrystallisation from water. The com- 
pound S0 2 .NAg is also obtained by heating 
S0 2 (NH 2 ) 2 ( v . Sulphamide, p. 567) to 200°-210°, 
dissolving in water, ppg. by AgNO„Aq, and re- 
crystallising the pp. from water. The solution 
in water of S0 2 .NH is strongly acid ; when dilute 
it may be boiled for a short time without de- 
composition ; NH 4 .HS0 4 is formed on evapora- 
tion, even below 40° ; the solution is decomposed 
by warming with acids, giving H 2 S0 4 Aq and 
NH 3 Aq ; excess of alkali reacts slowly even on 
boiling (W. Traube, B. 25, 2472; 26, 607). 
Metallic derivatives of S0 2 .NH wherein H is re- 
placed by NH <t Ba, Ca, Pb, K, Ag, and Na are 
described by T. (cf. Imido-sulphonic acid and 
salts , under Sulphonic acids and derivatives, 
p. 600). M. M. P. M. 

SULPHIMIDO-AMIDE S0 2 NH 2 .NH.NH 2 S0 2 . 
(Imido-sulphamide. Imido-sulphonamide. 
Imido-sulphurylamide). Prepared by adding 
ammonium carbamate very slowly to S 2 0 5 C1 2 
well cooled in a small closed flask, allowing to 
stand for some time with a CaCl 2 tube fitted 
through the cork, then heating to 60° for some 
hours, washing out NH 4 C1 by repeated treatment 
with dry alcohol saturated with NH 3 , dissolving 
the residue in a little NH 3 Aq, and placing the 
solution in ice. Forms white lustrous crystals ; 
boiling NHjAq transforms it wholly to ammonium 
imidosulphonate ; with boiling oonc. HClAq is 
completely changed to (NH 4 ) 2 S0 4 ; when boiled 
with NaOHAq gives off two-thirds of its N as NH 3 
and forms sodium imidosulphonate (Mente, A . 
248, 263). M. M. P. M. 

8ULPHINDIG0TIC ACID t>. Indigo di-sul- 
phonio ACID. 

BULPHtNES. Alkyl iodides combine with 
di-alkyl sulphides forming compounds B 2 SB'I, 
from which moist Ag 2 0 produces strong bases 
RjjSR'.OH. In these bases the group (SR 2 R') 
may be looked upon as a monovalent basylous 
radicle derived from the hypothetical sulphine 
(SHJ. Thus Me 2 SEtI may be called di-methyl- 
ethyl- sulphine iodide, but in this dictionary it 


is described as the ethylo-iodide of Di-methil 
sulphide. In the same manner Me 3 SCl may be 
called tri-methyl-sulphine chloride, but in this 
dictionary it is described as the methylo-chloride 
of Di-methvl-sulphide. 

SULPHINIC ACIDS. Organic acids contain- 
ing the group SO (OH) where S is united to 
carbon. They may be obtained by reducing the 
chlorides of the sulphonic acids, in alcoholic or 
ethereal solution, with zinc-dust (Otto, B. 9, 
1584). Fatty sulphinic acids are formed by the 
action of S0 2 or of SO a on zinc alkyls (Hofmann, 
A. 102, 72 ; 106, 287). They are readily oxidised 
to sulphonic acids. The aromatic sulphinic 
ethers are readily oxidised by KMn0 4 andHOAo 
to sulphonic ethers (Otto a. Bossing, B. 19, 1224). 
By zinc and dilute H 2 S0 4 sulphinic acids are re- 
duced to mercaptans. The aromatic sulphinic 
acids yield K 2 S0 3 and hydrocarbons when fused 
with potash. The alkyl ethers of sulphinic 
acids X.SO.OB are formed by passing IIC1 into 
a solution of the acid in the corresponding 
alcohol, and also by the action of chloro- 
carbonio ethers Cl.COJt upon the sodium sul- 
phinate X.SO.ONa in cold alcohol, C0 2 being 
evolved. The ethers are not formed by the action 
of alkyl halogenides upon sulphinates, for by 
this reaction the isomeric sulphones X.S0 2 .lt 
are produced instead (Otto a. Bossing, B. 18, 
2493). H 2 S passing through benzene sulphinic 
ether at 50° forms mercaptan, benzene sulphinic 
acid, benzene sulphonic acid, and other products 
(Otto a. Bossing, B. 20, 2275). COCl 2 converts 
sodium benzene sulphinate into the anhydride 
(Ph.SO) 2 0, which is v. sol. ether and benzene, and 
decomposed by water and alcohol into benzene 
sulphinic acid and ether respectively (Otto, B . 
20, 3337). 

SULPHITES AND HYPOSULPHITES. 

Sulphites are salts of sulphurous acid formed 
by replacmg H in R 2 S0 8 by metals. All sulphites 
may be represented by the formula &MO.yS0 2 , 
where MO stands for an equivalent of a metal- 
lic oxide; the normal sulphites belong to the 
forms M^SOs, M“SO s , M^ 2 (80 3 ) 3 , and M**(SO,) f ; - 
the greater number of the acidic sulphites are 
of the forms M^SO* and M u (HSO s ) 2 , a few 
which contain more than one equivalent of 
acidio radicle to one of basic radicle may be re- 
presented as M^SOjj.icSOj,. Double sulphites 
are fairly numerous. 

Many sulphites are prepared by passing S0 2 
into water \Aerein metallic hydroxides or car- 
bonates are dissolved or suspended; some are 
formed by double decomposition from the alkali 
sulphites. Several metallic sulphites that are 
insoluble in water can be prepared by the reac- 
tion between solutions of the sulphates and solu- 
tion of Na 2 S0 8 ; two main reactions occur, ap- 
proximately in accordance with the equations 

(1) M u S0 4 Aq + Na 2 SOgAq = M“SO, + Na 2 S0 4 Aq, 

(2) M M SOgAq + 2H a O - M0 2 H 2 + H 2 S0 8 Aq, so that 
normal sulphites are formed in some cases and 
basio sulphites in other cases. This method of 
forming sulphites has been examined by Seu- 
bert a. Elten (Zeit. f. anorg. Chem . 4, 44) : they 
find that normal sulphites are always formed 
when M~Ba, Cd, Ca, Fe«, Pb, Ag, Sr, or T1 
(with Hg 11 a double sulphite HgSOj.Naa8Og.H2O 
was formed) ; that normal sulphites are formed 
at low temperatures, using the salts in the ratio 
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of equal molecules, when M«Mg, Mn, Sn u , 
U(UOJ, or Zn, but that at higher temperatures, 
or with more dilute solutions, basio sulphites of 
these metals are produced ; and that basio 
sulphites are always obtained when M ** Al, Be, 
Bi, Or, Co, Ou, Fe UI , or Ni. 

The sulphites of the alkali metals, and the 
acid sulphites of the alkaline earths, are soluble 
in water; most other sulphites are insoluble. 
Sulphites in aqueous solution, and many in 
moist air, readily oxidise to sulphates ; salts of 
other S oxy acids are sometimes formed, and S is 
frequently separated (cf. Pierre, C. B. 62, 460 ; 
73, 749). Oxidisers, such as ClAq, HNO,Aq, Ac., 
quickly convert sulphites into sulphates ; sulphite 
solutions are, therefore, energetic reducers. So- 
lutions of sulphites are readily reduced, giving 
H^S or metallic sulphides, by SnCljAq, Zn and 
HClAq, Ac. Heated with C, they are reduced to 
sulphides, sometimes to oxides. Sulphites de- 
compose at a red heat to sulphides and sulphates, 
or to oxides and S0 2 . Sulphites are decom- 
posed by almost all acids, not by COjAq or 
boric acid, giving off S0 2 . Solutions of sul- 
phites generally form thiosulphates by reacting 
with S, H 2 S, or alkali hydrosulphides. Sulphites 
give sulphates and thiosulphates when heated 
in S0 2 (Divers, C. J. 47, 205). Sulphites scarcely 
react with POCl 3 , according to Divers (l.c.) ; a 
little metallic chloride and phosphate are 
formed, but no SOCl 2 . Divers (Lc. ; also G. J. 
49, 677) contends that the normal sulphites 
have the constitution SO z OM.M— that is, that 
they contain the sulphonic group S0 2 0M— and 
that they are not thionyl compounds, SOtOM),. 

Aluminium sulphites. The only salt that 
has been definitely isolated is the basic sulphite 
A1 2 0,.S0 2 . 4aq ; obtained by dissolving freshly 
ppd. A10 8 H 3 in S0 2 Aq, and heating to 74°, when 
the salt separates as a white powder. Heated 
in air gives olf H 2 0 and S0 2 , and leaves sulphate 
(Gougginsberg, A. 45, 132 ; confirmed by Rfihrig, 
J.pr. [2] 87, 217). 

Ammonium sulphites. The normal salt 
(NH 4 ) 2 SO,.aq was found in the fumes from 
the residues from gas-works used in the prepara- 
tion of (NH 4 ) 2 S0 4 (Scheitz, Ar. Ph. [3J 6, 332) ; 
it is prepared by adding absolute alcohol to 
SO^Aq made alkaline by NH,Aq, or by passing 
moist SO, and moist NH, into absolute alcohol 
(Muspratt, P. M. [8] 80, 414). White mono- 
clinio leaflets ; sol. in 1 part water at 12° with 
disappearance of heat. Does ndt deliquesce 
in air, but oxidises gradually to sulphate (Ma- 
rignac, Ann. M. [6] 12, 25). The acid salt 
NH 4 .HSO, is obtained, as very deliquescent 
rhombic crystals, by saturating a solution of the 
normal salt with S0 2 and allowing to crystal- 
lise in vacuo ; loses SO, at the ordinary tem- 
perature ; S separates on exposure to light ; 
a saturated solution heated to 150° in a 
sealed tube decomposes to S, H 2 S0 4 Aq, and 
(NH 4 ),S0 4 Aq (Barbaglia a. Gucci, B. 18, 2325). 
The basic salt 3(NH 4 ) 2 0.2S0 r 2aq described by 
Muspratt could not be obtained by Marignac. 
Double salts are described under the various 
sulphites. 

Barium sulphites. The normal salt BaSO, 
is prepared by double decomposition from 
BaCl a Aq and Na,SO,Aq ; a white powder, insol. 

Waters m&v be maklliiuMl in lmiumnal fnwia 


from warm saturated SO,Aq ; heated in a dosed 
tube decomposes to BaS0 4 and BaS (Rammels- 
berg, P. 67, 391). Easily sol. HOlAq (Johnson, 

0. N. 68, 165 ; cf. Hodges, ibid. 128). 

Beryllium sulphites. No salt haB been 

isolated ; a solution of a sulphite (? BeSO,) is 
obtained by dissolving Be0 2 H 2 in SO-jAq, but crys- 
tals do not form on evaporation alone or over 
H 4 S0 4 ; addition of alcohol causes formation 
of a thick syrup (Atterberg, Bl . [2] 24, 358 ; cf. 
Berthier, A. Ch. [3^ 7, 77). 

Bismuth sulphites. A basic salt 
2Bi 2 0,.3S0 2 . 5aq is formed by the action of 
cone. SOJLq on BiO,H, (Rfihrig, J. pr. [2] 37, 
217 ; cf. Muspratt, P. M. [3] 30, 414). 

Cadmium sulphites. The normal salt CdSO, 
is obtained by dissolving CdCO, in SO,Aq, and 
crystallising ; white, indistinctly crystalline 
salt ; scarcely sol. water ; heated gives SO,, CdO, 
CdS, and CdS0 4 (Rammelsberg, P. 67, 256). 
By treating Cd with SO.^Aq, filtering from CdS, 
and concentrating carefully, Fordos a. Gfilis 
obtained the dihydrate CdSO,. 2aq ; the same 
salt was obtained by Muspratt (Z.c.) ; confirmed 
by Rohrig (l.c.). Denigfis (Bl. [3] 7, 569) failed 
to obtain this hydrate, but states that a tri- 
hydrate is produced by mixing equal vols. of 
10 p.c. solutions of CdS0 4 acidified with acetic 
acid and Na^SO,. A double ammonium-cadmium 
sulphite CdSO,.(NH 4 ) 2 SO, was obtained by 
Rammelsberg (lx.). 

Calcium sulphites. The normal salt 
CaS0 3 . 2aq is prepared by ppg. CaCLjAq by 
Na^SO^Aq, dissolving in SOjjAq, and crystalli- 
sing ; it forms small lustrouB crystals (Muspratt, 

1. c.). Also obtained by passing S0 2 into water 
with CaCO, in suspension (Rdhrig, l.c.). Heated 
to 80° gives 2CaS0 3 . aq, and loses all water at 
100° (R., l.c.). R. failed to isolate any acid salt. 

Chromium sulphites. A basic chromic salt 
2Cr 2 0„.3S0 2 . 16aq was obtained by Muspratt 
(P. M. [3] 80, 414), as a pale-green pp., by add- 
ing alcohol to solution of CrO,H, in SO,Aq; 
composition confirmed by Rfihrig (J. pr. [2] 37, 
217). Alkali sulphite solutions do not ppt. solu- 
tions of chromic salts even after long boiling 
(Berthier, A. Ch. [3] 7, 77). By adding K,SO,Aq 
to CrCl,Aq, Moberg (j. 1847-8. 413) obtained a 
reddish pp. which was perhaps a chromous sul- 
phite. 

Cobalt sulphites. The normal cobaltous salt 
CoSO,. 5aq was obtained by Muspratt (l.c.), as a 
red granular pp., by passing SO, into water with 
CoCO, in suspension, boiling out air from the 
solution, and letting cool in a closed vessel. 
By evaporating in H, Rammelsberg (P. 67, 
391) obtained the trihydrate; the existence 
of both hydrates has been confirmed by 
Rfihrig (l.c.). Double salts CoSO,.K,SO, and 
2CoSO,.Na 2 SO,.CoO were obtained by Sohultze 
(/. 1865. 270) by heating CoSO, or CoCl, with 
alkali sulphite solutions. Double salts of 
cobaltic sulphite Oo 2 (SO,),.M 2 SO„ where 
M » K or Na, were obtained by Geuther (A. 128, 
157) by continued heating of CoO,H a with fresh 
quantities of cone. M,SO,Aq. 

Copper sulphites. Neither ouprous nor cuprie 
sulphite has been isolated, but several double 
salts of cuprous sulphite are known. The green 
liquid obtained by dissolving CuCO t (Berthier, 
a nh rsi n aau, n a ho ivai 
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in SOjAq probably contains CtijSO,; but this 
solution rapidly decomposes with separation o! 
a red pp. and formation of CuS0 4 Aq. The red 
solution formed by passing S0 2 into water with 
freshly prepared Cu 2 SO,(NH 4 ) 2 SO ? (v. infra) in 
solution was supposed to contain Cu 2 SO s by 
Rogojski(cT.jpr.53,403) ; butP£an de Saint-Gilles 
obtained only Cu 2 S0 8 .CuS0 8 . 2aq from this solu- 
tion (A. Ch. [8] 42, 23), and this was confirmed 
by Svensson (B. 4, 713). 

According to Newbury (Am. 14, 232), a basic 
cupric sulphite 6Cu0.4S0 2 . 3aq is formed by 
passing S0 2 into cold water with CuO,!!, in 
suspension, and sending a stream of air into the 
green solution so formed until a bright-yellow 
py. is produced. When this basic salt is boiled 
with water for a few minutes OuS0 4 Aq is formed, 
and a brown pp. is thrown down. The brown 
pp. is thought by N. to be Cu 2 SO s ; on continued 
boiling with water it gives off SO,, and Cu 2 0 
remains. 

Double cupro-cupric sulphites. The 
dihydrated salt Cu 2 S0 8 .CuS0 8 . 2aq was obtained 
by Chevreul (A. Ch. 83, 183) by heating CuO or 
CuC0 3 with SOjAq ; it is also prepared by boil- 
ing CuS0 4 Aq with solution of an alkali sulphite 
or thiosulphate, by boiling the green double salt 
Cu 2 S0 8 .(NH 4 ) 2 S0 3 (infra) with water (P. do St.- 
G., l.c.) t by passing S0 2 into cone. Ou^HaOJ^q 
at 65° till the yellow pp. that forms is dissolved, 
and then letting stand in air (Etard, C. R . 93, 
725), and by passing a slow stream of S0 2 into 
10 p.o. CuS0 4 Aq containing a roll of thin sheet 
Cu till the liquid is almost colourless (the salt 
deposits on the Cu) (Newbury, Am. 14, 232). 
Translucent, garnet-red octahedra ; 8.G. 8*57 ; 
gives up 2H,0, and also S0 2 , above 150°, and at 
a higher temperature leaves Cu 2 0 with some 
CuS0 4 (Rammelsberg, P. 67, 391). Soluble 
SOjAq, HClAq, and NHj,Aq ; KOHAq ppts. hy- 
drates of CuO and Cu 2 0 ; heated with water to 
200° gives CuS0 4 Aq and Cu in crystalline leaflets 
(Geitner, A. 129, 860). The penta hydrate 
Cu,SO,.OuSO,. 5aq separates, as a greenish-yel- 
low pp., from cono. Cu(C 2 H,0 2 ) J Aq, into which a 
slow stream of S0 2 has been passed till the 
liquid has become emerald-green (P. de St.-G., 
l.c.). Easily sol. SOgAq or acetic acid, also in 
solutions of cupric salts and in NH,Aq ; when 
boiled with water the red dihydrate is formed. 

Double salts of cuprous sulphite 
with alkali sulphites are readily produced 
by the reaction of cono. solutions of alkali sul- 
phites with solutions of oupric salts. These 
double salts are colourless and crystalline ; their 
composition is a;Cu 2 S0 8 .yM 2 S0 8 .sraq (x generally 
«1), where M = NH 4 , K, or Na (for details of 
preparation, composition, and properties v. 
Bogojski, J. pr. 53, 403 ; P6an de Saint-Gilles, 
A. Ch. [8] 42, 23; Yohl, J. pr. 95, 218; and 
Svensson, B. 4, 713). Some acid salts of the 
form Cu 2 S0 r &M 2 S0j.2/S0 2 . saq have also been 
prepared (S., lx .), and some salts of alkali sul- 
phites with both 011*80, and CuSO, (P. de St.-G., 
l.c . ; fi., lx.). 

Didymium sulphites. The normal salt 
1)4(80,), was obtained, as a reddish-white 
powder, by passing SO, into water with Di,0, in 
suspension, and boiling off excess of SO, (Ma- 
rignac, A. Ch. [8] 58, 148; Cleve, Bl [2] 89, 
Ul)» 


Gold sulphites. No gold sulphite has 
been isolated. Double salts of Au 2 SO, 
with Am 2 SO, and Na,SO, of the form 
Au 2 SO s . 3M 2 SO,. Saq are known ; also a Ba salt 
Au 2 S0 a .3BaS0 8 . aq. The Na salt is obtained by 
adding Na,SO,Aq to a boiling alkaline solution 
of NaAu0 2 , or by saturating NaAuO,Aq at 50° 
with S0 2 , then carefully adding BaCl,Aq to the 
solution till free H,SO s and H,S0 4 are ppd., 
filtering, adding more BaCLjAq, quickly filtering 
off the purple-red Au,S0 8 .3BaS0 3 . aq that sepa- 
rates, washing the pp. rapidly out of contact 
with air, decomposing it by the proper quantity 
of Na 2 C0 8 Aq, adding some alcohol to thb 
solution, filtering off any Ba salt that ppts., 
and adding more alcohol, when the Na salt 
separates as an orange-red, very easily de- 
composed, pp. (v. Himly, A. 66, 252 ; 69, 95). 
When AuCl s Aq is added, drop by drop, to a 
warm solution of (NH 4 ) 2 S0 8 in cone. NH t Aq, 
white, lustrous, six-sided plates separate of 
the salt (NH 4 ),S0 8 .3(NH 3 Au) 2 S0 8 . Saq ; the 
mother-liquor from this salt yields the salt 
Au 2 S0 s .3(NH 4 ),S0 8 . 3aq, very similar to the cor- 
responding Na Balt (Haase, Z. 1869. 535). 

Indium sulphites. The only salt that has 
been isolated is a basic salt 2In,0 3 .3S0 2 . 8aq. 
Obtained by boiling a solution of a salt of In 
with excess of NaHSO s Aq ; insol. water, sol. in 
dilute acids ; loses 3H,0 at 100°, and all water 
at 260° ; decomposed at 280°, giving off SO, and 
leaving In/), (Bayer, A. 158, 372). 

Iridium sulphites. The normal iridic salt 
Ir 2 (SO s ) 3 . 6aq is obtained, in yellow crystals, by 
passing SO, into water with IrO,H s in suspen- 
sion, filtering and evaporating. The salt loses 
all water at 160°- 180°; at a higher temperature 
lr 2 0 8 remains ; si. sol. water, easily sol. acids ; 
decomposed by boiling with KOHAq with separa- 
tion of lr 2 0 8 (Bimbaum, A. 136, 179). The in- 
soluble matter that remains on treating Ir0 8 H 8 
in water with SO, is a basic salt Ir 2 0 8 .S0 2 . 4aq 
(Birnbaum, l.c.). Double salts of iridous 
sulphite were obtained by Seubert (B. 11,1761) 
in separating Ir from Bh by means of Na,SO g 
(by Bunsen’s method, A. 146, 274). Seubert 
gave the formulas IrS0 g .3Na,S0 8 . lOaq and 
IrH 2 (S0,) 2 .3Na 2 S0 8 .a;aq, x being » 4 and 10, 
to the salts he prepared. 

Iron sulphites. The normal ferrous salt 
FeSO s . 3aq is formed, along with FeS,O g , by dis- 
solving iron wire in SO*Aq out of contact with air ; 
on evaporating (out of air) the sulphite crystal- 
lises out, leaving the thiosulphate in solution 
(Fordos a. G61is, J. Ph. [8] 4, 838 ; cf. Koene, P. 
63, 245, 631 ; also Muspratt, P. M. [3] 30, 414). 
81. sol. water, easily sol. S0 2 Aq ; loses H,0, and 
then (at 250°) SO,, on heating. Basic ferric salts 
are formed by reacting on ferrio salt solutions 
with alkali sulphites ; on adding alcohol to the red 
liquids thus formed, Koene IP. 63, 245, 431) ob- 
tained the salts Fe 2 0,.S0 2 .oaq and 2Fe 2 O l .3SO,- 
(cf. Muspratt, l.c.). Bypassing SO, into water with 
FeO,H, in suspension, and adding KOHAq, 
Muspratt (l.c.) obtained the double salt 
Fe,0„.80 r 2K 2 S0 8 . 5aq. 

Lead sulphites. Only the nprmal salt 
PbSO, has been obtained; a white powder, 
insol. water, formed by adding Na^SO^Aq to- 
solution of a salt of Pb (confirmed by R6hrig,. 
J. pr. [2] 87, 217). 
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Lithium sulphites. The normal salt 
liLSO*. aq is prepared by passing SO* into water 
with Li 2 CO s in suspension, till C0 2 ceases to be 
given off, and evaporating on a water-bath or 
over H 2 S0 4 (ROhrig, J. pr v [2] 37, 217). Danson 
(C. J. 2, 205) represented the salt as a hexahy - 
drate . By adding ether to the solution obtained 
from Li 2 C0 8 , as described, R. got the dihydrate 
LijSOj,. 2aq. Easily sol. water, somewhat sol. 
alcohol, very si. sol. ether ; oxidised in moist air. 
Rohrig failed to obtain an acid salt. By adding 
the proper quantity of K 2 C0 8 to the acid solution 
of Li 2 C0 8 in SO.^Aq, evaporating to a syrup, and 
placing in a freezing mixture of snow and salt, 
R. obtained the double salt 2LiKS0 8 . aq ; by 
a similar process he got monoclinic crystals of 
6Li 2 S0 9 .Na 2 S0 3 . 8aq (J. pr. [2] 37, 217). 

Magnesium sulphites. The normal salt 
Mg$0 8 . a;aq is formed by suspending magnesia 
alba in water, passing in S0 2 , and concentrating 
the solution (Bammelsberg, P. 52, 89) ; if 
evaporation is carried on over H 2 S0 4 (Rohrig, 
i.c.), or in vacuo below 100° (Hartog, C. R. 104, 
1793), the hexahydrate separates ; if evaporation 
proceeds above 100° the trihydrate is obtained 
(Muspratt, l.c. ; R., I.c. ; H., lx.). Slowly oxidises 
in air to sulphate ; loses all water at 200° ; when 
more strongly heated the salt loses S0 2 and 
leaves MgO. 

Double salts with (NH 4 ) 2 S0 9 are formed 
by mixing the constituents and evaporating ; 
also by dissolving MgOJl 2 in cold (NH 4 ) 2 S0 8 Aq 
(Rammelsberg, P. 94, 507 ; Hartog, l.c.j. 

Manganese sulphites. Several hydrates of 
the normal manganous salt MnSO s have been 
described. By adding alkali sulphite solution 
to dilute MnCl^Aq so long as the pp. that forms 
dissolves again, and then letting stand, mono- 
clinic crystals of the trihydrate MnSO s . 3aq are 
obtained ; this hydrate is also formed by mix- 
ing 10 p.c. of MnS0 4 Aq, acidified with acetic 
acid, and Na 2 SO„ (Denig&s, JBl. [3] 7, 569) ; if 
NaaSOjjAq is added to hot dilute MnOL^Aq the 
monohydrate is said to be produced. (Ram- 
melsberg (P. 67, 245, 391) gives the formula 
2MnSO s . 5aq to the salt obtained by reacting on 
Mn acetate solution with Na 2 SOaAq, and this is 
confirmed by Rdhrig (J. pr. [2] 37, 217 ; of. also 
Muspratt, P. M. [3] 80, 414). Double salts 
MnSO a .K 2 S0 8 and 2MnS0 8 .K 2 S0 3 were prepared 
by Gorgeu ( C . R. 96, 376) by saturating 20 p.c. 
KgSOgAq with S0 2 , adding 4 p.c. MnSO a . 3aq, 
and evaporating over an absorbent of S0 2 ; 
double Mn-Na sits arc also described by G. (Lc.). 

Mercury sulphites. According to P6an de 
Saint-Gilles (C. R. 84, 905) the normal mercuric 
salt HgSO, is formed by adding dilute Na 2 SOgAq 
to a very cono. solution of Hg(N0 8 ) 2 free from 
excess of acid; it is, however, difficult to ob- 
tain the salt free from basic sulphites. The 
basic mercuric sulphite 2HgO.SO a was obtained 
pure by P. de St.-G. by using solution of basio 
mercuric nitrate. The normal salt is easily de- 
composed ; boiling water produces Hg 2 S0 4 and 
Hg. Boiling water is said (P. de St.-G., l.c.) to 
convert the basio salt into the isomeric com- 
pound Hg 2 S0 4 (2HgO.SOj-HgjO.SOg). Divers 
ft. Shimidzu (O. J. 49, 588) say that normal 
mercuric sulphite cannot be isolated ; the reac- 
tion of NajSOgAq with Hg(NO,)jAq produces at 
tot the basio salt 2[2HgO.SO a j. aq, and then « 


salt which is most simply represented as 
HgS0 8 .Hg 2 S0 8 . 4aq, and which is called mer- 
curosic (or mercuro-mercuric) sulphite by D. &• 
S., and represented by them as 

Hg^gQ^Q^Hgj. 4aq. D. a. S. represent the 

basic salt as H g<Cso 2 OHgO^ Hg * a< *’ an< * ca ^ ** 
mercuric oxysulphite. 

For the best conditions of preparation of 
2Hg0.S0 2 v. D. a. S., l.c., p. 550, and for the 
reactions of this salt v. ibid . pp. 546-50; for 
preparation of mercurosic sulphite v. ibid. p. 564, 
and for the reactions of this salt, pp. 659-63. 

By adding dilute Na 2 S0 3 Aq to moist Hg 2 S0 4 
or to HgNO^Aq, D. a. S. {l.c., p. 572) obtained a 
greyish-black amorphous solid to which they 
gave the formula Hg 4 (S0 8 ) 2 . aq, the constitution 

Hg<^gQ 2 *Q^>Hg 3 . aq, and the name mercuric 

hypomercurous sulphite or liypomercurosic sul- 
phite. For the best method of preparing this 
salt (action of SO.^Aq on Hg 2 S0 4 or HgNO s ) v . 
D. a. S., l.c.. p. 671 ; for the reactions of the salt 
v. pp. 567-70. It is evident that the formula 
given to this salt is the same as that of normal 
mercurous sulphite (Hg 4 (S0 8 ) 2 = 2Hg 2 S0 3 ) ; the 
salt is produced from mercurous compounds, and 
in many of its reactions yields mercurous com- 
pounds ; D. a. S. insist that the salt belongs to 
a new class of Hg compounds that contain what 
they call the ‘ hypomercurous radicle.’ 

By treating solid HgCl 2 with NaHS0 3 Aq, 
Wicke (A. 95, 176) obtained a solution that de- 
posited a white crystalline powder to which he 
gave the composition Hg(HS0 8 ) 2 — i.e. acid mer- 
curic sulphite. According to D. a. S. (l.c., p. 
554) the pp. is HgS0 8 .Na 2 S0 8 . aq. Byreacting 
on HgO with S0 2 Aq a white solid is formed, 
together with a solution containing a compound 
of Hg. Bammelsberg thought that the white 
solid was a basic mercurous sulphite of varying 
composition, and that the solution contained 
Hg 2 S0 4 (P. 67, 405 ; the reaction was also ex- 
amined by P. de St.-G. and by Vogel). D. a. S. 
say that the white residue is HgS0 3 .Hg 2 S0 3 . 4aq 
(mercurosic sulphite, according to D. a." S.) ; by 
using freshly ppd. HgO suspended in water, and 
adding a little of this to S0 2 Aq (nearly free from 
H 2 S0 4 ), D. a. S. obtained a clear solution which 
reacted as a solution of HgSO„ in H 2 S0 8 , and 
which they regarded as a solution of add mer- 
curic sulphite, Hg(HSO„) 2 ( v . l.c., pp. 554-8). 
Several double salts of mercuric sulphite 
with alkali sulphites have been isolated. 
The chief are HgS0 8 .M 2 S0 8 . ®aq, where M * NH 4t 
K, or Na, and 2HgS0 8 .Na 2 S0 8 . aq (v. P. de St.-G., 
C. R . 34, 905 ; Hirzel, A. 84, 258 ; D. a. S., l.c., 
pp. 538-46). D. a. S. regard these double salts 
as alkali derivatives of the hypothetical acid 

OH ^ e y greatly doubt the existence of 

the sal/ 2HgS0,.Na 2 S0 8 described by P. de 
St.-G.) ; this view is confirmed by Barth’s mea- 
surements of the electrolytic conductivities, and 
the freezing-points, of solutions of these salts 
(Z. P. C . 9, 176) ; Barth’s results point to the 
dissociation in dilute aqueous solution of these 
salts into three ions, BgS 2 0 4 , R, and R'. 

Nickel sulphites. The normal salt 
NiS0 8 . 6aq separates, in green tetrahedric cry*. 
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tala, on slowly evaporating a solution formed by I gives K salts of various acids ; v. Sulphur oxy- 


passing S0 2 into water with NiO. ®aq in suspen- 
sion (Rammelsberg, P. 67, 391). By boiling the 
solution of NiO. x&q in SO^Aq, Muspratt (JP. M. 
[3] 30, 414) obtained a tetrahydrate NiSO a . 4aq ; 
this hydrate was also obtained by Rohrig (/. pr. 
[2] 37, 217) by quickly evaporating the solution 
at c. 150°. The compound with ammonia , 
NiSO a .3NH 3 . 3aq, separates, as a blue crystalline 
pp., on adding alcohol to an ammoniacal solution 
of NiSO s (Rammelsberg, l.c.). 

Osminin sulphites. The normal salt OsS0 3 
was obtained by Claus (J. pr. 90, 65) by treating 
Os0 4 Aq with excess of S0 2 , and evaporating or 
adding Na 2 CO a or Na 2 S0 4 ; after drying the salt 
is a blackish-blue powder, insol. water, sol. 
HClAq without giving off S0 2 , reppd. from this 
solution by KOH or K 2 CO a , decomposed to K 2 S0 8 
and OsO.saq by long boiling with cone. KOHAq. 
When moist the salt oxidises in air to OsS0 4 . 
The double salt 0sS0 3 .2K 2 S0 3 .2KHS0 a . 4aq 
was obtained by Claus (i. 63, 355) as a pale 
rose-red crystalline powder, by heating K 2 0sC1 8 
with KjS0 3 Aq. 

Palladium sulphites. Only the double pal- 
lado-sodium salt PdS0 a .SNa 2 80 3 . 2aq has been 
isolated ; a white pp. obtained by dropping 
NaOHAqinto PdCljAq, after adding S0 2 (Wohler, 
A. 174, 199). 

Platinum sulphites. Neither platinosul- 
phite PtSO* nor platinisulphite Pt(S0 3 l 2 has 
been isolated. Several salts which may oe re- 
garded as double compounds of PtS0 3 , but are 
better classed as platinosulphonates or plafcino- 
sulphites, have been obtained ; they are shortly 
described under Platino-sulphonates (this vol., 
p. 285). By passing S0 2 into water with 
Pt0 4 H 4 in suspension, and adding alkali sul- 
phites to the dark-red liquid so formed, Bim- 
baum (A. 139, 172) obtained double salts of 
the form Pt0.S0 3 .:cM 2 S03. j/aq, where M«K or 
Na, x varied from 1 to 2, and y also from 1 to 2. 
These salts gave no pp. of BaS0 4 with BaClgAq, 
with HClAq S0 2 was given off andPtCl 4 formed; 
hence they are better classed as double salts of 
platmyl sulphite , PtO.SO a , than of platinous 
sulphate PtS0 4 . 

Potassium sulphites. The normal salt 
KjSO a . 2aq is obtained, in large, deliquescent, 
monoclinic prisms, by passing S0 2 into K 2 C0 3 Aq 
as long as C0 2 is given off, and evaporating over 
H,S0 4 at the ordinary temperature (Muspratt, 
P. M. [8] 30, 414). More soluble cold than hot 
water ; decomposed by heat to K 2 S and K 2 S0 4 
{Rammelsberg, A. 50, 259 ; results of M. and R. 
confirmed by Rohrig, J. pr. [2] 37, 217 ; v. also 
Hartog, G. 22. 109, 179, 221, 436). The acid 
salt KHSO a separates in white needles on adding 
alcohol to a solution of the normal salt satu- 
rated with S0 2 (M., l.c. ; confirmed by Rdhrig, 
l.c.). By passing S0 2 into hot saturated KfiO t 
till 00 2 ceased to oome off and the solution was 
greenish, and then allowing to cool, Muspratt 
{2.C.) obtained hard monoclinic crystals of the 
acid salt KaSOg.SO* ( - K*S 2 0 5 ), sometimes called - 
pyrosulphite ; only si. sol. water; decomposed by 
heat to K^SO^ SO*, and S (confirmed by Rdhrig, 
2.0.) Dilute KjSOjAq heated in a closed tube 
to 100° and then let stand is very slowly decom- 
posed to K,S0 4 , 11*8*0-, and S (Saint-Pierre, 
C. 22* 02. 460 ; 73, 749). S^SOgAq with KNQ*Aq 
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Double sulphites of potassium and 
sodium . Sch wicker (B. 22, 1728) obtained two 
distinct salts KNaSO a . ®aq; one by neutralising 
cone. KHSO„Aq by the proper quantity of 
Na 2 CO s and evaporating over H 2 SO., the other 
by adding KjCO a to NaHSO a Aq. Rohrig (J. pr. 

[2] 37, 217) ppts. the salts by adding alcohol, or 
better ether. The first salt, heated with EtI to 
140°, gives 4(S0 2 Et.0K).NaI, the second gives 
4(S0 2 Et.0Na).KI ; hence the first salt seems to 
be N aS0 2 .OK and the other KS0 2 .ON a. Sch wicker 
assigns different quantities of crystalline water to 
the salts, viz. NaS0 2 .OK.2aq and KS0 2 .ONa.aq; 
Rohrig (l.c.) gives 2aq to both salts. The two 
salts seem to be isomeric. Aqueous solutions 
of these salts have identical electrolytio con- 
ductivities, as would be expected (Barth, Z.P.G. 
9, 176). Sohwicker (l.c.) also describes the salts 
KNa^HfSOa)^ 4aq and K 2 NaH(S0 3 ) 2 . 3aq. Hartog 
(C. B. 109, 179, 221, 436) describes the salts 
K2S0 3 .2Na 2 S0 3 .S0 2 . 9aq ( = K 2 0.2Na 2 0.4S0 2 . 9aq) 
and 2K 2 S0 a .(NH 4 ) 2 S0 a .S0 2 . 9aq 

( = 2K 2 0.(NH 4 ) 2 0.4S0 2 . 9aq). 

For other double salts of potassium sulphite 
v. supra , cobalt sulphites , copper sulphites , iron 
sulphites , lithium sulphites , manganese sul- 
phites, mercury sulphites, osmium sulphites , 
and platinum sulphites ; and infra , ruthenium 
sulphites and silver sulphites. 

Rhodium sulphites. The normal rhodic salt 
Rh.,(SO a ) a . 6aq is prepared, as a yellowish crys- 
talline mass, by dissolving RhO s H a . aq in SO-jAq 
and evaporating ; fairly sol. water, insol. alcohol 
(Bunsen, A. 146, 265). The double rhodous 
salt 4RhS0„.6Na 2 S0 3 . 9aq is obtained by treat- 
ing Na 3 RhCl 3 . 12aq with excess of NaHSO a Aq 
(Bunsen, l.c.) ; it has been examined by Seubert 
a. Kobb6 ( B . 23, 2556), who prepared it by heat- 
ing a solution of Rh01 a . 4aq with excess of 
NaHSO a Aq for some time, washing the pp. with 
cold water, and drying over P 2 0 4 . Pale-yellow 
solid ; very si. sol. hot water ; dissolves in dilute 
HNO a Aq, giving off S0 2 ; warmed with cone. 
H 2 S0 4 forms Rh 2 (S0 4 ) s .Na 2 S0 4 (B., l.c. ; S. a. K., 

I. O.). 

Ruthenium sulphites. Only the double 
rutheno-potassium salt RuSOj.K^SO, has 
been isolated ; prepared by heating K 2 RuCl 4 Aq 
with K 2 SO a Aq till a dark -red solution is formed, 
evaporating to dryness, dissolving, again evapo- 
rating to dryness, and repeating these processes 
till a pure white residue is obtained (Claus, 

J. pr. 42, 351). 

Silver sulphites. The normal salt AgjSO* 
forms small, white lustrous crystals ; obtained 
by treating AgNO a Aq with alkali sulphite solu- 
tion or with SO*Aq; if excess of SO >2 Aq is 
allowed to remain in contact with the salt for 
some time Ag is formed (H. Rose, P. 33, 240). 
Darkens in air (Muspratt, P. M. [3] 30, 414 ; 
Sodeau, G. N. 65, 102); products depend on 
method of preparation of the salt (v. Stas, Stas 
Nouaj. 22.). Heated alone, or with water, to 
100° gives Ag 2 S0 4 , Ag, and SO. (Berthier, A. OK 

[3] 7, 82 ; cf. Geitner, J. 1864. 142, who says 
that decomposition begins at 200°). Scarcely 
sol. water or SO JLq ; sol. NH*Aq (Berthier, 2x,)» 
also in alkali sulphite solutions. 
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Double ealts . AgNaSO s ,2aq; small 
lustrous needles, formed by dissolving Ag 2 S0 8 
In hot saturated Na 2 SO s Aq, letting cool, and 
pressing salt that separates (cannot be washed 
with water) (Svensson, B. 4, 714). AgKSO*. ccaq, 
prepared like the Na salt. Svensson (he.) de- 
scribes three double salts with (NH 4 ) 2 80 a , 
obtained by dissolving Ag 2 SO s , or AgCl, in 
(NH 4 ) 2 S0 8 Aq ; he gives the formulas Ag(NHJSO„ 
Ag-jSOj.GfNHiJaSOj. 19aq, and 
Ag 2 S0a.3(NH 4 ) 2 S03.4(NH 4 )HB0 8 . 18aq. 

Sodium sulphites. The normal salt Na 2 S0 8 
is prepared by completely saturating Na 2 C0 3 Aq 
with SO*, warming, adding an equal quantity of 
the same NaP0 g Aq, evaporating, and crystallis- 
ing above 33° (Kammelsberg, P. 56, 298 ; 
Schultz-Sellack, J. pr. [2] 2, 459). Also ob- 
tained by heating the hydrate Ng^SO,. 7aq to 
150°. Na 2 SO s also crystallises from solution of 
NaHSO s that has been made strongly alkaline. 
Heated above 150° melts to a yellowish-red mass 
containing sulphide and sulphate in the ratio 
NapfflNapO, (K., P. 67, 246; 94, 607). The 
heptahydrate Na 2 SO s . 7aq is obtained by 
crystallising at the ordinary temperature a solu- 
tion of Nap0 8 saturated with SO,*, warmed, and 
mixed with an equal quantity of the same 
Na 2 C0 8 Aq ; monoclinic prisms ; S.G. 1*561 
(Buignet, J. 14, 15). Effloresces and partially 
oxidises in air. Very sol. water; maximum 
solubility at 83°. Another hydrate, Na 2 SO g . lOaq, 
was described by Muspratt (P. M. [3] 80, 414) 
as formed by evaporating Na 2 S0 8 Aq over H*S0 4 ; 
according to ROhrig (J. pr . [2] 37, 217) only the 
heptahydrate exists. 

The acid salt NaHSO, is formed by satura- 
ting Na 2 CO a Aq with S0 2 and cooling; better 
crystals are obtained by treating Na 2 G0 8 . lOaq 
with S0 2 and evaporating the liquid so produced 
in S0 2 . Easily sol. water, but less sol. than 
Na*SO a . 7aq. (For heat of solution v. Be 
Forcrand, C . B. 98, 738.) Gives off S0 2 on 
exposure to air ; S0 2 is also removed from 
NaHSO^Aq by passage of an indifferent gas 
(Gernez, 0. B. 64, 606). When heated gives 
off H 2 0, SOg, and S, leaving Na 2 S0 4 ; heated in 
a closed tube forms Na 2 S0 4 , H 2 S0 4 , S, and HP 
GJarbaglia a. Gucci, B . 13, 2325). Reacts with 
I to give NaHS0 4 and Nal (Spring a. Bourgeois, 
Ar . Ph. 229, 707, where references are given 
to other experiments). Another acid salt 
Na 2 S0 8 .S0 2 ( - Nappj, sometimes called pyro - 
sulphite, is said to separate, in lustrous prisms, 
from cone, hot NaOHAq saturated with S0 2 
( v . Rohrig, lx.). 

Double salts with ammonium 
sulphite. Marignac (Ann. M. [5] 12, 30) 
described a double salt obtained by passing 
NH 3 into cone. NaHSO a Aq ; the salt is probably 
identical with that described by Schwicker (B. 
22, 1728), to which he gives the formula 
Na 2 S0 a .(NH 4 )HS0 8 . 4aq. By partially satura- 
ting cone. (NH 4 )HS0 3 with Na 2 00 8 Aq, Trauber 
(J. C. T. 1888. 44) obtained the salt 
2Na 2 S0 3 .(NH 4 ) 2 SP 5 . lOaq ; Hartog writes the 
formula of this salt 2Na 2 0.(ME 4 ) 2 0.4S0„ and 
says it crystallises with 9aq (O. B. 109, 179, 221, 
436). For other double salts of N&*S0 8 v. supra, 
cobalt sulphites , copper sulphites, gold sulphites , 
iridium sulphites , lithium sulphites, manganese 
sulphites, mercury sulphites , palladium sul- 


phites, platinum sulphites , potassium sulphites • 
rhodium sulphites , and silver sulphites. 

Strontium sulphites. The normal salt 
SrS0 8 is formed by passing SO* over SrO at 
290° (Bimbaum a. Wittioh, B. 13, 651) ; also 
by decomposing Sr01 2 Aq by alkali sulphite solu- 
tion. Small white crystals ; slowly oxidises in 
air to sulphate (Muspratt, P. M. [3] 80, 414) ; 
gives SrS and SrS0 4 on heating (Forster, P. 133, 
106). 

Thallium sulphites. The normal thallous 
salt T1 2 SO s is prepared by adding Na 2 SO a Aq to 
Tl 2 S0 4 Aq, and crystallising the pp. from warm 
water. White crystals; S. 3*34 at 15°; insol. 
alcohol; S.G. 6*427 at 20° (Seubert a. Elten, 
Zeit. /. anorg . Ghem. 2, 434). The same salt 
was obtained by Rohrig (J.pr. [2] 37, 217) by 
passing S0 2 into solution of a thallous salt, 
evaporating at 100 3 or over H 2 S0 4 , or adding 
alcohol. 

Tin sulphites. Basic stannous salts , 
®Sn0.2S0 2 . 20aq, x being probably 6, 8, and 11, 
were obtained by R6hrig (J. pr. [2] 37, 217) 
by treating freshly ppd. SnO. xaq with SO*Aq. 

Titanium sulphites. Berthier (A. Ch . [3] 7, 
77) made some observations, but described no 
definite salts. 

Uranium sulphites. A basic uranous salt 
U0 2 .S0 2 . 2aq = U(0H) 2 S0 8 .aq is obtained, as a 
greyiBh-green pp., by adding NapOjAq to UGl 4 Aq 
(Kammelsberg, P. 56, 125 ; confirmed by R6hrig, 
J.pr. [2] 37, 217). The uranyl salt U0 2 .S0 3 . zaq 
was obtained, in yellow prisms, by Muspratt 
(P. M. [3] 30, 414), by passing S0 2 into water 
with UO a in suspension, and allowing the solu- 
tion so formed to evaporate at the ordinary 
temperature ; Muspratt gave x =* 8, according to 
Rdhrig (l.c.) x * 4 (cf. Girard, C. B. 84, 22 ; and 
Reinele, P. 125, 238). 

Zino sulphites. The normal salt 
2ZnSO s . 5aq is prepared by evaporating, or by 
adding alcohol to, a solution of ZnCO, in SO s Aq 
(Rammelsberg, P. 52, 90) ; also by mixing cold 
25 p.c. ZnS0 4 Aq acidified with acetic acid with 
cold 25 p.o. Na 2 SO s Aq, and letting stand 
(Denigds, Bl. [3] 7, 569). Muspratt (I.C.), For- 
dos a. G61is (J. Ph. [3] 4, 333), and Koene (P. 63, 
245, 431) give the formula ZnSO s . 2aq; but 
Rdhrig (J.pr. [2] 37, 217) confirms Rammels- 
berg’s formula. 

Zirconium sulphites. Gompositions of salts 
obtained by ppg. Zr salt solutions by alkali sul- 
phites are doubtful (v. Berthier, A. Ch. [3] 7* 
77 ; Hermann, J. pr. 81, 77). 

HYPOSULPHITES. (Hydrosulphites.) Salts 
of the acidILJBfi 4 . Hyposulphurous acid is known 
only in aqueous solution. Sohiitzenberger 
(A. Oh. [4] 70, 351) obtained the Na salt, and an 
aqueous solution of the acid, in 1869 ; he gave 
the formula HgSO* to the acid ; but Bernthsen 
(A. 208, 142; 209, 285; 211, 285) in 1881 
showed that the acid has the composition 
H^Of. This acid corresponds with the oxide 
S 2 0 8 (S.,0, + HP « HAOJ. Sohiitzenberger pre- 
pared the Na salt by digesting cone. NaHSO a Af 
with zino shavings in a closed flask for o. half 
an hour, pouring the liquid from the orystals of 
the double Na-Zn sulphite which formed (thia 
is a basio Zn-Na sulphite, according to Bernth- 
sen, A. 211,297) into a flask about three-fourth* 
filled with oono. alcohol, allowing to stand for 
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some time in the closed flask, and then pouring 
off into flasks, each flask being quite filled with the 
liquid and then sealed ; after a time crystals of 
the hyposulphite were formed, to which S. gave 
the composition NaHSOj. Bernthsen ( l.c .) after 
reducing NaHSO s Aq by Zn, pouring off from the 
double sulphite formed, Ac., removed sulphite 
and sulphate by adding BaCL 2 Aq ; he then filtered 
and titrated the solution by ammoniacal 
CuS0 4 Aq, which is decolourised by Na 2 S 2 0 4 Aq to 
a cuprous salt (and eventually to OugH, and Cu^S). 
For details of the method of analysis v. Bernth- 
sen (B. 13, 2277 ; A. 211, 292 note). B. failed 
to obtain Na 2 S 2 0 4 free from Na 2 S0 4 , Na 2 S0 3 , 
Na 2 S 2 0 3 and Zn salts. 

B. expresses the first part of the reduction of 
NaHSO s by the equation 4NaHSO,,Aq + Zn=* 
Na^AAq + ZnS0 3 + Na 2 S0 3 Aq + 2H a O, and tho 
complete change by the equation 
lONaHSOjAq + 3Zn = 

3Na 2 S 2 0 4 Aq + Na 2 SO !{ Aq + Zn 3 Na. 2 S 3 O 10 + 5H 2 0. 
Moist sodium hyposulphite is rapidly oxidised 
in air to Na 2 S0 3 ; when dry it is unchanged in 
O ; it is easily sol. water, less sol. dilute alcohol, 
and insol. cone, alcohol ; but according to B. 
even approximately pure Na 2 S 2 0 4 has not been 
isolated. Na.,S 2 0 4 Aq is oxidised by iodine so- 
lution to Na 2 S0 4 Aq. 

By heating Na 2 S 2 0 4 Aq with an equivalent 
quantity of H 2 SO,Aq or H 2 C 2 0 4 Aq, an aqueous 
solution of hyposulphurous acid H 2 S 2 0 4 Aq is 
obtained ; this solution is an energetic reducer, 
decolourising indigo, and reduoing salts of Cu, 
Hg, Ag, &o. ; the solution rapidly decomposes in 
air with separation of S. M. M. P. M. 

SULPH0-. — Use of this prefix applied to in- 
organic compounds : for sulpho - compounds and 
sulpho - salts v. the compounds or salts to the 
names of which sulpho - is prefixed ; thus sul- 
pho-molybdates are described under molybdates ; 
but the prefix thio - is used in almost every case 
in preference to sulpho- to denote the replace- 
ment of 0 by S. Sulphocyanides and similar 
compounds are described under Cyanides ; sul- 
phocyanic anhydride is described as Cyanogen 

SULPHIDE. 

SULPHO-ACETIC ACID C*H 4 SO ft i.e. 
S0 8 H.CH 2 .C0 2 H. [75°]. 

Formation . — 1. By adding SO a to cooled 
HOAo (Melsens, A. Ch . [3] 6, 392; 10, 370 ; A. 
52, 276).— 2. By the action of fuming H 2 S0 4 on 
acetamide or acetonitrile (Buckton a. Hofmann, 
C. J. 9, 247). — 3. By boiling chloro-acetic acid 
with aqueous K 2 S0 3 (Strecker, Z . [2] 4, 214; 
Collmann, A . 148, 109). — 4. By heating Ag 2 S0 4 
with AcCl at 120° (Kammerer a. Oarius, A. 131, 
165). — 5. By boiling chloro-aoetic acid with am- 
monium sulphite solution (Hemilian, A. 168, 
145). — 6. By heating Ao 2 0 with H 2 S0 4 at 130° 
(Franchimont, C. R. 92, 1054 ; cf. Baumstark, 
A. 140, 83). — 1 7. By heating C1S0 3 H with HOAo 
at 140° (Baumstark). — 8. By oxidation of 
isethionio acid by Cr0 8 (Carl, B . 14, 63). 

Properties.— Deliquescent crystals (contain- 
ing ljaq) giving off water of crystallisation at 
about 160° and decomposed at 230° into C0 2 , 
S0 2 , acetic acid, and other products (Franchi- 
mont, R. T. C. 7, 25). Y. sol. water. Its salts 
are sol. water, insol. alcohol.* P01 5 acting on 
the Nasalt forms 0HC1(S0 2 C1).C001 (B. Siemens, 
JB. 6, 659). 

Vol. IV. 


Salts. — K*A" aq : hard crystals.— KH A" : 
six-sided tables. — BaA"aq. S. -267 at 20°. — 
BaA"Et 2 S0 4 (Laube, A. 218, 258).— CaA"aq.— 
PbA" : radiating needles. — Ag 2 A"aq: flat prisms. 

Mono-ethyl ether EtHA". Formed by 
passing HC1 into the Ag salt suspended in 
alcohol. Syrup, v. sol. water. — AgEtA" : plates. 

Ethyl ether Et. 2 A". Oil. Formed, together 
with O tt H l4 Ag 2 S a O la by the action of AggA" on 
EtI (F.). May be distilled (Mauzelius, B. 21, 
1650). 

Sulpho-diacetic aoid v . Di-methyl sulphonb 

DICARBOXYLIO AOID. 

Di-aulpho-acetio aldehyde C 2 H 4 S 2 0 7 i.e. 
CH(S0 3 H) 2 .CH0. By adding chloral hydrate to 
cone. KHSO.,Aq at 80° there are formed crystals 
of C.^HjjK.S^jKHSO,,, and these when boiled 
with HClAq yields C 2 H 2 K 2 S 2 0 7 aq, from which 
C^-jBaS/), 2aq may be prepared (Bathke, A. 
161, 154). Boiling K 2 C0 3 yields CH^SO.K),, 
potassium formiate, and K 2 S0 3 . 

8ULPHO-AMIDO-BENZOIC ACID v . Amido- 

SULPHO-BENZOIO ACID. 

DI-SULPHO-ANILINE v. Di-amido -di-phenyl 

DISULPHIDE. 

(B.) - SULPHO - ANTHRACENE - (A) - CARB- 
OXYLIC ACID C 8 H,<^°^>C s H 1 (S0,H). 

[above 360°]. Obtained by dissolving anthra- 
oene-( A.) -carboxylic acid in cold cone. R 2 S0 4 and 
allowing to stand for 12 hours on ice (Behla, B. 
20, 706). Minute yellowish prisms (from al- 
cohol). V. sol. water and alcohol, insol. benzene 
and ether. The aqueous solutions of the acid 
and its salts have a strong blue fluorescence.— 
BaA" ; very soluble yellowish minute prisms. 

Di-8ulpho-anthracene-(A.)-carboxylic acid 
0 m H 7 (S0 3 H) 2 .C0 2 H. [above 360°]. Formed by 
dissolving an thracene-fA.) -carboxylic acid in cold 
fuming H 2 S0 4 (Behla). Yellow prisms (from 
alcohol). V. sol. water and alcohol, insol. benz- 
ene. Its aqueous solution scarcely fluoresces, 
but the cono. H 2 S0 4 solution has a strong 
yellowish -green fluorescence. — A^gBa : very 
sparingly soluble crystalline powder. 

SULPHOBENZIDE v. Di-phenyl bulphone. 

o-SULPHO-BENZOIC ACID C 7 H 6 S0 5 i.e. 
0 6 H,(S0 3 H).C0 2 H. S. 50 in the cold. 

Formation. — 1. Together with its imide, by 
oxidation of toluene o-sulphonic amide with 
KMn0 4 (Remsen a. Fahlberg, Am. 1, 433). — 2. 
By heating the imide with HClAq at 100° (Fahl- 
berg a. Remsen, B. 12, 472 ; Fahlberg a. Barge, 
B. 22, 754 ; Brackett a. Hayes, Ark. 9, 399). By 
this means the acid ammonium salt is first ob- 
tained (F. ; Remsen a. Dohme, Am. 11, 332).— 3, 
By boiling o-diazo-benzoio acid with alcoholic 
S0 2 (Wiesinger, B. 12, 1349).— 4. By oxidation 
of toluene o-sulphonic acid by KMn0 4 . 

Properties. —Trimetric crystals (containing 
3aq or 4aq) ; a:b:c^' 651:1: *812, v. e. sol. water, 
sol. alcohol, insol. ether. According to Fahl- 
berg (B. 22, 754), it crystallises with 3aq, and is 
decomposed at 105°. According to Remsen (Am. 
11, 332), it crystallises with 4aq, melts at 69° in 
its water of crystallisation, melts at 130 u when 
anhydrous, and gives a sublimate of long needles 
(containing 2aq). Resoroin (1-2 pts.) at 195° 
forms ‘sulphofluoresoein ' C, 8 H l2 SO tt 2aq, which 
fluoresces in aqueous and alkaline solutions 
(Remsen a. Hayes, Am. 9, 872). By condense* 

QQ 
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don of resorcin (4 mols.) with o-sulpho-benzoio 
acid there is likewise formed a similar body 
C 81 H 20 SO 8 4aq (Fahlberg a. Barge, B. 22, 765), 
Potash-fusion gives salicylio acid. 

Salts. — KHA": transparent plates, sol. 
water.— KjA" 2aq.— Ba(HA") 2 2jaq : needles, sol. 
water. — Ba(HA") 2 2aq. — BaHjA".* 4|aq. — 
BaA" 2aq. — Ca(HA") 2 6aq. — CaA" 6aq. — 
CuA"3*aq. — Ag.^A". — C a H 4 (S0 3 NH 4 ).C0 2 H. 
Formed by heating the imide with HClAq at 
10 ° o . 

Anhydride C a E t <gf}>0. [119°] (F.). 

£128°J (Remsen a. Dohme,2m. II, 332). Formed 
by heating the K salt with PC1 5 at 180° or the 
acid with P 2 0 8 at 130°. Monoclinio tables, 
insol. cold water. NH S passed into its solution 
in benzene forms C a H 4 (C0NH 2 )S0 2 0NH 4 [256°], 
which crystallises from alcohol in needles. 

Chloride C a H 4 (S0 2 Cl).C0Cl. [73°]. Prisms 
(from ether). When reduced by zinc-dust and 
H 2 S0 4 it yields O a H 4 (SH).C0 2 H (Delisle, B. 22, 
2206). 

Amio acid 0 6 H 4 (C0.NH 2 )S0„H. Crystals 
(containing aq), v. sol. alcohol and water. Got 
by the action of H 2 S on C t{ H 4 (CONH 2 ).SO s Ag aq, 
which is obtained by adding silver nitrate to 
C fl H 4 (CONBL l ).SO a NH 4 prepared as above (Fahl. 
berg a. Barge, B. 22, 760). 

Amic acid CgH^SO^H^.COjH. Sulph - 
amine-benzoic acid. Formed by boiling toluene 
o-sulphonic amide with K a FeCy a and aqueous 
potash (Noyes, Am. 8, 178 ; cf. Fahlberg, Am. 1, 
170). Slender needles or prisms, v. sol. water, 
alcohol, and ether. Melts at 155° when slowly 
heated, and at 167° when quickly heated. At 
180° it is completely converted into imide. 
Gives rise to the salts MgA' 2 6^aq, BaA' 2 4£aq, 
BaA' ? 9aq, AgA', and Ag 2 C 7 H a NS0 4 . By passing 
HC1 into an alcoholic solution of the imide, the 
ether C tt H 4 (S0 2 NH 2 ).C0 2 Et [83°] is formed. The 
methyl and propyl ethers have also been ob- 
tained and may be converted by aniline into 
C fl H 4 (S0 2 NH 2 ).CONHPh [189°], by o-toluidine 
into 0 a H 4 (S0 2 NH,).C0NHC 7 H 7 [193°], and by 
means of p-toluidine into the isomeric p-toluide 
C 6 H 4 (S0 2 NH 2 ).C0NHC 7 H 7 [202°]. 

Imide C # H 4 <|^>NH. Saccharin. [220°] 

(Remsen a. Fahlberg, Am. 1, 432). Formed by 
oxidising CH 3 .C a H 4 .S0 2 NH 2 witn KMn0 4 in 
neutral solution (Remsen a. Fahlberg, B. 12, 
469 ; Remsen a. Palmer, Am. 8, 223 ; Fahlberg a. 
List, B. 20, 1597 ; 21, 242 ; Remsen a. Linn, 
Am. 11, 73). Elongated triangular plates (by 
sublimation), si. sol. cold water, v. sol. alcohol 
and ether. Has a very sweet taste (500 times 
that of cane sugar). The solubility of com- 
mercial saccharin is given by Gravill ( Ph . 
[3] 18, 837) as S. (water) *2 at 15° ; -6 at 100° ; 
S. (alcohol) 5*4 at 15° ; S. (ether) 1-3 at 15°. 
According to Stift ( B . C . 18, 458) and Aducco 
and Mosso (C. C, 1887, 1148) it retards digestion, 
and is antiseptic. The imide is converted into 
C a H 4 (S0 2 NH 2 ).C0 2 H on evaporation with 
KOHAq. Cone, hydrochloric acid at 150° forms 
CgH^SOgNHJ.COjEL The imide gives rise to 

BalU of the form OJH 4 <®° J >NAg, of which 

the following have been described. — KA'aq: 
prisms, v. sol. water.— Na A' 2aq s tables.— 


BaA'jlJaq.— BaA' 2 4aq (Noyes, Am. 8, 180). — 
AgA' : needles (from hot water). To detect 
‘ saccharin,’ a suspected liquid may be acidified, 
extracted with ether, the ether evaporated, the 
residue fused with NaOH, and the product tested 
for salicylic acid and for sulphate (O. Schmitt, 
Fr. 27, 396 ; Allen, An. 18, 105 ; Bornstein, Fr . 
27, 165). * Saccharin ’ evaporated to dryness on 
a water-bath leaves a residue which, when 
warmed with alcoholic potash, exhibits yellow, 
blue, and red colours (Lindo, C. N. 58, 61, 155). 

Methylimide C r H 4 <®Q 2 >NMe. [132°]. 

Formed by heating C,H 4 <^Q 2 ^>NAg with Mel 

at 100° (Brackett, Am. 9, 406). Long flat 
needles, sol. ether, alcohol, and hot water. 

Ethylimide 0,H 4 <®° 2 >NEt. [97°]. 

Needles (from water). Converted by boiling al- 
coholic potash into C a H 4 (S0 2 NHEt).C0 2 H [116°], 
which yields C 8 H 4 (S0 2 NKEt).C0 2 K crystallising 
in nacreous scales, Na 2 O„H 0 NSO 4 , CuA' 2 2aq, and 
AgA' (Fahlberg a. List, B. 20, 1596). 

Propylimide C a H 4 <^>NPr. [60°-70°]. 

m-Sulpho-benzoic acid 
[l:3]C a H 4 (S0 s H).C0 2 H. 

Formation . — 1. By mixing benzoic acid (2 
pts.) with SO s (1 pt.) (Mitscherlich, P. 31, 287 ; 
32, 227 ; Barth, A. 148, 38). — 2. By heating 
BzCl with Ag 2 S0 4 at 150 c (Kammerer a. Carius, 
A. 131, 153 ; B. 4, 219).— 8. By heating BzCl 
with H 2 S0 4 (Oppenheim, B. 3, 735). — 4. By the 
action of an alcoholic solution of S0 2 on wi-diazo- 
benzoic acid (Wiesinger a. Vollbrecht, B. 10, 
1715). — 5. By oxidation of wt-sulpho-benzoio 
aldehyde with air at 95° (Kafka, B. 24,796). 

Proper ties.— Deliquescent crystalline mass. 
Yields w-oxy-benzoic acid when fused with 
potash. 

Salts. — NaHA"2aq: triclinic crystals. — 
Na 2 A"Me 2 S0 4 (Stengel, A. 218, 260). Crystals. — 
NaA"Et 2 S0 4 : v. sol. water. — KHA" 2^aq. — 
KHA" 5aq (Otto, A. 122, 155).— BaA"Saq : v. 
sol. water (Fehling, A. 27, 322). — BaH 2 A" 2 3aq. 
White monoclinic prisms. S. 5 at 20° (M.). — 
BaA"Me 2 S0 4 .-BaA"Me 2 S0 4 3;}aq. S. 34 at 21°. 
— BaA"Et 2 S0 4 3£aq. S. 31 at 21°. Formed from 
the acid, NaHS(5 4 , and alcohol (Stengel). Long 
needles. — BaA"Pr 2 S0 4 7aq. S. 11 at 19°.— 
PbA" 2aq : stellate groups of white needles. — 
PbA"EtjS0 4 2jaq. — CuA"Me 2 S0 4 2|aq. Crystals. 
— CuA"Et 2 S0 4 2£aq. — AgHA" : nodules (Lim- 
pricht a. Uslar, A. 106, 60).— Ag^" aq : small 
yellowish prisms. 

Mono-ethyl ether EtHA". Formed by 
the action of alcoholic NH 3 on Et 2 A" or on the 
chloride (Limpricht a. Uslar, A. 102, 252). The 
free acid is unstable. — EtNH 4 A" : four-sided 
triclinio tables (Keferstein, A. 106, 885). — 
NaEtA" zaq. — Ba(EtA") 2 ®aq : efflorescent 
tables. 

Ethyl ether EtjA". Formed from the 
chloride and alcohol. Syrup, miscible with 
water. Saponified by heating with water. 

Semi-chloride C 7 H 5 S0 4 C1. Formed by 
heating the acid (1 mol.) with P01 s (1 mol.) 
(L. a. S.). Formed also by leaving the chloride 
C # H 4 (S0 2 C1)(C0C1) in oontact with water for 
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several weeks. Crystalline powder, sol. ether. 
Converted by hot water into the aoid. 

Chloride C a H 4 (S0 2 Cl).C0Cl. Formed by 
floating the acid (1 mol.) with PC1 5 (2 mols.) at 
100°. Thick oil, slowly decomposed by water. 
Yields C a H 4 Cl.COCl on distillation and on heat- 
ing with PC1 5 at 150° (Kammerer a. Carius, A. 
131, 159). 

Benzoyl derivative C n H 1H S0 6 . The first 
product of the action of BzCl (2 mols.) on 
Ag 2 S0 4 (1 mol.) (K. a. C.). Amorphous, sol. 
•ether. Resolved by water into benzoic and sul- 
phobenzoic acids. 

Amic acid C a H 4 (S0 2 NH 2 ).C0 2 H. m-Sul- 
phamine -benzoic acid. [235° uneor.] (R. a. P.) ; 
[247°] (N. a. W.). Formed by the action of 
eonc. KOHAq at 100° on the amide (Limpricht 
a. Uslar, A. 106, 27). Prepared by oxidation of 
[1:3] C a H 4 Me.S0 2 NH 2 with alkaline KMn0 4 , 
with chromic acid mixture (Remsen a. Palmer, 
Am. 4, 143), or with alkaline K a FeCy a (Noyes a. 
Walker, Am. 8, 188). Scales (from water), si. 
sol. cold water, v. sol. alcohol. Converted by 
PCl a at 150 3 -20Q° into the oily chloride 
C a H 4 (S0 2 NH 2 )C0Cl. — BaA' 2 4aq. — AgA' aq.— 
Ag 2 C 7 H 5 NS0 4 : amorphous pp., sol. hot water. — 
EtA'. Monoclinic crystals, si. sol. hot water. 

Amide C a H 4 (S0 2 NH 2 )(C0NH 2 ). [170°]. 

Formed from the chloride and cone. NH a Aq. 
Small anhydrous crystals (from alcohol) or 
needles (containing aq). V. sol. hot water and al- 
cohol. PCI, at 100° forms C o H 4 (S0 2 NH 2 )CC1:NH, 
which is decomposed by distillation into m- 
chloro-benzonitrile, S0 2 , and NH 3 ; and by treat- 
ment with NH 3 Aq into C (J H 4 (S0 2 NHJ.CN [152°] 
{Wallach a. Huth, B. 9, 428). 

Anilide C (i H 4 (S0 2 NHPh).C0NHPh. 
Formed from the chloride and aniline. Small 
crystals (from alcohol). 

Isomeride of the amic acid 
C t( H 6 C(NHJ:N.S0 3 H. Benzamidine v-sulphonic 
acid . [247°]. Mol. w. 200 (obs.). Formed by 
passing S0 3 into cold benzonitrile (Engelhardt, 
J. pr. 75, 363 ; Eitner, B. 25, 471). Prisms and 
rhombohedra. Converted by HClAq into benz- 
amidine sulphate.— CaA' 2 .— BaA' 2 4aq. 

Amorphous isomeride of the amic 
acid. A product of the action of PC1 5 on the 
amic acid (L. a. U.). Insol. water, alcohol, and 
ether. Forms amorphous salts. Water at 180° 
reconverts it into the ordinary amic acid. — 
BaA' 2 4aq : brittle mass. 

p-Sulpho-benzoic acid 

{1:4] C 8 H,(S0 a H).C0 2 H. [c. 200°]. Formed, in 
small quantity, together with the m- isomeride, 
by the action of SO a on benzoic acid (Remsen, A. 
178, 275 ; Z. [2] 7, 81, 199). Formed also by 
oxidation of toluenep-sulphonic acid with KMn0 4 
(Hart, Am. 1, 342), and by the action of an 
alcoholic solution of S0 2 on diazotised p-amido- 
benzoic acid (Wiesinger, B. 10, 1715). Needles, 
not deliquescent, decomposed by heat. Potash- 
fusion converts it into p-oxy- benzoic acid. The 
K salt heated with potassium formate yields 
terephthalic acid. 

Salts.— NaHA"2Jaq. Stellate groups of 
prisms, m. sol. cold water.— BaA" 2aq : groups 
of needles, m. sol. cold water.— BaH^A"* 3aq : 
fiat needles, v. si. sol. cold water. 

Amic acid 0 8 H 4 (S0 2 NH 2 ).C0 2 H. [c. 280°]. 
Formed by oxidation of C tf H 4 Me.S0 2 NH t and of 


p-sulpho-cinnamic amide (Remsen, A. 178, 299; 
Fahlberg, Am. 1, 170 ; Palmer, Am. 4, 164 ; 
Noyes, Am. 7, 145 ; 8, 182). Flat prisms (from 
water), si. sol. hot water, v. sol. alcohol. De- 
composed on fusion. — NH 4 A': needles or long 
laminro, v. sol. water. —BaA ' 2 5aq. — AgA': v. si. 
sol. hot water. — OgHjfSO.^NHAgJ.COjjAg: v. sol. 
hot water.— EtA'. [111 0 ]. 

Di-sulpho-benzoic acid C 7 H a S 2 0 8 i.e. 
C u H a (S0 3 H) 2 C0 2 H [4:2:1]. [above 285°]. 
Formed by oxidation of toluene disulphonic acid 
with chromic acid mixture (Blomstrand a. 
Hakansson, B. 5, 1088 ; Brunner, Sitz . W. [2] 78, 

665) and by digesting 

with HClAq at 160° (Fahlberg, Am. 2, 190). 
Large crystals (from HClAq), sol. cold water, 
insol. alcohol and ether. Yields (4,2,l)-di-oxy- 
benzoic acid on fusion with potash. 

Salts. — K a A'" 2aq : prisms, v. e. sol. water. 
— K 2 HA"'aq: large crystals, si. sol. water. — 
Ba 3 A'" 2 7aq.— Cu 3 A'" 2 7aq : minute crystals. 

Amic acid C d H 3 (S0 a H)(S0 2 NH 2 ).C0 2 H 
[2:4:1]. [165°]. Formed by boiling the imide 
of the amic acid with dilute HClAq for five 
hours. Large crystals, v. e. sol. water, si. sol. 
HClAq, insol. ether.— HKA": crystals (from 
dilute HClAq), v. e. sol. water. 

Di-amicacid C a H a (S0 2 NH 2 ) 2 CO,H. [183°]. 
Formed by heating C a H J Me(S0 2 NH 2 ) 2 with 
aqueous potassium permanganate and by evapo- 

rating C,U a (SO,NHJ<^>NH with KOHAq 

(Fahlberg, Am. 2, 186 \ B. 21, 246). Minute satiny 
needles, v. e. sol. water and alcohol, si. sol. ether. 
Tastes acid. Decomposes completely at 250°- 
260°. Its salts are crystalline. Those of alkalis 
and alkaline earths are v. sol. water. — BaA' 2 5aq: 
monoclinic prisms.— CuA' 2 2aq : pale-blue silky 
needles.— AgA' : white needles. — EtA'. [200°]. 
Silky needles (from water). 

Imide of the amic acid 

C„H 3 (SO i NHJ<^>NH. [285°]. Formed 

by warming C (i H < (S0 2 NH 2 ) 2 C0 2 Et with KOHAq 
(Fahlberg a. List, B. 20, 1603 ; 21, 242). Tables, 
si. sol. cold water, v. e. sol. alcohol and ether. — 
K,C 7 H 4 N 2 S 2 0, : deliquescent crystalline mass. — 
(C b H a (S0 2 NH 2 ):SC0 2 :N) 2 Ba 3£aq : orystals. — 
Cu(C ? H 5 N 2 S 2 0 4 ) 2 4aq : minute blue needles. — 

AgC 7 H 4 N 2 SA. 

s Di-sulpho-benzoic acid OaHafSOjHJj.COaH. 
Formed by heating benzoic acid with H 2 S0 4 , 
S0 3 , and P 2 O a (Barth a. Senhofer, A. 159, 217). 
Hygroscopic prisms (containing aaq). Turns 
brown at 140°. Yields s-di-oxy-benzoic acid on 
fusion with potash. The K salt forms iso- 
phthalic acid when fused with potassium 
formate. — K a A'" 14aq : needles. — BaHA" 2aq : 
minute needles.— Ba,A'" 2 7aq : white prisms. — 
Cu^A"'., 8.|aq.^-Ag :l A'" 2aq : crystalline pp. 

References . — Bbomo-, Nitbo-, Oxy-amido, and 
OxY-, SuLPHOBENZOIC ACIDS. 

w-SULPHO-BENZOIC ALDEHYDE 
C a H 4 (S0 3 H).CH0. Sulphonic acid of benzoic 
aldehyde. Formed from benzoic aldehyde and 
fuming 11,804 below 50° (Wallach a. Wiisten, 
B. 16, 150 ; cf. Engelhardt, J. 1864, 350). Th® 
Na salt reacts with (a)-naphthylamine forming 
C^H^SOjNaJ.CHiNC.oiL, and forma with sodium 
naphthionat® G g H 4 (SO l Na).CH:NC l *H a .SO i Na* 

QQ2 
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Yields m-sulpho-benzoic acid on oxidation. — 
MgA' a (dried at 170°). — BaA' 2 (dried at 170°). 
Nodules. 

Oxim . The salt C a H 4 (S0 8 Na).CH:N0H 
crystallises in plates, v. e. sol. water, m. sol. 
alcohol (Kafka, B. 24, 791). 

Phenyl- hy dr azide. 

The salt C a H 4 (SO s Na).CH:N.NHPh crystallises 
in needles, si. sol. cold water, v. sol. alcohol. 

Di-phenyl-hy dr azide . 

The salt C (l H 4 (S0 8 Na).0H;N.NPh 2 crystallises 
irom water in plates. 

SULPHOBENZOLIC ACID v. Benzene sul- 

PHONIC ACID. 

8ULPH0 - BENZYL - SULPHAMIC ACID 
C e H a .CH(S0,H).NHS0 3 H. The salt Na,A"8aq 
is formed from C a H & .CH:NOH and aqueous 
Na 2 SO„ (Pechmann, B. 20, 2541). It crystallises 
in needles and is decomposed by NaOHAq into 
benzoic aldehyde, Na.,S0 4 , and H(NH 4 )S0 3 . 

(aJ-STTLPHO-BTJTYEIC ACID C 4 H 8 S0 5 i.e. 
CI^.CH 2 .CH(S0 3 H).C0 2 H. Formed from butyric 
acid ana G1S0 8 H; ana also by the action of 
(NH 4 ) 2 S0 8 on a-bromo-butyrio acid (Hemilian, 
B. 6, 196, 562 ; A. 176, 1 ; Franchimont, R. T. C. 
7, 27). Formed also from crotonio acid and 
KHSO, at 130° (Beilstein a. Wiegand, B. 18, 
483). Syrup. The Ba salt is converted by 
PC1 8 into CH 3 .CH 2 .CHC1.C0C1. — CaA" 2aq : 
needles (from ether-alcohol), insol. alcohol. — 
BaA"2aq. S. 7*1 at 16°.— PbA"2aq.-CuA"4aq. 
— ZnA" 5aq. — Ag 2 A" : prisms, insol. alcohol. 

a-Sulpho-isobutyric acid C 4 H 8 SO ft i.e. 
CMe 2 (S0 3 H).C0 2 H. Formed by the action of 
Cl.SO r OH on isobutyric acid and also by oxida- 
tion of C a H g N 2 SO, which is prepared by heating 
thio-urea with a-bromo-isobutyric acid (An- 
dreasch, M. 8, 412).— Na 2 H" ^aq. — BaA" 4aq. 

Ammonium sulphite appears to convert 
a-bromo-isobutyric acid into an isomeride which 
yields Ba0 4 H 6 S0 6 2aq, crystallising in needles, v. 
sol. water. 

/8-Sulpho-butyric acid 

CH s .CH(S0 8 H).CH 2 .C0 2 H. Formed from 
0-chloro-butyrio ether and (NH 4 ) 2 S0 3 (H.). Got 
also by oxidising barium oxy-butane disul- 
phonate with chlorine- water (Haubner, M. 12, 
647). Amorphous.— BaA" aq (H.). — BaG 4 H e SO s . 
White amorphous mass, v. sol. water, almost 
insol. alcohol. Yields acetic acid by potash- 
fusion. 

Sulphodibutyric acid v. Di-propyl bulphone 

DIOARBOXYLIC ACID. 

SULPHOBUTYBIO ALDEHYDE C 4 H g S0 4 
is. CH 8 .CH(S0 8 H).CH 2 .CH0. Got by satu- 
rating a solution of crotonio aldehyde with SO. 
and distilling in vacuo , afterwards distilling with 
steam. On neutralisation of the residue with 
baryta the salt BaA' 2 is got (Haubner, M. 12, 
646). The barium salt is converted by hy- 
droxylamine into (CHfN0H).CH 2 .CHMe.S0 8 ) 2 Ba, 
which is reduced t>y sodium - amalgam to 
(CH 4 (NHJ.GH 2 .CHMe.S0 8 ) 2 Ba, which on distilla- 
tion with lime yields butylamine and a little 
CH 8 .0H:0H.0H 2 NH 2 . Sodium-amalgam reduces 
the sulpho-butyrio aldehyde to oxy-butane sul- 
phonic acid CH g .CH(S0 3 H).CH 2 .CH 2 0H, whence 
NaA', which when distilled with lime gives a 
mixture of butyl and crotyl alcohols. 

8TJLPH0CAMPH0BIC ACID v. Camphoric 
Aqua 1 


8DLPH0CAMPHYLIC ACID v. Camphoric 

ACID. 

SULPHO-CHLOBO BENZOIC ACID v. 

Ohloro-sulpho-benzoic acid. 

o-STTLPHO-CINN AMIC ACID C 9 H 8 SO a t.e. 
G a H 4 (S0 8 H).CH:CH.C0 2 H. Formed, together 
with the p- isomeride, by the action of S0 8 or 
fuming H2S0 4 on cinnamic acid (Marchand, 
J.pr. 16, 60 ; Herzog, J. pr. 29, 51 ; Budneff, A . 
173, 8). Prisms (containing 3aq), v. e. sol. water 
and alcohol. Yields m-oxy-benzoic acid on 
fusion with potash. — KjA" : amorphous, v. sol. 
water. — KHA" : groups of needles. — CaA"lAaq. 
— BaH 2 A" 2 . S. *45 at 20°. — BaA" l|aq. S.>2 
at 16°. — Ag-jA". 

w-Sulpho-cinnamic acid 
[1:3] C fl H 4 (S0 8 H).CH:CH.C0 2 H. Formed from 
w-sulpho-benzoic aldehyde, NaOAo, and Ac 2 0 
(Kafka, B . 24, 791).— BaA" : nodules, v. sol. 
water, si. sol. alcohol. 
p-Sulpho-cinnamic acid 

[1:4] 0 6 H 4 (S0 3 H).CH:CH.C0 2 H. Formed as 
above. Monoclinic prisms (containing 5aq). 
Yields p-oxy-benzoio acid by potash-fusion. — 
K 2 A" £aq. Nodules (from alcohol). Beduces 
KMn0 4 in the cold (Liebermann, B . 22, 782). — 
CaA" £aq. — BaA" 3aq. S. (of BaA") *12 at 20°. 
— BaA" aq. S. *4 at 18°. — CuA" 6aq : greenish- 
prisms, v. sol. water. 

Amide C a H 4 (S0 2 NH 2 ).CH:GH.C0NH 2 . 
[218°]. Needles, v. sol. hot water (Palmer, Am. 
4, 163). 

Amic acid C a H 4 (S0 2 NH 2 ).CH:§H.C0 2 H. 
S. *058 at 21°. Formed by heating the amide 
with NaOHAq. Needles (from water), sol. alco- 
hol, si. sol. ether. Decomposes at 250°. Yields 
CaA' 2 aq and BaA' a 2aq, both crystallising in 
needles. 

SULPHO-CBMINIC ACID C, 0 H 12 SO 5 i.e. 
C i H f Pr(S0 1 H).CO,H [4:3:1]. [160°]. Formed 

by sulphonating cuminic acid (Widman, B. 22, 
2276). Crystalline.— BaA" aq : si. sol. water. — 
BaH 2 A" 2 4£aq. Prisms, m. sol. water. 
Chloride C a H 3 Pr(S0 2 Cl).COCl. [56°]. 
Amide CAPrfSO^HJ.CONK,. [225°]. 
Tables, sol. hot water. 

Amic acid C a H 8 Pr(S0 2 NH 2 ).C0 2 H. [246° 
cor.]. Formed by heating the amide with 
KOHAq at 100°. Formed also by oxidising 
(£)-cymene sulphonio amide [148°] with chromic 
acid mixture, an isomerio change taking place 
(Eemsen a. Day, Am. 5, 158). Needles, sol. hot 
water. Yields BaA' 2 3aq, v. e. sol. water. 
Sulpho-n-cuminic acid 

CgHjPrfSOaHJ.COjjH [4:3:1]. Formed by sulpho- 
nation of n-cuminio acid (W.). Y. sol. alcohol, 
ether, and water. — BaA"aq: needles, si. sol. Aq. 
Chloride G a H 3 Pr(S0 2 01).C0Cl. [43°]. 
Amide C a H 3 Pr(S0 2 NH 2 ).C0NH 2 . [203°]. 
Tables (from water). 

Amic acid C a H 2 Pr(S0 2 NH 2 ).C0 2 H. [216° 
oor.]. Formed from the amide (W.), and also 
by oxidation of p-di-w-propyl-benzene sulphonio 
amide [103°] (Remsen, Am. 5, 158). Long 
needles (from water). — CaA' a 6aq. — GuHA' t 2aq. 
— AgA': flocculentpp. 

Sulpho-cuminic acid. Amic acid 
C a HMe 8 (S0 2 NH 2 ).C0 2 H [5:8:2:a::l]. Formed by 
oxidation of isodurene sulphonic amide by alba- 
line KMn0 4 (Jacobsen, B. 15, 1855). The K salt 
is amorphous. 
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Bulpho-cuminic acid. Amic acid 
O 0 HMe s (SO 2 NH 2 ).CO 8 H [6:4:2:a;:l]. Formed by 
oxidation of the corresponding isodurene sul- 
phonic amide (J.). The K salt is crystalline. 

Reference. — Oxy-sulpho-cuminio acid. 

6ULPHO-CYANIC ACID v. vol. ii. p. 303. 

SULPHOCYANO- ACETIC ACID 0 # H 8 NS0 3 i.e. 
Cy.S.CH ? .C0 2 H. Formed from potassium sul-' 
phocyanide and sodium chloro-acetate (Olaesson, 
B. 10, 1347). Thick oil, changing to a solid 
polymeride when heated. — NaA' aq : prisms. 
Converted by AgNO s into HS.CHjj.CO^Na. CuS0 4 
forms, after a time, a black pp. of cuprous thio- 
^lycollate. — KA' aq. — BaA' 2 4aq : tables. — 
J3aA' 2 aq : prisms. — CaA' 2 2aq. — MnA' 2 2aq. 

Ethyl ether EtA'. (225°). S.G. T174. 
Formed by boiling chloro-acetic ether with potas- 
sium sulphocyanide (Heintz, A . 136, 223). 
Liquid. Yields thioglycollio acid and thiogly- 
oollic ether on distillation with phosphoric acid. 
Polymerised by repeated distillation, many other 
products being formed at the same time. Boil- 
ing dilute HClAq forms NH2.C0.S.CH 2 .C0 2 H 
£143°], which is v. sol. alcohol and ether, yields 
MeA' [75°-80°] and CaA' 2 2aq, and is resolved 
by heat into cyanic and thioglycollio acids 
tNencki, J. pr. [2] 16, 11). EtI at 120° forms 
ethyl sulphocyanide and iodo-acetic acid. 

Isoamyl ether G s H n A'. (255°). 

Amide CH 2 (S.CN).CONH 2 . Needles. 

Polymeride (C 3 H 3 SN0 2 ) 8 . [200°]. Formed 
from potassium sulphocyanurato and potassium 
chloro-acetate (Claesson, J. pr. [2] 33, 121 ; B . 
14, 732). Needles, sol. alcohol and ether. De- 
composed by HClAq at 100° into thioglycollio 
acid and cyanuric acid. — Ba 3 A.”\ 6aq : small 
prisms, nearly insol. water. — BaHA'" 2aq : large 
prisms.— Et a A"'. [81°]. Formed by distilling 
aulphocyano-acetic ether. Needles, nearly insol. 
hot water. 

Persulphocyano-diacetic aoid 
C 2 N 2 S(S.CHj.CO.H) 2 . [177°]. Formed from 
sodium chloro-acetate, iso-persulphocyanio acid, 
and KOHAq (Klason, J.pr . [2] 38, 381). Plates. 
— BaA" 3aq.-CaA" 3|aq.- ZnA" aq. — CdA". — 
CuA" 6aq.— Et 2 A". Oil. 

Amide . [125°]. Prisms. 

SULPHOCYAN 0- ACETIC ALDEHYDE 
CH^SCyJ.COH. [below -20°]. S.G. ^ 1-47. 
Formed by heating iodo-acetio aldehyde with 
AgSCy and ether (Chautard, A. Ch. [6] 16, 193 ; 
€. R. 106, 1169). Oil, miscible with alcohol 
and ether. Decomposed by distillation, by 
treatment with Cl, and by HClAq. HNO a forms 
acetio acid, sulphooyano-acetio aoid, and thio- 
carbimido-acetic acid [128°]. Becinified by 
alkalis. 


SULPHOCYANO-ACETONE C 4 H 5 NSO ue. 
CH 3 .CO.CH 2 SC y. S.G. * 1-2; 2*1-18. S. 7 at 
16°. Formed from chloro-acetone and barium 
sulphocyanide (Tsohnerniao, C. R. 96, 687 ; B. 
16, 349 ; 26, 2607, 2623). Liquid, y. e. sol. 
ether, y. si. sol. ligroin. Decomposed by heat. 
Dissolves in aqueous KHSO a . Boiling dilute 
HClAq converts it into oxy -methyl- thiazole. 
Ammonium sulphocyanide forms * propimine 
sulphocyanide ’ CH 3 .C(NH).CH 2 SCy [42°] (231°), 
which yields B'ftPtCl*, B'HNO, [183°], 
B / H a S0 4 2aq, BELSCy [116°], B'Mel [160°], and 
CH*.C(NAc).OH 2 SCy [134°]. 


Cxim CH,.C(NOH).CH a .SCy. [135°]. Yel- 
lowish prisms (Arapides, A. 249, 18). Produces 
great irritation on the skin. 

SULPHOCYAN 0- ACETOPHENONE v. Phen- 

A0YL SULPHOCYANIDE. 

SULPHOCYANO -BARBITURIC ACID 

OjHjNjSOj i.e. CO<^^Q>OH.SOy. Formed 

from di-hromo-barbiturio acid and alcoholic 
KSCy in the cold (Trzoinski, B. 16, 1058). The 
free acid splits up into thiodialurio acid and 
other products. Hot KOHAq also forms thio- 
dialuric acid. — NH 4 A f . — KA' : tables (from water). 
— AgA' : crystalline pp. 

7 -SULPHOCYANO-BTJTYRICACID. Nitrile. 
CH 2 (SCy).CH 2 .CH 2 .CN. (c. 196° at 40 mm.). 
Formed by boiling potassium sulphocyaniae 
(1 pt.) with 7 -chloro-butyronitrile (1 pt.) and 
alcohol (Gabriel, B. 23, 2490). Liquid. Par- 
tially decomposed by distillation under atmo- 
spheric pressure. Converted by cone. H»S0 4 
into S 2 (CH 2 .CH 2 .CH„.CO.NH 2 ).>. 

a - S ULPHOCYANO - ISOBUTYRIO AIDE - 
HYDE CMe 2 (SCy).CHO. S.G. ** 1*63. Formed 
from a-iodo-isobutyrio aldehyde and AgSCy 
(Chautard, A. Ch. [6] 16, 198). Liquid with 
nauseous odour, decomposed by heat, by acids, 
and by alkalis. 

SULPHOCYANO - ETHANE SULPHONIC 
ACID C 3 H s NS 2 0* i.e. CH 2 (SCy).CH 2 .SO a H. 
Formed from CH 2 (SCy).CHjCl and aqueous 
Na 2 S0 3 in sunlight (James, J.pr. [2] 26, 381). 

SULPHOCYANO-FORMIC ETHER 
CyS.C0 2 Et. The compound (CyS.CO <2 Et)EtOH 
is got by mixing chloro-formio ether with ammo- 
nium sulphocyanide and alcohol (Delitsch, J.pr . 
[2] 10, 118 ; cf. Henry, J. %r. [2] 9, 464). It 
crystallises in prisms [44°], insol. water, v. e. sol. 
alcohol. Alcoholic potash forms CaH^KSNO, 
crystallising from alcohol in plates. KOHAq 
forms KSCy, alcohol, and K 2 C0 3 . 

SULPHOCYANO-HEPTOIC ALDEHYDE. 
Formed from iodo-heptoio aldehyde and AgSCy 
in ether (Chautard, A. Ch. [6] 16, 198). Yellow- 
ish liquid with foetid odour. Decomposed by 
heat, by acids, and by alkalis. 

£ - SULPHOCYANO - PROPIONIC ALDE- 
HYDE CH 2 (SCy).CH 2 .CHO. Formed by treat- 
ing j8-iodo-propionic aldehyde dissolved in ether 
with AgSCy (Chautard, A. Ch. [6] 16, 197). 
Liquid with foetid odour. Decomposed by heat, 
and resinified by alkalis and by mineral acids. 

wSULPHOCYANO-TOLUIC ACID. Nitrile. 
CH 2 (SCy).C d H 4 .CN. [86^. Formed from o-eyano- 
benzyl chloride and KSCy in aloohol (Gabriel a. 
Day, £.23, 2479). Needles. Converted bycono. 
HClAq at 180° into thiophthalide C g H fl SO [67°]. 
Cone. ELjS 0 4 at 30°-70° forms oyano-benzyl- 
mercaptan C 8 H 7 NS [62°]. 

SULPH0CYAN0-I80VALERIC ALDEHYDE. 
Formed ftom iodo-isovalerio aldehyde and 
AgSCy in ether (Chautard, A. Ch. [6] 16, 198). 
Liquid, with foetid odour, easily decomposed by 
heat, by HClAq, and by alkalis. 

SULPHO-DURIDE v. Di-dubyl sulphone. 

6ULPH0-ETHYL-BEN ZOIC ACID. Amio 
acid C # H n NS0 4 U. C 8 H f Et(S0 2 NHA.C0 2 £L 
[262° cor.]. Formed by oxidising the sulphonio 
amide of p-di-ethyl-benzene with CrO* (Bemsen 
a. Noyes, Am. 4, 202). Needles.— BaA' a 3aq. 
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SUXPHO-FUMAEIC ACID C.B^SO, t.«. 
C0^.CH:C(S0 jH).C 0 3 H. Formed by the »c 
tion of Br or of HNO, on the salts of (5)-bromo- 
(B)-sulpho-pyromucio acid (Hill a. Palmer, Am. 
10, ,409).— Ba 2 A'" 2 aaq : v. si. sol. water.— 
AgoA f " £raq. 

SULPHO-HIPPURIC ACID C ft H e NSO fl i.e. 
0«H 4 (S0 3 H).C0.NH.CH 2 .C0 2 H. Formed from 
hippuric acid and S0 3 (Schwanert, A. 112, 69). 
Amorphous, deliquescent mass. Converted by 
nitrous acid into sulpho -benzoic acid. — BaA"aq : 
needles. — Pb 2 OA". 

SULPHO-ISATIC ACID v. Isatio acid. 

SULPHO-TRIMELLITIC ACID CASO, i.e. 
C fl H a (S0 g H)(C0 2 H) 3 [6:4:2:!]. Formed, together 
with the amic acid C u H 2 (S0 2 NH 2 )(C0 2 H) 3 , by 
oxidation of C tt H 2 Me(S0 2 NH 2 )(CO..H) 2 [2:6:4:13 
by KMn0 4 (Jacobsen a. H. Moyer, B. 16, 192). — 
KHgA 1 * 8aq : prisms, m. sol. cold water. Fotash- 
fusion yields oxy-trimellitic acid. 

8ULPHO-TRIMESIC ACID. A mic acid 
CyHjNSOg i.e. C tt H 2 (S0 2 NH 2 )(C0 2 H) r [a?:5:3:l]. 
Formed by oxidation of the amic acid of o- or 
p- sulpho-mesitylenic acid (Jacobsen, A. 206, 
203). — KHjfA'" ‘2aq : crystalline mass, m. sol. 
cold water. Cone. HClAq at 210° forms NH 3 , 
HgSOj, and trimesio acid. Potash-fusion gives 
oxytrimeBic acid. 

a-SULPHO-MESITYLENIC ACID C 9 H J0 SO 5 
i.e. C 8 H 2 Me 2 (S0 3 H).C0 2 H. Formed, together 
with a (0) -isomeride which yields CaA" 4aq, by 
the action of SO, on mesitylenic acid (Remsen 
a. Brown, Am. 3, 218). Yields o-oxy-mesitylenio 
acid on fusion with potash. By successive 
treatment with PCl ft and NH a it is converted 
into an amide [288°]. — CaA" 4aq. Loss sol. 
water than the salt of the (0) -isomeride. 

Sulpho-mesitylenic acid. Amic acid 
CAjNSO, i.e. C u H 2 Me 2 (S0 2 NH.,).C0 2 H [5:3:6:!]. 
[262° cor.]. Formed, together with the (5, 3, 4,1)- 
isomeride, by oxidising mesitylene sulphonic 
amide with chromic acid mixture or alkaline 
KMn0 4 (Hall a. Remsen, Am. 2, 131 ; B. 10, 
1040 ; Jacobsen, B. 12, 604 ; A. 206, 167). Short 
prisms (from water), si. sol. hot water, sol. 
alcohol and ether. Decomposed by heating 
with cone. HClAq at 200° into H.,S0 4 and mesi- 
tylenic acid. Soda-fusion forms mesitylenic 
acid and tw-xylene sulphonic amide [137°]. — 
CaA' a 6aq : long flat plates.— CaA' 2 5aq. — 
BaA' s 8aq. S. 8-3 at 0° ; 14 at 21°.— CuA' 2 4aq : 
blue needles. — CuA' 2 3aq. — AgA' : pp. 

Sulpho-mesitylenic acid. Amic acid 
C # H 2 Me 2 (S0 2 NH 2 ).C0 2 H [5:3:4;1]. [276° cor.]. 
Formed as above (J.). Long needles, v. sol. 
alcohol and ether, more sol. hot water than its 
isomeride. Cone. HClAq at 200° forms mesityl- 
©nic acid. Boda-fusion gives oxy-mesitylenio 
acid. — BaA' 2 2aq. S. 2*05 at 0°.— CaA' 2 2aq : 
prisms. — CuA' 2 aq : blue monoclinic prisms. 

SULPHO - DI - METHYL - BENZOIC ACID. 
Amic acid C H H n NSO, i.e. 
C 3 H 2 Me 2 (S0 2 NH 2 ).C0 2 H [4:2:5:1]. [268°]. Formed 
by oxidation of the sulphonic amide of ^-cumene 
(Jacobsen a. Meyer, B. 16, 190). Long needles 
(from water). Yields di-methyl-benzoic acid on 
beating with cone. HClAq at 210°. — KA'aq. 

Sulpho-di-methyl-benzoic acid. [180°-190°]. 
Amic acid C a H 2 Me 2 (S0 2 NHJ.C0 2 H [1:2:5:3], 
(a) - Sulphamine - hemimellitic add . [238°]. 

Formed, together with the more soluble (B)-iso- 


xneride, by oxidising the sulphonic amide of 
hemimellithene with alkaline KMn0 4 (Jacobsen, 
B. 19, 2619). Needles, si. sol. cold water. 
HClAq at 150° forms sulpho-di-methyl -benzoic- 
acid and, finally, hemimellitic acid [144°]. 
Potash-fusion yields an oxy-hemimellitic acid. 
— BaA' 2 5aq: small tables, m. sol. water. 

Sulpho-di-methyl-benzoic acid. Amic acid 
C 8 H 2 Me 2 (S0 2 NHJ.C0 2 H[l:3:5:2]. [174°]. Formed 
as above. Stellate groups of minute needles. 
Converted by heating with HClAq into a very 
soluble sulphonic acid, and finally into m-xylene. 
Potash-fusion gives an easily soluble oxy- 
hemimellitio acid.— BaA' 2 4aq : needles. 

Isomeride v. Sulpho-mesitylenio acid. 

SULP HO-METHYL-TE EEPHTHALIC ACID. 
Amic acid C«H 2 Me(S0 2 NH 2 )(C0 2 H) 2 [2:5:4:1].’ 
[295°-300°]. Formed by oxidation of ^-cumene 
sulphonic amide by alkaline KMn0 4 (Jacobsen 
a. H. Meyer, B. 16, 190). Small needles (from 
water). — BaA" 2jaq: stellate groups of prisms. 

SULPHON AMIDE v. Sulphamide, p. 667; and 
IMIDO-SULPHONAMIDE v. Sdlphimido-amide, 
p. 687. 

SULPHONAMIDES. Amides of sulphonic 
acids. They contain the group S0 2 .NH 2 attached 
by S to carbon. 

SULPHONAMIDO- compounds v. Amic acids 
derived from Sulpho- compounds. 

SULPHO-NAPHTHALENE-AZO- compounds 

V . AZO- COMPOUNDS. 

(‘ a ’)-SULPH0-(a)-NAPHTH0IC ACID 

C n H g SO fl i.e. 0 I0 H ti (S0 a H).C0 2 n. [235°]. 
Formed, together with the (#)- and (7)- isomerides, 
by warming (a) -naphthoic acid with fuming 
H 2 S0 4 at 70° (Battershall, A. 168, 119; Stumpf, 
A. 188, 1). Prisms, v. sol. water. Not deli- 
quescent. Yields (a)-oxy-naphthoic acid by 
potash-fusion. — K 2 A"2aq. — CaA" 3aq. — 
BaA" 4aq. Monoclinic crystals, si. sol. water. 
— BaE^A'^ 2aq : prisms, more sol. than BaA". 

(£) -Sulpho- (a) -naphthoic acid. [218°-222 0 ]. 
Crystalline mass, v. e. sol. water.— BaA" 3£aq : 
needles, m. sol. water. — BaH 2 A" 2 4aq. 

(7)-Sulpho-(a)-naphthoic acid. [182°-185°]. 
Needles, v. sol. water.— K 2 A". — BaA" l|aq: nu 
sol. water.— BaH,A" 2 aq : almost insol. cold Aq. 

Sulpho- (a) -naphthoic acid. Nitrile 
CjoH^Cy.SOgH. Formed by sulphonating; 
(a)-naphthonitrile (Dutt, B. 16, 1251 ; Arm- 
strong a. Williamson, C. J . Proc. 3, 43). — 
BaA' 2 6aq: glistening plates. — KA'3aq: prisms. 

Chloride of the nitrile C 10 H tf Cy.SO 2 Cl. 
Prisms, sol. benzene. 

(* a ’) -Sulpho- (J3) -naphthoic acid. [230°]. 
Formed, together with the (‘ j3 ’)- isomeride, by 
sulphonating (j3) -naphthoic acid (B. ; S.). Crys- 
talline. — BaA" aq.— BaA" 6 Jaq. — BaH 2 A" 2 6 Jaq. 

(‘ $ ’)-Sulpho-(j8)-naphthoic aoid.-— BaA" 2aq. 
Less sol. water than the acid salt. 

Reference. — Oxy-sulpho-naphthoio acid. 

SULPHO- NAPHTHYL ETHYL DI-THIO- 
CARBONATE. The salt S0 3 K.C la H fl .S.CS.0Et > 
formed from potassium xanthate and diazotised 
naphthionio acid, crystallises from water in 
colourless plates, converted by boiling dilute 
alcoholic potash into S 2 (C, ( ,H a .S0 1 ,K^ i{ (Leuckart* 
J. pr. [2] 41, 218). The corresponding salt from 
(fl)-naphthylamine (3) -sulphonic acid crystallises 
in small plates. 
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SULPHO (3) - NAPHTHYL - PHOSPHORIC 
ACID SO 8 H.C )0 H„.O.PO(OH) 2 . Formed, together 
with the anhydride O(PO(OH).C 10 H 6 .SO,H) 2 , by 
heating potassium (3)-naphthol sulpkonate 
(1 mol.) with PCl ft (2 mols.) at 100° (Claus a. 
Zimmermann, B. 14, 148*2). Decomposed by 
boiling alkalis into phosphate and (3)-naphthol 
sulphonate. The Ba salt is a white powder, si. 
sol. water. 

SULPHONES. Compounds of the form 
R.S0 2 .R' where R and IV are attached by means 
of C to S. They may be formed from the cor- 
responding sulphides and sulphoxides by oxida- 
tion with KMn0 4 (Beckmann, J. pr. [2] 17,475). 
Aromatic sulphones can be prepared by the 
action of A1C1 3 on a mixture of a sulphonio 
chloride and an aromatic hydrocarbon (Beckurts 
a. Otto, B. 11, 472, 2066), and by heating a 
sulphonic acid with a hydrocarbon and P 2 0 6 at 
200° (Michael a. Adair, B. 10, 583). Sulphones 
are often formed by the action of sulphuric acid 
on aromatic hydrocarbons. The sulphones are 
volatile, and are not reduced by nascent hydro- 
gen. They are not attacked by PC1 5 or KMn0 4 . 
Chlorine in daylight converts di-phenyl- sulphone 
into chloro-benzene (1 mol.) and C 6 H 5 .S0 2 C1, 
while in sunlight it yields chloro-benzene (2 mols.) 
and S0 2 C1 2 . Disulphones CHR(S0 2 R') 2 are not 
attacked by alcoholic potash at 140°, while di- 
sulphones of the form R\S0 o.CH 2 .CH 2 .S0 2 .R/ 
are converted by alcoholio potash into a sul- 
phinic acid and an oxy-sulphone (Otto a. Boss- 
ing, B. 20, 185). The disulphones CMe.,(S0 2 .Et)., 
(sulphonal), CHMe(SO.,Me),, CHEt(S0 2 Et) 2 , 
CEt 2 (S0 2 Me) 2 , CMeEtfSO.^EtJa (trional), and 
CEt 2 (S0 2 Et) 2 (tetronal) are powerful hypnotics 
(Baumann a. Kast, H. 14, 52). 

4 SULPHONIC ACIDS (organic). Acids con- 
taining the group S0 2 .OH united to C by S. Fatty 
sulphonic acids may be formed by the action of 
silver sulphite on alkyl iodides, the resulting 
ether being saponified. Fatty sulphonic acids 
may also be got by boiling alkyl iodides with 
KBOj, or (NII 4 ) 2 SO :i Aq for a long time. Both 
fatty and aromatic sulphonic acids may be got 
by oxidation of the corresponding mercaptans, 
sulphides, and sulphocyanides. The sulphonio 
acids of fatty acids and alcohols are formed by 
the action of SO., or C1S0 3 H on fatty acids and 
of SO., on alcohols ; SO a H taking the a- position 
(Hemilian, A . 176, 1). Aromatic compounds 
readily yield sulphonic acids on treatment with 
SO s , with H 2 S0 4 , or with ClSO„H. As a rule 
not more than two SO.,H groups enter a benzene 
nucleus. Aromatic sulphonic acids may also be 
obtained by the action of SO., on diazo- com- 
pounds. On adding NaCl to t&e product of sul- 
phonation of aromatic compounds, the Na salt 
of the sulphonic acid frequently separates in 
crystalline form (Gattermann, B. 24, 2121). 
Nitric acid does not attack fatty sulphonio acids, 
while usually it nitrates aromatic sulphonic 
acids, although it sometimes displaces SO„H by 
N0 2 . PC1 5 forms sulphonio chlorides which are 
reduoed by zinc and dilute H 2 S0 4 to mercaptans. 
Aromatic sulphonio acids are partially converted 
into the corresponding amido- compounds by 
fusion with NaNH 2 . In this way benzene sul- 
phonic acid yields 15 p.c. of aniline (Jackson 
a. Wing, Am. 9, 75). Aromatic sulphonic acids 
are decomposed by superheated steam at 200°- 
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210° into the hydrocarbon and H 2 S0 4 (Kelbe, B . 
19, 92). Hydrolysis may also be effected by 
passing superheated steam into a solution of the 
sulphonic acid containing H 2 S0 4 or HjP 0 4 (Arm- 
strong; Friedel a. Crafts, O. B. 109, 95). Aro- 
matic sulphonio aoids when fused with potash 
yield K 2 SO„ and phenols. Fusion with KCN 
or K 4 FeCy„ yields the corresponding nitriles. 
Fusion with sodium formate displaces SO a H by 
C0 2 H. 

SULPHONIC ACIDS AND DERIVATIVES. 

Several inorganic acids, and derivatives of these 
aoids, will be described here, most of which are 
regarded as derived from S0 2 .OH.OH by repla- 
cing one OH by a monovalent radicle — such as 
Cl, F, or NH 2 — or as derived from S0 2 .OH.H by 
replacing H by a monovalent radicle. A fow 
Bulphonic acids must be formulated as derived 
from 2(S0 2 .OH.OH),or2(SO r OH.H), byreplacing 
20H, or 2H, by a divalent radicle; and one 
as derived from 3(S0 2 .0H.0H), or 3(S0 2 .0H.H), 
by replacing 3 OH, or 3H, by a tri valent radicle 
(v. supra). The sulphonic acids, therefore, are 
all looked on as compounds of the monovalent 
radicle S0 2 .OH. The term sulphonic is also 
frequently applied to organic acids containing 
this radicle; but in this dictionary such acids 
are described as sulpho- acids, e.^.Bulpho-benzoic 
acid C 6 H,(S0 2 .0H)C0 2 H. The compositions of 
the sulphonic acids are expressed by the formulas 
B I SO s *OH| B«(S0 4 .OH)„ and R“«(SO r OH) 4l 
where* B 1 « NH 2 , Cl, F, N0 2 ,NH.OH, or N(NO.OH) ; 
R» - NH, or N.OH ; and R 111 - N. 

AMIDOSULPHONIC ACID AND SALTS 
NH 2 (S0 2 .0H) and NH 2 (S0 2 .0M). These com- 
pounds are described in the article Sulphamio 
ACID AND SULPHAMATES (q.V. p. 667). 

CHLOROSULPHONIC ACID AND SALTS 
Cl(SOo.OH) and C1(S0 2 .0M). The acid has also 
been called chlorhydrosulphurous acid , mono* 
chlorosulphuric acid , sulphuric chlorhydrate or 
hydrochloride , sulphuric chlorhydrin t and sul* 
phuryl hydroxyl chloride . 

Chlorosulphonio acid Cl(S0 2 .OH). 

Formation. — 1. By the direct union of SO # 
and HC1 (Williamson, Pr. 7, 11 ; Baumstark, A . 
140, 75 ; Williams, C. J . [2] 7, 304 ; Dewar a. 
Cranston, C. N. 20, 174 ; Michaelis, J. Z. 6, 
235, 292). — 2. By the reaction of PCl ft , POOL,, or 
PC1 3 with cone. H 2 SO, (Muller, B. 6, 227 ; 
Geuther, B. 5, 925 ; Thorpe, C. J. 37, 358).— 
3. By distilling fuming H 2 S0 4 with P 4 0 4 in a 
current of HC1 (Muller, Z.c.).— 4. By the reaction 
of HC1 with crystallised fuming H 2 S0 4 (Beckurts 

а. Otto, B. 11, 2058).— 5. By the action of Cl, 
S 2 C1 2 , or S 2 0;,C1 4 , with cone. H 2 S0 4 ; or of Cl 
with moist S0 2 in presence of Pt at a red heat. 

б. By warming S^Cl* with water (Billitz a. 
Heumann, B. 16, 602). 

Preparation, — 1. Three parts of the most 
cone. H 2 SCf 4 (preferably the residue from pre* 
paring S0 8 ) are warmed in a long-necked flask, 
and two parts PC1 5 are added little by little $ 
when HC1 ceases to be given off the contents 
of the flask are fractionated, the part boiling 
between o. 152°~156° being collected apart.-— 
2. Very cone, oil of vitriol, 200 parts, is mixed 
with POCl„ 226 parts, the mixture is gently 
heated and then distilled [2(S0 2 .0H.0H) +POC1* 
= 2(Cl.SO r OH) + HPO, + HC1] (Thorpe, Lc.).— 
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8. A mixture of P 2 O a and fuming R,S0 4 is dis- 
tilled in a current of HOI, and the product is 
fractionated; this method removes all traces 
of P ohlorides (Muller, 4. Commercial 

crystalline fuming H 2 S0 4 (approximately pure 
HjfS.,0,) is placed in a retort connected with a 
good condenser, dry HG1 gas is passed in so long 
as absorption occurs, the liquid is distilled, and 
the product fractionated ; the yield is very satis- 
factory (Beckurts a. Otto, B. 11, 2058). 

Properties . — A colourless liquid, fuming much 
in air, and having a powerful, penetrating odour. 

S.G.-£= 1-78474 (Thorpe, 0. 3. 37, 358); 

Miohaelis ( J '. Z. 6, 235, 292) gives 1-776 at 18°. 
Boils at 155*8° at 760 mm. pressure (T., l.c . ; v . 
also M., l.c.; Clausnitzer, B . 11, 2008; Beck- 
urts a. Otto, Lc . ; Behrend, B. 8, 1004). Ogier 
(C. R. 96, 646) gives H.F. [SO 3 solid, HC1] 
«= 14,400. Baumstark (A. 140, 75) found V.D. 
69*8 (calc. ® 68*12) (temp, is not given) ; Williams 
(C. J . [2] 7, 804) found Y.D. at 216° to be 32*8 ; 
Heumann a. Kochlin (B. 16, 602) found V.D. 
84*7 at 184° and 30*4 at 440°. The gas is there- 
fore dissociated at a temperature not much above 
its b.-p. When C1S0 2 .0H is repeatedly heated 
above 168° it is partly resolved into SO*Cl 2 ; dis- 
tilled, it gives S0 2 C1 2 (Williamson, C.J . 10, 97). 
By boiling the compound for a long time with an 
inverted condenser, Clausnitzer (B. 11, 2008) 
obtained H 2 S0 4 , S0 2 , and Cl ; Beckurts a. Otto 
(£.c.) heated G1S0 2 .0H for a long time in a sealed 
tube at c. 170°, and found that part remained 
unchanged, and that Cl and SO* were produced. 
Heumann a. Kdchlin (l.c.) think that the decom- 
position at c. 440° is represented as follows; 
2(C1S0 2 .0H) - SO* + SO, - Cl* + H 2 0 ; they regard 
the high value obtained by Baumstark for the 
V.D. as due to presence of S 2 0 4 C1 3 (v. also 
Claesson, J. pr. [2] 19, 235). 

Reactions. — 1. Action of heat, v. supra , Pro- 
perties. — 2. Water produces HClAq and H,S0 4 Aq. 
8. Hydrogen sulphide reacts at ordinary tem- 
peratures, forming HC1, S 2 C1 2 , S, and H*S0 4 
(Prinz, A. 223, 871). — 4. Carbon disulphide , at 
100°, produces HC1, SO*, S, and COS.— 5. Phos- 
phorus pentoxide or pentachloride produce S 2 0 4 C1 2 
(Billitz a. Heumann, B. 16, 482 ; Konswaloff, 
C. R. 96, 1146). — 6. Heating with silver nitrate 
forms AgCl and N0 2 .S0 2 .0H (Thorpe, C. J. 41, 
297). — 7. Fusion with potassium sulphate forms 
K*S 2 0 7 and HOI ; heating with sodium chloride 
forms HC1 and Cl.S0 2 .ONa (Muller, B. 6, 227). 
8. The reactions of C1S0 2 .0H with several 
elements were examined by Heumann a. Kdchlin 
(B. 15, 416). 

Chlorosulphonates. The salts of Cl.SO^OH, 
which reacts as a monobasio acid, are formed 
by the reaction of the acid with metallic 
chlorides. It is very difficult to obtain these 
salts pure. When heated they form sulphates, 
giving off S0 2 and Cl ; with water they decom- 
pose to chlorides and acid sulphates ; and with 
alcohol HC1 and salts of Et.H.30 4 are formed 
(Miiller, B. 6, 227). No acourate description of 
any salts has yet been given. 

S0 2 .C1 

Chlobobulphonio ANHYnBn® >0 ; v. 

S0 2 .C1 

Pyrosulphuryl chloride, nnder Sulphite oxy- 
GHLOBWEB, p. 618. 


FLUOSULPHONIO ACID AND SALTS 
F.S0 2 .OH and F.S0 2 .OM. Only the acid has 
been isolated. 

Fluosulphonic acid F.SO*.OH. Isolated and 
examined by Thorpe a. Kirman ( C . J. 61, 921 
[1892]). Prepared by placing pure SO, in a Pt 
vessel, surrounded by ice and CaCl* (for descrip- 
tion of* apparatus v. Thorpe a. Hambly, O. J. 
65, 163), leading in excess of pure HF (made by 
heating KHF 2 ), and removing excess of HF by 
passing in a stream of dry C0 2 for many hours, 
the liquid being kept at 25°-35°. A thin, colour- 
less liquid, with a slightly pungent smell, and 
fuming in air ; boils at 162*6 a little being de- 
composed with formation of H 2 S0 4 , and pro- 
bably also SO*F 2 . Reacts rapidly with Pb, 
forming PbS0 4 and PbF 2 ; slowly attacks glass. 
Reacts violently, and sometimes explosively, with 
water, forming H 2 SO,Aq and HFAq. 

IMIDOSULPHONIO ACID AND SALTS 
NH(S0 2 .OH)„, NH(S0 2 .0M) 2 , and NM(S0 2 .0M) 2 . 
By passing dry NH, into SO s , H. Rose (P. 32, 
81 ; 47, 41 ; 49, 183 [1834-40]) obtained two 
compounds, which he named sulphatammon and 
parasulphatammon, and to both of which he 
assigned the composition 2NH,.SO,. These com- 
pounds were examined by Jacquelain (A. Ch. 
[3] 8, 293 [1843]), Woronin (J. R. 3, 273 [1859]) 
and others ; in 1876 Berglund (Lunds Universi - 
tets Arsskrift, 12 and 13; Bl. [2] 25, 455; 29, 
422) showed that Rose’s parasulphatammon was 
diammonium imidosulphonate NH(S0 2 .0NH 4 ) 2 , 
and that sulphatammon was probably the tri- 
ammonium salt N.NH 4 (S0 2 .0NH,) 2 . Berglund’s 
conclusions were confirmed, partly by Raschig 
(A. 241, 161 [1887]), and Mente ( A . 248, 232 
[1888], and partly by Divers a. Haga ( O . J. 61, 
943 [1892]). A full discussion of the constitution 
of Rose’s compounds, with reference to the work 
of other chemists and an historical summary of 
researches on the imidosulphonates, will be found 
in the memoir by D. a. H. 

Imidosulphonic acid NH(SO r OH).jAq. This 
acid is known only in solution, which is obtained 
by suspending lead imidosulphonate in water, 
decomposing by a stream of H*S, and rapidly 
filtering from PbS. The solution gives a pp. 
with excess of BaOAq, soluble in HN0 8 Aq; 
and a pp. of NH(S0 2 .OK)* with K.C^OjAq. 
The acid solution is very unstable, soon becom- 
ing changed to NH 2 (S0 2 .0H)Aq and H 2 S0 4 Aq 
(Jacquelain, l.c . ; Fremy, A. Ch. [3] 15, 408; 
D. a. H., l.c. p. 945). 

Imidosulphonates. The normal salts are 
of the types NH(S0 2 .0M) 2 and NM(SO*.OM) 2 ; 
besides these many basic salts have been isolated. 
The di-alkali imidosulphonates are prepared by 
mixing solutions of alkali nitrites and sulphites, 
dissolving the pp. which forms in water, heating 
this solution for some time, allowing to crys- 
tallise, and then boiling the nitrilosulphonate, 
N(S0 2 OM) $ , thus obtained ( v . p. 601, Nitbxlo- 
sulphona-tes) with acidified water (for instance 
N(S0 2 .OKJ, + H ; 0 * NH(SO*.OK) 2 + KHS0 4 ) ; 
also by heating the alkali amidosulphonates (e.g. 

2(NH 2 .S0 2 .0K) - NH(S0 2 .0K) 2 + NH t ) ; 
the diammonium salt NH(S0 2 .0NH 4 ) t is also 
obtained by the reaction of NH S with SO*, 
CISO^OH, 80*01*, or S 2 O a 01*. Most of the 
other di- salts are obtained by double decom- 
position from the alkali salts. The tri- salts 
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are generally prepared by dissolving the di- salts 
in excess of an aqueous solution of the base 
and crystallising. A number of mixed salts, suoh 
as N(NH 4 )(SO !l .O) ! jBa, have been prepared, 
generally by double decomposition. Basic salts, 
chiefly of such slightly positive metals as Pb or 
Hg, have also been isolated. For references v. 
Divers a. Haga ( G . J. 61, 943). The di-alkali 
salts give off NH„ N, and S0 2 when heated ; 
water reacts to form amidosulphonates 
NH 2 (S0 2 .0M) 2 and sulphates. 

The chief imidosulphonates are those of NH 4 , 
Ba, Ca, Hg, Pb, K, Ag, and Na ; basic salts of Pb 
and Hg are known ; mixed salts containing NH 4 
and Na, NH 4 and Ba, Ba and Hg, Ba and Na, Ca 
and Na, Hg and K, and Ag and Na have been 
isolated ; some of the imidosulphonates also form 
double compounds with KNO s and NaN0 3 . Full 
accounts of the preparation and reactions of the 
chief imidosulphonates are given in the memoir 
et D. a H. 

NITRILOSULPHONIC ACID AND SALTS 
N(SCt.OH) H and N(S0 2 .0M) 3 . The acid has not 
been isolated, and only a few salts are known. 

Potassium nitrilosulphonate N(S0 2 .0K) 3 . 
Solutions of K 2 S0 3 and KN0 2 are mixed in the 
ratio 4K,S0 3 :KN0 2 ; after crystallisation occurs 
the mixture is heated at 100° till the crystals 
dissolve, a little water is added, and heating at 
100° is continued for a little; on cooling the 
salt crystallises in well-formed crystals with 
2H 2 0. The water of crystallisation is removed 
at 100 o -110° ; at a higher temperature decom- 
position occurs to K^SO^ (NH 4 ) 2 S0 4 , S0 3 , and 
S0 2 . The salt may be crystallised from dilute 
KOHAq ; it is decomposed by water at 40° to 
NH(S0 2 .0K) 2 and KHS0 4 . 

Claus prepared this salt in 1871 (B. 4, 186), 
giving it the formula NH 2 (S0 3 K) 3 and the name 
potassium trisulphammonate ; Baschig (B. 20, 
584 [1887]) showed that the salt was probably 
N(S0 2 .OK) 3 , and this composition was confirmed 
both by the earlier work of Berglund ( B . 9, 252, 
1896 [1876]) and by the more recent work of 
Divers a. Haga (C. J. 61, 943). 

For description of a salt NO(S0 3 K), v. 
Baschig (A. 241, 225) ; this is the trisuVpho- 
oxyazotate of Claus and Baschig. B. regards it 

as (SO,.OK) J N<^>N(SO,.OK) s . 

Sodium nitrilosulphonate N(S0 2 .0Na) 3 . 
Formed by passing S0 2 into a solution of NaN0 2 
and Na 2 G0 3 (in the ratio 2NaN0 2 :3Na 2 C0,. lOaq) 
until the solution is feebly acid to litmus (v. D. 
a. H., l.o,). 

NITROSULPHONIO ACID N0 2 (S0 2 .0H), 
AND DERIVATIVES. The acid and its potas- 
sium salt have been isolated. The anhydride 
S0 2 (N Ojj) . 0 . (N 0 2 ) SO,, the chloride N0 2 (S0..C1), 
and an oxy-anhydride SjO^NOJjjhave also been 
obtained. 

Nitrosulphonio acidN0 2 (S0 2 .0H). (Nitrosyl- 
sulphuric acid S0 2 .OH.O(NO). Lead chamber 
crystals . Nitrosyl hydrogen sulphate NO.H.S0 4 .) 
This acid is produced by the reaction be- 
tween H 2 S0 4 and any oxide of nitrogen except 
N a O (Henry, P. 7, 185; A. Bose, P. 60,161; 
Reibling, /. 1861. 152; Kuhlmann, A. Ch. [8] 
1, 116; Sestini, Bl [2] 10, 226). It is also 
formed in the leaden chambers in making 
H 2 S0 4 (first observed by Clement a. Desormes, 


A. Ch. [2] 59, 329). The acid is produced by 
the reaction of S0 2 with NO or NO a in presence 
of water (Davy) ; also by burning 1 part 8 mixed 
with 2*5-3 parts KNO, in moist air (Girard a. 
Pabst, Bl. [2] 30, 531 ; Reinsch, N. J. P. 12, 3). 

The acid is best prepared by leading NO s into 
well-cooled fuming H 2 S0 4 till the whole solidifies, 
and then drying over H 2 S0 4 (Weber, J. pr. 85, 
423 ; 100, 37 ; Tilden, C. J. 28, 630) ; or by add- 
ing N0 2 in excess to cone. H 2 S0 4 , washing the 
crystals with liquid N0 2 , and drying in a stream 
of dry air at 20°-30° or in vacuo (Miiller, A. 122, 
1 ; Gaultier de Claubry, P. 20, 467). 

Colourless rhombic plates, melting at 73° 
(Tilden, l.c., gives m.p. 85°-87°), and easily re- 
maining liquid below this temperature (Weltzien, 

A. 115, 213 ; De la Provostaye, A. Ch. [2] 73, 
362). On melting in air the anhydride 
(S 2 0 4 (N0 2 ) 2 ) is formed, and the water given off 
causes decomposition of part of the aoid to 
H 2 S0 4 and oxides of N (Michaelis a. Schumann, 

B. 7, 1075 ; Fremy, C. B. 70, 61). With dry 
NaCl reacts to give NaHS0 4 and NOCl; on 
heating for a little HC1 is given off (Tilden, lx.). 
Dissolves unchanged in H 2 S0 4 (Dobereiner, 8. 
8, 239 ; cf. Lunge, B. 12, 1058 ; 21, 67). SO, is 
without action on dry N0 2 (S0 2 .0H), but in pre- 
sence of water, or H 2 S0 4 Aq with S.G. lesB than 
1*55, decomposition occurs with formation of 
H,S0 4 , N 2 O s , and other oxides of N, according to 
Lunge (l.c.). 

Botassium nitrosulphonate N0 2 (S0 2 .0K) 
seems to be obtained by the reaction of SO, on 
KN0 2 , also by adding liquid SO, to dry KNO t ; 
the salt cannot be prepared by neutralising the 
acid by KOHAq. The salt is decomposed by 
water (Schultz-Sellaok, B. 4, 113). 

Nitrosulphonio anhydride 

SA(NO s ) 2 [o<|^g^)]. Formed by heating 

N0 2 (S0 2 .0H) (Michaelis a. Schumann, B. 7, 
1075) ; also by the reaction of SO, with NO in 
absence of O and moisture (H. Bose, P. 47, 605 ; 
Briining, A. 98, 877) ; also by adding liquid NO, 
to liquid SO, without warming (De la Provostaye, 
A. Ch. [2] 73, 862) ; by passing electric sparks 
through a dry mixture of N, O, and S0 2 , or of 
S vapour and N 2 0 or NO (Morren, A. Ch. [4] 4, 
293 ; Chevrier, C. B. 69, 136). Hard, regular 
plates ; S.G. 2*14 ; melts at 217° ; may be dis- 
tilled unchanged at c. 360°. Decomposed by 
water to NO, H 2 S0 4 Aq, and HNO,Aq. 
NO^SOjj-OH) crystallises from a solution in 
H 2 S0 4 . 

Oxynithosulphonio anhydride 
S AO(NOJ a [0<|g : (® 02) ]. A white, fusible, 

crystalline solid ; formed by leading vapour of 
N0 2 into SO, till saturated. Gives S 2 0 fl (N0 2 ) a 
when heated (Weber, P. 123, 333 ; cf. Thorpe, 

C. J. 41, 297L 

Nitrosulpnonio chloride N0 2 (S0 2 .C1). ( Nitro* 
sulphwryl chloride.) A white, crystalline solid ; 
formed by the action of SO, on NOCl in absence 
of moisture, also by the reaction of AgNO, with 
SOC1, (Thorpe, O. J. 41, 297) ; dissolves un- 
changed in fuming H 2 SO t ; dissolves in cone. 
H 2 S0 4 , giving off HC1, ana forming Cl(S0 2 .OH) 
on heating; decomposed by moist air or by 
water, giving HClAq, H^SO^q, HNO,Aq, and 
NO (Weber, lx.). 
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NITROSO-OXY-AMIDOSULPHONIC ACID 
AND SALTS N(NO.OH)(SO^OH). ( Nitroso - 
hydroxy lamine sulphonic acid 
N(N0)(S0 2 .0H)0H. Dinitroso-sulphuric acid 
SO(NO),.(OH) 2 or (S0 2 .0H).(N0) 2 .H.) The acid 
has not been isolated, but the NH 4 , Ba, Pb, K, 
and Na salts are known. These salts are de- 
scribed as Nitrososulphates under Sulphates, 
p. 581. 

OXY-AMIDOSULPHONIC ACID AND 
SALTS NH(0H)(S0 2 .0H). (Hydroxylamine 
sulphonic acid [Raschig]. Sulphydroxylamic 
acid [Claus]. Sulphazidic acid [Fremy].) The 
K salt of the acid is obtained by the action of 
water on N(0H)(S0 2 .0K) 2 (v. OxY-mposuL- 
phonio acid and salts, infra). The acid itself is 
known only in aqueous solutions. Two Ba salts, 
a K salt, and a Na salt have been isolated. The 
salts have been investigated by Fremy (A. Ch. 
[3] 15, 408), Claus a. Koch (A. 152, 336; 158, 
52, 194), Raschig ( A . 241, 161), and Divers a. 
Haga (C. J. 55, 760). 

Oxy-amidosulphonic acid 
NH(0H)(S0 2 .0H)Aq. An aqueous solution of 
this acid (the acid has not been isolated) is 
prepared by heating an aqueous solution of 
N(0H)(S0 2 .0K) 2 (v. infra) to boiling (whereby 
NH(0H)(S0 2 .0K)Aq, H 2 S0 4 Aq, and KHSO.Aq 
are formed), neutralising by NH,Aq, adding 
BaCljAq, filtering off BaS0 4 , adding BaOAq 
to ppt. Ba(N(0H)S0 2 .0) 2 Ba.H,0, washing this 
pp., adding enough H 2 S0 4 Aq to ppt. half tie Ba 
in the salt as BaS0 4 , filtering, and so getting a 
solution of the (soluble) salt (NH(0H)S0 2 .0).3a. 
On now heating this solution with an equivalent 
quantity of H 2 S0 4 Aq (the Ba in solution must 
be estimated) and filtering, a solution of the acid 
is obtained (Fremy, modified by D. a. H.). The 
solution of NH(0H)(S0 2 .0H) is fairly stable, 
but slowly decomposes ; in presence of hot acid 
the decomposition is more rapid, giving 
2NH 2 0H.H 2 S0 4 Aq and H 2 S0 4 Aq (Raschig, con- 
firmed by D. a. H.). 

Oxy-amidosulphonates. The normal salts 
are of the form NH(0H)(S0 2 .0M x ) and 
(NH(0H)S0 2 .0) 2 M XI , where M X = K or Na, and 
M u « Ba ; there is also a dibarium salt 

Ba< CN|oH}.SO^O^ >Ba,Hs0, The salts are bost 

obtained from the solution of the soluble salt 
(NH(0H).S0 2 .0) 2 Ba.H 2 0 (v. supra) by adding 
the equivalent quantity of a sulphate. The 
dibarium salt is itself prepared as described 
under the acid (supra) ; the monobarium salt is 
obtained by decomposing the di- salt by enough 
H 2 S0 4 Aq to ppt. half the Ba, filtering, and 
evaporating over H 2 S0 4 (D. a. H.). The oxy- 
amidosulphonates are fairly stable; they are 
decomposed by heating with acid into hydroxyl- 
amine sulphate and H 2 S0 4 Aq ; caustic alkalis 
produce only sulphite and hyppnifcrites (the 
latter rapidly undergo further change, giving off 
N 2 0) (D. a. H., l.c. ; v . also C. J 61, 988 note). 
Basic oxides, such as CuO and Ag 2 0, in presence 
of alkali produce sulphite, sulphate, and N 2 0, 
and at the same time the basic oxide is reduced 
(D. a. H., Z.c., p. 770). 

Baschig’s sulphazinate (A, 241, 197) 

(S0 r 0K)N(0H).0.(0K)N.(S0 2 .0K) may be de- 
rived from 2NH(0H)(S0 r 0H) by replacing 2H 
by O. 


OXY-IMIDOSULPHONIC ACID AND 
SALTS N (OH) (S0 2 .0HL. (Hydroxylamine di- 
sulphonic acid N(S0 2 .0H) 2 0H (Raschig). Di- 
sulphydroxy-azic acid (Claus).) Only the potas- 
sium salt has been isolated. 

Potassium oxy-imidosulphonate 
N(0H)(S0 2 .0K) 2 . 2aq (Claus, A. 158, 83 ; Raschig, 
B. 20, 584 ; cf. Divers a. Haga, C . J . 51, 659). 
Prepared by passing a rapid stream of SO* 
through well cooled KN0 2 Aq made strongly 
alkaline by KOHAq; allowing N(S0 2 .OK) s 
(u. Nitrilosulphonates, p. 601) to crystallise 
out, pouring off, and allowing to stand. Large, 
lustrous crystals ; almost insol. cold water, more 
sol. water at 40°-60° ; heated with water gives 
KHS0 4 Aq and NH(OH)(S0 2 .OK)Aq (v. supra , 
Oxy-amidosulphonic acid). Three Na salts and 
several other oxy-imidosulphonates have been 
prepared by D. a. H. ( G . J. Proc. 1893-4. 61). 

The salts described by Fremy (l.c.) as sulph - 
azotatesy and further examined by Raschig 
(A. 241, 211), and formulated by him as 
N(0H)(S0 2 .0K).,N(0M)(S0 2 .0K) 2 , where M = IC 
or Na, and N(0K)(S0 2 .0K) 2 .N(0K)(S0 2 .0K) 2 , 
may be regarded as derived from oxy-imidosui- 
phonic acid N(0H)(S0 2 .0H) 2 . 

The oxysulphazotate of Claus (sulphazilinate 
of Fremy) examined by Raschig (Z.c., p. 223) 
and formulated by him as 

(SO !i .OK) 2 N<®>N(SO s .OK) 2 , may be looked on 

as derived from oxy-imidosulphonic acid by the 
removal of 2H from 2N(OH)(SO r OH)., 

M. M. P. M. 

SULPHONO-DI- ACETIC ACID v. Di-methyl 

SULPHONE DICARBOXYLIG ACID. 

SULPHONO-DI-BUTYRIC ACID 

S0 2 (CHEt.C0 2 H) 2 . [152°]. Formed by oxida- 

tion of sulphido-dibutyric acid (5 g ) in neutral 
solution by KMn0 4 (5 g.) in water (500 g.). Its 
ether is got from S0 2 (CH 2 .C0 2 Et) 2 , Na, and EtI 
(Lov6n, J. pr. [2] 33, 104). Octahedra. 

Sulphono-di-isobutyric acid 
S0,(CMe 2 .C0 2 H) 2 . [182 o -180°]. Formed by 

oxidising S(CMe 2 .C0 2 H) 2 (Lov6n). Plates.— 
BaA"2|aq. Groups of needles (from hot water). 
SDLPH0N0-DIPR0PI0NIC ACID v. Di- 

ETHYL-SULPHONE DICARBOXYLIC ACID. 

SULPHONO-DI-ISOVALERIC ACID 

S0,(C 4 H h .C 0 2 H) 2 . Formed by oxidation of 
S(C 4 H 8 .C0 2 H) 2 and by the action of PrI (2 mols.) 
on sulphono-di-acetic ether (1 mol.) and NaOEt 
(2 mols.) at 120° ; the product being saponified 
by baryta (Lov6n, J. pr. [2] 33, 114). — BaA" 7aq. 
STJ LPHO-OXY -BENZOIC ACID v. Oxy- 

SULPHO-BENZOIC ACID. 

SULPHO-PHENYIi-ACETIC ACID CeH s S0 5 
i.e. CHPh ( SO s H) . C0 2 H. Formed by saponifying 
the product of the action of K 2 SO s Aq on a-bromo- 
phenyl-acetic ether (Papilsky, J . 1880, 856). 
Very deliquescent mass. — Salts: KjA". — CaA". 
— BaA": plates, m. sol. hot water.— ZnA". 
— PbA".— CuA": blue plates. — Me(NHJA". — 
CHPh(S0 a NH 4 ).C0 2 Et. Tables, v. sol. water.— 
CHPh SO s K).C0 2 Et : thin plates, v. e. sol. Ag. 

SDLPHO-PHENYL-AMIDO-ACETIC ACID 
C^NSO, aq i.e . S0 3 H.C tt H 4 .NH.CH 3 .C0 2 H. 
[185°]. Formed by heating phenol (1 pt.) with 
hippurio acid (1 pt.) and H.J30 4 (3 pts.) at 140° 
(Zehenter, M. 5, 332 ; 6, 523). Monoclinie 
prisms (containing aq) ; a;bx « *93:1:1*28* Sol. 
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water and alcohol. Coloured violet by FeCl*. 
Decomposed by HClAq at 140° into phenol, 
glycocoll, and H 2 S0 4 . Aqua regia gives 
C a H 2 (0H)Cl(N0 2 ) 2 [l:2:3:5].—BaH 2 A'' 2 £aq.-- 

AgBLA" 3aq : concentric groups of needles. 

p-SULPHO-PHENYL-CARBAMIC ACID. 

The acid ether C a H 4 (S0 3 H).NH.C0 2 Me [188°] i 3 
formed by dissolving methyl phenyl-carbamate 
in fuming R 2 S0 4 (Hentschel, B. 18, 979) and 
also by adding NaOH to a cooled mixture of 
ClC0 2 Me and aqueous jp-amido-benzene sul- 
phonic acid (Noelting, Bl. [2] 50, 622). 

SULPHO-PHENYL-GLYCOCOLL v. Sulpho- 

PHENYL- AMIDO - ACETIC ACID. 

m-SULPHO-PHENYL-PROPIONIC ACID 

CoHjoSOa i.e. C 6 H 4 (S0 3 H).CH 2 .CH 2 .C0 2 H, 
Formed by treating bromo-sulpho-phenyl-pro- 
pionic acid with sodium-amalgam (Goring, C. C . 
1877, 793, 808). Yields m-oxy-benzoic acid by 
potash-fusion. 

earo-Sulpho-phenyl-propionic acid 
G 6 H 5 .C2H 3 (S0 8 H).C0 2 H. Formed by boiling 
cinnamic acid with aqueous K 2 S0 3 for 12 hours 
(Valet, A. 154,62). Cinnamic aldehyde is converted 
by K,S0 3 into PhC 2 H 3 (S0 3 KhCH(0H).S0 3 K, 
which crystallises in needles (containing 2aq) 
and is converted by boiling dilute H 2 S0 4 into 
exo-sulpho-phenyl-propionio acid (Heusler, B. 
24, 1805). Crystals, v. sol. water and alcohol. 
Converted by boiling cone. KOHAq into cinnamio 
acid. Not affected by boiling dilute R,S0 4 . — 
KHA". S. 4 at 15°. — K 2 A" #aq. Efflorescent 
crystals. — CaA" $aq. Plates. — BaA" aq. — 
K 2 ZnA" 2 . — AgA"aq : white crystalline pp. 

SULPHO-PHENYL-THIO-CARBAMIC ACID. 

Anhydride C,H,NSA i.e. C,H 4 <|^ 8 - 

[183°]. Formed from phenyl-thio-carbimide and 
S0 3 (Magatti, B. 11, 2267). Crystals (from 
benzene), insol. water, alcohol, and ether. Insol. 
acids and alkalis. Decomposed by water at 100° 
into BLjS, C0 2 , and amido-benzene p-sulphonio 
acid. 

SULPHO-PHLORETIC ACID C 9 H !0 SO 8 . 
Formed from phloretic (oxy-phenyl-propionic) 
acid and SO, (Nachbaur, J. pr. 75, 45). Sour 
syrup. — Na^" scaq. — BaA" 3aq. — Mg A" 5aq. 
— CaA" 4aq. Crystalline. 

c-SULPHO-PHTHALIC ACID 
C a H a (S0 8 H)(C0 2 H) 2 [3:2:l]. (a).Sulpho-phthalic 
acid. Formed by oxidising naphthalene (a)-sul- 
phonio amide by KMn0 4 (Bemsen, Am. 5, 107), 
and got also, in small quantity, together with 
the (£)- acid, by the action of fuming H 2 S0 4 on 
phthalio acid (B6e, C. J. 49, 514). Minute 
crystals, v. sol. water, m. sol. alcohol. Soda- 
fusion gives c-oxy-phthalic acid. — Ba 3 A , " 2 8aq. 
Needles, si. sol. hot water. — PbHA"'l.jaq.— 
Ag 2 KA'"2aq. Ppd. by adding AgN0 3 to a solu- 
tion of the K salt (Stokes, Am. 6, 280). 

Amic acid CgHyNSOai.e. 
C tt H 3 (S0 2 NH 2 )(C0 2 H) 2 . [155°-160°]. Formed 

by oxidation of naphthalene (a)-sulphonic arnde 
by alkaline KMn0 4 . Thick needles (containing 
aq). At 155° it splits up into H 2 0 and the an- 
hydride. Cone. HClAq at 150° forms c-sulpho- 
phthalio acid. — KHA": slender needles, v. si. 
sol. cold water.— KaA". [300°]. Amorphous, v. 
e. sol. water. Yields, when heated, the compound 

C^[,(OOCa)< ^? > NJOCl t [180°-126°] whence 


MeOH produces 0 9 H,(C0 2 Me)<^^ Me ^ ^>NH 

[144°] (Stokes, Am. 6, 274).— PbA". — AgHA" : 
needles. — AgoA". Insol. hot water. 
Anhydride of the Amic Acid 

C s H 3 (C0 2 H)<®^>NH. Formed as above. 

Begins to sublime at 200°, but is not melted at 
240°. Its silver salt C a H,AgNS0 4 is converted 

by Mel into C a H s (C0 2 H)<^°'‘>NMe [191° oor.]. 

The compound C 3 H 3 (COJJe)<^®Q-^>NMe [180° 

cor.] has also been prepared. 
i-Sulpho-phthalic acid 

C 6 H 3 (S0 3 H) (C0 2 H).,[4:2:1]. ( &)-Sulpho-phthalic 
acid. (y)-SulphO’phthalic acid. [140°] (when 
hydrated). The chief product of the sulphonation 
of phthalio acid or anhydride at 100° -200° (Loew, 
A. 143, 257 ; B6e, B. 18, 1629). Formed also by 
oxidation of naphthalene (/8)-sulphonio amide 
(Bemsen, Am. 5, 110) and by the action of hot 
HN0 3 (S.G. 13) on potassium di-nitro-(a)-naph- 
thol sulphonate ( naphthol yellow S) (Graebe, B. 
18, 1126 ; B6e, C. J. 49, 516). Crystalline (con- 
taining aq), very hygroscopic, v. sol. water and 
alcohol, insol. ether. At 180° it yields the an- 
hydride C h H 4 S0 6 . Soda-fusion forms i-oxy- 
phthalic acid. The K salt fused with sodium 
formate yields trimellitio acid. Heated with 
resorcin it yields fluorescein sulphonic acid. 
PCI* forms C h H 3 (S0,C1)(C0 2 H) 2 [170°], oily 

C„H 3 (S0 2 Cl)<°° a >0 and C„H 3 C1<£° L >0. 

The mono-chloride is converted by NH 3 ~into 
C 8 H 3 (S0 2 NH 2 )(C0 2 H) 2 [192°-202°] which crystal- 
lises in plates, sol. water, alcohol, and ether. 

Salts.-— KH 2 A'" 2aq. Needles, v. sol. water. 
— K 2 HA'"2'aq.— (NH 4 ) 2 HA'"l|aq. At 200° it 

yields C a H,(S0 3 NH 4 )<^Q>NH [o. 300"]. Crys- 

tallising in monoolinio prisms. — Ba 3 A"' 2 2aq. — 
BaH 4 A'" 2 5aq. S. 5 at 15°; 50 at 100°. At 
250° it yields Ba(C 8 H 3 SO b ) 2 . — BaHA'" 2aq. 

s-Sulpho-isophthalic acid 
C a H 3 (SO ;j H)(CO,H).,[5:3:l]. [258°]. Obtained 

by sulphonation of isophthalic acid (Aronstein 
a. Kramps, B. 13, 489 ; Lonnies, B. 13, 704). 
Long deliquescent needles (containing 2aq). 
Potash-fusion yields s-isophthalio acid. — 
KHjjA'" 3aq : long needles. — KgA'" xaq : prisms. 
— Ba 3 A"' 2 8aq: needles, v. sol. water. 

i-Sulpho-isophthalic acid 
C ti H 3 (S0 3 H)(C0,H) 2 [4:3:l]. [244°]. Formed by 

oxidation of w-xylene (a)-sulphonic acid (Jacob- 
sen a. LSnnies, B. 13, 1556), and by oxidation of 
C 6 H 3 Me(S0 2 NH i ,).C0 2 H (Bemsen a. lies, Am. 1, 
114 ; Bemsen a. Coale, Am. 3, 206). Hygroscopic 
needles (containing 2aq), v. e.sol. water. Potash - 
fusion yields (a)-oxy-isophthalic acid. — Salts: 
KHjA'" 2aq needles, si. sol. cold water. 8. 
1*59 at 26°. — K 3 A"\ — CaHA"' 4$aq. Crystals.— 
BaHA'" 3aq : small needles. 8. -073 at 23*5°. 
— BaHA"' 4aq. — Ba 3 A'" 2 3aq. 

Amic acid C^NSO,, i.e. 
C 6 H 3 (S0 2 NH 2 )(C0 2 H) 2 . Formed by oxidation of 
C fl H 3 Me(80 2 NH 2 ).C0 2 H by KMn0 4 (Bemsen, B. 
11, 464 ; 12, 1436 ; Am. 1, 122 ; 3, 209). When 
set free from its salts it changes at once to the 

anhydride C,H,(C0 1 H)<^>NH [284°], S. -45 
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at 10°.— KHA" aq. S. 2-3 at 26°,-K*A" 4aq : v. 
e. sol. water. — CaH.A" 2 2aq. — CaA"5aq. — 
BaH,A", 2aq : monodinic tables. — BaA” 8aq. — 
Ag,C„H 4 NS0 8 : crystalline pp. (Jacobsen, B. 12, 
2320). 

c-Sulpho-isophthalic acid. Amic acid 
0 fl H s (S0 2 NH 8 )(C0. r H) 2 [2:3:l]. Formed by oxida- 
tion of the corresponding m-xylene sulphonio 
amide (Jacobsen, B . 11, 902). Its acid potassium 
salt is si. sol. water. 


o- 8ULP HO-PjR OPIO NIC ACID OftSO* i.e. 
CH 8 .CH(S0 8 H).C0 2 H. Formed by boiling < 
chloro-propionyl chloride with aqueous am- 
monium sulphite and also by warming propionic 
acid with ClSO s H (Kurbatoff, B. 6, 563 ; A. 173, 
5). Syrup, v. sol. water and alcohol.— K^A" aq: 
needles (Rosenthal, A . 233, 27).— (NH^-jA" aq : 
prisms. — BaA" 2aq. S. (of BaA") 7*45 at 18°. 
— CaA" 2aq.— CdA" 2aq.— Ag 2 A" : small needles. 
Got also by mixing propionic anhydride with 
S0 3 (Franchimont, R. T . C. 7, 27). 
j8-8ulpho-propionio acid 

CHJS0 3 H).CH 2 .C(XH. [68°]. Formed by boiling 
0-ioao-propionic acid with an aqueous solution of 
(NH 4 ) 2 S0 8 . Got also by the action of ammonia- 
cal AgNO, on the compound of acrolein with 
NaHS0 8 (Rosenthal, A. 233, 15) and obtained 
likewise by the oxidation of thiohydantoio acid 
NH:C(NH 2 ).S.CH 2 .CH 2 .CO.J3 (Andreasch, M. 6, 
838; 7, 169). Hygroscopic crystals, sol. water 
and alcohol. Decomposes at 150°. Successive 
treatment with PC1 5 and with tin and HClAq 
converts it into sulphydro-propionio acid. 

Salts.— KjjA" aq.— KHA" aq.— Na*A" aq. - 
<NH 4 ) 2 A"4aq. Hygroscopic. — HNH 4 A". — 
BaA" 5aq. — BaH 2 A" 2 . — SrA" 5aq. — CaA" 2Aaq. 
—CaA" aq.— MgA"4aq. - ZnA" 4aq.- CuA*.— 
MnA" 4aq.— PbA". — CdA" aq. — Ag^" £aq. — 
HAgA" 4aq. 

Ethyl ether Et 2 A". Liquid. 
Sulpho-dipropionio acid is Di-ethyl-sul- 

*HONE DICAliBOXYLIC ACID. 


SULPH0-PR 0P YL-BENZ0IC ACID i>. Sulpho- 


CUMINIC ACID. 

8DLPH0-IS0PR0PYL-8TJCCINIC ACID 
CMe,(S0 8 H).CH(C0 2 H).CH 2 .C0 8 H. [c. 167°]. 

Got by action of HNO g on sulphocamphylic acid 
{Kdnigs a. Hoerlin, B . 26, 2044). When heated 
in vacuo at 170° it splits up into water, S0 2 , and 
terebio acid. Tables (containing Baq), v. e. sol. 
water. 

STTLPHO-PYROMDCIC ACID C 6 H 4 SO g i.e. 

CH:C(Sqjlj> a Formed b y dissolving pyro- 
tnucic acid in cold fuming H 2 S0 4 , and got also 
by the action of zinc-dust and ammonia on di- 
bromo-sulpho-pyromucic acid (Schwanert, A, 
116, 268 ; Hill a. Palmer, B. 18, 2095 ; Am. 10, 
373, 409). Deliquescent prisms. — KjA"4aq. — 
KHA".— Na*A" 5aq. — NaHA" aq. — BaA" 4aq. 
Small prisms. Yields fumaric acid when heated 
with excess of bromine. — Salts : BaH^A"* 4aq. — 
BaHgA"* 6aq.— CaA" 3aq.— PbA" 2aq.-Ag 2 A". 

A mide C 6 H 2 S0 4 (NH 2 ) 2 [213°]. Crystalline. 

(/3) -Sulpho-pyromucic acid 
C 4 H { 0(SO g H)(CO a H). Formed by sulphonation 
of bromo-pyromucio acid and debromination of 
the product by zino-dust and NH* (H. a. P.).— 
Salts; KjA" 2Aaq. — CaA" 2aq.— BaHA^.Saq. 
—BaA" 8aq. — BaA" aq : small concentric prisma. 


8TJLPH0 - PYROTARTARIC ACID C s H fl SO, 

i.e. C 8 H 8 (SO,H)(CO,H) 2 . Formed by boiling 
ita-, citra-, and mesa- conic acids with aqueous 
KjSOj, (Wieland, A. 157, 34). Crystalline, v. a. 
sol. water. — CagA/'^aq. SI. sol. cold water. 

SULPH0-QTJIN OLINE CARBOXYLIC ACID 
C y H s N (S0 8 H) .COJEL (a) - Sulpho-cinchoninic 
acid . Formed by heating cinchonic acid with 
S0 3 or with 11,80, and P 2 0 5 at 180° (Weidel a. 
Cobenzl, M. 1, 844). Triclinic crystals (contain- 
ing aq), m. sol. hot water, insol. alcohol and 
ether. Tastes bitter. Potash-fusion gives (a)- 
oxy-cinchoninio acid. — (NHJ jjA" 2aq. Mono- 
clinic crystals ; a:b:c * 1*19:1:3*53 ; £ « 95°14'. — 
CaA" 2£aq. Monoclinic crystals. — BaA" 3aq. — 
PbA" aq. — CuA" aq ; minute sea-green crystals. 

(£. 2)-Sulpho-quinoline ( Py . l)-carboxylic 

add «^gsggSS«22SS. «****- 

cinchoninic acid. Formed at the same time as 
the preceding acid (Weidel, M. 2, 565) and pre- 
pared by heating cinchoninio acid (1 pt.) with 
H 2 S0 4 (7 pts.) at 300° (Von Georgievitch, M. 8, 
639). The same acid (crystallising with aq) 
appears to be formed by oxidation of benzylidene- 
lepidine sulphonio acid by alkaline KMn0 4 
(Busch a. Koenigs, B . 23, 2683). Colourless 
needles (containing 2aq), v. sol. hot water. Very 
bitter. Potash-fusion yields (j8)-oxy-cinchoninio 
acid.— (NHJHA" 2aq. — BaA" aq. — PbA" 4aq. 

STJLPHO- SALICYLIC ACID t>. Oxy-suu>ho- 

BBNZOIC ACID. 

STTLPHO-SUCCINIC ACID C 4 H 8 S0 7 i.e . 
C0 2 H.CH 2 .CH(S0 8 H).C0 2 H. 

Formation. — 1. By exposing cooled succinic 
acid to SO s vapour (Fehling, A. 38, 285; 49, 
203). — 2. By boiling fumaric and maleic acids 
with aqueous K^SOg (Credner, Z. [2] 6, 77 ; 
Strecker a. Messel, A. 157, 15; Z. [2] 6, 469, 
671). — 8. From succinyl chloride and Ag 2 S0 4 
(Carius a. Kammerer, A. 131, 167). — 4. By oxida- 
tion of thio-malic acid with HNO, (Carius, A. 
129, 9). 

Properties. — Deliquescent mass, v. e. sol. 
water, alcohol, and ether. Yields fumaric acid 
when fused with potash. 

Salts . — K 8 A' " aq : efflorescent crystals. — 
K 8 A"' 2±aq.— K 3 A"' l^aq. Crystals.— KH^A"'.— 
KgHA"' 2aq. — K 4 H 4 A'", Haq. — (NH 4 )*A"' aq.— 
(NHJBLjA'" aq : crystals.— BaaA'"* (dried at 100°). 
Pp. — Ca 8 A"' 2 6aq.— PbgA"', 4aq.— Pb^A'", Saq.— 
Pb 4 OA , " 2 . — PbjOjjA"'-. — Ag 8 A'" : m. soL water. 

SBLPHO-TEREPHTHALIC ACID C^SO, 
i.». C fl H 8 (S0 s H)(C0 2 H) 2 [2:4:l]. 

Formation. — 1. By heating terephthalio acid 
with fuming 11,80, at 250° (Asoher, A. 161, 2 ; 
Schoop, B. 14, 223).— 2. By oxidation of sulpho- 
^-toluic acid (Remsen a. Burney, Am. 2, 410 ; 
Weber, B. 25, 1740), of p-xylene sulphonio acid 
(Remsen a. Kuhara, Am. 2, 414), and of 
C 0 H 8 Me(SO 2 NHJ.CO t H (Hall a. Remsen, B. 12, 
1432 ; Am. 2, 56). 

Properties. — Hygroscopic needles or tables. 

Salts. — KH 2 A'"Aaq. Needles (Remsen a. 
Keiser, Am. 5, 170). — KH 2 A f " aq (W.L— KgA'" aq. 
— BaHA"' aq.— CaHA'" l£aq. — BaHA'" l$aq, — 
BaHA'" aq. — BagA'"* 8aq. — BaH 4 A"' f 5aq. — 
PbHA'" 2aq.— Ag 2 HA"\ 

Amic acid C 0 E^(SO 2 NBy(CO 2 H) r Formed 
by oxidising p- xylene sulphonio amide with alka- 
line K t FeCy i (Noyes a. Walker, Am* 9, 94). 
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Concentric needles, sol. hot water. Not melted 
at 810°. — KHA" Jaq.— BaA" aq : nodules. 

Imide C a H 3 (C0 2 H)<^>NH. [294°] (W.); 

[299° cor.] (N. a. W.). Formed by oxidation of 
C a H 3 Me(S0 2 NH 2 ).C0 2 H by KMn0 4 . Short thin 
prisms (from ether), m. sol. cold water. AgNO s 
gives a pp. insol. HNO,. — KC 8 H 4 NS0 5 aq. — 
BaOgHjNSOs 8aq. Scales, v. si. sol. water. — 
Ag 2 C 8 H 3 NS0 5 . 

SULPHO-TOLTJENE DICARBOXYLIC ACID. 

Amic acid C 6 H 2 Me(S0 2 NH 2 )(C0 2 H) 2 [l:4:3:5]. 
[c. 800°]. Formed by oxidation of if-cumene 
sulphonio amide (Jacobsen a. Meyer, B . 16, 190). 
Needles, sol. water, alcohol, and ether. — 
BaA" 2|aq : small prisms, si. sol. water. 

SDLPHO-o-TOLUIC ACID C 8 H 6 SO s i.e. 
C 6 H s Me(S0 3 H).C0 2 H [2:3:1]. Formed by heating 
o-toluic acid with H 2 S0 4 (5 pts.) for 3 hours at 
160° (Jacobsen a. Wierss, B. 16, 1960). Crystal- 
line, v. e. sol. water. Potash-fusion yields o-oxy- 
toluic acid. 

Sulpho-o-toluic acid. Amic acid 
C a H 8 Me(S0 2 NH 2 ).C0 2 H [2:5:1]. [243°]. Formed, 
together with about an equal quantity of the 
(2,4,1)- isomeride, by oxidation of in - xylene 
o-sulphonic amide by alkaline KMn0 4 (Jacobsen, 
B. 14, 38). Long needles, sol. alcohol, ether, and 
water. Potash-fusion yields the corresponding 
oxy-toluic acid. Further oxidised by KMn0 4 to 
C # H a (S0 2 NH 2 )(C0 2 H) 2 . 

Balpho-o-toluic acid. Amic acid 
C a H 8 Me(S0 2 NH 2 ).C0 2 H [2:4:1]. [217°]. Formed 
as above. Long needles, si. sol. cold water, v. 
sol. alcohol and ether. — KA' : crystals. 

s-Sulpho-m-toluic acid 

C a H 8 Me(S0 3 H).C0 2 H [3:5:1]. Formed, together 
with the (3,4,1)- isomeride, by sulphonating 
m-toluic acid with fuming H. 2 S0 4 at 180° (Jacob- 
sen, B. 14, 2355). 

Sulpho-m-toluic acid. Amic acid 
C a H 3 Me(S0 2 NH 2 ).C0 2 H [3:4:1]. [248°]. S.2at 
15°. Formed by oxidation of w-xylene sulphonio 
amide (Bemsen, Am. 1, 37 ; 3, 205 ; Jacobsen, B. 
11, 895). Needles (from water), m. sol. alcohol, 
si. sol. ether. Potash-fusion gives (4,3,l)-oxy- 
m-toluic acid. KMn0 4 yields sulpho-isophthalic 
acid. — CaA' 2 ljaq: small concentric needles. — 
BaA' 2 4aq.— BaA',6aq. — AgA' : needles (from hot 
water). 

Sulpho-m-toluic acid. Amic acid 
C 6 H 3 Me(S0 2 NH 2 ).C0 2 H [3:2:1]. [203°]. Formed 
by oxidation of the corresponding m-xylene 
sulphonio amide [96°] (J.). Converted by 
potash-fusion into the corresponding oxy-toluic 
acid. 

Sulpho-p-toluic acid C a H s Me(S0 8 H).C0 2 H 
[4:3:1]. 

Formation. — 1. By oxidation of thio- 
carvacrol (Flesch, B . 6, 480; Bechler, J. pr. 
[2] 8, 170).— -2. By oxidation of cyraene sul- 
phonic acid (Remsen, Am. 2, 411 ; R. Meyer a. 
Baur, A. 220, 18).— >3. From jp-toluic acid and 
S0 8 (Fischli, B. 12, 616).— 4. By oxidation of 
p-xylene sulphonio aoid (Bemsen, Am. 8, 264). 
Needles (containing 2aq). Not hygroscopic. V. 
sol. water, insol. ether. Decomposes at 185°- 
190° without melting. Potash-fusion gives oxy- 
p-toluio aoid [204°]. Cone. HClAq at 190° forms 
-vtoJuio acid. 

~ Salta. — KHA" 8aq. — KHA" 2aq.— 
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K^A" l£aq. — MgA" 8aq. — MgA" 7aq. — 
BaA” 3aq.— BaA" 4aq.-PbA" aq.— PbA" 3aq.— 
PbA" 3Jaq. — AggA^aq. 

Amide C fl H 3 Me(S0 2 NH 2 ).C0NH 2 ^aq. [218°h 

Amic acid G^U^O^ll^.QOJEL. [267°]. 
Formed by oxidation of oymene sulphonio amide 
and of jj-xylene sulphonio amide by chromic acid 
mixture (Bemsen a. Hall, Am. 2, 50; B. 11, 
229 ; Noyes a. Walker, Am. 9, 98). Needles, sol. 
cold alcohol, insol. ether, si. sol. cold water. — 
BaA' 2 2aq. — CaA' 2 4aq. — MnA' 2 5aq: needles. 
Probably the same amio acid [242°] is formed by 
oxidising p-butyl-toluene sulphonio amide by 
KMn0 4 (Kelbe a. Baur, B. 16, 2565). SI. sol. 
water, nearly insol. alcohol. 

Sulpho-p-toluio aoid C a H 3 Me(SO a H).CO.,H 
[4:2:1]. [182°] (W.) ; [190°] (F.). Got by oxidi- 
sing thio-thymol (Fittica, A. 172, 329) and by 
evaporating its imide with HClAq (Weber, B. 
25, 1741). Crystals (containing 3aq).— NH 4 HA". 
— MgA".— AgxA". 


Anhydride C a H 8 Me<^gQ ^>0. [97°]. Got 

by treating the acid with AcCl. 

Amic acid C^MefSO^.CONH,. [186°]. 
Prisms (containing aq). — NH 4 A\ Got from the 
anhydride in benzene by the action of dry NH,. — 
AgA' aq : scales (from water). 

Amic acid C fl H s Me(S0 2 NH 2 ).C0 2 H. [185°]. 
Got by boiling the imide with water (Weber, B . 
25, 1739). Yellowish crystals. Probably iden- 
tical with the preceding amio acid. — BaA' 2 2aq. 
— AgA'.— MeA'. [146°].— EtA\ [95°]. 

Imide 0,H,Me<;^>NH. Methyl -sac- 


charin. [246°]. Got from j>-toluidine sulphonio 
acid vid C a H 3 MeCy.S0 8 H, C u H 3 MeCy.S0 2 Cl, 
C 0 H 8 MeCy.SO 2 NH 2 , C a H 3 Me(C0 2 H)(S0.NH 2 ), 
the last body being heated (Kreis, O. P. 48,583 ; 
B. 22, Bef. 719 ; Weber, B. 25, 1737). SI. sol. 
cold water, v. sol. alcohol, ether, and alkalis. 

Yields CgHaMe^QQ^NAg, whence Mel forms 
O.H a Me<^>NMe [163°], while EtI gives 

C s H,Me <^Q*>NEt [106°] (Weber). The imide 

is converted by warming with aqueous KOC1 into 
^p-toluidine sulphonio acid. 

Di-sulpho-o-toluio acid C^MefSOaH^COjH 
[2:3:5:1]. Formed by sulphonation of o-toluio 
acid with H 2 S0 4 containing S0 8 (Jacobsen a. 
Wierss, B. 16, 1960). Minute needles, v. e. sol. 
water. — x Ba 3 A'" 2 : amorphous, v. sol. water. 

Di-sulpho-p-toluio acid C a H 2 Me(S0 3 H) 2 C0 ? H. 
Formed by heating p-toluio acid with fuming 
HjS 0 4 and P*O ft (Weinreich, B. 20, 982).- 
BaHA'" 5aq. Crystals. 

Reference . — Nitro-sulpho-toluic acid. 
SULPHO-DVITIO ACID C,H H SO y U. 
C a H*Me(SQ l H)(C0 8 H) 2 [5:6:3:1]. Formed by 
evaporating its amic acid with cone. HClAq 
(Jacobsen, A. 206, 185). Needles (from dilute 
ELjSOJ. Potash-fusion yields oxy-uvitio aoid.— 
KH-A'" 2aq.— BagA"^. S. 3*23 at 12*5°. Needles. 

Amic acid C a Bi 2 Me(S0 2 NH 2 )(C0 2 H) 2 . A 
product of oxidation of mesitylene sulphonio 
amide with KMn0 4 (Hall a. Bemsen, Am. 2, 
136; Jacobsen). When set free from its salts 
it changes at once into the anhydride CgHjNSO* 
[270°], S. 5 at 100°. — KHA".— BaA".— BaA" 8aq* 
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SULPHO-ISOVALERIC ACID C fl H 10 SO 5 U. 
C^H^SOgHJ.COaH. Formed by heating isovalerio 
acid (1 pt.) with C1S0.,H (1 pt.) at 150° (De 
Varda, 0 . 18, 91). Deliquescent crystalline 
mass. Its aqueous solution partially decom- 
poses when heated. — BaA" aq. — PbA" 2aq. 

SULPHOXIDES. Organic compounds R.SO.R' 
formed by the action of cone. HNO s on sulphides. 
Decomposed by heat. Reduced by Zn and H 2 S0 4 
and by HI to sulphides. Attacked by PC1 5 , sul- 
phides being formed. They reduce KMn0 4 , being 
converted into sulphones. Sulphoxides contain- 
ing monovalent alcohol radicles form unstable 
compounds with HNO a , such as Et 2 SO,HNO a 
(Beckmann, J. pr. [2] 17, 475). 

SULPHO-XYLENE CARBOXYLIC ACID. 
Amic acid C a H 2 Me 2 (S0 2 NH 2 ).C0 2 H [1:3:4:5]. 
[268° cor.). Formed by oxidising T^-cumene 
sulphonic amide (Jacobsen a. Meyer, B. 16, 190). 
Dong needles, si. sol. hot water. — KA'aq.— 
BaA' 2 2Aaq. 

SULPHUR. S. At. w. 31-98. Mol. w. 63*96 ; 
probably also 191*88 and 255*84 (v. infra). 
The following data apply to ordinary rhombic 
S. Melts at c. 115°; different observers give 

from 111° to 115° (v. Helff, Z. P. C. 12, 219 ; 

Spring, A, Ch. [5] 22, 170; Kopp, A. 93, 129; 

Brodie, J. pr. 62, 336 ; Gernez, C. B. 83, 217 ; 

for m.p. at high pressures v. Hopkins, J. 1854. 
48). Boils at 440° (Dumas, A. Ch. [2] 36, 83 ; 
Troost a. Hautefeuille, C, B. 76, 76, 219). Cal- 
endar a. Griffiths (T. 182, 119) give 444*53° as 
4 within *1° of the true temperature of the vapour 
of sulphur boiling freely under a pressure of 
760 mm.* (This determination was made with 
Pt resistance thermometers with great care, but 
unfortunately no special precautions were taken 
to insure the purity of the S used. For other 
•determinations v. Carnelley’s Melting - and Boil- 
ing-point Tables , 1, 11. For b.p. under different 
pressures from 1 to 760 mm. v. Monckman, Pr. 
46, 186.) S.G. c. 2*03 (for numerous data v. 
•Clarke’s Table of Specific Gravities , 2nd ed., 9). 
S.G. molten S 1*801 to 1*815 (Playfair a. Joule, 
C. S . Mem. 3, 76) ; S.G. at b.p. 1*46 to 1*51 
(Ramsay, C. J. 35, 471). V.D. varies from 
*c. 122 to c. 62 ; v . infray Molecular Weight of S. 
S.H. (17°-45°) -163 (Kopp, T. 1865. 71); 
<(0°-100 o ) *1776 (Bunsen, P. 141, 1). S.H. 
(liquid) *2346 (Person, A. Ch. [8] 21, 295). 
Latent heat of fusion = 9*368 (for 1 g. S) (Per- 
.son, l.c.). S.V.S. 15*9. S.V. of S in combina- 
tion varies from 28*6 to 22*6; S.V. at b.p. 
■21*6 (Ramsay, C. J. 35, 471). C.E. (linear) 
*00006413 (at 40°) (Fizeau, C. B. 68, 1125; 
v. also Kopp, A. 93, 129 ; Pisati, G. 1874. 29 ; 
Spring, J . 1881. 1085 ; Moitessier, J. 1866. 27, 
who gives C.E. for each o. 20° from 110° to 
440°). S. in OS 2 ; 16*54 at -11°, 18*75 at -6°, 
23*99 at 0°, 37*15 at +15°, 41*65 at 18*5°, 
46*05 at 22°, 94*57 at 38°, 146*71 at 48*5°, 
181*34 at 55° (Cossa, B. 1, 138; Payen, C . B. 
84, 456, 508). For S.G. of solutions in CS 2 v. 
Macagno (C. N. 43, 192). For S. in C«H 8 and 
other solvents v . Pelouze (C. P. 68, 1179 ; 79, 

56). Refraction-equivalent at. w.^ for 

D line 16*0 (solid), 16*47 (liquid), 16*1 (gaseous, 
for O line), 16*0 (in solution), 16*0 (calculated 
from data fm SCI,), 16*1 (from data for SgClJ 


(Gladstone, P. M. [5] 35, 204). H.C. [8,0*] - 71,080 
( Th . 2, 247). The E.C. of S is very small; it 
varies much with temperature (v. Monckman, 
Pr. 46, 136). The fundamental form of rhombic 
S is a simple pyramid, or elongated octahedron ; 
a:b:c ~ *8106:1:1*898. For emission-spectrum 
v. Salet, C. B. 68, 401 ; 73, 559 ; Bl. [2] 11, 
302 ; Mulder, J. pr. 91, 112 ; Barrett, J. 1865. 
138; Seguin, C. B. 53, 1272; Chautard, G. B. 
79, 1123 ; Pliicker a. Hittorf, J. 1863. 109. For 
absorption-spectrum of S vapour v. Salet, C. B. 
74, 865; Gernez, C. B. 74, 803; Ciamician, 
W. A. B. 77 [2] 839. For vapour-pressures of 
S vapour v. Regnault (J. 1863. 65). Ignition 
point c. 250° (Hill, C. N. 61, 125; Blount, C. N. 
61, 153). 

The following data apply to monoclinic S. 
Melts at 117*4° (Gernez, C. B. 83, 217) ; at 120° 
(Brodie, J.pr. 62, 336). S.G. 1*982 (Marchand 
a. Scheerer, J. pr. 24, 129) ; 1*958 (Deville, J. 1, 
365). S.V.S. 16*4. H.C. [S,0-] » 71,720 (Th. 2, 
247 ; Petersen, Z. P. C. 8, 601). For volumes 
occupied at different temperatures v. Toepler 
(W. 47, 169). Crystallises in secondary forms of 
a monoclinio prism ; a:6:c = 1*004:1:1*004, angle 
6:c = 84° 14'. Sol. CS 2 , from which solution 
rhombic S crystallises out. 

Insoluble sulphur is amorphous ; insol. CS 2 ; 
S.G. c. 2*04 (Troost a. Hautefeuille, C. B. 69, 
248) ; S.G. after compression at 8,000 atmos. 
1*9556 at 0°, 1*9643 at 100° (Spring, BL Acad . 
Belg. [3] 2, 83). 

Cf. Allotropy of Sulphur (p. 609). 

Occurrence. — Native, in beds, in Sicily, 
Mexico, New Zealand, &c. ; in the lava fissures 
of volcanic districts ; in small quantities in the 
mud from the sea-bottom (Buchanan, Pr. E. 
1891. 1). Many metallic sulphides also occur 
native — e.g. sulphides of Sb, As, Cu, Fo, Pb, Hg, 
and Zn. Sulphates occur in large quantities — 
e.g. gypsum, celestine, heavy spar; these and 
other sulphates are found in the earth’s crust, 
in the sea, and in many river and spring waters. 
(For more details v . Dictionary of Applied 
Chemistry, iii. 682.) S is a constituent of 
albumen, hair, feathers, horn, and some other 
parts of animals; it is also found in many 
plants. Small quantities of S compounds are 
found in the atmosphere near volcanoes. Ac- 
cording to Young sulphur occurs in the solar 
atmosphere (Am. S. [3] 4, 356). 

Sulphur has been known from very early 
times. The quantitative work of Lavoisier, in 
1772, on burning S showed this substance to be 
an element, but it was not finally placed on the 
list of elements until after the experiments of 
Gay-Lussac and Th^nard in 1809. 

Formation . — 1. By the interaction of S0 3 
and H 2 S ; 2S0 2 + 4H 2 S = 3S 2 + 4H 2 0.-2. By the 
partial oxidation of H^S, either by incomplete 
combustion or by exposure of H 2 SAq to a limited 
quantity of air ; 2^8 + 0 2 «* 2H 2 0 + S 2 . Also by 
the oxidation of FeS by exposure to moist air ; 
2FeS + 30 « Fe 2 0, + S.*.— 3. By distilling certain 
metallic sulphides out of contact with air, e.g . 
3FeS 2 »Fe 8 S 4 + S 2 .— 4. By decomposing solution 
of an alkali or alkaline polysulphide by acid; 
e.g. CaS 5 Aq + 2HClAq « CaCl*Aq + BLjS = 2Sj. 
Also by adding acid to solution of a thiosulphate ; 
e.g. Na 2 S 2 0*Aq + 2HClAq» 

BNaClAq + H,0 + SOjAq + S. — 6. By decom- 
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posing S 2 C1* by water (2S,C1 2 + 2H 2 0 + Aq=» 
4H01Aq + S0 2 + 3S). — 6. When sulphates, e.g. 
CaSO„ are in prolonged contact with decaying 
organic matter (such as plant -leaves) they are 
reduced to sulphides, and if these come into 
contact with acids S is among the products of 
the reactions that occur. For a fuller account 
of some of these processes, whereby native S is 
probably formed, v. Dictionary of Applied 
Chemistry, iii. 683. For methods of forming 
the various varieties of S v. infra, Preparation. 

Preparation. — 1. Ordinary S is dissolved in 
pure, dry CS 2 ; a part of the CS 2 is distilled off, 
and the rest is allowed to deposit crystals of S. 
This process is repeated onoe or twice ; the S 
crystals are powdered, kept in vacuo for some 
days to remove all CS 2 , and then repeatedly dis- 
tilled in vacuo , the middle portion of the dis- 
tillate being collected each time.— 2. Ppd. S is 
distilled several times in S 2 C1 2 to remove H 
compounds; the distillate is then repeatedly 
distilled in vacuo , the middle portion only being 
collected ; the distilled S is finely powdered, re- 
peatedly washed with water, dried, distilled over 
a few small pieces of pure Zn in vacuo (to re- 
move traces of S 2 C1 2 ), and then repeatedly dis- 
tilled in vacuo. — 3. S is ppd. by adding HClAq 
to pure Na 2 S 2 0 3 Aq, the pp. is repeatedly washed 
till free from chlorides, dried, distilled repeatedly, 
and finally distilled several times in vacuo (v. 
Monckman, Pr. 46, 149). 

Ordinary rhombic sulphur is prepared 
by melting S and allowing to cool very slowly at 
90° (Schiitzenberger, C . E. 66, 746), or by melting 
and throwing in a crystal of rhombic S when 
the liquid has cooled nearly to the crystallisation 
point (Gernez, G. E. 83, 217) ; also by crystal- 
lising from CS 2 ; and, in very well formed 
crystals, by saturating pyridine or picoline with 
H 2 S and allowing to stand (Ahrens, B. 23, 2708). 

Monoolinio sulphur is prepared by melt- 
ing a considerable quantity of roll sulphur in a 
Hessian crucible, allowing to cool till a crust 
forms on the surface, piercing this crust, and 
pouring out the S that is still liquid ; the walls 
of the crucible are covered with monoclinic 
crystals. This form of S can also be prepared by 
evaporating alcoholic solutions of (NH 4 ) 2 S (Mal- 
lard, J. 1885. 383; Buys, J. 1884. 336 ; Gernez, 
C. E. 100, 1539 ; 101, 312) ; also, along with 
rhombic crystals, from solution of S in boiling 
alcohol, benzene, <fec. (Maquenne, Bl. [2] 41, 
238). By melting S, and throwing in a crystal 
of tne monoclinic form when the liquid is near 
the crystallisation point, the S solidifies in 
monoclinic crystals (Gernez, G. E. 83, 217). 

Soft soluble sulphur is prepared by 
decomposing S 2 C1 2 by water, or Na 2 S 2 O a Aq or a 
soluble polysulphide by a limited quantity of 
acid, or many metallic sulphides by fuming 
HNO„ or SOjjAq by BL 2 SAq (Weber, A. 141, 432 ; 
Rose, P. 47, 166; Deville, Ph. C. 1848. 200; 
Fordos a. G6 lis, Ph. O. 1854. 294). This pre- 
paration is not homogeneous ; it contains both 
soluble and insoluble S. 

Insoluble sulphur (insol. in CS^is pre- 
pared by heating ordinary S nearly to boiling 
and then cooling rapidly (most easily by slowly 
pouring into a large quantity of cold water), 
rubbing the plastic mass so obtained with a 
glass rod, under water, till it becomes hard, and 


removing soluble S by treatment with warm 
CS 2 (cf. Deville, Ph. C. 1848. 200). Insoluble S 
is generally present in * flowers of sulphur * 
(which is formed by rapidly cooling vapour of 
S) ; by treating this with CS 2 the soluble S is 
removed, and the insoluble form remains. 
Soluble S becomes covered with a film of the in- 
soluble variety by exposure to sunlight or elec- 
tric light when melted (Berthelot, J. pr. 31, 
396 ; Lallemand, C. E. 70, 182). Insoluble S 
is also said to be obtained by decomposing 
NaoS 2 0,Aq by HClAq, dissolving the ppd. S in 
CHClg, evaporating, and keeping the crystals 
that separate for some time (for details v. Engel, 

C. E. 112, 866 ; Friedel, G. E. 112, 834). In- 
soluble S is also formed, mixed with the soluble 
variety, by the incomplete combustion of H 2 S or 
CS 2 ; by decomposing H 2 S by fuming HNO s , 
aqua regia , Fe 2 Cl„Aq, S 2 C1 2 , or CrO s Aq ; and by 
the reaction of HNO a Aq, SO,,, or halogens with 
melted S (v. Wohler, A. 86, 373; Vogel, J. Ph. 
[3] 29, 433 ; Schiff, A. 115, 68 ; Nollner, A. 108, 
19 ; Dietzenbacher, G. E. 66, 89). Insoluble S 
is also formed by decomposing thiosulphates by 
acid, or S 2 C1 2 or S.^B^by water, tfcc., and washing 
the soft magma so obtained with CS 2 to remove 
soluble S (cf. Preparation of soft soluble sul- 
phur , supra ; and v. Weber, A. 141, 432 ; Rose, 
P. 47, 166; Deville, Ph. G. 1848. 200). 

Colloidal sulphur, soluble in water, 
is prepared by passing H>S into S0 2 Aq at a 
little above 0° till all the S0 2 is decomposed, 
filtering, and concentrating over KOH in vacuo. 
The yellow solid so obtained is sol. water, but 
changes to ordinary S on keeping (Debus, G. J . 
53, 282). According to Engel ( G . E. 112, 866) 
this form of S exists in the solution obtained 
by adding 1 vol. Na 2 S 2 0 3 Aq, saturated at the - 
ordinary temperature, to 2 vols. HClAq satu- 
rated at 25°-30° and let cool to c. 10°, and 
filtering from NaCl that separates. This form 
of S has not been isolated in a state of purity. 

Regarding the formation of the varieties of 
S one from the other, cf. Allotropy of sulphur , 
p. 609. 

Properties. — S exists in several modifications. 
The chief are (1) soluble in CS 2 , (2) insoluble in 
CS 2 , (3) soluble in water. 

1. Soluble sulphur exists in two, perhaps 
in three, varieties, differing in S.G., crystalline 
form, &c. 

A. Ordinary rhombic (octahedral) 
sulphur is a pale -yellow, tasteless, very brittle 
solid. By crystallisation from CS 2 it forma 
clear, yellow, transparent, lustrous crystals ; the 
colour becomes paler at low temperatures, until 
at - 50° the crystals are almost colourless (Schon- 
bein, J. pr. 55, 161) ; by immersion in boiling 
water it becomes easily powdered (Daguin, G. E. 
20, 1667). The crystals are derived from the 
fundamentahform of a rhombic pyramid; about 
thirty varieties are known. When held in the 
hand S emits a distinct odour, probably because 
of slight volatilisation ; according to Berthelot 
(G. E. 100, 1326) S is wholly volatilisable at a 
temperature not much above the ordinary. S is 
said to phosphoresce in air or O at 200° (Heu- 
mann, B. 16, 139). When S is rubbed it becomes 
strongly (negatively) electrified. S is a bad con- 
ductor of heat, and a very bad conductor oi 
electricity; the conductivity varies slightiy r 
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according as the light is or is not allowed to 
fall on the S (Monckman, Pr. 46, 136). Insoluble 
in water ; easily sol. CS 2 (data at beginning of 
article) ; also sol. C ? H a , CHC1 S , &c. Sol. warm 
cone, acetic acid (Liebermann, B. 10, 866) ; sol. 
liquid S0 2 (Sestini, Z. 1868. 718). As octahedral 
S changes to prismatic S near the m.p. of the 
former, it is evident that hot solutions of the 
former, in solvents which boil near to, or above, 
the m.p. of S must contain some prismatic S. 
Rhombic S slowly changes to monoclinic S when 
kept near its m.p. (v. p. 609, Allotropy of 
sulphur) ; the change is accompanied by ab- 
sorption of heat (c. 650 g.-units for 32 grams S) 
and expansion of volume (v. Petersen, Z. P. C. 8, 
601). According to Gernez (G. B. 83, 217), if a 
fair quantity of rhombic S is heated till melting 
begins on the surface, the interior portions 
change to microscopic monoclinic crystals, and 
the surface parts solidify again; this occurs 
only if the m.p. of monoclinic S (117*4°) is not 
exceeded. S melts to a clear yellow liquid ; at 
c. 160° the liquid begins to darken and thicken ; 
between 170° and 200° it is black, and so viscid 
that it does not pour out when the vessel con- 
taining it is inverted ; at 330°-340° the liquid 
becomes thin, but it remains dark ooloured until 
it boils at o. 444°. These changes are accom- 
panied by very considerable changes in the 
electrical conductivity of S : the conductivity is 
almost constant from 270°-290° ; it increases 
considerably up to 340°-350°, and then very 
rapidly up to the b.p. (v. Monckman, Pr. 46, 
136). The expansion-coefficient, for each in- 
terval of 10°, decreases from 110° to 180°, and 
then increases gradually, but not regularly, to 
the b.p. (v. Moitessier, J. 1866. 27). Melted 8 
may be cooled below 96° without solidifying (cf. 
Gernez, C. B. 97, 1298,1366, 1433). For S.G., 
S.H., and other physical properties of S, v . 
beginning of this article. 

B. Monoclinic sulphur , obtained by 
cooling molten S, forms transparent, yellowish 
brown needles; as obtained by crystallisation 
from solutions the crystals are nearly colourless. 
The crystals gradually become pale yellow and 
opaque, due to change into the rhombic 
form. The crystals are secondary forms of a 
monoclinic prism. This form of S is sol. CS 2 ; 
rhombic S crystallises from this solution; it 
also dissolves in alcohol, C a H 6 , CHC1 S , <fec. On 
evaporation, crystals, both of rhombic and mono- 
clinic S, separate (Maquenne, Bl. [2] 41, 238) ; 
monoclinic S may be recrystallised from alcoholic 
solution of (NH 4 ) 2 S (for references v. p. 607, 
Preparation of monoclinic 8 ). The change of 
monoclinic to rhombic 8 is hastened by scratch- 
ing with a glass rod, or by covering with CS 2 ; 
heated to 95*1° at 760 mm. pressure, monoclinic 
changes to rhombic S ; the change is accom- 
panied by appearance of heat and contraction of 
volume (v. p. 609, Allotropy of sulphur ). For S.G. 
&c. of monoclinic S v. beginning of this article. 

O. Soft soluble sulphur (v. Preparation 
of soft soluble sulphur , p. 607) is only partly sol. 
CS 2 ; it contains both soluble and insoluble 
amorphous 8 ; it is a very pale yellow, or nearly 
white, soft, amorphous, magma that gradually 
hardens ; when heated it gives off BUS (Weber, 
A . 141, 432 ; Rose, P. 47, 166 ; Deville, Ph. O. 
164$. 200; Fordos a. G61is, Ph. O. 1854. 294). 


2. Insoluble sulphur. It is doubtful 
whether more than one variety of this form of 8 
exists, or whether substances described as 
varieties are not merely mixtures of ordinary in- 
soluble S with impurities. 

D. Plastic sulphur is a citron-yellow, 
soft, caoutchouc-like, amorphous solid, formed by 
suddenly cooling molten S (v. p. 607, Preparation 
of insoluble sulphur) ; as prepared from ordinary 
S it is dark brown, but Mitscherlich (J. pr. 67, 
369) found that the dark colour is caused by the 
presence of small quantities of fatty substances 
(cf. Dietzenbaoher, O. B. 56, 39). The S.G. of 
brown, plastic S is c. 1*91 to 1*96 ; but the sub- 
stance is not homogeneous ; it contains both 
soluble and insoluble S. Plastic S soon hardens 
and becomes yellow, more quiokly when broken 
up and rubbed with a glass rod, or when immersed 
in turpentine, or when heated to c. 100° ; heat 
is given out in this change (v. p. 609, Allotropy 
of sulphur). For determinations of the volumes 
occupied at different temperatures by plastic S v . 
Toepler (W. 47, 169). 

E. Amorphous yellow sulphur is pre- 
pared from plastic S, or flowers of S, or the S 
obtained by decomposing thionates by acid, or 
H 2 S by oxidisers &o. (v. p. 607, Preparation of 
insoluble sulphur ), by washing with warm CS 2 
till all soluble S is removed. This variety is an 
amorphous, buff -yellow powder; kept under 
CS 2 it seems white ; when dried and rubbed it 
forms a loose, flocculent powder. Insol. CS 2 ; 
somewhat sol. CHC1 3 , Et 2 0, and alcohol, accord- 
ing to Deville (J. pr. 56, 859). Unchanged at 
the ordinary temperature, but slowly converted 
to crystalline soluble S at 100° (v. Berthelot, 
J.pr. 70, 941; 71, 364; Favre, J. Ph. [3) 24, 
344; F. a. Silbermann, A. Ch . [3] 34, 447). 
S.G. 2-046 (v. data at beginning of this article). 
H.C. [S.O 3 ]- 71,990 (Petersen, K. P. O. 8, 601). 
The accounts of this variety of S vary con- 
siderably. 

F. Black sulphur. When S mixed with 
a very little oil is thrown into a hot Pt dish, a 
black Bubstance is obtained which has been 
looked on as a modification of S (Magnus, P. 
92, 867 ; 99, 145 ; Dietzenbaoher, P. 124, 644 ; 
Gross, B. B. 1879. 788 ; Jones, G. N. 41, 244 ; 
Keller, Bl. [2] 4, 346). Knapp (J. pr. [2] 88, 
48 ; 43, 305) has shown that the black substance 
contains c. 55 p.o. S and c. 83 p.c. carbonaceous 
matter ; K. thinks it is probably a modification 
of S adhering to carbonised products of the oil. 
This substance is said to be non-volatile above 
the b.p. of 8 ; it is a lustrous, amorphous, solid, 
insol. CS 2 , alcohol, Et 2 0, oils, H 2 S0 4 , (fee. 

8. Colloidal sulphur soluble in 
water. This form of S is said to exist in 
Wackervroder's solution (the milky liquid formed 
by passing H.J3 into S0 2 Aq), and also in the solu- 
tion obtained by adding HClAq to Na^^Aq (v. 
p. 607, Preparation of colloidal sulphur). This 
form of S has not yet been obtained free from 
impurities ; it is a plastic, gummy, pale-yellow 
solid; it dissolves m water, forming a turbid 
liquid. By ppg. by NaGl, filtering, drying on 
bibulous paper, shaking with water, and re- 
peating this treatment, Debus (O. J. 53, 284)* 
obtained colloidal S that dissolved in water so 
as to form an almost clear, opalescent liquid, 
which became quite clear on warming, and turbid 
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on oooling. Thissolution yielded ordinary S on 
addition of several salts; evaporation left a 
viscous, transparent residue ; the S in solution 
did not diffuse through a porous membrane. 

Other modifications of sulphur. Various 
experimenters have described forms of S different 
from those usually recognised, but there is much 
doubt as to whether any of these are really dis- 
tinct varieties, or merely mixtures of known 
varieties ( v . Maquenne, Bl. [2] 41, 288; Gernez, 
A . Oh. [6] 8, 266 ; 0. B. 100, 1326; Engel, 0 . B. 
112, 866 ; Berthelot, C. B. 100, 1828 ; Brame, 
C. B. 101, 638, 639). 

Allotropy of sulphur. The following table 
presents the best established allotropio forms of 
S:— 

Insoluble in water. 


Soluble in CS 2 Insoluble in CS 2 

Bhombio; S a Plastio; S y 

Monoclinic ; S* Amorphous, yellow 

Amorphous, soft 

Soluble in water. 

Colloidal; S« 

The amorphous forms of S (soft, soluble; 
yellow, insoluble; and plastio, insoluble) and 
colloidal S have not been obtained pure; the 
soluble amorphous always contains insoluble, 
and the insoluble forms always contain soluble 
S; the colloidal contains S insoluble in water 
(cf. Magnus, /. pr. 70, 215 ; 72, 48 ; Weber, J.pr . 
70, 354). It would probably be more accurate 
to make only three divisions of amorphous S : 
soluble in water, insol. water but sol. CS 2 , insol. 
both water and CS* Berthelot (J.pr. 71, 364 ; 
78, 244) holds that there are two main varieties 
of S : soluble in OS* and insoluble in CS 2 . S 
separated from compounds wherein it acts as 
the positive radicle, or part of the positive 
radicle (e.g. S 2 01 2 , SOjAq), is insoluble, according 
toB.; whereas when separated from compounds 
wherein it forms the negative radicle, or part of 
the negative radicle (e.g. H a S, E^S), S « soluble 
in CS 2 . B. distinguishes the two varieties of S 
as electro-positive and electro-negative. Clo&z 
pr. 74, 266 ; 78, 241) asserts that insoluble S 
is obtained from S^Cl^ when this compound is 
rapidly shaken with water, but that soluble 
(crystalline) S separates from the same com- 
pound by the gradual aotion of moist air ; and 
that insoluble S is obtained by electrolysing 
IljSAq provided the electrolysis is rapid (cf. 
Weber, *P. 141, 432). 

Any form of S changes gradually to the 
rhombic crystals (S.) ; this ohange is hastened 
by raising the temperature within certain limits. 
Berthelot {/. pr. 71, 360) examined the amount 
of soluble (crystalline) S changed to insoluble at 
different temperatures ; he found that rhombio 
S heated to 130°- 140° and rapidly cooled was 
still wholly soluble in CS* that muoh insoluble 
S was formed by heating to o. 170°, and not 
muoh more at o. 230°. These results can be 
taken only as very roughly approximate, on ac- 
count of difficulties in oooling, &o. (cf. Deville, 
J. pr. 56, 865 ; Frankenheim, J. pr. 64, 436). 
According to experiments of Gernez ( O . B. 97, 
1298, 1866, 1488 ; 100, 1348, 1382), Buys (B. T. 
C.8, 1), and Beieher (J. 1885. 247), monoclinic 8 
to rhombio (S«) in o. 12 days at- 86° 
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to —15°, and in o. 80 minutes at 40°. Beieher 
(B. T. O. 2, 246 ; Z. K. 8, 598) says that the tem- 
perature of ohange of S* to S„ is 95*6° at the or- 
dinary pressure, and rises *05° for each inorease 
of 1 atmosphere pressure ; at 96*1° S J changes 
to S*, and at 95*1° 8* changes to 8*. The 
ohange of any form of S to rhombio crystals is 
accompanied by the appearance of heat and 
contraction of volume ; the data for the heats of 
combination of S«, 8^, and amorphous insoluble 
S give o. 650 gram-units as the quantity of heat 
produced when 82 grams S* change to S„, and o. 
900 gram-units for the change of 32 grams in* 
soluble amorphous S to S. (cf. Berthelot, C. B. 
70, 941; and Mitsoherlioh, P. 88, 328). By 
keeping S molten for some time at 100°, and 
then inducing crystallisation by dropping in a 
crystal of S, either rhombic or mohoclinio crys- 
tals can be obtained, according as the crystal 
dropped in is rhombic or monoclinic. When 
rhombio S is melted and allowed to cool under 
ordinary conditions the solid oontains both S a and 
Si ; if the oooling is rapid, some amorphous S 
(both soluble and insoluble) is also produced; 
hence ordinary ‘ flowers of Bulphur,* formed by 
rapidly cooling S vapour, contains both soluble and 
insoluble S, and generally also, when freshly 
prepared, both rhombio and monoclinic crystals. 
The crystals of S that separate from solutions in 
CS 2 are rhombio ; both forms of crystals separate 
from solutions in alcohol, G„H 0 , CHC1„ &o. ; and 
monoolinio crystals separate from solutions in 
alcoholic (NH 4 ) 2 S. Light brings about the change 
of soluble into insoluble S ; if bright sunlight, or 
light from the electric arc, falls on molten S at o. 
130°, a film of insoluble S is produced. Simi- 
larly, light concentrated by a lens and directed on 
to a cone, solution of S in CS 2 quickly causes the 
formation of a speck of insoluble S, which soon 
increases in size till the liquid becomes turbid (Ber- 
thelot, J. pr. 31, 396 ; Lallemand, O. B. 70, 182). 
No differences have been observed between the 
chemical behaviour of the soluble and insoluble 
varieties of S (v. Schmitz-Dumont, B. 25, 2659). 

Atomic weight of sulphur. The at. w. of 8 
has been determined (1) by converting AgCl into 
Ag 2 S (Berzelius, P. 65, 319 [1845] ; Svanberg a. 
Struve, J. pr. 44, 820 [1848)) ; (2) by reducing 
Ag 2 S0 4 to Ag by H (Struve, A. 80, 203 [1851J ; 
Stas, Stas B. 125 [I860]); (8) by direct synthesis 
of Ag 2 S pumas, A. Ch. [8] 65, 147 [1859] ; Stas, 
Stas B. 58 [I860]) ; (4) by determining 8.H. of 
S (Kopp, T. 1865. 71) ; (5) by determining VJ). 
of, and analysing, SH* SO* S 2 C4» Ac. 

Molecular weight of sulphur. The V.D. 
determinations of Dumas (A. Ch. [2] 50, 170) 
gave o. 95 at 460°-500°, pointing to the molecu- 
lar formula S a ; Bineau (O. B. 49, 799) found 
V.D. 39 from 714° to 743*, and 34 between 840° 
and 1160°, indicating the molecular weight S* 
The determinations by Deville a. Troost (O. B. 
56, 891) at 860°-1040° confirmed the number 32 
and the moleoular weight S r Troost (C. B. 95, 
80) got the number 42*5 at 665°, indicating a 
mol. w. of o. Si (V.D. corresponding to 8,-48). 
In 1888 Biltz determined V.D. of S at intervals 
from 468° to 606°, and got results ranging from 
118*2 at the lower temperature to 68*4 at the 
higher (S, - 112 ; S 4 - 64). The V.D. constantly 
decreased as temperature rose; the Y.D. was 
oonstant only between 502° and 524°, but the 
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values were between those calculated for S a and 
S y . Blitz concluded that the only molecules 
which exist as gas through any considerable 
range of temperature have the composition 
Ramsay (Z. P. C. 8, 67 [1889]) thought that 
Biltz f 8 results did not negative the existence of 
gaseous molecules more complex than S r Schall 
(B. 23, 1701 [1890]) got numbers for V.D. vary- 
ing from 115 to 122, at 573° and pressures from 
10-20 mm., in an atmosphere of N or C0 2 ; S. 
concluded that molecules S B probably exist in 
the vapour of S. Riecke (Z. P. C. 6, 430 [1890]) 
regarded the decrease of V.D. with increasing 
temperature as a dissociation of S 8 to S a and S 2 ; 
by making certain assumptions, his calculated 
results agreed well with the experimental num- 
bers of Biltz. In 1888 Patemo a. Nasini (B. 21, 
2158) determined the depression in the freezing- 
point of benzene caused by dissolving S therein ; 
their results indicated S a as the molecular for- 
mala of S in solution in benzene. By deter- 
mining the increase in the boiling-point of CS 2 
produced by dissolving S in that solvent, Beck- 
mann (Z. P. C. 5, 76 [1889]) got values for the 
mol. w. of S varying from 245 to 280 (S 8 « 256). 
Sakurai also used this method in 1892 (C. J. 61, 
989) ; his values for mol. w. of S in CS 2 varied 
from 252*3 to 254*9. Prom observations of the 
effect of dissolving S in naphthalene on the f.p. 
of the solvent, Hertz (Z. P. O. 6, 858 [1890]) 
concluded that the mol. w. of S in solution in 
naphthalene is 256= S 8 . Helff (Z. P. C. 12, 196) 
In 1893 also got S 8 for mol. w. of S in CS 2 , and in 
molten P. These results leave little doubt that 
molecules S 8 exist in solutions of S in CS 2 and 
in naphthalene, and S e in solutions in benzene ; 
that molecules of greater complexity than S 2 — 
robably as complex as S 8 — exist in S vapour, 
ut these are stable only through a small range 
of temperature, and gradually dissociate as tem- 
perature rises until all the molecules existing 
above c. 700° have the composition Biltz a. 
Meyer (B. 22, 725 [1889]) have shown that the 
V JD. of S corresponds with the mol. w. S, up to 
1600°-1700°. 

Reactions. — 1. Reacts with water at 100° to 
form H s S. Cross a. Higgin ( C . J. 35, 249 ; B. 
16, 1195) found that the solution contained 
thionio acids ; they supposed that these were 
produced by reactions between the ELjS and S0 3 
formed by the action of the S on the water (cf. 
Payen, J. Ph. 8, 871 ; Mulder, J. 1858. 84 ; 
Meyer, C. R. 74, 195 ; Gdlis, O. R. 56, 1004). 
Senderens (Bl. [8] 6, 800) regarded the produc- 
tion of H,S as due to interactions between the S 
and the glass vessels employed; O. a. H. (C. J. 
85, 252) found H^S was produced when dilute 
R 2 S0 4 Aq was used in place of water, and they con- 
cluded that the alkaline constituents of the glass 
were without influence. Becquerel (C. R. 56, 
237) says that when water containing S in sus- 
pension is electrolysed, H 2 S0 4 forms at the posi- 
tive, and H a S at the negative, electrode (cf. Col- 
son, Bl. [21 84, 66). When S is moistened with 
water and let stand in the air, H,S0 4 Aq is said 
to be produced (Polacci, C. C. 1884. 484 ; Bflhm, 
M. 8, 224). — 2. S is oxidised to H 2 80 4 Aq by 
heating with nitric add , aqua regia , or j potas- 
sium chlorate and hydrochloric acid.—B. Cone . 
hot sulphuric acid is reduced, giving off SO r — 
4. Com . hydriodio acid ghee HJB and I (I de- 


composes dilute HjSAq to HIAq + S).— 5. Chloro- 
sulphonic acid when heated witn S produces 
S 2 C1„ S0 2 , and HC1 (Heumann a. Kdohlin, B. 
15, 416). — 6. S dissolves in boiling alkali solu- 
tions , also in molten alkalis and alkaline car- 
bonates , to form mixtures of polysulphides and 
thiosulphates. Boiling ammonia solution forms 
polysulphides ; heated in a sealed tube above 
100° some (NH 4 ) 2 S 2 0 8 Aq is produced (v. Brun- 
ner, D. P. «T. 150, 371). — 7. Sulphur trioxide dis- 
solves S, forming a blue solution of S 2 0, (v. Sul- 
phur oxides).— 8. Carbon dioxide reacts with 
boiling S to form COS (Cossa, B. 1, 117 ; Ber- 
thelot, Bl. [2] 40, 364). The same compound is 
produced by volatilising S, by an electric cur- 
rent, in carbon monoxide (Chevrier, C. R. 69, 
56). — 9. PSC1 8 is formed by the interaction of S 
and phosphorus trichloride at 130° (Henry, Bl. 
13, 495). Phosphorus pentachloride forms PCI, 
and S 2 C1 2 (Goldschmidt, C. C. 1881. 489). — 
10. S decomposes many sulphates and carbonates 
at high temperatures, forming sulphides and 
S0 2 , or C0 2 (v. Sestini, Bl. [2J 34, 490 ; Berthe- 
lot, Bl. [2] 40, 864).— 11. Solutions of salts are 
very often reduced by boiling with S, sulphides 
being generally ppd. (v. Vortmann a. Padberg, B. 
22, 2642 ; and, more fully, Senderens, Bl. [3] 6, 
800; 7, 511). 

Combinations.— 1. Sulphur combines directly 
with most of the elements. The binary com- 
pounds of S — with the exception of those with 
Br, Cl, F, I, or O, and also compounds of S with 
more than one other element (except these be 
some of the five just mentioned) — are described 
under the least negative of the component ele- 
ments ; e.g. compounds of S with P and Cl are 
described (as sulphochlorides) under Phosphorus. 
For the conditions of formation of the binary 
compounds of S reference must be made to the 
various elements, except in the cases of bromide, 
chloride, fluoride, iodides, and oxides of S, 
which are described in this article in their proper 
(alphabetical) places. — 2. Chlorine monoxide 
C1 2 0 is said to combine directly with 8 (sus- 
pended in S 2 C1 2 ), at — 12°, to form SOCl 2 (Wurtz, 
C. R. 62, 460). 

Sulphur, acids of. Reference should be made 
to Hydrogen sulphide, vol. ii. p. 725 ; Sulphur 
oxy acids, this vol. p. 619 ; Sulphur oxyacids, 
nitrogen derivatives of, this vol. p. 619 ; 
Sulphooyanio acid, vol. ii. p. 303 ; Sulphonio 
acids and derivatives, this vol. p. 599; Thio- 
carbonic acid, vol. i. p. 703. For acids, and salts 
of acids, containing S and P, and S, P and O, 
v. Phosphorus sulphides, this vol. p. 145 (begin- 
ning of article) ; also Phosphorous sulphide. 
Reactions 7 and 8 (p. 146), Phosphoric sulphide, 
Reaction 8, and also end of that article (p. 147). 

Sulphur, bromides of. It is very doubtful 
whether any definite compound of S and Br 
exists. Powdered S dissolves in Br with evolu- 
tion of a little heat ; the deep ruby-red liquid 
begins to distil over at c. 60° and the thermo- 
meter rises steadily to o. 190°, when it ascends 
slowly to c. 200°, after which it steadily rises 
till S remains; the fraction coming over at 
190°-200° agrees fairly in composition with the 
formula S*Br f (Pattison Muir, C. J. 28, 845). M. 
found that by passing OO, through a solution of 
S in excess of Br for some hours, at 15°, 50°, 
and 90°, the residual liquid had nearly the com- 
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position S*Br*; Hannay, however, by passing 
air through such a liquid for 400-500 hours 
found that the whole of the Br was removed and 
that pure S remained (C. J. 33, 284 ; 35, 16). 
It is, however, possible that at the tempera- 
ture of this experiment, o. 15°, dissociation 
<of S*Br* was induced by the stream of air. 

H. also found that the vapour given off by the 
supposed S*Br 2 , even at 0°, showed the absorp- 
tion-spectrum of Br. Spring a. Lecrenier (BZ. 
[2] 45, 867) examined the reaction of the sup- 
posed S*Br* with K*SO*. S. had before shown 
that S*C1* and K*SO* produce KC1 and K*S 4 0 8 ; 
but Cl and S acting as free elements produce 
K*S0 4 , KC1, K*S*0* and SO*. S*Br* ought then 
to produce KBr and K*S 4 0 8 , whereas S and Br 
would form K*S0 4 , KBr, K*S*0*, and SO*; by 
determining the quantities of the products S. a. 
L. calculated that the supposed S*Br* contains 
c. 27 p.c. of the elements uncombined. Various 
reactions of the supposed S*Br 2 are described in 
the memoirs already referred to (v. also Rose, 
p. 44, 327 ; Michaelis, J. Z . 6, 297 ; Ogier, C. R. 
92, 922). 

Sulphur, ohlorides of. Three compounds of 
S and Cl are known: S*C1*, SCI*, and SC1 4 . 
These compounds are liquids ; S*C1* boils un- 
changed at c. 138°, SC1 2 begins to decompose to 
S*C1* and Cl at c. 10°, and the decomposition of 
SC1 4 to SCI* and Cl begins ate. — 20°. 

Sulphur monochlobide S 2 C1*. (Sulphur 
protochloride , Sulphur sulphochloride , Sulpho - 
thionyl chloride , Thio-thionyl chloride.) Mol. 
vr. 134-7. Boils at 138-12°; S.G. £ 1-70941, S.G. 

at b.p. 1-49201 (Thorpe, C. J. 37, 356). S.V. 
90-28 (T., I.C., p. 372). V.D. 68-4 (Dumas, A. Ch. 
£2] 49, 204 ; Marchand, J. pr. 22, 607). 

- 1*64449 (Haagen, P. 131, 117). H.F. [S 2 ,C1*] 
<from S„)« 14,267 (Th. 2, 810); 17,600 (Ogier, 
C. R. 92, 922). 

Formation. — 1. By the interaction of S and 
Cl. — 2. By distilling S with 9 parts SnCl* or 8-5 
parts HgCl*. — 3. By reacting on PCl a with S 
(Goldschmidt, C.C. 1881. 489).— 4. By decom- 
posing PSG1* by Cl or by heating to redness.— 5. 
By the interaction of P*S a and SOCl 2 , the other 
product being P*O a (Carius, A. 106, 331).— 6. By 
the action of CS 2 on IC1, (Weber, P. 128, 459). 

Preparation . — A stream of dry Cl is passed 
into a flask, or retort, containing S (flowers or 
sticks) until most, but not quite all, S is dissolved 
to a yellowish-red liquid, the vessel being gently 
warmed. The liquid is repeatedly distilled until 
it boils constantly at 138°-139°. If the passage 
of Cl is continued until the S is completely dis- 
solved, the liquid must be distilled from a little 
S (to decompose SCI* quickly). 

Properties. A yellowish-red, oily liquid, 
with a very characteristic, rather disagreeable, 
odour and an acid taste ; the vapour affects the 
mucous membranes rapidly, causing tears, and 
affecting the breathing. Does not become viscid 
at -75° (Haase, B. 26, 1052). FumeB in air. 
Dissolves in CS* and C a H f , also in alcohol and 
other with decomposition. S*C1* dissolves large 
quantities of S; solution of 8*01*, containing 
f ree S, in CS* is used for vulcanising (v. Dictionary 
or Applied Chemistry, vol. iii. p. 706). 

Reactions and Combinations .— 1. 8*01* sinks 
in water , and then decomposes, giving HClAq, 


SO*Aq, and S, with a little H*SAq, H*S*O f Aq, 
and some of the thionio acids. — 2. Hydrogen 
sulphide produces HC1 and S ; hydrogen iodide 
reacts at the ordinary temperature to form HCl, 

I, 8*1*, and then H*S (Hautefeuille, Bl. [2] 7, 
198).— 8. By passing S 2 C1 2 vapour, mixed with 
air or oxygen , through a red-hot tube, SO*, SO* 
and Cl are formed (Donny a. Mareska, C . R. 20, 
817 ; Spring a. Lecrenier, Bl. [2] 45, 867). — 
4. Heating with phosphorus produces PCI*, 
PSC1* and S if a little P is used; or PCI*, 
P sulphides, and red P if much P is used 
(Wohler a. Hiller, A. 93, 274 ; Chevrier, C . R. 
63, 10Q3). — 5. Heated with many metals , 8*01* 
gives metallio chlorides and S ; the more volatile 
the metallio chloride the more readily does the 
reaction occur ( v . Chevrier, C. R. 64, 802).— 
6. S*C1* combines with chlorine , forming SCI* 
and SC1 4 (q.v., infra). Br and I are absorbed 
by S*C1* ; according to Evans a. Ramsay (C. J. 
45, 65) no compound is formed with Br. — 7, With 
oxides of arsenic and antimony S*C1* forms 
AsCl 3 and SbCl 3 , giving off SO* and separating S ; 
selenion dioxide produces Se*Cl* and SO*; oxides 
of phosphorus, boron , and silicon do not react 
(Prinz, A. 223, 355). — 8. S*C1* absorbs sulphur 
trioxide , below 0°, forming a brownish-yellow 
liquid, from which excess of SO* crystallises out; 
a little above 6° SO* is given off, rapidly at 10° ; 
S*O a Cl* is formed on distillation (Rose, P. 44, 
291).— 9. By passing vapour of S*C1* along with 
the vapours from sulphonic acid through a hot 
tube, SO*, H*S, S, HCl, and Cl are produced 
(Brault a. Poggiale, J. Ph. 21, 140). — 10. Heating 
S*CL 2 with sulphates generally produces 80*01*, 
chlorides, S, and SO*; heated with sulphuryl 
chloride to 250°, S*OCl 4 is formed (t>. Schneider, 

J. pr. 104, 83 ; [2] 32, 18 ; Demar<?ay, C. R. 92, 
726). — 11. S*C1* combines with ammonia gas 
to form S*Cl*.4NH s , stable in air, sol, alco- 
hol, decomposed by water giving NH 4 ClAqr 
(NH 4 )*S*0„Aq, and S (Brault a. Poggiale, J. Ph. 
21, 140). — 12. Reacts with organic compounds 
containing oxygen , generally forming Cl com- 
pounds and small quantities of S compounds, 
and also HCl, SO*, and S.— 13. Combines with 
unsaturated hydrocarbons ; e.g. with C*H 4 forms 
C*H 4 S*C1*. 

Sulphur dichloredb SCI*. Mol. w. (in solu- 
tion in benzene or acetic acid) 102*72. S.G. 
1-6482 at 15-4° (Costa, Q. 20, 367). 1*5716 

(Costa, l.c. ). No constant b.p. (v. infra). This 
compound was prepared by H. Rose in 1881 (P. 
21,431; 27, 107); the experiments of Dumas 
(A. Ch. [2] 49, 204) and Marchand (J. pr. 22 
507) led to its recognition as a definite com- 
pound ( v . also Carius, A. 106, 291) ; Hiibner a. 
Guerout ( Z . 1870. 455) isolated tne compound 
satisfactorily, and their results were confirmed 
by Thorpe a. Dalzeil, in 1871 (C. N. 24, 159). 
Costa, in 189(P(G. 20, 867), determined the mo), 
w. of the compound in solution. 

Preparation. — Dry Cl is led into S*CL, sur- 
rounded by a freezing mixture, until the liquid 
becomes deep red ; excess of Cl is removed by a 
stream of dry CO*. The temperature must not 
rise above 6° ; the vessel containing the S*GL 
should be kept filled with 01 continually, and 
should not be exposed to direct sunlight (H. a. 
Gm Z.c. ; Cm Lc.; T. a. D., lx.; also Soulpeiraa 
A. Ch. [2] 67, 64 ; Michaelis, A. 170, 1). 
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Properties. — A thin, dark, brownigh-red, 

S With smell and taste like 8,01,; does not 
at -30°; gives off 01 when exposed to 
t, and should, therefore, be kept in a 
sealed tube in the dark. Easily decomposed by 
heat to S-jCL* and 01 ; Miohaelis (B. 6, 995) gives 
a table showing amount of dissociation from 20° 
to 180° ; the temperature whereat 60 p.o. of the 
SCI, is dissociated is o. 86°. SGI, reddens dry 
litmus paper. The depression of the freezing- 
point of benzene or glaoial acetic acid by solution 
therein of SCI* shows that the mol. w. agrees 
with the formula SOI, (Costa, O. 20, 367). 

Reactions and Combinations. — 1. Heat, or 
direot sunlight , causes dissociation to S,CL and 
Cl (v. supra , Properties). — 2. Water produces 
HOlAq and H,S 3 0,Aq.— 3. Oxidised violently by 
nitricacid to HOlAq and H,S0 4 Aq. — t. Ammonia* 
solution produces NH 4 ClAq, N, and S ; ammonia 
gas combines to form SC1 3 .2NH 3 and SCL r 4NH„ 
soluble, unchanged, in absolute alcohol and ether 
(Soubeiran, A. Ch. [2] 67, 74). — 5. Thionyl 
chloride (SOCL,), when heated with SOI* forms 
S 3 0C1 4 (Ogier, Bl. [2]]37, 293).— 6. Alkali sulphites 
produce chlorides and trithionates (Spring a. 
Lecrenier, Bl. [2] 45, 867).— 7. Some metals , e.g. 
Cu, Fe, K, react with SCI* with production of 
heat and light, and formation of chlorideB and 
sulphides. — 8. Combines with arsenious chloride, 
forming AsCl*SCl 2 according to H. Rose (P. 27. 
107). — 9. SCI, reacts with oxygenised carbon 
compounds similarly to, but more readily than, 
8,01,; it combines with several unsaturated 
hydrocarbons ( v . Heintz, A. 100, 870 ; Guthrie, 
C. J. 12, 109). 

SULPHUR TETRACHLORIDE SC1 4 . This COHl- 

pound exists only at temperatures under -20°. 
The molecular weight is probably 178-46 (SCI,). 

Preparation. — 8,01, 1b cooled to below —20° 
(c. — 22°) and a slow stream of dry 01 is passed 
in until absorption of Cl ceases. Miohaelis a. 
Sohifferdecker ( B . 6, 993) found that 67*5 g. 
8*01* kept at - 20° to - 22<*, absorbed 106 g. 01 in 
10 hours, that absorption of 01 then ceased, and 
that the liquid had the composition SC1 4 . 

Properties . — A mobile, yellowish-brown liquid ; 
when removed from the freezing mixture used 
in the preparation, the liquid gives off 01, and 
boils with an absorption of much heat. M. a. S. 
give the following data showing the dissociation 
of S01 4 to SOI, and 01 


Temp. 

P.o. SOX, 

P.c. SOI, 

- 22° 

1000 

0-0 

- 15 

41-95 

58-05 

- 10 

27-62 

72-38 

- 7 

21-97 

78-03 

- 2 

11-93 

88*07 

+ 0-7 

8-87 

91-13 

+ 6-2 

2-43 

97-57 


Reactions.— 1. Water caused rapid decom- 
position to HOlAq and SO,Aq, with more or less 
8 according to the mass and temperature of the 
water. — 2. With sulphur trioxide, in the ratio 
SCl 4 :SO f the products are SOG1, and S/),G1* in 
the ratio SG1 4 :2S0, the products are SOC1* SO* 
and 01 (M. a. S., lx. ; also B. 5, 924). Sulphur 
dioxide does not react — 8. Chlorosulphonic acid 
reacts at a low temperature to form S/),01 4 and 
HC1 (ML a. 8., B. 6, 996). — 4. With some hy- 
droxyUc organic compounds, e.g, C,H*OH and 


0,6*C0.0H, OH is replaced by 01 and 8001, 
is formed. 

Combinations.— 1. Compounds of SC1 4 with 
several metallic chlorides are produoed by warm- 
ing the chlorides with S,GL and passing in 01 ; 
the compounds 2AlCl*S01 4f An01*S01 4 , and 
2TiCl 4 .S01 4 are formed thus (Weber, P. 104, 421 ; 
Rose, P. 42, 517 ; Oasselmann, A . 83, 267). The 
oompound with A1C1, may be distilled in a dosed 
shaped tube ; the other two compounds 
give off 01 when heated. The compounds 
SbCl 5 .8S01 4 and Sn01 4 .2SCl 4 are produoed by 
passing 01 over SnS, and Bb,S, respectively 
(R., lx.; 0., lx.).— 2. With iodine trichloride 
forms 101*801, (Weber, P. 128, 459; ©/. Jaillard, 
A. Ch. [3] 59, 454, who gives the composition 
801*2101,). Prepared by passing Cl into I dis- 
solved in OS. till the liqnid is wine-red, coaling, 
and drying the red-yellow, prismatie, very deli- 
quescent, crystals, in a tube in a stream of dry 
CL Also formed by passing 01 into a mixture 
of 2 pts. 8 and 1 pt. I. Melts to a brown liquid 
when heated in a closed tube ; heated in an open 
tube forms 01, 101, and 8*01, ; decomposed by 
water or dilute HNO,Aq. 

Sulphur, chloro-iodide of; SCl,I( « S01 4 .I01,) ; 
v . supra , Sulphur tetrachloride, Combinations , 
No. 2. 

Sulphur, chloronitride of, S/HN ; v. Nitrooen 
BULFHOGHLORIDE, VOl. Hi. p. 671. 

Sulphur, cyanides of; v. Cyanogen, sul- 
phides, vol. u. p. 358. 

Sulphur, fluoride of. According to Gore (Pr. 
20, 70 [1871]) the heavy colourless gas produced 
by fusing AgF with 8 is a fluoride of S. This 
gas is not liquefied at 0°, at the ordinary pres- 
sure ; it fumes in the air, and attacks glass ; no 
analyses are given by G. 

Sulphur, haloid compounds of. The most 
stable of these compounds belong to the forms 
S 2 X 3 ; where X=C1, Br, or L The chloride 
8*01* may be distilled unchanged ; the bromide, 
S*Br* is exceedingly easily decomposed if, indeed, 
it has been isolated ; the iodide, 8,1* has been 
very slightly examined. The compounds SOI, 
and SC1 4 also exists ; the former at temperatures 
below c. 10°, and the latter below o. - 20°. The 
oompound SI, perhaps exists ; it gives up I at 
the ordinary temperature. Theonly haloid oom- 
pound of 8 that has been gasified unchanged is 
8 , 01 * 

Sulphur, hydrides of, SH, and (?) S,H, ; v. 
Hydrogen sulphides, vol. ii. p. 725. 

Sulphur, nitride of, SN ; v. Nitrogen sul- 
phide, vol. iii. p. 570. 

Sulphur, iodides of. S and I probably com- 
bine when heated together, but no definite oom- 
pound has been isolated by this method (cf. Gay- 
Lussao, Q. A. 48, 872 ; H. Bose, P. 27, 115 ; 
Lamera, J. pr. 84, 849; Sestini, /. 1863. 163 ; 
Wheeler a. Lfideking, Pr. 26, 602). 

Sulphur mono-iodide SJ* Guthrie (C. J. 
14, 67) obtained this compound by plaoing 2j 
parts EtI and 1 part 8,01, in a sealed tube, open- 
ing after 12 hours, evaporating EtCl by wanning 
with the hand and removing excess of EtI by 
gently warming ; the 8*1, crystallised* out in lus- 
trous crystals resembling I. (One analysis is 
given, but no full description of properties.) 
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Ogier (O. B 92, 922) gives ELF. [S’, F] (from 
gases) «= 10,800. 

Sulphur hexa-iodide SI c . This compound 
is said to be formed by slowly evaporating, at a 
low temperature, a solution of I with slight ex- 
cess of S in CS*. Grey-black crystals; resem- 
bling, and isomorphous with, I ; I evaporates on 
exposure to air and eventually only S remains ; 
alcohol, cono. KOHAq, or KIAq, also withdraws 
all 1 (G. vom Bath, P. 110, 116 ; Lamers, J. pr. 
84, 349). It is very doubtful whether the crys- 
tals examined by vom Bath were a compound 
or only I retaining a little S. 

By passing H 2 S into a dilute solution of 
KG1.I01,, Lamers (Lc.) obtained an orange-red 
pp. which dried in an exsiccator to a brown 
amorphous mass containing S and I in the 
ratio 8,1,. 

By subliming SnS 2 with I, Schneider (/. 1860. 
186) obtained a compound to which he gave the 
composition SnSI 2 .SI 2 . 

Sulphur, iodochloride of, SIC1 7 ( » SC1 4 .IC1,) 
v. Sulphur tetrachloride, Combinations No. 2. 

Sulphur, oxides of. Four compounds have 
been isolated ; S 2 0„ S0 2 , SO,, and S,O r S and 
O combine directly to form S0 2 and SO, ; S dis- 
solves in SO, to form S 2 0,; S 2 0 7 is formed by 
the action of an electric discharge on a mixture 
of S0 2 and O, or SO, and O. 

Sulphur sesquioxide S 2 0, (Hyposulphurrms 
anhydride). The production of a blue substance, 
on distilling fuming H 2 S0 4 and S, was notioed 
byBuohholz in 1804 (Qehlen'sJ. 3, 7); Vogel, in 
1812, obtained the blue body by bringing to- 
gether S and SO, ( S . 4, 121) ; the substanoe was 
examined by Wach ( S . 50, 1), Berzelius (Lehr- 
buck [5th edit.] 1, 485), and Stein (J. pr. [2] 6, 
172). Weber, in 1876, isolated the compound 
and found its composition to be S 2 0, (P. 156, 
631). 

S 2 0, is prepared by adding well-dried flowers 
of sulphur, little by little, to SO, quite free from 
H 2 S0 4 , more S being added when the previous 
quantity has all combined. The process is con- 
veniently conducted in a teat tube, covered with 
a small poroelain crucible to exclude moisture, 
and plunged into water cooled to c. 12° ; the S 
disappears in the SO, and blue drops are formed ; 
the tube should be tilted so that the blue drops 
come int:> contact with the sides of the tube 
where they form a thin crust (if the drops 
solidify as they float in the SO,, the solid S,0, 
retains SO,, from whioh it cannot be freed). 
When o. 1 g. S has been added, excess of SO, 
< whioh should be colourless) is poured off, the 
last traces being removed by gently and care- 
fully warming not above 35° ; the solid 8,0, is 
scraped out of the tube by a glass rod. 

8,0, is a blue-green solid, consisting of a 
mass of microsoopic crystals. Insoluble pure 
SO, ; if a little H 2 S0 4 is present the 8,0, dis- 
solves to a deep-blue liquid. Melts with decom- 
position ; decomposes slowly in dry air, quickly 
on heating, to SO, and 8 ; deliquesces in moist 
air to a brown liquid from which 8 soon sepa- 
rates; reacts violently with water, giving 
H 2 S0 4 Aq, SO*Aq, H 2 S 2 O f Aq, polythionic acids, 
and 8 ; decomposed also by alcohol and ether, 
with separation of 8, also by ordinary H,80 4 . 

8.Q, may be regarded as the anhydride of 
H&0 4 ; although the add has not been ob- 


tained from the oxide, nor the oxide from the 
acid. 

For the compounds SSeO, and 8TeO, v. 
Selenion thio-oxide (p. 441) and Tellurium 
thio-oxide (under Tellurium oxides). 

Sulphur dioxide SO? (Sulphurous oxide. 
Sulphurous anhydride. Thionyl oxide.) Mol. 
w. 63-9. Melts at c. -76° (Faraday, T. 1845. 
155) ; o. —80° (Mitchell, A. 87, 856). Boils at 
o. -10° (Bunsen, P. 46, 97; Andr6eff, /. 1859; 
Pictet, C. C. 1877. 81). S.G. (liquid) 1*4911 at 
-20-5°, 1*4384 at -2*08°, 1*4252 at +2*8°, 
1*3769 at 20°, 1*3258 at 38*65° (Andr6eff,4. Oh. 
[3] 56, 317) *, 1*4338 atO°, 1*2872 at 52°, 1*1845 
at 82*4°, 1*1041 at 102*4°. *956 at 180*3°, *7317 
at 151*75°, *52 at 156° (Oailletet a. Mathias, 
C. B. 104, 1563). S.G. (gas at 0° and 760 mm.) 
2*2639 (Leduo, C. B. 117, 219). V.D. 32*28 
(Gay-Lussac, Berzelius, Buff ; Biltz, B. 21, 
2769). S.H. (equal wt. water = 1) *1544; (equal 
volume air = l) *3414 (Begnault, J. 1863. 84). 
Batio of S.H. constant pressure to S.H. con- 
stant volume * 1*2562 (Mflller, W. 18, 94). C.E. 
•00423 for 1° between 0° and 10°, *004006 10° 
to 20°, *003846 at 50°, *003757 at 100°, *003718 
at 150°, *003695 at 200°, *003685 at 250° (Amagat, 
C. B. 73, 183 ; cf. O. B. 68, 1170). Leduo [ C . B. 
117, 219) gives OJ2. between 0° and 20° as 
*00396. For O.E. of liquid SO, v. Drion (A. Oh . 
[3] 56, 5) and Andr6efl (A. 110, 1). The 
PV 

ratio ->1 ; Amagat (l.c.) gives these values, 

MM 

1*0185 at 15°, 1*0110 at 50°, 1*0054 at 100°, 
1*0032 at 150°, 1*0021 at 200°, 1*0016 at 250°. 
H.F. [S,0 2 ] =* 71,070 from solid rhombic S; 
71,720 from solid monoclinic S ( Th * 2, 247). 
Heat of liquefaction of gaseous S0 2 »5644 
(Favre, A. Ch. [5] 1, 209). Critical temperature 
* 156° (Oailletet a. Mathias, C. B. 104, 1663) ; 
155*4° (Sajotscheffski, P. B. 1879. 741); 157*- 
161° (Ladenburg, B. 11, 821). Heat of vapori- 
sation of liquid S0 2 , at 0° = 91*2, at 60° -69 
(C. a. M., I.C.; cf. Chappuis, C. B. 104, 897). 
Begnault (0. 12. 50, 1063) gives vapour pressures 
as follows : 


Temp. Vap. pressure 
-25° 873*79 mm. Hg 

— 20 479*46 „ 

-10 762*49 „ 

0 1165*06 „ 

♦ 10 1719*55 „ 

20 2462*05 „ 


Temp. Yap. pressure 
30° 8131*80 mm. Hg 

40 4670*23 „ 

50 6220*01 „ 

60 8128*80 „ 

65 9221*40 „ 


Vapour-pressure at critical temp. - 78*9 
atmos. (Sajotscheffski, P. B. 1879. 741). S. in 
water between 0° and 20° (gaseous SO,) * 79*789 
— 2*60772 + *0298492* ; 1 voL of the saturated 
SO*Aq contains 68*861 - 1*870252 + *012252* vols. 
SO,; S. (water) between 21° and 40° -75*182 - 
2*17162 + *019032* ; 1 vol. of the saturated SOJLq 
contains 60*952 - 1*888982 + *007262’ vols. SO, 
(Bunsen a. Schdnfeldt, A. 95, 2). S. in alcohol, 
at 760 mm. - 828*62 - 16*952 + *81192* ; &G. of 
solution « 1*11937 - *0140912 + *0002572’ (Carius, 
A. 94, 148). Sims (O. J. 14, 1) gives the table 
on the next page, whioh presents both the weight 
of SO, in grams and the volume of gaseous SO, 
in c.c. dissolved by unit weight of water at the 
normal pressure and different temperatures:— 
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Grams SO* ^ 

o.o. SO* 

Temp. 

absorbed by 

1 g. water 


at 760 

mm. 

8 ° 

•168 

58-7 

12 

•142 

49*9 

16 

•121 

42*2 

20 

•104 

36*4 

24 

•092 

32*3 

38 

•083 

28*9 

32 

•073 

25-7 

36 

•065 

22-8 

40 

•058 

20*4 

44 

•053 

18*4 

48 

•047 

16*4 

60 

•045 

15-6 


The quantity of SO* dissolved by a given 
weight of water varies with pressure, and only 
at c. 40° and upwards is the quantity propor- 
tional to the partial pressure of the gas (v. Sims, 
C. J, 14, 1). For S.G. and composition from *5 
to 10 p.c. of SO*Aq v. Anthon (C. C. I860. 744) ; 
also Giles a. Schearer (5. C. L 4, 303). 
[SO*,Aq] * 7,700 (gaseous SO,) ( Th . 2, 249); 
1600 (liquid SO*) (Berthelot, C. B. 96, 142, 208; 
Chappuis, A. Ch. [2] 19, 21). B*S0 4 Aq 
absorbs the following quantities of gaseouB SO* 
(Kolb, D. P. J. 209, 270 ; cf. Dunn, O. N. 43, 121 ; 
46, 270) : — 


8X1. H*SO«Aq 

Kilos. SO. per 
kilo, acid 

Litre* SO, per 
litre acid 

1*841 

•009 

5-8 

1-839 

*014 

8*9 

1-540 

•021 

11*2 

1-407 

•032 

15-9 

1*227 

•068 

29*7 


SO* is absorbed by charcoal ; 1 o.c. charooal 
■*1*67 g. was found by Favre (A. Ch. [6] 1, 209) 
tonhsorb 165 o.c. SO*. Camphor absorbs o. 308 
times its vol., glacial acetic acid o. 318 times, 
SO*Cl* o. 187 times, its volume of SO* (Schulze, 
J. pr. [2] 24,168; Bineau, A. Ch . [3] 34, 826). 
^ - 1*35 at 15° (Bleekrode, Pr. 87, 359). For 
surface tension of liquid SO* v . Clark (O. N. 38, 
294 ; 40, 8). For absorption-spectrum v. Liveing 

а. Dewar (C. N. 47, 121). 

Occurrence. — In volcanic gases, and in river 
and spring water near volcanoes ( v . Ricciardi, O. 
18, 38). 

Formation . — 1. By burning S in O. Baker 
iPr. 45, 1 ; C.J. 47, 349) found that the com- 
bustion of S in O is retarded the drier the O is ; 
using very carefully dried O there was no flame. 
According to Hempel (B« 23, 1456) o. 2 p.c. of 
the gas formed when S is burnt in O at the 
ordinary pressure is SO*, 98 p.c. being SO* ; at 
a pressure of 40°-50° atmos. c. half the S is burnt 
to SO s and half to SO* ; at higher pressures 
c. 70 atmos. the proportion of SO« increases.— 
2. By heating S with oxide of Pb, Mn, Hg, Zn, 
Ac.— 3. By heating various sulphates with S, 
also SO. with S, or oonc. H*S0 4 with C, Cu, Hg, 
or S; by heating Na,S0 4 with charcoal and 
SiO*.— 4. By the decomposition, by acids, of 
alkaU thiosulphate or polythionate solutions.— 

б. By burning H*S, CS*, and various organic 
compounds containing S. — 6. By decomposing 
cone. H*S0 4 by heat — 7., By the action of 
electric sparks on a mixture of Bulphur with 
CO* HO, or H s O (Ohevrier, C. B. 69, 136). 


Preparation.— 1. Pure H*S0 4 , mixed with 
half to two-fifths its volume of water, is heated 
with pure Cu ; the SO* that comes off is passed 
through water in a large flask, and then through 
a couple of bottles filled with pumioe, broken 
into small pieces and moistened ; the pumice 
should be twice moistened with pure H*S0 4 and 
heated to redness before being used, to remove 
chlorides and fluorides (Stas, Chem. ProporL 
115). The SO* may be dried by passing it 
through pure cono. H*S0 4 , ana then over 
CaCl*. — 2. A mixture of 3 parts pure CuO and 
1 part S in powder iB heated in a tube of 
hard glass ; the anterior part of the tube 
contains CuO only, to oxidise S that may 
sublime (Marchand, P. 42, 144).-- 3. Neumann 
( B . 20, 1584) obtains a regular stream of ap- 
proximately pure SO* by placing a mixture 
of three parts CaSO* and 1 part CaS0 4 , made 
into small cubes, in a Kipp’s apparatus, and 
decomposing by ordinary oil of vitriol. The 
acid should be allowed to come into contact 
with sufficient cubes, and no more, to give the 
stream of gas that is required. Using c. 500 g. 
of the cubes, N. obtained a constant stream of 
SO* for 30 hours. The cubes are made by 
mixing the CaSO, and CaS0 4 , moistening with 
water so that a semi-solid mass is obtained that 
can be worked with the fingers with some diffi- 
culty, pressing this in an iron mortar, hammer- 
ing it into an iron frame c. 10-12 mm. in height,, 
covering with oilcloth and pressing strongly* 
cutting into cubes while still in the frame, re- 
moving and drying at c. 20 3 (v. Winkler, B. 20, 
184). 

Properties . — A colourless gas, at ordinary tem- 
peratures and pressures, with the strong pene- 
trating, choking odour of burning S; causes 
coughing and blood-spitting if inhaled in any 
quantity. Incombustible in air, and extinguishes 
flame; when mixed with O and passed over 
heated spongy Pt it is oxidised to SO,. Dry 
SO* is said not to redden litmus paper (Wilson, 
C. J. 1, 332). Bleaches many vegetable colours ; 
the colours are generally restored by alkalis- 
Bad conductor of electricity (v. Bleekrode, P. M. 
[5] 5, 375, 439). Is not decomposed by passing: 
through a red-hot tube. Condensed at o. - 10°* 
under the ordinary pressure— by passing the dry 
gas into a tube surrounded by a mixture of snow 
and salt ; may also be condensed at the ordinary 
temperature by evolving the gas (by warming 
charooal saturated with SO*, or a mixture of 
1 part S and 5 parts SO*) in one limb of a closed 
tube, the other limb being placed in cold water. 
Convenient apparatus for liquefying SO* is de- 
scribed by Wdhler (A. 137, 371) and Hofmann 
(B. 2, 262). 

Liquid SO* is a colourless, mobile liquid. 
Exposed to air it evaporates very rapidly, with 
disappearance of much heat; an air thermo- 
meter placed in liquid SO* at 10°, in an open 
vessel, falls to -57°. Illiquid SO* dissolves 
P, S, I, Br, and many gums. It is miscible in 
all proportions with liquid SO* ; partially miscible* 
with CS*, Et*0, CHC1„ and C*H* on warming ;. 
but immiscible with oonc. H*S0 4 (Sestini, Bl> 
[2] 10, 226). Liquid SO* is a non-conductor of 
electrioity (Magnus, P. 104, 533). 

By evaporating liquid SO* rapidly in an air- 
pump, part of it solidifies to a white, woolly 
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mass; the liquid may also be solidified by 
placing it in a mixture of solid CO, and ether. 

Reactions and Combinations . — 1. SO, is not 
decomposed by passing through a red-hot tube. 
But by heating to c. 1200° it is ohanged to SO, 
and S (8SO,“2SO, + S) ; the action stops when 
the SO, attains a certain vapour pressure, but if 
the SO, iB removed (by cone. H 2 S0 4 ) the whole 
of the SO, is decomposed (Deville, 0. R. 60, 317). 
Induction sparks effect the decomposition of 
SO, to SO, and S (y. Buff a. Hofmann, A . 113, 
129); light acts similarly (Morren, 0. R. 69, 
397).— 2. H,0 and S are produced by pass- 
ing SO, mixed with hydrogen through a red- 
hot tube.— 3. Chlorine combines with SO,, in 
sunlight, to form 80,01, (t>. Sulphuryl 

chloride). 80,01, is also formed by passing 
SO, and 01 into glacial acetic acid, even in the 
dark ; also by passing SO, over oharcoal satu- 
rated with Cl (Melsens, 0. R. 76, 92). — 4. Ozone 
produces SO,; the same compound is formed by 
passing SO, mixed with oxygen over heated 
spongy Pt, or by burning SO, in 0 under a 
pressure of several atmos. (v. supra ; Formation , 
No. 1). According to Berthelot (A, Ch. [5] 12, 
463), S,0 7 is formed by the action of the silent 
discharge on SO, mixed with oxygen. The com- 
pound S,0,N, is said to be formed by passing 
electric sparks through a mixture of SO, and 
air m This compound is probably S,0 6 (N0 2 ), (v. 
Nitrosulphonic anhydride, p. 601).— 5. Passed 
over red-hot carbon the products are CO, CO„ 
and S ; COS and CS, are also sometimes formed, 
probably by secondary reactions (Soheurer- 
Kestner, C. R. 114, 296 ; cf. Berthelot, Bl . [2] 
40, 362 ; Eilsart, J. 1885. 457).— 6. Potassium 
bums when heated in SO,, giving K,S0 4 , K,S,0„ 
and polysulphides. — 7. Many other metals , espe- 
cially when in fine powder, bum in SO, ; Sb and 
Sn form oxides and sulphides ; Fe, sulphide and 
sulphate ; Pd and Pt, sulphides and SO, ; Au, 
S and SO,; Mg, sulphate, sulphite, and sul- 
phide; Al, Go, Ni, and Zn also burn; Bi and 
Hg do not react (Sohiff, A. 67, 94 ; 117, 92 ; 
Uhl, B . 23, 2151).— 8. Water dissolves SO,, 
forming H,SO,Aq ( v . Sulphurous acid, p. 614). 
9. Several metallic peroxides combine readily 
with SO„ forming sulphates; e.g. PbO, + SO, 
- PbS0 4 ; in this reaction muoh heat is pro- 
duced.— 10. Nitrogen dioxide is said to react 
with liquid SO, to form nitrosulphonic an- 
hydride SA(NO,), (v. p. 601). With nitric 
oxide or dioxide , in presence of water, nitro- 
sulphonic acid NO,(SO,.OH) (q. v., p. 601) is 
formed. Nitric oxide in presence of alkali pro- 
duces salts of SO,.OH(NO) r H ( v . Nitrososul- 
phates, p. 581); — 11. Selenion dioxide does 
not react with SO, (Schulze, J . pr. [2] 32, 
390),— 12. Dry hydrogen sulphide does not react; 
moist H,S, at the ordinary temperature, pro- 
duces H, 8*0,, S, andH,0 (Oluzel a. Schmid, Chem. 
Zeitung , 11,50) ; there is said to be no reaction in 
presence of water above 400° (Mulder, J. 1858. 
84). — 13. Phosphoretted hydrogen reacts at the 
ordinary temperature to form H,0 and P,S, 
(0. a. S., Z.c.).— 14. Ammonia combines with SO, 
probably producing SO^NH, (« SO.OH.NHJ 
and S0^2NH, ( « SO.ONH 4 .NH,) (o. Thionamio 
acid). — 15. Hydrochloric or hydriodic acid 
produces H,0, S, and 01 or I.— 16. Many oxy- 
salts , tjg. nitrates and chlorates, react with 


SO,, when heated, to form sulphates and 
N oxides ; at higher temperatures SO, is some- 
times produoed (v. Hodgkinson a. Young, C. N. 
66, 199). — 17. Alkali nitrites yield salts of 
nitrilosulphonic acid N(SO,.OH), (q. v., p. 601), 
and salts of oxy-imidosulphonic acid 
N(0H)(S0 2 .0H), (q. v., p. 602). — 18. Combines 
with aluminium chloride at 50°-60°, forming 
Aid,. SO,, which gives off SO, at a higher tem- 
perature (Adrianoffski, B. 12, 688).— 19. Phos- 
phorus pentachloride produces POG1, and SOG1* 
(Kremers, A. 70, 297 ; Sohiff, A. 102, 111). 

Sulphur trioxide SO,. (Sulphuric oxide. 
Sulphuric anhydride.) Mol. w. 79*86. Melts 
at 14*8° (Weber, B. 19, 3189; Rebs, A. 246, 
856). Some other observers have given m.p. 
as nigh as 29*5° (v. Buff, A. Suppl. 4, 129; 
Bussy, A. Ch. [2] 26, 411; Fischer, P. 16, 118; 
Marignac, A. 88, 230). Boils at 46*2° (Weber, 
l.c. ; v. also Buff, l.c. ; Fischer, l.c. ; Schultz - 
Sellack, P. 139, 480). S.G. 1*94 at 16° (Weber, 
l.c.) ; 1*97 at 20° (Bussy, lx.) ; 1*9086 at 25* 
(Buff, l.c.). V.D. 39*78 (Sohultz-Sellack, P. 189, 
480; Perman, Pr. 48, 45). H.F. [S,0 8 ] - 103,240 
(liquid SO, from solid S ; Th. 2, 254) ; [SO*, 0] 
■= 32,160 (liquid SO, from gaseous SO, ; Th., lx.) ; 
[SO*, Aq]- 39,170 (liquid SO,; Th., l.c.). For 
heat of vaporisation v. Berthelot (G. R. 90, 
1510). Sohultz-Sellack gives vapour-pressure at 
20° as 152 mm. Hg (P. 139, 480). 

Formation. — 1. By the interaction of ozone 
and SO,. Also by the action of an induction 
current on a mixture of SO, and O (Buff a. 
Hofmann, A. 113, 129; Deville, Bl. [2] 8, 366) ; 
Berthelot ( C . R . 86, 20) says that the product is 
S,0 7 . — 2. By burning S in O under a pressure of 
several atmos. (v. Sulphur dioxide, Formation 
No. 1). Also by heating pyrites (Scheurer- 
Kestner, C. R. 99, 917 ; Lunge, B. 10, 1824). — 
3. By passing a mixture of SO, and O over 
heated Pt (Phillips a. Magnus, P. 24, 610), 
spongy Pt (Hodgkinson a. Lowndes, C. N. 57 r 
193), or certain oxides, e.g. Fe,0„ OuO, Cr,0, 
(Mahla a. Wohler, A. 81, 255). — 4. By heating 
certain sulphates or bisulphates, e.g. Fe,(S0 4 )„ 
E^SOJ,, Ag 2 S0 4 , or NaHS0 4 .— 5. By distilling 
Nordhausen sulphuric acid (v. Osann, D. P. J. 
151, 158) ; also by heating cone. H,S0 4 with P,0, 
(Barreswil, C . R. 25, 30 ; Evans, Ph. 8, 127). 

Preparation. — 1. Fuming sulphuric acid is 
heated at as low a temperature as possible ; the 
impure SO, is collected in a dry retort and re- 
distilled once or twice, the most volatile portion 
being collected each time. The partially purified 
SO, is then distilled into a small tube, o. 8-10 
mm. wide and about the length of a finger, con- 
taining sgme dry P,O ft ; this tube is narrowed at 
one end and fused on to a thick-walled tube o. 
1-1*5 mm. wide, which is bent round and fused 
to a receiving tube c. 12-15 mm. wide and 800 
mm. long;*the tube containing the SO, and P,0, 
is heated in a water-bath to 90°-100° for 6 or 8 
hours, the receiving tube projecting upwards, so 
that the distillate flows back again into the dis- 
tilling-tube. The position of the apparatus is 
then changed, so that the receiving tube is lower 
than the distilling tube, and the SO, is distilled 
from the P,0, on a water-bath. When sufficient 
SO, has been collected, the narrow connecting 
tube is fused off, and the SO, is kept in the 
sealed receiving tube (Weber, R. 19, 3189).—* 



616 


SULPHUR OXIDES. 


$• A mixture of SO, and O, in the ratio S0,:0, 
la passed over platinised asbestos heated nearly 
to redness ; the SO, is oondensed in a small dry 
tube, in whieh it is sealed up. The mixture of 
SO. and 0 is obtained by strongly heating oono. 
H,S0 4 and removing H,0 (H^SO.- H a O + SO, + 0) 
by cooling and passing through ooke moistened 
with 60 p.c. H,S0 4 Aq (Winkler, D. P. J. 218, 
128). The asbestos is platinised by soaking in 
Pt01 4 Aq made alkaline by soda, and mixed with 
sufficient HC0,Na to reduoe the Pt, drying at 
100°, carefully washing out the salts with water, 
and drying (Thomsen, B. 8, 496). The SO, thus 
obtained is not quite pure. It may be purified 
by distillation with P 2 0, (v. supra). 

Properties . — A colourless, mobile liquid, so- 
lidifying at c. 15° to long, prismatic, transparent 
crystals, which melt at 14*8°. According to 
some observers (v. Marignac, Ar. Ph. 22, 225 ; 
58, 228 ; Schultz-Sellack, P. 139, 480) the crys- 
tals of SO, slowly change to a mass of tough, 
opaque, lustrous needles, which melt above 50°, 
and constitute a distinct modification of SO, ; 
but the experiments of Weber (P. 189, 480 ; B. 
19, 8187 ; cf. Bebs, A. 246, 856) have shown 
that pure SO, exists only in one form, and that 
the substance with higher m.p. is formed by the 
action of traces of EL ! S0 4 in the SO, ; a Bmall 
trace of moisture suffices to cause the gradual 
change. SO, is very acrid and poisonous ; it ohars 
paper, wood, and organic matter generally. SO, 
is extremely hygroscopic ; it dissolves in water 
with a hissing sound and production of much 
heat ([SO\Aq] - 39, 170), forming H,S0 4 Aq. 
Non-conductor of electricity (Magnus, P. 104, 
558) ; not decomposed by electric sparks, but by 
passing through a red-hot tube gives S0 2 and O. 
SO, does not redden dry litmus. It is a strongly 
acid-forming oxide ( v . Sulphuric acid). 

Reactions and Combinations . — 1. Heated to 
redness (by passing through red-hot tube) gives 
80,4-0.— *2. Not decomposed by electric sparks 
(Magnus, P. 104, 553) ; electrolysis of SO, in 
H,S0 4 causes separation of S and 0, and the 
solution becomes blue (Geuther, A. 109, 129). — 
8. Water reacts violently with SO, forming 
H,S0 4 Aq (v. Sulphuric acid).— 4. Hydrogen 
sulphide produces H 2 S0 4 and S. — 5. A mix- 
ture of SO, and oxygen , in the ratio 2S0,:0, 
forms S,O y when submitted to the silent electric 
discharge (Berthelot, A . Ch. [5] 14, 345).— 
6. Sulphur dissolves in SO, forming S,0, ; sele- 
nion and tellurium react similarly (y. Sulphur 
thio-oxide, Selenion thio-oxide, ana tellurium 
thio-oxide). — 7. Phosphorus ignites in vapour 
of SO,, forming P 2 0, and S. — 8. Iodine dissolves 
in SO,, apparently forming several compounds 
(y. Wach, S. 50, 37 ; Schultz-Sellack, B. 4, 109), 
Weber (/. pr. [2] 25, 224) describes the com- 
pounds I(SO,)„ I(SO,), and I,(SO s )< — 9. Iron 
and zinc react at red heat to give sulphides and 
oxides; mercury produces sulphate and SO, 
(d’Heureuse, P. 75, 255).— 10. Several metallic 
sulphides — e.g. of Sb, Pb, K— form sulphates 
and SO, when heated with SO, (Weber, P. 180, 
829).— 11. Dry sulphur dioxide is absorbed by 
SO, at 0°, forming a thin, faming liquid, ap- 
proximately SO, .2SO, (H. Rose, P. 89, 173). 
According to Schultz-Sellack, liquid SO, and SO, 
are misoihle in all proportions (P. 139, 480). 
12. Selenion dioxide combines to form SO*.SeO, 


( v . Selenion dioxide, Combinations , No. 4, p. 
441).— 18. Nitric oxide , in absence of moisture 
and 0, forms S,0,N„ whioh is generally oalled 
nitrosulphonic anhydride (g. v., p. 601) and writ- 
ten S 2 0 5 (N0,J,. Nitrogen dioxide (made by 
heating Pb(N0,)J seems to form SO,.NO„ and 
on heating this and passing in more NO^, 0 is 
given off and the compound S,0,N, remains (v. 
Weber, P. 123, 837; Bruning, A . 98, 877). 
The formula of the first of these compounds is 
generally doubled, and the compound regarded 
as S,0 6 .0.(N0,), » oxynitrosulphonic anhydride 
(q. v ., p. 601) ; the second is described in 
some books as S,0 7 (N0), and is called nitrosyl 
pyrosulphate , but from the descriptions of 
Weber and Bruning it is evidently the same 
as the compound S,0„N, formed from NO 
and SO,, ix. it is nitrosulphonic anhydride . — 
14. SO, combines with iodine pentoxide to form 

850.. LjO, and SOj.SI/), (Weber, B. 20, 86; 
Kammerer, J . pr . 88, 72). With phosphorus 
pentoxide 3SO,.P,O a , decomposing at 30°, iB 
formed (Weber, B. 19, 8185 ; 20, 86). Arsenious 
oxide forms various unstable compounds (Adie, 
G. J . 55, 157 ; cf. Weber, B. 19, 3185 ; Sohultz- 
Sellack, B. 4, 109; Reich, J. pr. 90, 176; 
Schafhaiitl, B. J. 22, 113; and Pearce, Z. K. 20, 
632). According to Baker (G. J. Proc. 1893. 
130), dry SO, does not react with dry oxides of 
barium , calcium t or copper . — 15. The compound 

50.. N 2 0 V 5H 2 S0 4 is said to be formed by passing 
SO, into pure, well-cooled, nitric add (Weber, 
P. 123, 233 ; 142, 602). — 16. Boric acid forms 
BH,0,.3SO, OB(HS0 4 ) s ] (D’Arcy, G. J. 55, 
155 ; cf. Merz, J. pr. 99, 81 ; Schultz-Sellack, B. 
4, 16). — 17. Hydrobromic and hydriodic acids 
separate Br, and I, and form H 2 80 4 and S0 2 .— 

18. Hydrochloric and hydrofluoric acids form 
Cl(SO,.OH) and F(S0 2 .OH) (v. Ohlorosulphonio 
acid, p. 599 ; and Fluosulphonic acid, p. 600). 

19. Cone, sulphuinc acid forms K,S 2 0 7 (v. Pvro- 
bulphurio acid, p. 625).- 20. Ammonia pro- 
duces NH 2 (SO r OH) and salts of this acid (v. 
Sulphamic acid and salts, p. 567) ; and also 
salts of NH(S0 2 .0H) 2 (v. Imidosulphonig acid 
and salts, p. 600). — 21. Phosphoretted hydrogen 
produces SO, and red P (H. Rose, P. 24, 140 ; 
Aim6, J. pr. 6, 79). — 22. Phosphorus trichloride 
reacts violently, forming POOl, and SO, (Arm- 
strong, B. 8, 732; Michaelis, J. Z. 6, 239). 
Phosphorus pentachloride produces pyrosul- 
phuryl chloride S 2 0,C1, (q. v. under Sulphur 
oxychlorides, p. 617). — 23. Boron chloride re- 
acts at o. 120° to form S 2 0,C1, (Prudhomme, Bl. 
[2] 14, 385). — 24. Nitrosyl chloride (produced 
by heating aqua regia) produces SO r NOCl 
«-N0,(S0,01) (t>. Nitrosulphonic ohloridb, p. 
601). — 25. Pyrosulphuryl bromide S 2 0,Br, 
(^. v., p. 617) is perhaps formed by the reaction 
of bromoform with SO,. — 26. Selenion tetra- 
chloride produces SSeO,01 4 (t>. Selenion thio- 
OXYCHLORIDB, p. 441). 

Sulphuric peroxide S,O t . (Sulphur kept - 
oxide. Persulphuric anhydride ) Mol. w. not 
known with certainty but probably 175*68 (S 2 0,). 
This oxide was prepared by Berthelot in 1877 
(A. Ch [5] 14, 345) by passing the * silent ’ elec- 
tric discharge, for several hours, through a mix- 
ture of SO, and O in the ratio 2SO,:0, or of SO, 
and O in the ratio 280^80. (For apparatus 
used o. B., A. Ch [6] 12. 463.) Oily dcons 
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formed on the sides of the tube, and on redu- 
cing the temperature nearly to 0° they solidified 
to long, white, crystalline, needles. S t 0 7 re- 
sembles solid SO, in appearance ; it remains 
unchanged in a sealed tube for some days at 0° ; 
when heated it gives SO, and 0 ; dissolves in 
cone. B?S0 4 forming a fairly stable solution; 
fumes in the air ; in water it rapidly decomposes 
forming H,S0 4 Aq and giving off a brisk stream 
of 0 ; with BaOAq forms BaS0 4 and 0 ; and 
also some Ba persulphate, according to Berthe- 
lot (lx. ; no analyses given). By electrolysing 
H 2 S0 4 Aq, containing water and acid in the ratio 
10H,O:H,SO 4 , B. (0. R. 90, 269) obtained a quan- 
tity of persulphunc acid (H a S 2 0, ; v* under Sul- 
phuric acid, p. 625) equal to from 88 to 128 g. 
S 2 0 7 per litre ; using an acid of the concentra- 
tion H a S0 4 :2H a 0 to H 2 S0 4 :3H,0, B. (Z.c.) says 
that a compound S,0 7 .2H,0, is formed, which is 
decomposed by excess of cone. H,S0 4 chiefly to 
HgSgO,, and by dilution with water to HAOgAq 
and H 2 0,Aq which after a time decompose to 
H 2 S0 4 Aq, H,0, and O. 

S,0 7 is the anhydride of persulphuric acid 
H 2 SA fa- v., p. 625). Mendel&ff (B. 15, 242) 
regards S a 0 7 as analogous in constitution to 

OSO^ 

H.0 2 , and writes the formula I >0 ; he 

oso/ 

looks on the corresponding acid as derived 
from H 2 0 2 by replacing 2H by 2S0 2 0H, thus : 
O.(S0 r 0H) 

I • 

0.(S0 2 .0H) 

According to Traube (B. 22, 15X8; 24, 1764; 
25, 95), the liquid obtained by electrolysing 40 
p.o. H,S0 4 Aq contains an oxide to which he 
gives the formula S0 4 and calls sulphuryl 
hyperoxide (or holoxide ), S0 2 .0 a . Traube did 
not isolate this compound ; his argument for its 
existence is based on the results of indirect 
analyses. In the light of the criticisms of 
Carnegie (C. N. 64, 158) it may be concluded 
that the existence of S0 4 is extremely im- 
probable. In a later communication (B. 26, 
1481) Traube thinks it is probable that S0 4 does 
not exist. 

8ulphur, oxyacids of. For compositions of 
these acids, and references to artioleB where 
they are described, v. Sulphur, oxyacids op (p. 
619). 

Sulphur, oxyacids of, nitrogen derivatives 
of. For a general statement regarding these 
compounds, and references to the articles where 
they are described, v. Sulphur oxyacids, 
NITROGEN DERIVATIVES OP (p. 619). 

8ulphur, oxybromides of. There is very 
little definite knowledge regarding the com- 
pounds of S, 0, and Br. According to Michaelis 
(J. Z. 6, 289, 296) PBr, does not react with 60„ 
and a mixture of PCI, and Br (in the ratio 
PCl*Br 2 ) produces POC1, and S bromides. Bose 
(P. 44, 827) and Clausnizer (B. 11, 2012) could 
not obtain an oxybromide by the reaction of 
80, and S bromide, nor by the action of SO, and 
HBr. 


In his memoir on 8,0,01, prepared by the re- 
action of SO, with GHC1,, Armstrong (B. 2, 712) 
states that CHBr, reacts with SO, similarly to 
CHOI* bnt he does not describe the product. If 
the reaction of CHBr, with S0 4 is strictly similar 


to that of CHC1, the product would be pyro- 
sulphuryl bromide S a O,Br r 

Odling (0. «T. 7, 2) supposed that sulphuryl 
oxy -bromide S0*Br, was formed by the aotion of 
sunlight on SO, ana Br, but Sestini (BZ. [2] 10, 
226) and Melsens (C. R. 76, 92) failed to obtain 
an oxybromide by this method. 

Thionyl bromide SOBr*. This compound 
was obtained, but not quite free from S bromides, 
by Hartog a. Sims (C. « T. Proc . No. 118, 1898. 
10) by the interaction of SOC1, and NaBr ; it is 
described as a very hygroscopic, crimson liquid, 
S.G. 2-68 at 18°, decomposing at 150° to Br, 
S bromides, &o. 

Sulphur, oxychlorides ot Five compounds 
have been isolated, SOCL„ S0 2 C1 2 , S 2 0,01„ S,0C1 4 , 
and S 2 0,C1 4 . 

Thionyl chloride SOG1, ( Sulphurous oxy- 
chloride). Mol. w. 118-62. Boils at .78*8®; 

5. G. £ 1-67678, S.G. at b.p. 1-62143 (Thorpe, 

C. J. 87, 354 ; for other data v. Carius, A. 106, 
303 ; 111, 93 ; Wurtz, C. R. 62, 460). V.D. at 
c. 150° « 66, at c. 440° » 89 (Heumann a. 
Kdchlin, B. 16, 1625). H.F. [8,0.01*] - 40,800 ; 
heat of vaporisation « 6,480 (Ogier, 0. R. 94, 
82). S.Y. 78-01 (Thorpe, lx.). 

Formation. — 1. By the reaction of PCI, 
with SO, (Kremers, A. 70, 297 ; Schiff, A. 102, 
111), SO a CJl 2 , G,H ft .S0 2 Cl, and several other 
organic compounds containing S (v. Kekuld a. 
Barbaglia, B. 5, 875; Carius, J»pr. [2] 2, 262), 
sulphites, or thiosulphates ; also by the reaotioh 
of POClj with sulphates.— 2. By the aotion of 
Cl a O on CS* or on S in SA at -12° (Wurtz, 
0. B. 62, 460). — 8. By the interaction of SO a 
and SC1 4 (Michaelis a. Sohifferdecker, B. 5, 924 ;’ 

6, 993).— 4. Along with SO a Cl, by the gradnal 
decomposition of S 2 O s Cl 4 (g. v ., p. 619). 

Preparation. — 1. About 100 g. dry PC1 5 are 
placed in a retort connected with a reversed 
condenser, and a stream of dry S0 2 is led in till 
the PCI, has liquefied; another 100 g. PCl g is 
added and the stream of S0 2 is continued ; when 
sufficient PC1 5 has thus been decomposed 
(PC1 4 + SO a « SOCl a + POC1,) the liquid is heated 
for some time (the reversed condenser being 
still attached) to get rid of S0 2 , and then frac- 
tionated repeatedly (8001* boils at 78*8° and 
POC1, at 107*2°) (Carius, A. 106, 303 ; 111, 98 ; 
Wurtz, A. 139, 375 ; Michaelis, A. 170, 1 ; 
Thorpe, C . J. 37, 854).— 2. 8,01, is placed in a 
small flask, cooled to c. —20°, a stream of dry 
Cl is led in till the liquid is saturated, and then 
SO s is distilled into the flask from a solution 
in cone. H 2 S0 4 ; the weights of S,C1« and SO t 
used should be in the ratio S s Cl a :4SO l ( ■* 1:2*87) ; 
convenient quantities to use are 22 g. S,CL and 
50 g. SO r (SCl 4 + 2SO,-SOCl f + S a O # Cy. The 
liquid is fractionated finally from a small 
quantity of 80, (Michaelis a. Sohifferdecker, B. 
6, 924 ; 6, 993). 

Properties. — A colourless, very refractive 
liquid, fuming in the air, with a very pene- 
trating odour ; vapour attacks the eyes and re- 
spiratory organs. V.D. 56 at c. 160°, but 89 
at o. 440° ; the smaller value corresponds with 
the decomposition 4SOC1, « 8*01, + 2SO, + SCI, ; 
these products are obtained by passing vapour 
of SOCL through a red-hot tube (Heumann a 
Kdchlin, B. 16, 1625). 
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Reactions and Combinations. — 1. Moist air 
produces HOI and SO,.— 2. Water also forma 
HGlAq and SO,, warm water forming in addition 
H,S0 4 Aq and S (Carius, Z.c.).— 8. Hydrogen 
sulphide produces SO,, HC1, and S (Prinz, A. 
223, 871).— 4. Phosphorus pentasulphide reacts 
to form SO,,PSCl s , and S, and some S,C1, (Prinz, 
lx ). — 5. With antimony trisulphide the pro- 
ducts are SbCl„ SO„and S. — 6 . Sulphur , heated 
to 180° with SOCl 2 , forms S 2 C1 2 and SO,; selenion 
forms S 2 C1 2 and SSeCl, (Prinz, l.c.). — 7. Powdered 
antimony reacts without heating, forming SbCl 2 , 
Sb,S„ and SO,.— 8. POG1,, PSC1, and PCI, are 
formed by heating SOC1, with phosphorus tri- 
chloride (Michaelis, J. Z. 6, 239).— 9. Heating 
with sulphur dichloride produces S 2 0C1 4 (q. v., 
p. 619) (Ogier, Bl. [2] 37, 293).— 10. Ammonia 
does not produce thionylamide SO(NH 2 ) 2 , but 
forms NS, NH 4 C1, (NH 4 ) 2 S0 2 , and NH 4 poly- 
thionates (M., lx.). — 11. Beacts rapidly with 
silver nitrate , forming N0 2 (S0 2 .C1) (Thorpe, 
C . J. 41, 297). — 12. SOC1, absorbs sulphur 
dioxide and chlorine freely (M., l.c.). — 13. For 
reactions with various organic compounds v. 
Michaelis (lx.) ; Heumann a. Kochlin (B. 16, 
1626) ; Bottinger (B. 11, 1407). 

SULPHUHYL CHLORIDE S0,C1 2 (Sulphuric 
oxychloride). Mol. w. 134*68. Boils at 69*95° 
(Thorpe, C. J. 37, 369 ; for other determinations 
v. Begnault, J. pr. 19, 243 ; Clausnizer, B. 11, 

2010; Ogier, C.R. 94,82). S.G.g 1-70814; at 

b.p. 1-56025 (Thorpe, l.c.). V.D. 65 at 184° ; 34 
at 440° (Heumann a. Kbchlin, B. 16, 602 ; cf. 
Begnault, J. pr. 18, 97 ; Behrend, J. pr. [2] 15, 
23). S.V. 86*29 (Thorpe, l.c., p. 372). H.F. 
[8,0*, CP]- 89,780; [SO 2 , Cl 2 ] = 18,700 (Th. 2, 
810; cf. Ogier, C. R. 94, 82). S.H. (15°-63°) 
*238 (Ogier, l.c.). Heat of vaporisation 7,060 
(O., lx.). 

Formation.— 1. By the direct combination of 
S0 2 and Cl in sunlight, or by reacting on a 
mixture of C,H 4 and S0 2 by Cl in sunlight 
(Begnault, J.pr.18 , 93 ; 19,243). Schulze (J.pr. 
[2] 23, 351 ; 24, 168) recommends to allow S0 2 
and Cl to react in presence of camphor. Melsens 
(C. R. 76, 92) passes S0 2 and Cl into glacial 
acetic acid.— 2. By passing SO, over charcoal 
saturated with Cl (M., l.c.).— 8. By the inter- 
action of PCI, with H,S0 4 or SO, (Williamson, 
P. M. [4] 7, 365 ; Sohiff, A. 102, 111) ; according 
to Michaelis (J. Z. 6, 233, 292), SO, and PC1 5 
form S 2 0 6 CLj.— 4. By heating SO, and BC1„ in 
the ratio 2S0,:BC1„ to 120° in a dosed tube 
(Gustavson, B. 6, 9).— 6. By heating Cl(S0 2 .OH) 
to c. 200° for some time (Behrend, B. 8, 1004 ; 
cf. Otto a. Beckurts, B. 11, 2058). 

Preparation.— X. Cl and S0 2 are passed into 
camphor, and the colourless liquid is fraction- 
ated (Schulze, l.c.). — 2. Cl(SO,.OH) (v. Chlobo- 
bulphonic acid, p. 509) is heated toco. 200°, in a 
closed tube, for some hours, when it decomposes 
thus, 2[C1(S0 2 .0H)] - 80,0, + H,S0 4 ; the liquid 
is distilled, the portion coming over at 67°-71° 
being collected separately and then repeatedly 
fractionated (Behrend, lx. ; cf. Thorpe, l.c.). 

Properties and Reactions. — A colourless 
liquid, fuming slightly in air. 1. Decomposed by 
heating to dull redness into S0 2 and Cl ; decom- 
position is complete at 440° (Heumann a. 
Kochlin, B. 16, 602) ; but does not begin at 250° 


(Beckurts a. Otto, B. 11, 2060).— 2. Water pro- 
duces HClAq and H 2 S0 4 Aq ; a small quantity of 
water is said to form Gl(SO,.OH)Aq.— 3. Excess 
of SO, Cl, added to a little alcohol forms 
Cl(SO,.OEt); with excess of alcohol SO,(OEt), 
is produced (Behrend, B. 9, 1384).— 4. Phos- 
phorus pentachloride reacts to form POCl 3 , 
SOC1* and Cl (H. a. K., B. 15, 1736).— 5. Phos- 
phorus , arsenic , and antimony produce PCI,, 
AsCl„ and SbCl, respectively, and S0 2 (H. 

a. K., lx.). — 6. Ammonia forms NH 4 C1 and 
SO2.NHj.ONH4. — 7. With many organic com- 
pounds 80,01, reacts like PCI, or POCl„ sub- 
stituting Cl for H (v. Dubois, Z. [2] 2, 705; 
Michaelis, A. 170, 1). 

Pyrosulphuryl chloride 
8,0,01, » Cl.SO,.O.SO,.Cl. ( Disulphuryl chloride. 
Pyrosulphuric oxychloride. Chlorosulphonic 
anhydride.) Mol. w. 214*38. Boils at 139*59° 
(Thorpe, O. J. 37, 360 ; for other determinations 
v. Bose, P. 44, 291 ; Michaelis, J. Z. 6, 235, 
240, 292 ; Bosenstiehl, C. R. 53, 668 ; Schiitzen- 

berger, C. R. 69, 352). S.G. £ 1-85846, at b.p. 

1*60610 (Thorpe, lx.). Y.D. at slightly above 

b. p. - 104 ; between 160° and 240° = 54*8 (Heu- 
mann a. KOchlin, B . 16, 479 ; Kanowaloff, 
B. 16, 1127 ; cf. Bosenstiehl, C. R. 63, 668 ; 
Bose, P. 44, 291 ; Ogier, C. R. 94, 82, 217 ; 96, 
648). H.F. rS*,0\Cl*]- 180,600 (Kanowaloff, 
lx.) ; Ogier (Z.c.) gives 159,400. Heat of vaporisa- 
tion 7,570 (KS, lx.) ; 13,160 (O., Z.c.). S.H. *258 
(K., lx.). 

Formation.— 1. By the interaction of PCI* 
and SO, or Cl(SO,.OH). — 2. By heating P,0, and 
Cl(SO r OH) (Billitz a. Heumann, B. 16, 483).— 
3. By heating SO, with NaCl (B., Z.c.), with 
S,G1, (Bose, P. 44, 291), with CC1 4 (Schiitzen- 
berger, G. R . 69, 352 ; Kanowaloff, C. R. 95, 
1284), with G,Cl a (Prudhomme, C. R. 70, 1137), 
with CHOI, (Armstrong, C.J. [2] 1, 244), or with 
SiCl 4 (Gustavson, B. 5, 832). — 4. By the inter- 
action of POC1, aiM SOOl, (Michaelis, J. Z. 6, 
235, 240, 292). 

Preparation. — 1. P,0, and Cl(S0 2 .OH) are 
heated in a flask with a reversed condenser, 
using rather more Cl(S0 2 .OH) than P,0, ; when 
HC1 and SO, cease to be given off, the liquid 
is distilled, and the portion coming over between 
135° and 145° is fractionated (B. a. H., lx .). — 
2. 8,01, in a flask is surrounded by a freezing 
mixture, and saturated with SO, ; the product is 
fractionated ; 5 SO, + S,C1, « 5SO, + S 2 0 6 C1, (Bose, 
P. 44, 291). Thorpe ( C . J. 37, 360) found that 
the product of this reaction boiled almost wholly 
between 135° and 138°. 

Properties and Reactions . — A colourless, mo- 
bile, very refraotive liquid, fuming in the air 
with formation of Cl(SO,.OH). — 1. Decomposed 
by heat to SO,, SO,, and 01 (Bose, P. 44, 291) ; 
the V.D. determinations of Heumann a. Kdchhn 
(B. 16, 479) show that at 440° the decompo. 
sition is 8,0,01, « SO, + SO, + Cl,.— 2. Sinks in 
water , and is slowly decomposed to HGlAq 
and py30 4 Aq; if a very little water is 
used Cl(SO,.QH) is formed, thus S,0,GL + H,0 
«2Cl(SO,.OH) (t>. B. a. H., Z.c.) — 8. Beacts 
with phosphorus , sulphur, antimony , copper , 
iron , sine , and some other metals , to produce 
chlorides, SO, and SO, (Heumann a. Kdehlin, B. 
16, 479).— 4. Phosphorus trichloride produces 
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PCI*, P0G1*, and SO a ; phosphorus pentachdoride 
forms P001,, 01, and SO a (Geuther, B. 5, 925). 
5. Selenion tetrachloride gives SSeO s Cl 4 (Claus- 
nizer, B. 11, 2010).— 6. Chromates react to form 
CrOjjCl* (Rosenstiehl, C. R. 53, 658).— 7. Am - 
monia forms a white solid, which dissolves in 
water, producing NH 4 01 and a sulphamate of 
NIL (Rose, Z.c.). 

Sulphur monoxytetrachloride S 2 0C1 4 . By 
heating equal weights of S^Cl^ and S0 2 CL, to 
250° in a sealed tube, Ogier ( Bl . [2] 37, 293) ob- 
tained a deep-red liquid resembling S 2 C1 2 , S.G. 
1*656 at 0°, decomposing under 100° to S 2 C1 2 , 
S0 2 , and S, to which he gave the composition 
S 2 0C1 4 . Decomposed by water to H 2 S0 4 Aq, 
SOjAq, HClAq, thionic acids, and S. 

Sulphur tri-oxytetrachloride S 2 0 3 C1 4 . 
Mol. w. not determined. This compound was 
obtained by Millon (A. Ch. [3] 29, 327) by the 
action of moist Cl on SaClj (cf. Marchand, J. pr . 
22, 507 ; Carius, A. 106, 295). It is conveniently 
prepared by the reaction SC1 4 + C1(S0 2 .0H) — 
HC1 + S 2 O a Cl 4 ; a stream of dry Cl is led into a 
mixture, in the ratio of equal numbers of mole- 
cules, of S 2 C1 2 and Cl(S0 2 .OH), kept at o. — 20°, 
until a semi-solid mass is obtained (a very wide 
tube must be used to lead in Cl) ; the tempera- 
ture is then kept at o. — 13° and the Cl is con- 
tinued till the mass gets quite solid ; the freezing 
mixture is then removed, and the Cl is continued 
till the mass is white, when the excess of Cl is 
removed by a stream of dry CO a (Michaelis a. 
Schifferdecker, B. 6, 996). 

S 2 0,C1 4 is a white, crystalline solid, with a 
most disagreeable odour; the vapour acts on 
the eyes. Melts at 57°, giving off S0 2 and Cl, 
and leaving a liquid that solidifies chiefly to 
SOCl 2 and S 2 O a Cl 2 ; a portion sublimes in fine 
white needles. Ice-cold water produces SOaAq, 
ELjSC^Aq, and HClAq; water at the ordinary 
temperature also separates B. Deliquesces in 
a partially closed vessel, giving off HC1, Cl, and 
S0 2 , and leaving a liquid that gives SOCl 2 and 
S 2 0 5 C1 2 on distillation. Cone. H 2 S0 4 reacts vio- 
lently, forming HC1, S0 2 , and Cl(SO r OH) ; CS 2 
produces very rapid decomposition to COCl 2 , 
CO, S0 2 , S 2 Clj, and SOCL*. On long standing in 
a closed tube 8*0,0^ separates into equal num- 
bers of molecules of SOClg and 80,01^ (M. a. 
Mathias, B. 6, 1452). 

Sulphur, phosphides of, v. Phosphorus sul- 
phides, p. 145. 

Sulphur, selenides of, v. Selenion sul- 
phides, p. 442. 

Sulphur, silicides of, v. Silicon sulphides, 
p. 462. 

Sulphur, tellurides of, v. Tellurium sul- 
phides, p. 655. M. M. P. M. 

SULPHUR, OXYACIDS OF. Several acids 
have been isolated, and salts of some others are 
known. The following list gives the names and 
compositions of the oxyacids of sulphur and 
their salts, with references to the articles where 
these compounds are described : — 

Hyposulphubous acid and salts H 2 S 2 0 4 and 
M 2 Sj0 4 ; v.Hyposulphurous add under Sulphur- 
ous acid (p. 627), and hyposulphites under Sul- 
phites (p. 592). 

Sulphurous acid and salts Q 2 SO s , MHSO tf 
and M t SO, ; v. Sulphurous acid (p. 626), and 
Bulpbxt*s (p. 587). 


Sulphuric acid and salts H 2 S0 4 , MHS<V 
and M 2 S0 4 ; v. Sulphuric acid (p. 620) and 
Sulphates (p. 567). 

Thiosulphuric acid and salts H 2 S 2 0„. 
MHS 2 O s , and M 2 S 2 O t ; v. Thiosulphuric acid- 
(p. 708) and Thiosulphates (p. 705). 

Thionic acids and salts H^O*, H 2 S 8 O a , 
H^Og, H,S 5 0„ (and salts) ; v. Thionic acids 
( p. 698) and Thionatks (p. 695). 

Pyrosulphuric acid and salts H 2 S 2 0 7r 
MHS 2 0 7 , and M 2 S 2 0 7 ; v. Pyrosulphuric acid 
under Sulphuric acid (p.625), and Pyrosulphatee 
under Sulphates (p. 583). 

Persulphuric acid and salts HaSjjOgAq, 
M 2 S 2 0 8 , and MS 2 0„ ; v . Persulphuric acid under 
Sulphuric acid (p. 625), and Persulphates under 
Sulphates (p. 582). M. M. P. M. 

SULPHUR OXYACIDS, NITROGEN DERI- 
VATIVES OF. In 1845 Fremy (A. Ch . [3] 15, 
408) described the K salts of a number of acida 
obtained by the interaction of KN0 2 Aq and 
K 2 S0 3 Aq, and by boiling the products of this 1 
interaction with slightly acidified water; he 
called the compounds salts of sulphazotised acids . 
The examination of these salts was prosecuted 
by Claus a. Koch (A, 152, 336 [1874], and by 
Claus (A. 158, 52, 194 [1876]) ; Berglund (BL 
[2] 25, 455 ; B. 9, 252, 1896 [1875]); and 
Raschig (A. 241, 161 ; B. 20, 584 [1887]) also 
investigated the sulphazotised acids of Fremy ; 
and the researches of Divers and Haga (C. J. 
Trans. 1885. 1886. 1889. 1892) have thrown 
much light on many classes of these compounds. 
The more recent investigations noted above have 
shown many of the formulas given by Fremy to 
be inaccurate, and they have also led to a con- 
siderable revision of Claus’s results. As the com- 
pounds that have been fairly thoroughly ex- 
amined are noticed under the heading Sulphonic 
acids and derivatives (p. 509), it does not seem 
necessary to give an account of the other salts of 
sulphazotised acids , especially as it is very pro- 
bable that the formulas assigned to these com- 
pounds will require modification, and that some- 
of the compounds will be found not to exist. 

The chief sulphazotised compounds that have- 
been investigated sufficiently to establish their 
composition satisfactorily are the following : — 

Amidosulphonic acid and salts NH 2 (SO r OH) ; 
described as Sulphamig acid (p. 567). 

Jmidosulphonic acid and salts NH(SO r OH). A 

(p. 600). 

Nitrilosulphonates N(S0 2 .OM), (p. 601). 

Nitrosulphonic acid and salts N0 2 (S0 2 .0H> 

(p.601). 

Nitrosulphonic anhydride (N0 2 ) 2 S 2 0 4 (p. 601). 

Nitrosulphonic chloride N0 2 (S0 2 .C1) (p,. 601). 

Nitroso-oxy-amidosulphonates 
N(N0.0HXS0 2 .0M) ; described as nitroso* 
sulphates under Sulphates (p. 581). 

Oxy-amidosulphonic add and salts (and 
salts derived therefrom) NH(OH)(SOa.OH^ . 

(p. 602). 

Oxy-imidosulphonate8 (and salts derived 
therefrom) N(OH)(SO r OM) 2 (p. 602). 

Oxy -nitrosulphonic anhydride (N 0 2 ) t .O.S s O» 
(p. 601). 

Sulphamide (NH 2 ) 2 S0 2 (p. 567). 

Stuph&mide NH.SO, (p. 587). 
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Sulphimido-amide NH(SO,.NH,), (p. 687). 

Thionamic acid and salts NH,(SO.OH) 
ip. 696). M. M. P. M. 

SULPHURETTED HYDROGEN v. Hydrogen 
SULPHIDE, vol. ii. p. 726. 

SULPHURIC ACID ; also PERSULPHURIC 
ACID and PYROSULPHURIC ACID. 

SULPHURIC ACID 11,804 (Oil of vitriol). 
Mol. w. probably 97*76. Melts at 10*36° 
{Pickering, 0. J. 67, 831) ; 10*6° (Thilo, Chem. 
Zeitung , 16, 1688). Boiling begins at o. 290°, 
SO, and H,0 with some H,S0 4 .«H,0 passing off ; 
b.p. rises till 338° is reached, when it becomes 
constant and complete dissociation to SO, and 
H,0 occurs ; for b.p. of H*S0 4 Aq from 96 
to 6 p.c. H,S0 4 v. Lunge (B. 11, 870). S.G. 
Jfj 1*8884 (Perkin, C. J. 63, 69 ; c/. Pickering, 
C. J. 67, 73, note ; Kohlrausoh, W. 17, 69; 
Sohertel, J. pr . [2] 26, 246 ; Mendel6eff, B. 17, 
30, 2636; Lunge a. Isler, Zeit.filr anorg. Chemie , 
1890. 129). V.D. 25 at 440°, corresponding with 
dissociation to SO, + H,0 (Deville a. Troost, C . R. 
66, 891; Wanklyn a. Robinson, Pr. 12, 607). 
S.H. (22° to 80°) *365 ; (22° to 170°) *37 
{Pfaundler, B. 3, 798); (16° to 20°) *3315 
{Marignac, Ar. Sc. 39, 217, 273). C.E. *0006586 
at 20° (Marignac, l.c .). H.F. [H*,S,0 4 ] * 192,920 ; 
[HO, SO*] « 21,320 (formation of liquid H,S0 4 ) 
(Th. 2, 255). Heat of fusion « 860 g. units (for 
98 g. H,S0 4 ) (Berthelot, C. B. 78, 716). T. C. 
v. Beetz (W. 7, 435), Weber (J. 1886. 121). 

Mol. w.- 32-45 (Gladstone, P. M. [4] 86, 

311). For further data v. infra. 

Occurrence. — Small quantities of H,S0 4 , 
from *1 to *5 p.c., are found in some rivers and 
springs in volcanic districts ; in a pool in Texas, 
Mallet ( O . N. 26, 147) found 6*29 g. H,S0 4 per 
litre of water. The acid is also found in certain 
animal secretions; the salivary glands of some 
molluscs are said to contain c. 2 p.c. (B&deker a. 
Trosohel, B. B. 1854. 486 ; De Luca a. Panceri, 
Bl. [2] 9, 400 ; Maly, M. 1, 205). The salts of 
sulphuric acid occur in large quantities (r. 
Sulphates, p. 567). 

Formation.— The formation of an oily liquid 
by heating alum is spoken of by Geber in the 
eighth century ; a similar liquid Was formed in 
the fifteenth century by burning sulphur with 
saltpetre. These liquids were shown to be identi- 
cal towards the end of the sixteenth century. 
Oil of vitriol seems to have been manufactured 
in fair quantities by heating ferrous sulphate 
from about the early part of the eighteenth 
century ; the first manufactory for making the 
acid from sulphur was started, at Richmond by 
Ward about 1740. The composition of sulphurio 
aoid was determined by Lavoisier. 

1. By long exposure of flowers of sulphur in 
the air (John, S. 14, 417 ; Wagenmann, P. 24, 
601).— 2. By heating B with H,0 to o. 200° ; by 
electrolysing H,O t using Pt electrodes with pieces 
of S attached, the H,S0 4 forms at the positive 
pole (Becquerel, O. B. 66, 237).— 3. By the 
oxidation of S in presence of H,0 by &, HNO* 
H01 and KCJ10* aqua regia , Ac. ; also by certain 
metallic salts (v. Wicke, A. 82, 146 ; Parkmann, 
Am. S . [2] 38, 828).— 4. By oxidising SO*Aq or 
SO, in presence of water, by Ctt, Br, H,0,Aq, 


NO* HNO* Ac. ; by passing moist SO, and air 
over hot Pt black (Phillips, A. 4, 171), through a 
red-hot tube containing pieces of glass (Magnus, 
P. 24, 610), or over red-hot sand (Blondeau, 

C. B. 29, 405). — 5. By the oxidation of HJ3 and 
polythionic acids (v. Cloez a. Guignet, O . B. 46, 
1110).— 6. By the interaction of water and SO* 
S0,C1* S0a.01.0H, Ac. 

Preparation. — Commercial oil of vitriol is 
diluted until the S.G. is 1*53 (*»50° Beaum6, or 
106° Twaddell, « 62 5 p.c. H,S0 4 by weight) ; 
the acid is heated to 70°-80°, and Na,S,0, is 
added in quantity sufficient to decompose the 
As 2 0, present (whioh should be estimated 
beforehand), according to the equation 
3Na 2 S 2 0 8 + ASjOs^SNaaSO,-!- AfljS, ; the acid is, 
stirred until the As,S, separates m flocks (Thorn, 

D. P. J. 217, 495) ; the acid is filtered from As 2 S t 
through asbestos or glass-wool, and is then con- 
centrated by evaporation in a Pt dish till it 
begins to fume, and then in a retort of- 
Pt or hard glass. The cone, aoid is now 
heated with a little pure (NH 4 ) 2 S0 4 , whereby 
HNO, and HNO, are decomposed (NH 4 .NO, and 
NH 4 .NO, are formed, and then decomposed to 
N and H,0, and N,0 and H 2 0). The aoid is 
then distilled from a glass retort, heated by a 
ring-burner placed around the retort at about 
two-thirds of the distance from the level of the 
acid to the bottom of the retort. The distillate 
is re-distilled in small quantities from a Pt retort 
into a Pt receiver ; the condenser being formed 
of Pt tubes, soldered with gold and fitting closely 
one into the other, and the temperature being 
such that the aoid does not boil during the dis- 
tillation (cf. Stas, Chem . Proport. 112). Various 
other methods for removing As have been pro- 
posed ; for the preparation of H 2 S0 4 free from 
As for chemioo-medioal use v. Bloxam (C. J. 16, 
62), also Buignet a. BusBy (J. Ph. [8] 44, 177 ; 
46, 252). 

Commercial oil of vitriol is prepared by 
passing S0 2> mixed with a little HNO* into 
large leaden chambers into whioh jets of steam 
are also sent. The SO, is prepared by burning 
S or pyrites in a stream of air ; the hot gas is 
passed over HNO* or over pots containing KNO, 
and H,S0 4 , so that it sweeps into the leaden 
chambers a certain quantify of HNO,. The 
interactions between the hot SO, and HNO, pro- 
bably produceNO andN,0,(3SO,+ 2HNO, + 2H,0 
« 8H,S0 4 + 2NO ; and also 2SO, + 2HNO, + H,0 
« 2H,S0 4 + N,0,) ; the NO then combines with 
O in the air of the chambers to form 
N,0,(4N0 + 0,*2N,0,), whioh interacts with 
SO, and H,0 to produoe BLS0 4 and 
N0(N,0, + SO, + H,0 - H,S0 4 + 2NO) .—if N,0, 
is produced in the primary reaction of 80, with 
HNO* this N,0, may take up O to form N,0 4 , 
which in turn may react with SO, and H,0 to 
produce H,S0 4 and NO(N,0 4 -f 2SO, + 2H,0 
= 2H,S0 4 + 2NO). These oycles of changes pro- 
ceed as long as SO, is sent into the chambers, and 
there is present a sufficiency of O, H,0, and 
oxides of N. If there is not sufficient H,0 pre- 
sent to complete the decomposition of N t O, and 
SO, (or N,0 4 and SOJ to HJ30 4 and NO, 
nitrosulphonio acid — NO, (80*011) — is formed 
as a solid on the sides of the chamber 



,0-2N0,(S0-0H)+4N0 ; at 
& - 4NO,(S0 r OH) + 2NO) * 
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whan steam is now sent into the chamber the 
nitrosulphonio acid is decomposed to B^SO. and 
N a O, (2NO a (SO a .OH) + H.O- 2H,S0 4 + N a O g ). It 
is possible that the formation of NO a (SO a .OH) 
and the interaction of this with water may form 
normal stages in the series of reactions that 
occur in the ohambers. Lunge (C. J. 47, 465) 
regards N a O g as the chief carrier of 0 from the 
air to the SO a ; he formulates the two main in- 
teractions as 

(1) 2SO a + N g O g + 0* + H*0 « 2NO a (SO a .OH), 

(2) 2NO a (SO a .OH) + Rfi - 2H.S04+ N a O t ; 

moreover, he insists that the interactions take 
place for the most part between gases in contact 
with the surface of the vesicles of liquid water 
formed by the condensation of the steam sent 
into the chamber. (A fuller disoussion of the 
reactions that occur in the leaden ohambers 
will be found in the Dictionary or Applied 
Chemistry, vol. iii. p. 726.) 

Some portion of the oxides of N is swept 
through the chambers and so lost (part of this 
is recovered in the Gay-Lussac towers) ; some is 
lost by leakage, solution in the acid formed in 
the chambers, and in other mechanical ways ; 
but some portion of the available oxides of K is 
also destroyed by secondary reactions that occur 
in the ohambers, and result in the formation of 
N a 0 and sometimes of N or NH g (v. Weber, P. 
ISO, S29 ; Pelouze, A . Oh. [2] 60, 162 ; Lunge, 
B. 14, 2196 ; cf. Dictionary op Applied 
Chemistry, vol. iii. p. 729). 

Properties . — A clear, colourless, oily, hygro- 
scopio liquid ; solidifying at o. 10-5°. The liquid 
may be cooled much below its freezing-point 
without solidifying, but addition of a crystal of 
HjSC^ or a small quantity of SO g causes crys- 
tallisation ; the presence of a traoe of water 
lowers the freezing-point to c. 0°. H a S0 4 is ex- 
ceedingly acrid and burning, and is a violent 
poison. HjS 0 4 fumes very slightly in air at the 
ordinary temperature; at 30°-40° it fumes much, 
giving off SO g ; according to Colefax (C. N. 63, 
179), HjSOf is probably slightly volatilised at 
ordinary temperatures. The mol. w. of H^SC^ 
has not been determined directly, but from the 
mol. weights of such derivatives as SO a Cl g , 
SO a (OMe) g , Ac., the formula H^SO* is most pro- 
bably moleoular. ILS0 4 is decomposed when 
heated, and does not snow a definite b.p. ; , boiling 
begins at o. 230°, and the temperature gradually 
rises to 838°, at which temperature dissociation 
to HjO and SO t is complete. The residue has 
the composition H^SCVAHjO; acid with this 
composition is obtained by boiling down either 

S 80 4 ^cH g 0 or HgSCVaSO, (Marignac, A . Ch. 

89, 184; Dittmar, 0. J . [2] 7, 446). The 
sp.gr. of the vapour given off at c. 440° corre- 
sponds with that calculated for the dissociation 
of HsS 0 4 into SOj + 11,0 (Deville a. Troost, 
C. JR. 66, 891 ; Wanklyn a. Robinson, JPr. 12, 
607). The b.p. of H 2 S0 4 Aq, containing from 
96 p.c. BL,S0 4 (b.p. - 296°), to 6 p.c. H a S0 4 
(b.p. 101°) is given by Lunge (B. 11, 870). 
H*S0 4 freezes at 10*852° (v. Pickering, C. J. 57, 
881; where, a long series of determinations is 
given of f.p* of H 2 S0 4 Aq containing from *005 
to 100 p.c. BL,80 4 ). The SJEL and mol. heat 
(*8J3. x 98) are given by Pfaundler (B. 8, 798) 
as follows; 


femp. interval 
from S3 0 to 

S.H. 

Hoi. beat. 

88° 

•855 

84*790 

90 

•856 

84*888 

100 

•858 

35*084 

110 

•359 

85*182 

120 

•860 

35*280 

180 

•862 

85-470 

140 

•364 

35*672 

150 

•865 

85*770 

160 

•367 

35*966 

170 

*370 

86*260 


For S.H. of HaSC^HjO from 16° to 20°, » 
varying from 0 to 400, v. Marignao (Ar. Sc. 89, 
217, 273) ; Bode (Zeit. filr anorg. Chemie , 1889. 
244) gives S.H. of H a S0 4 Aq from S.G. 1*842 to 
1*037 ; Pickering (O. J . 57, 160) gives S M. ol 
HjSC^Aq from c. *2 to o. 12 p.c. H g S0 4 dis- 
solves in water in all proportions ; much heat 
is produced, and contraction occurs ; for thermal 
measurements v. Thomsen ( Th . 3, 44), Favre 
a. Silbermann (O. B. 24, 1081), F. a. Quaillard 
(C. B. 50, 1150), Pfaundler (J. 1869. 122), and, 
especially, Pickering (C. J. 57, 164). According 
to Pickering (C. N. 64, 14), the maximum con- 
traction, calculated for unit weight of solution, 
changes from 67 p.o. at 8°, to 70*1 p.c. at 88° ;. 
but the maximum is constant at 76 p.c., from 
8° to 88°, if calculated for unit volume; for 
fuller data v. P. (O. J. 57, 148). The expansion 
of H 2 S0 4 .a;H 2 0, at 20°, when x varies from O 
to 400, is given by Marignao (Ar. Sc. 39, 217, 
273). The refractive indices and dispersion of 
H a S0 4 .Aq containing from 93*87 to *088 p.o* 
HjS0 4 are given by Pickering (O. J. 63, 99 ; c/* 
van der Willingen, Ar. N. 3, 122). Perkin (C. J. 

63, 57) gives Mol. R. for ELS0 4 Aq from 99*93 
to 9*18 p.c. E^SC^ ("from jE^SO^ 53*87 H 2 (> 
to H 2 S0 4 + *004^0). 

The eleotrioal conductivities of H a S0 4 Aq of 
different concentrations have been measured by 
Kohlrausch (P. 154, 215; 159; 233; W. 6, 1; 
17, 69), also by Pickering (O. J. 67, 158), who* 
gives determinations for H 2 S0 4 Aq containing 
from 1 to 100 p.c. E^S0 4 (v. also Bouty, C . B . 
108, 393 ; also Grotrian, P. 151, 378). 

The S.G. and composition of RjSC^Aq of 
varying concentrations have been determined by 
many observers. Pickering (C. J. 57, 152) gives* 
S.G. and composition of HjSC^Aq containing 
from *5 to 100 p.o. H a S0 4 at 0°, 2°, 4°, and each 
2° up to 40°. Lunge a. Isler (Zeit. filr anorg.. 
Chemie , 1890. 129) give the following tables (cf. 
Mendel^eff, Z. P. 0. 1887. 278; Piokering, O. N* 

64, 311 ; Lunge, O. N. 65, 13) 


S . G . ~ 

in vacuo 

• 

I! 

100 parts by 
weight 
contain 

1 litre contains 
kilos. 

P.O. 

80 . 

P.O. 

HJ30 4 

SO, 

H^O, 

1*000 

0 

0 

0*07 

0*09 

0*001 

0001 

1*005 

0*7 

1 

0*68 

0*83 

0*007 

0*008 

1*010 

1*4 

2 

1-28 

1*57 

0*013 

0*016 

1*015 

2*1 

3 

1*88 

2*80 

0*019 

0*023- 

1*020 

2*7 

4 

2*47 

8*03 

0*025 

0*031 

1*025 

3*4 

5 

8*07 

3*76 

0*032 

0*039 

1*030 

4*1 

6 

8*67 

4*49 

0038 

0*040* 

1*085 

4*7 

7 

4*27 

5*23 

0*044 

0*054 

1*040 

5*4 

8 

4*87 

5*96 

0*051 

0*062= 
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4B.G. 

4n vacuo 

l! 

gl 

h 

100 parts by 

weight 

contain 

1 litre contain! 
kilos. 

8.0. “* 
in vacuo 

q 

a! 

8|j 

a 

100 parts by 
weight 
contain 

1 litre contains 
kilos. 

P.c. 

SO, 

P.O. 

H.SO. 

SO. 

H a SO. 

P.O. 

SO. 

P.O. 

h,so 4 

SO. 

HJSO. 

1*045 

6*0 

9 

5*45 

6*67 

0*057 

0*071 

1-365 

38-6 

73 

37*89 

! 46-41 

0-517 

0-633 

1*050 

6*7 

10 

6*02 

7*37 

0*063 

0-077 

1-370 

89*0 

74 

38*32 46*94 

0*525 

0*643 

1*055 

7*4 

11 

6*59 

8*07 

0*070 

0*085 

1*375 

39*4 

75 

88*75 47*47 

0*533 

0*653 

1-060 

80 

12 

7-16 

8*77 

0*076 

0*093 

1*380 

89*8 

76 

39*18 48*00 

0*541 

0*662 

1*065 

8*7 

13 

7*73 

9*47 

0*082 

0*102 

1*385 

40*1 

77 

39*62 48*53 

0*549 

0*672 

1-070 

9*4 

14 

8*32 

10*19 

0*089 

0*109 

1*390 

40*5 

78 

40-05 49-06 

0*557 

0-682 

1*075 

10*0 

15 

8*90 

10*90 

0*096 

0-117 

1*395 

40*8 

79 

40*48 49*59 

0*564 

0*692 

1*080 

106 

16 

9*47 

11*60 

0*103 

0*125 

1*400 

41*2 

80 

40-91 1 60-11 

0*573 

0*702 

1*086 

11*2 

17 

10*04 

12*30 

0*109 

0*133 

1*405 

41*6 

81 

41-38 50-63 

0*581 

0*711 

1-090 

11*9 

18 

10-60 

12*99 

0*116 

0*142 

1*410 

42*0 

82 

41*76| 51*15 

0*589 

0*721 

1*095 

12*4 

19 

11*16 

13*67 

0*122 

0*150 

1*415 

423 

83 

42*17 51*66 

0*597 

0*730 

1-100 

13*0 

20 

11-71 

14*35 

0*129 

0-158 

1*420 

42*7 

84 

42*57 

1 62*15 

0-604 

0*740 

1*105 

13*6 

21 

12*27 

15*03 

0-136 

0*166 

1*425 

43*1 

85 

42*96 

1 52*63 

0-612 

0*750 

1*110 

14*2 

22 

12*82 

15*71 

0*143 

0-175 

1*430 

48*4 

86 

43*36 

53*11 

0*620 

0*759 

1*115 

14*9 

23 

13-36 

16-36 

0*149 

0*183 

1*435 

43*8 

87 

43*75 

53*59 

0-628 

0*769 

1*120 

15*4 

24 

13*89 

17*01 

0*156 

0*191 

1*440 

44*1 

88 

44*14 

54*07 

0*636 

0*779 

1*126 

16*0 

26 

14*42 

17*66 

0*162 

0*199 

1*445 

44*4 

89 

44*53 

54*55 

0-643 

0*789 

1*130 

16*5 

26 

14*95 

18*81 

0-169 

0*207 

1*450 

44*8 

90 

44*92 

55*03 

0-651 

0*798 

1*135 

17*1 

27 

15*48 

18*96 

0*176 

0*215 

1*455 

45*1 

91 

45-31 

55*50 

0*659 

0-808 

1*140 

17-7 

28 

16*01 

19*61 

0*183 

0*223 

1*460 

45*4 

92 

45*69 

55*97 

0-667 

0*811 

1*145 

18*3 

29 

16*54 

20*26 

0*189 

0-231 

1*465 

45*8 

93 

46-07 

56*43 

0*675 

0*827 

1*150 

18-8 

30 

17*07 

20*91 

0*196 

0*239 

1*470 

46*1 

94 

46*45 

56*90 

0 683 

0*837 

1*155 

19*3 

31 

17*69 

21*55 

0*203 

0*248 

1*475 

46*4 

95 

46-83 

57*37 

0*691 

0*846 

1*160 

19*8 

82 

18*11 

22*19 

0*210 

0*257 

1*480 

46*8 

96 

47*21 

57*83 

0*699 

0*856 

1*165 

20*3 

83 

18*64 

22*83 

0-217 

0*266 

1*485 

47*1 

97 

47*57 

68*28 

0*707 

0*865 

1*170 

20*9 

84 

19*16 

23*47 

0*224 

0*275 

1*490 

47*4 

98 

47*95 

58*74 

0*715 

0*876 

1*175 

21*4 

35 

19*69 

24*12 

0*231 

0*283 

1*495 

47*8 

99 

48*34 

59*22 

0*723 

0*885 

1-180 

22*0 

86 

20*21 

24*76 

0-238 

0*292 

1*500 

48*1 

100 

48*73 

59*70 

0*731 

0*896 

1*185 

22*5 

87 

20*73 

25*40 

0*246 

0*301 

1*505 

48*4 

101 

49*12 

60-18 

0-739 

0*906 

1*190 

23*0 

38 

21*26 

26*04 

0*258 

0*310 

1*510 

48*7 

102 

49-61 

60*65 

0*748 

0*916 

1*195 

23*5 

39 

21*78 

26*68 

0*260 

0*319 

1*515 

49*0 

103 

49*89 

61-12 

0*756 

0*926 

1*200 

24*0 

40 

22*30 

27*32 

0-268 

0*328 

1*620 

49*4 

104 

50*28 

61-59 

0-764 

0*936 

1*205 

24*5 

41 

22*82 

27*95 

0*275 

0*337 

1*525 

49*7 

105 

50*66 

62*06 

0*773 

0*946 

1*210 

25*0 

42 

23*38 

28*58 

0*282 

0*346 

1*530 

50*0 

106 

61*04 

62-53 

0*781 

0*957 

1*215 

25*5 

43 

23*84 

29*21 

0*290 

0*355 

1*535 

50*3 

107 

51*43 

63*00 

0*789 

0*967 

1*220 

26*0 

44 

24*36 

29*84 

0*297 

0*364 

1*540 

50*6 

108 

51*78 

63*43 

0*797 

0*977 

1*225 

26*4 

45 

24*88 

80*48 

0*305 

0*373 

1*545 

50*9 

109 

52*12 

63*85 

0*805 

0*987 

1*230 

26*9 

46 

25*89 

81*11 

0*312 

0*382 

1*550 

51*2 

110 

52*46 

64*26 

0*813 

0*996 

1*235 

27*4 

47 

25*88 

81*70 

0*320 

0*391 

1*555 

51*5 

111 

52*79 

64*67 

0*821 

1*006 

1*240 

27*9 

48 

26*85 

32*28 

0*327 

0*400 

1*560 

51*8 

112 

53*12 

65*08 

0*829 

1*015 

1*245 

I 28*4 

49 

26*88 

82*86 

0*334 

0*409 

1*565 

52*1 

118 

53*46 

65*49 

0*837 

1*025 

1*250 

28*8 

50 

27*29 

83*43 

0*341 

0*418 

1*570 

52*4 

114 

53*80 

65*90 

0*845 

1*035 

1*255 

29*3 

51 

27*76 

84*00 

0*348 

0*426 

1*575 

52*7 

115 

54*13 

66*30 

0*853 

1*044 

1*260 

29*7 

52 

28*22 

84*57 

0*856 

0*435 

1*580 

53*0 

116 

54*46 

66*71 

0*861 

1*054 

1*265 

80*2 

53 

28*69 

85*14 

0*363 

0*444 

1*585 

53*3 

117 

54*80 

67*13 

0*869 

1*064 

1*270 | 

30*6 

54 

29*15 

35*71 

0*370 

0*454 

1*590 

53*6 

118 

55*18 

67-59 

0*877 

1*075 

1*275 

81*1 

65 

29*62 

36*29 

0*377 

0*462 

1*695 

53*9 

119 

55*55 

68*05 

0*886 

1*085 

1*280 

81*5 

56 

30*10 

86*87 

0*385 

0*472 

1*600 

54*1 

120 

55*93 

68*51 

0*895 

1*096 

1*285 

82*0 

57 

30*57 

87*45 

0*393 

0*481 

1*605 

54*4 

121 

56*80 

68*97 

0*904 

1*107 

1290 

32*4 

68 

81*04 

88*03 

0*400 

0*490 

1*610 

54*7 

122 

56*68 

69*43 

0*918 

1*118 

1*295 

82*8 

59 

81*52 

38*61 

0*408 

0*500 

1*615 

65*0 

123 

57*05 

69*89 

0*921 

1*128 

1*300 

83*3 

60 

81*99 

89*19 

0*416 

0*510 

1*620 

55*2 

124 

57*40 

70*32 

0*930 

1*139 

1*305 

33*7 

61 

82*46 

39*77 

0*424 

0*519 

1*625 

55*5 

125 

57*75 

70*74 

0*988 

1*150 

1*810 

34*2 

62 

32*94 

40*35 

0*432 

0*529 

1*630 

55*8 

126 

58*09 

71*16 

0*947 

1*160 

1*815 

34*6 

63 

33*41 

40*93 

0*439 

0*538 

1*635 

56*0 

127 

58*48 

71*57 

0*956 

1*170 

1*820 

85*0 

64 

83*88 

41*50 

0*447 

0*548 

1*640 

56*3 

128 

58*77 

71*99 

0*964 

1*181 

1*825 

85*4 

65 

84*35 

42*08 

0*455 

0*557 

1*645 

56*6 

129 

59*10 

72*40 

0*972 

1*192 

1*330 

85*8 

66 

34*80 

42*66 

0*462 

0*567 

1*650 

56*9 

180 

59*45 

72*82 

0*981 

1*202 

1*335 

36*2 

67 

85*27 

48*20 

0*471 

0*577 

1*655 

57*1 

131 

59*78 

73*23 

0989 

1*212 

1*340 

86*6 

68 

85*71 

48*74 

0*479 

0*586 

1*660 

57*4 

182 

60*11 

73*64 

0*998 

1*222 

1*845 

87*0 

69 

86*14 

44*28 

0*486 

0*596 

1*665 

57*6 

133 

60*46 

74*07 

1007 

1*238 

1*350 

87*4 

70 

36*58 

44*82 

0*494 

0*605 

1*670 

57*9 

184 

60*82 

74*51 

1*016 

1*244 

1*855 

87*8 

71 

37*02 

45*87 

0*502 

0*614 

1*675 

58*2 

185 

61*20 

74*97 

1*025 

1*256 

1*360 

88*2 

72 

87*45 

45*88 

0*609 

0*624 

1*680 

58*4 

186 

61*57 

76*42 

1*034 

1*26? 







SULPHURIC ACID, 
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15 e 

8- 

si 

100 parts by 
weight 

1 litre contains 

S.G* *T 

“3 

11 

oontain 



in vacuo 

si 


P.O. 

80, 

P.O. 

H,80 4 

SO, 

h,so 4 

1*685 

58*7 

137 

61*93 

75*86 

1043 

1*278 

1*690 

58*9 

138 

62*29 

76-30 

1*053 

1-289 

1*695 

59*2 

139 

62*64 

76*73 

1-062 

1*301 

1-700 

59*5 

140 

63*00 

77*17 

1*071 

1*812 

1*705 

59*7 

141 

63*35 

77*60 

1*080 

1*323 

1*710 

60*0 

142 

63*70 

78*04 

1*089 

1*334 

1-715 

60*2 

143 

64*07 

78*48 

1*099 

1*346 

1-720 

60*4 

144 

64*43 

78*92 

1*108 

1*357 

1*725 

60*6 

145 

64*78 

79*36 

1*118 

1*369 

1*730 

60*9 

146 

65*14 

79*80 

1*127 

1-881 

1-735 

61*1 

147 

65*50 

80*24 

1*136 

1*392 

1*740 

61*4 

148 

65*86 

80*68 

1*146 

1*404 

1-746 

61*6 

149 

66*22 

81*12 

1*156 

1-416 

1-750 

I 61*8 

150 

66*58 

81*56 

1*165 

1*427 

1*755 

62*1 

161 

66*94 

82*00 

1*175 

1*439 

1*760 

62*3 

152 

67*30 

82*44 

1*185 

1*451 

1*765 

62*5 

163 

67*65 

82*88 

1*194 

1*463 

1-770 

62*8 

154 

68*02 

83*32 

1*204 

1*475 

1-776 

630 

165 

68*49 

88*90 

1*216 

1*489 

1*780 

63*2 

156 

68*98 

84*50 

1*228 

1*504 

1-785 

63*5 

157 

69*47 

85*10 

1*240 

1*519 

1*790 

63*7 

158 

69*96 

85*70 

1-262 

1*534 

1*795 

64*0 

159 

70*45 

86*30 

1*265 

1*549 

1-800 

64*2 

160 

70*94 

86*90 

1*277 

1*564 

1*805 

64*4 

161 

71*50 

87*60 

1*291 

1*581 

1*810 

64*6 

162 

72*08 

88*30 

1*305 

1*598 

1*815 

64*8 

163 

72*69 

89*05 

1*319 

1*621 

1*820 

65*0 

164 

73*51 

90*05 

1-338 

1*639 

1*821 





78-63 

90*20 

1*341 

1*643 

1*822 

65*1 

__ 

73*80 

90*40 

1*345 

1*647 

1*823 





73*98 

90*60 

1*348 

1*651 

1*824 

65*2 



74*12 

90*80 

1*352 

1*656 

1*825 



165 

74*29 

91*00 

1*356 

1*661 

1*826 

65*3 



74*49 

91*25 

1*360 

1*666 

1*827 

— 

— 

74*69 

91*50 

1*364 

1*671 

1*828 

65*4 

— 

74*86 

91*70 

1*368 

1*676 

1*829 



— 

75*03 

91*90 

1*372 

1*681 

1*830 

— 

166 

75*19 

92*10 

1*376 

1*685 

1*831 

65*5 

— 

75*35 

92*30 

1*380 

1*690 

1*832 

— 



75*53 

92*52 

1*384 

1*695 

1*833 

65*6 

— 

75*72 

92*75 

1*388 

1*700 

1*834 

— 

— 

75*96 

93*05 

1*393 

1*706 

1*835 

65*7 

167 

76*27 

93*43 

1*400 

1*713 

1*836 



• 

76*57 

93*80 

1*406 

1*722 

1*837 

— 

— 

76*90 

94*20 

1*412 

1*730 

1*888 

65*8 

— 

77*23 

94*60 

1*419 

1*739 

1*839 

— 

— 

77*55 

95*00 

1*426 

1*748 

1*840 

65*9 

168 

78*04 

95*60 

1*436 

1*759 

1*8405 

I 



78*33 

95*95 

1*441 

1*765 

1*8415 

_ 


79*19 

97*00 

1*458 

1*786 

1*8410 

— . 

— 

79*76 

97*70 

1*469 

1*799 

1*8415 

M. 

— 

80*16 

98*20 

1*476 

1*808 

1*8400 

... 



80*57 

98*70 

1*488 

1*816 

1*8400 



80*98 

i 99*20 

1*490 

1*825 

1*8395 





81*18 

i 99*45 

1*494 

1*830 

1*8390 

— 


81*39 

99*70 

1*497 

1*834 

1*8385 

— 

— 

81*59 

99*95 

1*500 

1*838 


For the properties of fuming HjSC^ v. Pybo- 
•ULPHURIO ACID, p. 625. 

For a test for small quantities of free HjSO* 
©. Carey Lea (Am. 8. [3] 45, 478 ; abstract in 
CL £64 (ft), 666). 

Beamons.— X. Gone. H,S0 4 is decomposed 


by heat ; at e. 440° the products are SO, and 
H^O, and by passing through a red-hot tube SO* 

0, and H 2 0 are formed (Deville a. Troost, C. R. 
56, 891 ; Wanklyn a. Robinson, Pr. 12, 507 ; 
Redwood, Ph. [2] 5, 601 ; Deville a. Debray, 
A. Ch . [3] 61, 125). — 2. Decomposed by the 
electric current ; with cone. H-S0 4 and a raised 
temperature 0 separates at the positive pole, 
and H and S at the negative ; at 0° only H and 
0 are given off (Faraday, T. 1834 ; Warburg, P. 
135, 114 ; Luckow, Pr. 1880. 1 ; Berthelot, C. JR. 
86, 71 ; 90, 269). Gladstone a. Tribe ( C . J. 35, 
176 ; 43, 345) found that a little S0 2 was formed 
when the electrolysis of 98*2 p.c. H 2 S0 4 was very 
slow. According to the concentration of the 
H 2 S0 4 Aq electrolysed, the strength of the ourrent, 
and the current density, ozone, H^Oa, and S 2 0 7 
are formed, besides H and 0. For an examina- 
tion of the conditions favourable to the produc- 
tion of ozone v. McLeod (C. J . 49, 591, where 
references are given to earlier memoirs). Ac- 
cording to Bouty (C. JR. 108, 393), acid of the 
concentration HjSO^ELjO always gives H 2 0 2 
on electrolysis; Richarz (A. Ch. [2] 24, 183) 
says that the maximum production of H 2 0 2 is 
obtained with acid of the concentration 
H^SCh + 1*34711,0 ; with acid more dilute than 
60 p.c. H 2 S0 4 very little H 2 0 2 is obtained, but 
considerable quantities of S 2 O f and ozone (Bouty, 

1. c . ; cf. Kuriloff, J. JR. 23, 235). In connection 
with the electrolysis of H 2 S0 4 Aq, and the con- 
ditions of production of H and O only, or of 
H 2 0 2 , ozone, and S 2 0 7 also, v. Armstrong 
(C. J. Proc. 1893-4. 188 [No. 127]).— 3. By 
passing a mixture of the vapour of H 2 S0 4 mixed 
with hydrogen through a red-hot tube, HjO is 
obtained along with SO* 8, or ELjS, according to 
the quantity of H ( v . Warner, C. N. 28, 13). 
Hydrogen occluded by palladium or platinum 
partially reduces 98-2 p.c. H 2 S0 4 , giving S0 2 
(G. a. T., Z.c. p. 177).— 4. S0 2 , C0 2 , and BLjO are 
formed by heating cone. H 2 S0 4 with carbon ; 
and S0 2 and H 2 0 by heating with sulphur. — 
6. Phosphorus takes fire in boiling H 2 S0 4 with 
separation of S ; red phosphorus reacts with the 
cone, acid when hot, forming S0 2 and H,PO r — 

6. Chlorine reacts with cone. H 2 S0 4 to form 
C1(S0 2 .0H) (v. Chlorobulphonic acid, p. 509).— 

7. Most metals interact; K and Nagive off H, 
Zn and Fe and several other metals also give 
off H with more or less dilute H 2 S0 4 Aq at 
ordinary temperatures ; on raising the tempera- 
ture S0 2 and H^S are generally evolved and S is 
often separated. Some metals, such as 8b, Bi, 
Cu, Hg, react only with warm fairly oono. Hj 80 4 , 
giving off SO s , and often also IT'S. Au, Ir, Pt, 
Rh, and W do not interact with RBO,. Regard- 
ing the conditions of the interaction of H 2 S0 4 Aq 
with metals — concentration, temperature, and 
products— v. Ditte (A. Ch. [6] 19, 88). Pattison 
Muir a. Adi* (C. J. 53, 47) found that the only 
products of the interaction of approximately 
pure zinc and dilute HjSO^q (c. H 2 S0 4 .12H 2 0 
to c. HjSO^lSILO) were ZnSO^q and H ; that 
with cone, acid (c. HjSO^HjO to c. HjS 0 4 ) S0 2 
was the chief gaseous product, and that E^S was 
also produced at higher temperatures ; and 
that with acid of intermediate concentration 
(c. H 2 S0»2H 2 0) both S0 2 and HjS were formed 
in considerable quantities at c. 160°. For ex- 
periments on the rate of action of H,80 4 Aq on 
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different specimens of zinc v. Divers a. Shimidzu 
(C.J. 47, 098), who have also examined the pro* 
auction of NH*0H by the interaction of zino 
with H*S0 4 Aq and HNO*Aq together (c/. 
Hydboxylamine, vol. ii. p. 734). For qualita- 
tive experiments on the interaction of H 2 S0 4 
and tin, v. Pattison Muir a. Robbs {C. N. 45, 69, 
where references to other memoirs are given). 
Puliinger ( 0 . «T. 59, 815) found that pure sine 
was not acted on by H^SC^Aq (1 part cono. acid + 8 
parts water by weight) provided the acid had 
been boiled for a long time before use and the 
surface of the zino was quite smooth; if the 
surface was rough some of the zino was dis- 
solved. P. also found that oxidisers increased 
the rate of solution of zino, and reducers, ii not 
containing S, almost stopped the solution. P. 
concluded that when the surface of the zino was 
rough S 2 0 7 was probably formed, and then the 
action proceeded. Weeren (B. 24, 1785) noticed 
that there was scarcely any reaction between 
pure zinc and H 2 S0 4 Aq (c. 20 parts water) ; he 
supposed that a layer of H was condensed on 
the surface of the metal. W. thought that with 
impure zino the H is given off from the surface 
of the more negative metal present, and so the 
surface of the zinc is left exposed to the action 
of the acid. W. found that the evolution of H 
proceeded more rapidly in vacuo , and that it was 
hastened by brushing the surface of the metal. 
The weight of pure zino dissolved in 30 mins, 
was 2*1 mgm. at 0°, 9*3 mgm. at 98°, and 122*1 
mgm. at the b.p. of the acid used. W. obtained 
similar results with Al, Cd, Co, and Fe. Sodium 
amalgam or zinc amalgam, with cone. H*S0 4 , 
gives off H, then quantities of EL 2 S, then S0 2 and 
S, and finally only S0 2 (Walz, C. N. 23, 245). 
The interaction of H*S0 4 and copper has been 
fully examined by Pickering ( G . «/. [2] 18, 112 ; 
cf. Copper, vol. ii. p. 253).— 8. R 2 S0 4 reacts with 
the oxides of nitrogen (not with N 2 0) to form 
NO*(SO*.OH) (v. Nitrosulphonig acid, p. 601). — 
9. Phosphoretted . hydrogen reacts slowly with 
£4804 at the ordinary temperature, giving SO*, 
S, and H,P0 4 (Rose, P. 24, 139).— 10. With 
sulphuretted hydrogen, 13*0, S, and SO* are 
formed. — 11. Phosphorus pentoxide withdraws 
H,0 from hot cono. H 2 S0 4 , producing P 2 O b .H* 0 
and SO § (Barreswil, C. R. 25, 30 ; Evans, Ph. 8, 
127) ; phosphorus pentachloride or trichloride 
forms SO, and POCl„ also 80*04 when PCI, is used 
(Williamson, P. M. [4] 7, 865 ; Schiff, A. 202, 
111 ; cf. Michaelis, J. Z . 6, 233, 292), and also 
Cl(SOj.OH) (Muller, B. 6, 277 ; Geuther, B. 5, 
925; Thorpe, C. J. 37, 858). — 12. H 2 S0 4 reacts 
with most salts to form sulphates, and set free 
the acid of the salt if that acid is more volatile 
than H*S0 4 . In several oases secondary reactions 
occur between the acid set free and the H 2 S0 4 ; 
thus, with bromides and iodides, Br and I, and 
SO, or H*S, are produced. The interaction of 
HjSO^q and KBr hai been examined by Addy- 
man (C. J. 61, 94), who found that the percentage 
of HBr decomposed varied almost directly with 
the quantity of H*S0 4 used, and that when so 
much H*S0 4 was present that the water produoed 
in the reaction 2HBr + H 2 S0 4 » 2H*0 + S0 2 + Br t 
caused no sensible dilution of the H*S0 4 , all the 
HBr was decomposed ; with dilute acid, o. 80 
p.c. H*S0 4 , using excess of acid, scarcely a traoe 
of HBr was decomposed (cf. Feit a. Kubiersohki, 


/. PK [5] 24, 159). Jackson (O. /. 43, 889) 
finds that the interaction of cono. HjSO, and 
El varies according as the acid is present in 
large excess, or in quantity just sufficient for the 
El used. In the first case all the I of the El is 
set free along with an equivalent quantity of 
S0 2 ; in the second case all the I is liberated 
with the equivalent quantity of H,S. Many 
salts of adds containing much oxygen , e.g. 
dichromates and permanganates, are decom- 
posed by hot cone. RjS 0 4 with evolution of O. 
The reaction of H*S0 4 Aq with EMn0 4 Aq has 
been examined by Gooch a. Danner (Am. S. [3] 
44, 801), who found that the quantity of 0 given 
off increased with (1) concentration of H*S0 4 Aq, 
(2) time, (8) temperature; no 0 was given off 
after a few hours with 20 p.c. acid at the ordinary 
temperature, but a considerable quantity of O 
was produced after five days' action, and c. the 
same result was obtained by heating to 80° for 
one and a half hours (cf. Jones, C. J . 38, 95). — 
13. Cono. H 2 S0 4 reaots with many oxygenated 
organic compounds, withdrawing H 2 0 ; with 
benzenoid hydrocarbons it forms Bulpho- acids ; 
many organio compounds, suoh as sugar, staroh, 
&c., are charred by warm H 2 S0 4 . — 14. Piotet 
( O . B. 115, 708, 814) has examined the reactions 
of sulphuric acid at low temperatures, using 
acid of 89 p.c. 11*804 ; no aotion occurred below 
— 125° with such bodies as NaOH, NaCl, NH„ 
NagC0 2 , Na, E ; in most oases action began 
suddenly at temperatures varying from — 120° to 
— 60°. — 15. H*S0 4 combines with water ; the 
hydrates H 2 S0 4 .H*0, 31*804.211*0, and 

H*S0 4 .8Hj 0 have been isolated as solids (v. 
infra). — 16. Cono. H*S0 4 combines with sulphur 
trioxide to form H*S0 4 .S0 2 and other compounds 
(V. PYROSUIiPHURIC aged). 

For the reactions of fuming H 2 S0 4 v. Pyro- 
sulphurio acid (p. 625). The salts of H 2 S0 4 are 
described under Sulphates (p. 567). Both amides 
of H*S0 4 , viz. SOj.OH.NH* and S0 2 (NH*) 2 , have 
been isolated (v. Sulphamio acid, p. 567, and 
Sulphamidh, p. 567); the imide S0 2 .NH is also 
known, v. Sulphimide, p. 587 ; cf. also Sulph- 
imido -amide NH(S0 2 .NH*) 2 , p. 587, and Imido- 
bulphonio acid NH(S0 2 .0H) 2 , p. 600. 

Constitution of sulphuric acid. — The re- 
actions of H*S0 4 with Cl and with PCl a , and the 
reactions of the products with water, also the 
formation of SOj.OH.NH*, SO*(NHJ 2 , and 
SO r NH, show that H*S0 4 contains two OH 
groups. The fact that only one compound, 
S0 2 .0Et.0Me, can be formed from H*S0 4 shows 
that the two OH groups in SO*(OH)* are related 
to the rest of the molecule in the same way ; 
hence the formula for the acid is to be written 

S<Co oH or °* s <OH • Inasmuoil ** SOjCl* 

is formed from S0 2 (0H) 2 by the reaction of 
P01 5 , as certain hydrocarbons interact with 
SOjOl* to form SOjR, (where R=Me, Ph. &o.), 
and as these compounds SO*R* are reduced to 
SR*, where the radioles R are oertainly in direct 
union with S, it is extremely probable that the 
OH groups in SO s (OH) a are m direct union with 

S, and henoe the formula 0*S<^g is to be pro- 
forred to S<g;g| for sulphnrio aoid. It is 
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undecided whether the group SO a in O.S.OH.OH 
has the constitution O.S.O or 

Hydrates of sulphuric acid. Two solid 
hydrates have been isolated; a liquid hydrate 
has probably also been isolated. 

Monohydrate H.S0 4 .H.0 (Tetrahydroxy- 
sulphuric acid SO(OH) 4 ). Large, colourless, 
six-sided tablets ; formed by mixing I part cone. 
H 2 S0 4 with rather less than one-fifth part water 
(by weight), and surrounding with a freezing 
mixture. The crystals melt at 7*5° (Pierre a. 
Puchot, A. Ch. [6] 2, 164), The hydrate readily 
remains liquid considerably below its m. p. S.G. 
£ = 1-7943 (for the liquid) (Mendelteff, B. 19, 
880); 1-77806 at 15°, 1-77423 at 20°, 1-77071 at 
25° (Perkin, C. J . 49, 777 ; determinations made 
with liquid, and referred to water at same tem- 
peratures). Thomsen gives H.F. from liquid 
HjS 0 4 and H 2 0 [RS0 4 ,H 2 0] - 6,379 ( Th . 3, 64) ; 
Berthelot gives 6,120 (C. B. 78, 716). Heat of 
fusion *3680 g. units (for 116 g.) H^SC^J^O 
(Berthelot, O. B. 78, 716). For vapour pres- 
sures from 143° to 204° v. Tate (P. M. [4] 26. 
602). 

Dihydrate H 2 S0 4 .2H 2 0 (Perhydroxy sul- 
phuric acid S(OH) a ). Formed by adding *368 
parts KjO to 1 part pure R 2 S0 4 , by weight. 
This hydrate has not been obtained as a solid ; 
the S.G. of the liquid at ^ is given by Mendel^eff 
(B. 19, 380) as 1-6666 (cf. Perkin, O. J. 49, 777). 

It is stated ( v . MendeUeff, B . 19, 388) that 
the maximum contraction when H,SO. and H. 2 0 
are mixed occurs when the compounds are pre- 
sent in the ratio RjS 0 4 :2H 2 0, but Pickering (O. J . 
67, 84) says that the maximum does not corre- 
spond with the composition of any hydrate 
the existence of which is indicated in other 
ways. 

Tetrahydrate R 2 S0 4 .4H 2 0. Obtained by 
Pickering (C. J. 67, 339) as a crystalline solid, 
melting at —26°, by cooling H 2 S0 4 Aq containing 
67-6 p.c. H^SO, (R,S0 4 .2H 2 0 corresponds with 
67*66 p.o. R 2 S0 4 ). The crystals are large and 
well defined, and resemble R 2 S0 4 .H 2 0 ; the com- 
pound may be kept liquid at 20° to 25° below its 
freezing point. 

Hydrates of sulphuric acid in aqueous solu- 
tion . — According to Mendel6eff (B. 19, 380 ; cf. 
his Principles of Chemistry , vol. ii. p. 234), an 
examination of the connections between the con- 
centration of H. 2 S0 4 Aq and the S.G. indicates 
the existence of hydrates that have not yet been 
isolated. Piokering (O. J . 67, 64) comes to the 
same general conclusion from an extended ex- 
amination of the connections between the ohanges 
of composition of HjS0 4 Aq and the changes 
of S.G., heat oapacity, electrical conductivity, 
heat of solution, and expansion by heat of the 
solution. Pickering’s reasoning is a special case 
of that explained in the* article Solutions (part 
ii. p. 492) ; for the detailed argument, and 
criticisms of it, o. Pickering, G. J. 67, 64; 
Rucker, P. M. [6] 82, 304 ; 38, 204; P., P. M. 
[6] 83, 182, 463 ; cf. MendeUeff, Z. P. C. 1, 276; 
and Crompton, O. J. 63, 116. 

PERSULPHURIO ACID H.S a O.Aq, This 
acid is present in the solution obtained by elec- 
Vol. IV. 



trolysing H^90 4 Aq of certain concentrations ; 
Berthelot (O. B. 90, 269 ; 112, 1481) obtained a 
quantity of the acid equal to from 88 to 123 g. 
S. 2 0 7 per litre by electrolysing H 2 S0 4 Aq contain- 
ing water and acid in the ratio I0H. i O:K 2 SO 4 (cf. 
Sulphuric peroxide, p. 616 ; and Sulphuric acid, 
Beactions , No. 2, p. 623). According to Traube ( B . 
22, 1618, 1628) a solution of R 2 S a O„ in H,S0 4 
does not oxidise R 2 C 2 0 4 , HN0 2 , CO, or Cr 2 (SO,) s ; 
Richarz, however (B. 21, 1670), says that oxalic 
and nitrous acids are oxidised. The acid has 
not been isolated ; by electrolysing at tempera- 
tures below 0°, and then adding BaOAq or 
KOHAq, the Ba or K salt is obtained. The 
formula H 2 S 2 O s is given rather than HS0 4 , 
because of the results of Bredig's measurements 
of the conductivities of solutions of the K 
salt. For salts of this acid v. Persulphates, 
p. 582. 

PYROSULPHURIC ACID H 2 S 2 0 7 (Di- 
sulphuric acid). A solution of this acid in 
H. 2 S0 4 is known as fuming sulphuric acid , or 
Nordhausen acid. This acid is obtained by 
adding rather more SO s to H.SO, than the 
proportion S0 8 :R 2 S0 4 , cooling, and spreading 
out the crystals that form over nearly cone. 
H 2 S0 4 under a bell-jar till the excess of SO* is 
removed (Schultz-Sellack, B. 4, 109). Forms 
large crystals, melting at 35°. Easily decom- 
posed by heat to H 2 S0 4 and SO s . R 2 S 2 0 7 is 
dibasic, forming salts MHS 2 O t and M 2 S 2 0 7 ( v . 
Pyrosulphates, p. 683). • Fuming sulphuric acid 
is a solution of R 2 S. 2 0 7 in H 2 S0 4 ; it is prepared 
by heating dry FeS0 4 in fireclay vessels and 
collecting the oily, fuming liquid that distils 
over. The acid fumes strongly in the air, and 
gives off SO a when warmed. But few of the 
reactions described for pyrosulphuric acid, or for 
fuming sulphuric acid , can be set down as 
belonging to a definite compound, but rather to 
solutions of H 2 S 2 0 7 (and perhaps other com- 
pounds of H.SlX and SO*) in H a S0 4 . Finely- 
divided silver dissolves easily; the solution 
poured into water gives Ag. 2 S0 4 and S0 2 ; 
mercury reaots similarly; spongy copper has a 
slight reaction, giving Cu. 2 S and CuS0 4 (Divers a. 
Shimidzu, C . J. 47, 636). Distilled with phos- 
phorus pentoxide in a stream of hydrogen 
chloride , Cl(S0 2 .OH) is formed; the same acid is 
formed by heating with PC1 5 , and also by heating 
« crystallised fuming sulphuric acid * with HOI 
( v . Chlorosulphonio acid, p. 509). Nitrogen 
dioxide passed into well-cooled pyrosulphuric 
acid gives N0 2 (S0 2 .0H) (v. Nitbosulphonic 
acid, p. 601). By saturating ordinary cone. 
H 2 S0 4 with SO* (Jacquelain, A. Ch. [3] 30, 848), 
or by oooling fuming H 2 S0 4 to — 10° (Wacken- 
roder, Ar. Ph. [2] 87, 267), the compound 
H. 2 S 2 0 7 .2R 2 S0 4 ( = 8H 2 S0 4 .S0.) is said to be ob- 
tained in transparent crystals. Schultz-Sellack 
(B. 4, 109) failed to obtain any compound of 
H 2 S0 4 and SO*, except R 2 S 2 0 ? . Crystals of the 
composition H 2 SO,.3SO, ( = H 2 S 4 0, s ) melting at 
8°-10° are said by Weber (P. 169, 313) to be 
formed by adding cooled cone. H 2 S0 4 , little by 
little, to SO r M. M. P. M, 

SULPHURIC ANHYDRIDE SO. v. Sul- 
phur trioxide, p. 616* 

Persulphurio anhydride S.O y v. Sulphuric 
peroxide, p. 616. 

SS 
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SULPHURIC-NITROSYL CHLORIDE 

SOj.NOCl V. NlTR08ULPH0NIC CHLORIDE, p. 601, 

SULPHURIC OXIDE S0 8 v. Sulphur TRI- 
OXIDE, p. 615. 

BULPHURIC PEROXIDE S 2 0, v. p. 616. 

SULPHUROSAMIC ACID SO.OH.NH^ v. 
Thionamio acid, p. 695. 

SULPHUROUS ACID and HYPOSUL- 
PHUROUS ACID. 

SULPHUROUS ACID H 2 SO a Aq. The acid 
has not been isolated ; a solution of S0 2 in water 
reacts as a weak dibasic acid, forming salts of 
the types BdPHSOj, M^SO,, and M^SOg ( v . Sul- 
phites, p. 587). H.F. [H^,S,0 3 ,Aq] * 147,130 ; 
[H ,,2 0,S,0 2 ,Aq] = 78,780 (from rhombic S; Th. 
2, 251). 

The methods of formation and preparation 
of HjSOjAq are sufficiently detailed under Sul- 
phur dioxide (p. 613) ; it is only necessary to 
add water to the S0 2 obtained. 

Properties . — An aqueous solution of H 2 SO a 
readily decomposes, giving off S0 2 ; on standing 
for some time in the air, and more quickly by 
warming, H 2 S0 4 Aq is formed with production 
of much heat; [H 2 S0*Aq,0] -63,634 (Th. 2, 
253). H^SOgAq is altered by the action of light, 
so that after exposure to light for some time the 
solution ppts. Ag 2 S from AgN0 3 Aq, and reduces 
silver haloid compounds, forming some Ag.S ; 
the solution after exposure to light behaves like 
a dilute solution of a polythionic acid (Stas, 
Chem. Proport. 64). LSw (L' Institut, 1873. 67) 
says that dilute H 2 S0 3 Aq is changed to H 2 S0 4 Aq 
and S by long exposure to light. 

Reactions. — 1. Heated in a closed tube to 
170°-180°, H,,S0 4 Aq and S are formed, and after 
a time also H 2 S (Geitner, A. 129, 350).— 2. De- 
composed by an electric current , giving H 2 S0 4 Aq 
at the positive pole and S at the negative ; with 
a weak current H 2 S 2 0 4 Aq is probably formed at 
first at the negative pole (Gu6roult, C. R. 85, 
225).— 3. Phosphorus pentachloride produces 
SOCLj and POCl a (Kremers, A. 70, 297 ; Schiff, 
A. 102, 111).-— 4. Sulphurous chloride with 
H 2 SOgAq produces polythionic acids (v. Debus, 
G. J. 53, 345). — 5. Vapour obtained by heating 
HjSOjAq reacts with chlorine, when passed over 
red-hot Pt, to form Cl(S0 2 .OH) (v. Chloro- 
bulphonio acid, p. 599).— 6. N0 2 (S0 2 .0H) (v. 
Nitrosulphonio acid, p. 601} is formed by the 
interaction of moist SO a , i.e . H 2 SO*Aq, with 
nitric oxide or nitrogen dioxide. — 7. H,SO a Aq 
is oxidised to H 2 S0 4 Aq by oxygen , the halo - 
gens, and many other oxidisers.—8. Heated with 
phosphorus in a closed tube to 200°, H 2 S is pro- 
duced (Oppenheim, Bl. [2] 1, 163).— 9. Reduced 
by zinc and dilute sulphuric acid to H 2 S (v. 
Reinsch, D. P. J. 163, 286 ; 181, 832) ; with 
zinc alone, H 2 SO,Aq is partly reduced, probably 
giving H_;S 2 0 4 Aq (v. Hypobulphubous acid, p. 
627). — 10. Many metals which eVolve H from 
HjSO.jAq or HClAq react with HjSO„Aq to form 
sulphites and sulphides, with evolution of little 
or no H (v. Federoff, Chem. Zeitung , o, 15). For 
a fairly full qualitative examination of the inter- 
action of Al, Od, Mg, Hi, and Zn with ELjSOjAq, 
v. Schweitzer (O. N. 23, 293). — 11. Many of the 
oxy acids of the halogens are reduced to hydracids 
bv HgSOyAq. — 12. Phosphorous acid gives 
HPO*Aq and H*S ; then S, and thionic acids 
( Wfthler, A. 89, 252 ; Maquenne, Chem. Zeitung . 


1890 [1] 511).— 13. Phosphoretted hydrogen pro- 
duces H 3 P0 4 Aq, and S (Cavazzi, G. 16, 169). 
14. Hydrogen sulphide passed into H 2 SO s Aq 
forms a solution containing HaSO^ H 2 S 3 O a , 
H 2 S 4 O fl , H 2 S 6 O a , probably H 2 S a O„, S in suspen- 
sion, and a colloidal form of S in solution ; if 
the passage of H 2 S is continued until reaction 
ceases the final products are S and Hfi (Debus, 
C. J. 63, 282 ; cf. Thionio acids, p. 698).— 15. 
Many metallic salts are reduced, in aqueous 
solutions, by H 2 SO a Aq ; salts of Ag and Hg to 
the metals, ferric to ferrous salts, Ac. According 
to Divers a. Shimidzu (C. J. 49, 675), the reduc- 
tion does not consist in the withdrawal of O by 
H 2 S0 3 Aq and the oxidation of that acid thereby 
to K 2 S0 4 Aq. The first step is looked on by D. 
a. S. as probably the formation of a sulphite of 
the metal of the salt, and this is followed by 
either the decomposition of this sulphite by 
water to metal and H 2 S0 4 Aq, or the reaction of 
the sulphite with some of the original, un- 
changed, salt to form metal and a persulphifce (or 
-ic sulphite) of the metal. — 16. With potassium 
thiosulphate H^SOj^Aq forms K tri- tetra- and 
penta-thionates, and S (Debus, C. J. 53, 343). — 
17. H 2 SO*Aq dissolves many freshly ppd. me- 
tallic sulphides, e.g. MnS, FeS, ZnS, forming 
thiosulphates (Schdnbein, P. 104, 300; Heldt, 
J.pr. 83, 20).— 18. Alkali nitrites give salts of 
nitrilosulphonic acid N(S0 2 .0H)„ (q. v.» p. 601), 
and also salts of oxy-imidosulphonio acid 
N(0H)(S0 2 .0H) 2 (q. v., p. 602). Using a dilute, 
ice-cold solution of H 2 S0 3 ( = 5p.c. S0 2 ), and 
adding 40 g. KN0 2 in 1,000 c.c. water to 3 litres 
of this H^SOjAq, Raschig (A. 241, 234) obtained 
NH 2 (S0 2 .*0K) (cf. Sulphamio acid, p.567). Under 
certain conditions of concentration and tem- 
perature NO and N 2 0, also NH 3 and sometimes 
NH 2 OH, are produced. With nitrous acid the 
final products are NH a , NO, N 2 0, and H 2 SO,Aq ; 
according to Raschig (1.6.) , NH 2 (SO r OH) is 
always formed, and the gaseous products are to 
be looked on as resulting from secondary reac- 
tions between nitrous acid and NH 2 (SO r OH) or 
other nitrogenised sulphonic acids formed in the 
primary reaction between the nitrous and sul- 
phurous acids. With silver and mercurous 
nitrites Divers a. Haga (C. J. 51, 659) found 
that sulphites were produced, along with some 
NO and H 2 S0 4 , and more or less NH.OH. — 
19. For the reaction of H 2 S0 3 Aq with potassium 
platinochloride v. Platino-sulphonates, this vol., 
p. 285. 

Neither the amide SO(NH 2 ) 2 ( v . the heading 
Thionamide), nor the imide SO.NH, of H,S0 4 
has been isolated; and it is doubtful whether 
the aoid SO.OH.NH 2 or SO^NH^.H is known v* 
Thionamio acid. 

Constitution of sulphurous acid. The fact 
that many haloid derivatives of hydrocarbons 
interact with NaHSO, to form sulphonic acids — 
e.p.Etl + NaHS0 3 = EtSO,H + Nal — makes it pro- 
bable that the Na in NaHSO a is in direct union 
with the S, because the S in sulphonic acids is 
almost certainly in direct union with the hydro- 
carbon radicle ; hence it is likely that one H 
atom in H 2 SO a is directly combined with the S 
atom, and hence the formula for H 2 SO a is pro- 
bably H.S0 2 .OH. This view of the constitution 
of HjSO, is insisted on, and illustrated, by Divers 
(€. J. 47, 205). 
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Hydrates of sulphurous acid . Colourless, 
ice-like crystals are obtained by passing S0 2 into 
water surrounded by ice, by cooling saturated 
SO*Aq, or by passing moist SO* through a tube 
kept at a low temperature. After filtering 
quickly in a covered filter, and pressing between 
filter paper at 8°, the orystals have the com- 
position H^SO^H./) ; Dopping (Petersburg Acad. 
Bull. t 7, 100) found ®«10, Pierre (A. Ch. [3] 
23, 416) found as = 8, Schdnfeld (A. 95, 22) 
found x = 14, Boozeboom (R. T. 0 . 3, 29, 69, 76, 
84 ; 4, 65) found x « 6, and this was confirmed 
by Geuther (A. 224, 218). Boozeboom (l.c.) gives 
S.G. of the crystals as 1*21 (referred to water at 
4°) ; Geuther (l.c ) gives 1*147 as the S.G. after 
melting at 14°, and 14° as the m.p. with separa- 
tion of some liquid S0 2 under the layer of SO^Aq. 
R. (l.c.) gives the following dissociation-pressures, 
which are independent of the quantity of the 
hydrate : 303 mm. at 0°, 754 mm. at 7*05°, 
1177 mm. at 10°, 1773 mm. at 12*1°. According 
to B. the critical temperature of decomposition 
is 7*1° in an open vessel and 12*1° in a closed 
vessel. 

HYPOSULPHTJROUS ACID HAO.Aq. 
This acid has not been isolated. An aqueous 
solution is probably formed by decomposing the 
Na salt by dilute H 2 S0 4 Aq or ELC 2 0 4 Aq, and 
also perhaps by digesting BLjSOaAq with zinc 
clippings till the liquid is brownish red; but 
neither the aqueouB solution of the acid, nor any 
of its salts, has been obtained free from impuri- 
ties. For preparation of the sodium salt, and 
for references, v. Hyposulphites (p. 592). 

M. M. P. M. 

SULPHUROUS ANHYDRIDE v. Sulphur 
Dioxide, p. 613. 

SULPHUROUS OXIDE v . Sulphub dioxide, 
p. 613. 

SULPHURYLAMIDE t?. Sulphamide, p. 
567. 

SULPHURYL BROMIDE v . Sulphub oxy- 
BROMIDES, p. 617. 

Pyrosulphuryl bromide v. Sulphub oxy- 
bbomides, p. 617. 

SULPHURYL CHLORIDE v . Sulphub oxy- 
chlorides, p. 618. 

Nitrosulphuryl chloride v. Nitrosulphonic 
chloride, p. 601. 

Pyrosulphuryl chloride t>. Sulphub oxy- 
chlorides, p. 618. 

SULPHURYL HYDR0XYLCHL0RIDE v. 
Chlorosulphonio acid, p. 699. 

SULPHURY L HYDROXYLFLUORIDE v. 
Fluosulpbonio acid, p. 600. 

SULPHURYLIMIDE v. Sulphuode, p. 
587. 

SULPHURYL IMIDO-AMIDE v. Sulphimido- 
AMIDE, p. 587. 

SULPHYDRATES v. Hydrobulphides, vol. ii. 
p. 733. 

SULPHYDRIC ACID v. Hydrogen sul- 
phide, vol. ii. p. 725. 

SULPHUVINURIC ACID C 4 H 4 N 2 S0 2 , i.e . 
cI:C(CO^)M (Strende, A. 261, 26). Formed 
from di-bromo-pyruvio acid and a cone, solution 
of thio-urea (Nencki a. Sieber, J. pr. [2] 25, 74). 
Crystals /containing 2aq), si. sol. cold water. 
Reduces Fehling’s solution in the cold. FeCl, 
gives a deep violet oolour.— Salts: MgA'*.— 


ZnA' 2 : minute needles. — HA'HCl. — HAHBr. — 
HA'HNOj aq : needles, sL sol. water. 

SULPHYDR0-ACE7IC ACID v. Thiogly- 

COLLIC ACID. 

SULPHYDR0-ACET0NE CH # .OO.CH 2 .SH. 
Ethyl derivative EtS-CH^Ao. (171°). 
Formed from chloro-acetone and NaSEt (Auten- 
rieth, B. 24, 1C5). Yields a phenyl hydraziae [67 D ]. 

Phenyl derivative PhS.CH 2 Ao. [36°j. 
(266°). Formed from CH 3 .CO.OH*Cl and NaSPh 
in alcohol in the cold. Crystals. Yields a 
phenyl-hydrazide [87°] (A., c/. Delisle, A . 260, 
250). Combines with KHSO* and NaHSO,. 

SULPHYDRO-ACETOPHENONE. Phenyl 
derivative C U H, .SO, i.e. 

C fl H 5 .S.CH 2 .CO.C tt H ft . [53°]. Formed from 
w-bromo-acetophenone and NaOPh (DeliBle, B. 
22, 309). Needles (from alcohol), v. sol. ether 
and acetone. 

SULPHYDRO-ACETYL-PROPIONIC ETHER. 

Phenyl derivative C l8 H 16 S0 8 , i.e. 
C tf H 5 .S.CR,C0.CH.,CH 2 .C0 2 Et. (197° at 16 
mm.). Formed from bromo-acetyl -propionic 
ether and NaSPh (Delisle, B. 22,309). 

SULPHYDRO-ALLYL-QUINAZOLINE. JDt- 

hydride C a H 4 <°^g C » H ». [91°]. Formed 

from w-oxy-tolyl-allyl- thio-urea and HClAq at 
100° (SSderbaum a. Widman, B. 22, 1670). 
Needles, v. e. sol. alcohol and benzene. 

Reference . — Oxy-sulphydbo-allyl-quinazo- 

LINE. 

DISULPHYDRO-DI-ALLYL-TRIAZOLE 

NH< CcS NO H > ' Formed from allyl-thio-ure. 
and HNO/ (Hector, J. pr. [2] 44, 606). Oil.— 
B'jjBLjPtCl* : crystalline pp. 

o-SULPHYDRO-BENZOIC ACID 
C e H 4 (SH).C0 2 H. Thio-salicylic acid . Formed 
by reducing o-sulpho-benzoic chloride with zinc- 
dust and H 2 S0 4 (Delisle, B. 22, 2206). Amor- 
phous powder, b 1. sol. hot water, v. sol. alcohoL 
Not volatile with steam.— AgA'. 

Thio-amide CaH^SHJ.CS.NHj. Formed by 
heating o-oxy-benzamide with P 2 S 4 (Spilker, B. 
22, 2771). Minute dark-red crystals. 

Phenyl derivative C^HaS.CaH^COaH. 
[166°]. Formed from o-diazobenzoic acid, 
phenyl mercaptan, and NaOHAq at 50° (Graebe 
a. Schultess, A. 263, 4). Plates (from alcohol) 
or needles (from HOAc) ; si. sol. water.— NH 4 A'. 
— KA' : needles, v. sol. water.— EtA'. [161°]. 

m-Sulphydro-benzoio acid CaH 4 (SH).CO Jt H. 
[147°]. Formed by the action of tin and HCLAq 
on CaH 4 (S0 2 Cl).C0Cl (Frerichs, B. 7, 793). 
Colourless plates, m. sol. water. — BaA' 2 2 Jaq. — 
HgA' 2 . — PbCrH^SO,* 3aq. — Cu(OH)A / . — AgA'. 

a-SULPHYDRO-BUTYRIC ACID 
CHEt(SH).C0J3. Formed from a-bromo-butyrio 
acid and alcoholio KSH (Duvillier, Bl. [2] 30, 
507). Sol. \feter, alcohol, and ether. 

Sulphydro-isobutyric acid HS^Me^GOgH* 
Formed from o-bromo-isobutyrio ether by bug* 
oessive treatment with alcoholic K 2 S ana aloo« 
holic KOH (Lov6n, J. pr. [2] 83, 109). Oil. 

o-SULPHYDRO-CINNAMIC ACID 
C a H 5 .CH:C(SH).00 !l H. [119°]. Formed, to- 
gether with sulphooyanic acid, by heating benzyl* 
idene-rhodanic acid O 0 H 4 :GH:C(&H).CO.S.uH 
with baryta-water (Ginsburg a. Bondzynski, JB« 
19,128; AT* 6, 350). Yellowish crystals. V. soL 

ftiS 
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alcohol, ether, benzene, and CS 2 , nearly insol. 
water. By treatment with iodine in alcoholio 
solution it is oxidised to di-sulphido-di-cinnamic 
acid S 8 (C 2 HPh.CO Jt H) 2 . 

Reference.— N itro-sulphydro-cinnamic acid. 
0-SULPHYDRO-CROTONIC ACID. Ethyl 
derivative CH 3 .C(SEt):CH.CO,H. [113°]. 
Formed from jB-chloro-crotonic acid [94*5°], mer- 
captan, and Na (Autenrieth, A. 254, 235 ; B. 20, 
3189). Crystals, insol. water, v. sol. ether and 
alcohol. Gives a dark-green colour on warming 
with isatin and H 2 S0 4 . Yields CH 3 .C(SEt):CH 2 
(110°) on heating above its melting-point. — 
BaA' 2 aq.— AgA': silky needles, not decomposed 
by hot water. Ac.,0 forms the compound 
CH,.C(SEt):CH.CO.OAc, a brownish oil. 

Isomeride of the ethyl derivative 
CH r C(SEt):CH.C0 2 H. [92°]. S. (alcohol) 20. 
Formed in like manner from the isomeric £- 
chloro-crotonic acid (A.). Crystals, nearly insol. 
water. Forms a dark -green liquid on warming 
with isatin and H 2 S0 4 . When heated alone it 
yields the same ethyl-sulphydro -propylene (110°) 
as its isomeride.— BaA' 2 aq : thin plates (from Aq). 

Phenyl derivative v. Phenyl-sulphydro- 
crotonio ACH>. 

8ULPHYDRO-ETHYL ALCOHOL 

HO.CaH 4 .SH. Formed from glycolic chlorhydrin 
and alcoholic KSH (Carius, A. 124, 258). Oil, 
v. e. sol. alcohol. Oxidised by HN O s to isethionic 
acid#— Hg(C 2 H 5 OS) 2 . Needles (from warm alco- 
hol). 

SULPHYDRO - ETHYL - QUIN AZOLINE. 

Dihydride [103°]. Formed 

by warming w-tolyl-ethyl-thio-urea with HC1 
(Soderbaum a. Widman, B. 22, 2936). Needles. 
— B'HAuCl r [118°]. — B'aHJPtClg. [208°]. 

SULPHYDRO - METHANE DI8ULPH0NIC 
ACID HS.CH(S0 3 HL. Formed by boiling the tri- 
•ulphonio acid witn HOAo (Albrecht, A. 161, 
184). Gives a blue colour with FeCl a .— KjA'^aq- 
— Pb,(CHS 3 O a ) 2 8aq. Small needles. 

Sulphydro-methane trisulphonic acid 
HS.C(SO,H) s . Formed by boiling CS 2 or CSC1, 
with K 2 S0 3 Aq. K 3 A"' 2aq : triolinio crystals. 
S. 2 at 12°. Gives a blue colour with FeCl 8 . — 
(NH 4 ) 3 A"' aq. Thin plates. 

SULPHYDRO-METHENYL-AMIDO-CRESOL 

[< g] C„H,Me<°>C.SH. [217°]. Formed by 

heating benzene-azo-p-cresol with CS 2 at 200° 
(Jacobsen a. Schenke, B. 22, 3235). Needles. 

SULPHYDRO - METHENYL - AMIDO - (a) - 

NAPHTHOL 0 1o H 5 <q^C.SH. [above 220°]. 

Formed by heating an alcoholio solution of 
S 2 (C 10 H 8 .NH 2 [1:2]) 2 with CS 2 (Jacobson, B. 21, 
2624). Needles. Oxidised by K 3 FeCy 6 to a crys- 
talline disulphide. 

8ulphydro - methenyl • amido - (0) - naphthol. 
[249°]. Formed by heating benzene-azo-(B)- 
naphthol with CS 2 at 250° (Jacobsoh, J9. 21, 414). 
Needles, si. sol. benzene. HClAq at 170° yields 
amido- (jS)-naphthol. An alcoholio solution of 

iodine forms crystalline (C^H^q^C)*^ 
SULPHYDRO - METHENYL . a - AMIDO- 
YAPHTHYL MEECAPTAY C„H,<|^C.SH. 
fbbove 240']. Formed by heating a-naphthyl 


thiocarblmide with S at 225°, and got also by 
the action of CS 2 on di-amido-di-naphthyl di- 
sulphide (Jacobson, B, 21, 2625 ; 24, 1406). 
Minute rosettes, sol. alcohol. Oxidised by 

KjFeOy, to (0 10 H,<|>C) J S J .-B'Hg01.. [210°], 

Sulphydro - methenyl - amido - ($) - naphthyl 
mercaptan [232°]. Formed by heating (0)- 
naphthyl thiocarbimide with S. Minute needles.. 
Yields a methyl ether [74°], crystallising in 
needles. 

SULPHYDRO - METHENYL - o - AMIDfr- 

PHENOL C a H 4 <^Q^G.SH. Thiocarbamido • 

phenol . [196°]. Formed by boiling an alcoholio 
solution of o-amido- phenol for several days with 
CS 2 in a current of H as long as H 2 S is given oil 
(Dtinner, B. 9, 465). Formed also by heating 
oxy-phenyl-thio-urea, and by heating o-oxy- 
phenyl-allyl-thio-urea with HC1 at 130° (Von 
Chelmicki, J. pr. [2] 42, 442 ; B . 20, 177). Ob- 
tained also by adding dilute alcohol to a mixture 
of potassium xanthogenate and amido-phenol 
hydrochloride (Kaiekhoff, B, 16, 1825). Needles 
(from water), si. sol. cold water. Sol. NH^Aq, 
crystallising therefrom unaltered. 

Reactions. — 1. Converted in o-amido-phenol 
by HClAq at 170°, and by NH 3 Aq at 200°.— 

2. Ao 2 0 yieldB C„H 4 <^C.SAc [120°].— 3. BzOl 

forms benzenyl - amido - phenol and 
C a H 4 (NHBz).OBz.— 4. An alcoholic solution 
of iodine, added to its solution in NaOHAq, 

forms (O b H 4 <q>C),S s [110°], which is re- 

converted by hot dilute NaOHAq into sulphydro- 
methenyl-amido-phenol. — 6. Boiling methyl- 

aniline forms a base ( ? C 6 H 4 <^Q^0.NPhMe) 

which yields B'^PtCl,,. 

Salt . — AgC 7 H 4 N SO. Amorphous. 

Ethyl ether EtC 7 H 4 NSO. (c. 267°). Solid, 
melting below 35° ; volatile with steam. 

SULPHYDRO-METHENYL-AMIDO-PHENYL- 

MEBCAPTAN C 6 H 4 <^O.SH. [179°] (H.) ; 

[174°] (J. a. F.). 

Formation 1. By digesting o-amido-phenol 
with CS 2 (Hofmann, B. 20, 1789). — 2. By heat- 
ing C a H 5 .N 2 .C„H 4 with CS 2 at 265° (Jacobson a. 
Frankenbacher, B. 24, 1403).— 3. By heating 
phenyl thiocarbimide with sulphur. 

Properties. — Needles or plates, v. sol. alcohol 
and ether. Forms B'HgCL,. Oxidised by ^0^0, 

to (C,H 4 <g^C) 2 8„ whioh yields B'K 2 Cr 2 0, 

[180°J. Mel yields O s H 4 <^C.SMe [52°], 
which forms B'gHjPtClg, crystallising in plates. 

SULPHYDRO - METHENYL - BENZENYL - 

THIO-AMIDOXIM C,H,.0<^ N j^C.SH. [162 0 ]. 

Formed by the action of CS 2 on an alkaline 
alcoholio solution of benzenyl-amidoxim (Crayen, 
B. 24, 388). Needles, nearly insol. water and 
cold alcohol. Cono. HClAq at 150° decomposes 
it into benzoic acid, CO„ NH*, H 2 S, and &. 

NaOEt and EtI yield C^.O^^OEt [491 
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while benzyl chloride forms, in like manner, 
C,H 1 .C< N ^f>O.C!H J Ph [79°]. 

8ULPHYDB0 . METHEHYL . p . TOLYL - 
METHtNYL-THIO-AMLDOXIM C # H 8 N.S 2 i.e. 

C^,Me.C< N ^ S >O.SH. [166°]. Formed from 

CS 2 and tolyl-methenyl-amidoxim (Crayen, B. 
24, 391). Crystals (from alcohol acidulated with 
HOAc), insol. water, si. sol. ether. Forms salts 
with bases. j?-Tolyl-methenyl-amidine forms the 
salt C a H 4 Me.C(NH^:NHHA' [172 3 ]. Boiling EtI 

and NaOEt yield C„H,Me.C<f^ S ;>C.SEt [37°]. 

STJLPHYDKO ■ METHYL . GLYOXAXINE 

C 4 H,SN, i.e. gH.NMe >c . SH . [142 oj. (c . 2 80°). 

Formed by boiling CH(OEt) 2 .CH 2 .NH 2 with 
methyl thiocarbimide, alcohol, and dilute (30 
p.c.) H 2 S0 4 (Wohl a. Marckwald, B. 22, 1354). 
Plates, v. sol. water, sol. alcohol. — B' 2 PtCi,. — 
B ' AuGl a .— C 4 H a Ag SN 2 . — B'Mel. [148°]. Needles. 

Methyl derivative ^^^C.SMe. 

Methylimidazolyl methyl sulphide. (225° un- 
cor.). Formed by treatment with Mel and 
alkalis. Liquid, miscible with water, alcohol, 
and ether. Boiling dilute HNO s forms 

C,H 7 (NCySN 2 [85°], which yields B^PtCl,, 
[i97i. C a H B 3N 2 MeI. [173°]. Needles, v, sol. Aq. 
Reference. — Oxy-sulphydbo-di-methyl-gly- 

OXALINK. 

SULPHYDRO-DI-METHYL-PYRIDINE 

CS <CH-CmD >NH - [210°-215 o ]. Formed by 

heating oxy-di-methyl-pyridine with P 2 S a at 
about 160° (Guthzeit a. Epstein, B. 20, 2113). 
Needles, v. sol. hot water and alcohol. 

STJLPHYDKO - METHYL - QUINAZOLINE. 

Dihydride C 6 H 4 <™^“ e . [139°]. 

Formed by warming w-oxy-tolyl-methyl-thio- 
urea with HClAq (SOderbaum a. Widman, B. 22, 
2935). Needles.— B' 2 H 2 PtCl a . [195 °].— B'HAuC 1 4 . 
[153°]. Minute needles. 

SULPHYDRO-METHYL-QTJINOLINE 

C..H.NS i.e. 0 0 H 4 <°n= 03 H - [253 ° ] - Formed 
by heating (Py . 3,1) -oxy-methyl -quinoline with 
P 2 S a (Boos, B. 21, 625). Small brown needles 
(from alcohol). Tastes bitter. Insol. cold water. 
i>oes not react with hydroxylamine and phenyl- 
hydrazine. H 2 0 2 forms C 20 H, 6 N 2 S 2 [167°] crys- 
tallising from benzene in plates. EtI and alco- 

hoi at 100° form Oja 4 < C ^;^ Et , which is 

oily and yields B'HI [240°]"and B'jH,Pt01, jaq 
crystallising in reddish prisms. 
Snlphydro-methyl-qninoline 

[187°]. Got by heating 

(Py. 1,3) -oxy-methyl-quinoiine with P 2 S 6 at 160° 
(Boos, B. 21, 629). Yellow prisms (from water). 
EtI and NaOEt yield O 10 H 8 EtNS [56°].— B'HCl. 
IW-^IO*] (Conrad a. Limpach, B. 21, 1972). 
SULPHYDRO-METHYX-THIAZOLE. Dt- 

hydride ^ e w>C-SH. 082°]. Formed from 

0-bromo-propyl-amine hydrobromide, NaOHAq, 
and CS t (Hirach, B. 23, 968). White needles, 
▼* sol. hot water. Yields C^MeNStSMe) 


(217°), O s H*MeNS(SEt) (229°), and the propyl 
ether C s H s MeNS(SC # H 7 ) (247*). 

if-SULPHYDKO-(a) -NAPHTHYL - METHYL- 

BIAZOLE 0<cs— N 0lo H/ P 6 °]- Formed 
from acetyl (a)-naphthyl-hydrazine and CSC1 2 id 
CHClj (Preund, B. 24, 4184). Yellow needles, 
v. e. sol. alcohol. The isomeride from (0)* 
naphthyl-hydrazine melts at 109°. 

STJLPHYDBO-PENTHIAZOLE Dihydride 


CH <C^.N>°- SH - t 132 ^- Foimedby shaking 

7 -bromo-ethylamine hydrobromide with NaOHAq 
and CS 2 in the cold (Gabriel a. Lauer, B. 23, 
92). Crystals, v. sol. hot water and alcohol, 
insol. acids, sol. NaOHAq. Bromine-water at 
100° produces CH 2 (NH.,).CH.,.CH > .S0 3 H. 

* - StJLPHYDRO - PHENYL -‘ AMIDO - (a) - 
NAPHTHYL-THI0B1AZ0LE C I8 H 18 N 8 S 2 £«» 

B<5S>. [255°]. Formed by mixing 

NHPh.CS.NH.NHC,„H 7 with CSC1 2 in benzene 
(Preund, B. 24, 4192). Colourless crystals, v. 
sol. acetone, si. sol. alcohol. 

+ - STJLPHYDRO - PHENYL -METHYL -BI- 

AZOLE 0<- e .r. [72°]. Formed from di- 

chloro-phenyl-methyl-biazole dihydride and 
alcoholic ammonium Bulphide (Freund a. Kuh, 

B. 23, 2837). Formed also from NHAc.NHPh 
and CSCL (Freund a. Goldschmidt, B. 21, 2456). 
Prisms (from alcohol). Yields phenyl thio- 
carbimide on distilling with P 2 S V 

SULPHYDRO-PHENYL-OLYOXALINE 

C. H.NjS i.e. N<!(SH)> NPh - C 181 °]- Formed 
by boiling NHPh.CS.NH.CH,.CH(OEt). i with 
dilute H 2 S0 4 (Wohl a. Marckwald, B. 22, 569, 
1353). Needles (from hot water), v. sol. 
NaOHAq, insol. NHsAq. — Salts: C„H 7 AgN 2 S.— 
B' 2 H 2 PtCl 8 : deep-red crystals. — B'Mel. [152°]* 

Methyl derivative N^C^Me)^^ 11 ' 

[54°]. Formed by treatment with alcoholic 
NaOH and Mel. White needles (from alcohol), 
insol. water. — B'CgHaNjjOy.— B'HNO,. Needles, 
v. e. sol. water. — B'Mel. [177°]. Crystalline 
rosettes (from water). Oxidised by dilute HN0 8 
to a nitro- compound [116°]. 

+ - STJLPHYDRO - PHENYL - DI - METHYL- 
PYRIDINE DICARBOXYLIC ETHER 


CS <CMe!c(C0!Etj> NPh * ^6°]. Formed by 

heating CS<^®;g[gg^>0 with aniline 

and HOAc (Guthzeit a. Epstein, B. 20, 2112). 
Sulphur -yellow crystals (from alcohol). 

* - STJLPHYDRO - PHENYL - NAPHTHYL - 

BIAZOLE 0< E |j; [164°]. Formed 

from NHBzJiHcjjH, and CSC1, in CHOI, 
(Preund, B. 24, 4186). Needles, v. sol. alcohol. 

STJLPHYDKO - PHENYL - QUINAZOLINE. 

Dihydride C„H 4 <^ ^ Ph . [197°]. Formed 

by warming <w-oxy-tolyl-phenyl-thio-urea with 
cone. HClAq (Sdderbaum a. Widman, B. 22, 
1671). Needles. — B'-EyPtCl*. [2X9°]. — 
BmuCl 4 . [197°]. Needles. 

Reference.— Qxx - sulphydbo*- pheuyl - gmjb 
JJSOLZHJBe 
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DI-STOPHYDRO.BI.PHENYL.THIO -UREA 

Di-methyl derivative CS(NH.C 6 H 4 .SMe) s . 
[162°]. Formed by boiling [1:2] NH 2 .C < ,H 4 .SMe 
with CS # and solid KOH (Hofmann, B. 20, 
1794). Prisms, v. si. sol. alcohol. Forms, when 
heated, SCN.C 8 H 4 .SMe (c. 270°). 

0-STOPHYDRO-PROPIONIC ACID 
CH 2 (SH).CH 2 .C0 5 jH. Formed from j8-iodopro- 
pionio acid and KSH. Got also by reducing sulph- 
ido-dipropionio aoid (Lov6n, J. pr. [2] 29, 376). 
Liquid, miscible with water, alcohol, and ether. 
Easily oxidised by air. CuS0 4 gives a pale* 
violet pp., but if not in excess it forms a yellow 
pp. of GH 2 (SCu).CH 2 .C0 2 H while S(0^[ 4 .C0 2 H) 2 
remains dissolved. — Hg(S.C 2 H 4 .00 2 H) 2 . ScaleB. 
— Bi(S.0 a H 4 .C0 2 H) s . 

Isomeride . — Thiolactic agio. 

8ULPHYDR0 - PROPYL - PHTHALIMIDE 
C 8 H 4 0 2 :N.GH 2 .CH 2 .CH 2 SH. [48°]. Formed by 
heating 7-bromo-propyl-phthalimide with 
KSHAq at 100° (Gabriel a. Lauer, B. 23, 88). 
Needles (from hot ligro'in). Fuming HClAq at 
180° forms phthalic acid and 7-amido-propyl 
mercaptan. 

(Py. 3)-SULPHYDR0-QUIN0LINE 

C 174 °]- Formed by heating 

(Py. 8)-oxy-quinoline with P 2 S 5 at 140° (Boos, B. 
21, 620). Yellow plates (from dilute alcohol), 
insol. oold water, sol. acids and alkalis. Oxidised 
by H*0 # to C I8 H I2 N 2 S 2 [137°]. EtI and alcohol 
at 100° form C»H e (SEt)NHI [154°], which yields 
(CjajSEtJNJ^HsPtGla aq, melting, when an- 
hydrous, at 190°. 

8ULP HYDRO - THIAZ0LE. Dihydride 
0£^^>O.SH. [107°]. Formed from bromo- 

ethyl-amine, NaOH, CS 2 , and alcohol (Gabriel, 
B. 22, 1162). Needles, sol. alcohol and hot 
water. Sol. alkalis. Bromine-water yields 
taurine. Alcohol, KOH and Mel form oily 

C s H 4 <^>C.SMe (217°), insol. alkalis but sol. 
aoids. 

jBe/erence.-~OxY-suLPHYDBo-THiAzoLB. 

8ULPHYDRO- ACETONE. The compound 
OH r O(SEt) 2 .CH 2 SEt Q70°) is formed bypassing 
gaseous HG1 into OB^OO.GH^SEt mixed with 
mercaptan (Autenrieth, B. 24, 167). 

»-SULPHYDR0-o-T0LUIC ACID. Methyl 
derivative GH 2 (SMe).0 a H 4 .C0 2 H. [138°]. 

Formed by the action of cone. HClAq at 100° 
on the nitrile CHjfSMeJ.CACN (278°), whioh 
is got by dissolving thio-phthalimidine in alco- 
holic KOH and adding Mel (Day a. Gabriel, B. 
23,2484). Light oil. 

SULPHYDRO-ISOVALERIC ACID 
0HPr(8H).C0gH. Formed from a-bromo-iso- 
valerio aoid and alcoholic KSH (Duvillier, Bl. 
[2] 30, 607). 

SUPER. XJee of this prefix applied to inor- 
ganic compounds. The prefix super is sometimes 
employed to denote the presence in compounds 
of relatively more of the characteristic negative 
element, or elements, than is found in the normal 
compounds of the same form. The prefix per 
is, however, muoh oftener used than super. It 
has been proposed by Mendeldeff to designate 
the oxides that belong to the same type as H^O, 


super oxides f to distinguish them from other 
peroxides (v. Oxides, vol. iii. p. 660). 

M. M. P. M. 

SUPERBIN, A poisonous substance con- 
tained in the root of Qloriosa superba (Warden, 
Ph. [3] 11, 496). 

8YC0CERYL ALCOHOL C^O. [114°]. 
Occurs as acetyl derivative in the resin of Ficus 
rubiginosa (De la Rue a. Muller, G. J. 6, 62 ; 
Rennie a. Goyder, O. J. 61, 916). Thin cryr4als 
(from alcohol), insol. water and alkalis. BzGl 
yields a crystalline benzoyl derivative. 

A cetyl derivative C 84 H Sfl 0 2 . [121°]. Flat 
six-sided tablets, v. sol. hot alcohol, ether, and 
chloroform. 

SYLVANE O a H a O. (63°). S.G. *887. Got 
by distilling pine-wood (Atterberg, B. 13, 879), 
Liquid, readily resinified. Oxidised by KMn0 4 
to acetic acid. Not attaoked by Na, alkalis, or 
Ac 2 0. HC1 passed into its ethereal solution 
forms a small quantity of C u H 22 0, a liquid boil- 
ing at 240°. 

8 YLVANE- ACETI C ACID v. Methyl -FUR- 
FUR YL- ACE TIC AOID. 

SYLVANE- CARBOXY-ACETIC ACID v. 

Methyl-carboxy-furfuryl-agetio acid and Me- 

THRONIC ACID. 

8YLVE8TRENE v. Terpenes. 

SYLVIC ACID C = 78*7 p.o. H«9*7 p.c. 
[c. 162°]. [a] D s — 63°. This acid is obtained 
from colophony by repeated crystallisation from 
dilute alcohol, and is perhaps identical with 
abietio acid (Liebermann, B. 17, 1884 ; Haller, 
B. 18, 2166). By heating with HI and P it is 
converted into a terpene C J0 H IB . Sylvie acid 
appears also to be formed by the action of 
gaseous HG1 on an ethereal solution of dextro- 
pimario acid (Vesterberg, B. 19, 2173). A sylvic 
acid C 20 H 80 O 2 is described by Maly (Sitz. W. 44, 
121) as formed by adding dilute H 2 S0 4 or gaseous 
HC1 to a solution of abietic acid. Duvernoy 
(A. 148, 147) obtained a sylvic acid [129°] by 
distilling pimaric acid in vacuo. 

Isosylvic anhydride C 40 H 58 O 8 . (250° at 

30 mm.). a D « + 63°. Got by distilling rosin 
in vacuo (Bischoff, B. 23, 1921). Colourless, 
brittle, microcrystalline substance, insol. water, 
v. sol. alcohol and ether. Isosylvic acid [62°] is 
ppd. on adding dilute HOAc to its solution in 
potash. 

SYLVTNOLIC ACIDC 2i H*,0 4 ? [130°]. Formed, 
together with sylvic acid, by saturating an alco- 
holic solution of abietio acid with HG1 (Maly, 
Sitz. W. [2] 44, 121). Amorphous powder, 
v. sol. alcohol and ether. — CaA".— Ag*A" : pul- 
verulent pp., insol. NH*Aq. 

SYMBOL8. Symbols are employed to ex- 
press the composition, and, as far as possible, 
the interactions, of compounds; v. Equations, 
chemical (vol. ii. p. 433), Formula (vol. ii. 
p. 672), Isomerism (vol. iii. p. 79), and cf. Op- 
tical methods (this vol. p. 253). M. M. P. M. 

8 YN AN TH RENE C )4 H 10 . Phosene. Occurs 
in crude anthracene (Zeidler, A. 191, 298 ; cf. 
Barbier* A. Oh. [5] 7, 626). Yellowish-white 
plates. Yields a di-bromo- derivative 0, 4 ByBr 2 
[175°], crystallising in minute yellow needles, 
sol. alcohol (difference from di-bromo-anthra- 
oene). Di-bromo-synanthrene is oxidised by 
GrO, and HOAc to a quinone (?) [24(^-250^. 

8YNANTHBIN v. Inulin. 
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SYNTHESIS. The building up of compounds 
from their elements, or from groups of elements. 

8YNTONIN v. Proteids. 

STRING IN G 17 H*A. [191°]. Dimethoxy- 

coniferin. Ocours in the bark of the lilac 
(Syringa vulgaris) and of the privet (Ligustrum 
vulgare ) (Bernays, J. pr . 25, 121 ; Kromayer, 
Ar. Ph , . [2J 108, 7; 109, 18, 216; 113, 19; 
Kdrner, O. 18, 215). White needles (containing 
aq), v. si. sol. cold water, v. sol. alcohol, insol. 
ether. Its aqueous solution is slightly bitter, is 
laevorotatory, and does not ppt. metallic salts. 
Cone. HNO s gives a blood-red solution. Cone. 
HClAq forms a colourless solution, turning blue, 
and finally giving a blue pp. Cono. 11,804 gives 
a yellowish -green colour, ohanging to violet- 
brown and, on pouring into water, giving a 
bright-blue solution, which soon deposits an 
azure powder. Does not reduoe Fehling’s solu- 
tion. Decomposed by emulsin into glucose and 
syringenin. KMn0 4 yields glucosyringio acid. 
Cr0 8 forms gluoosynngic aldehyde. 

8yringenin 0„H 14 0 4 i.e . [5:3:4:1]? 
C < ,H i (0Me) 2 (0H).C s H4.0H. Formed as above. 
Resembles coniferyl alcohol. 


Gluoosyriagic acid C l& H*0,r [208°]. 
Formed as above. Needles or prisms (contain- 
ing 2aq), si. sol. cold water. Decomposed by 
dilute II,S0 4 into syringio acid and gluoose. 

Syringio acid CA(0H)(0Me)*.C0 2 H. Di- 
methyl derivative of gallic acid . [202°]. De- 
composes at 230° into C0 3 and the di-methyl 
derivative of pyrogallol. — BaA' 2 8aq ; four-sided 
tables. —MeA'aq. -[Sd-fi 0 ]. Crystals, sol. Aq. 

Methyl derivative C <l H 2 (0Me),.C0 3 H. 
[168°]. Needles. Yields O a H s (OMe), when dis- 
tilled with lime. Identical with the tri-methyl 
derivative of gallic acid. — MeA'. [82*5°]. Needles. 

Glyoosyringio aldehyde 0 I4 H w 0 g * [162°]. 
Colourless, silky needles. Decomposed by emul- 
sin or dilute ELjSC^ into glucose and syringio 
aldehyde. Yields a phenyl-hydrazide [156°] 
and a crystalline oxim. 

Syringio aldehyde C o H, 0 O 4 
i.e. C a K 2 (OH)(OMe) 2 .CHO. [111-5°]. Small 
needles, smelling like vanillin. Turns brown 
in air. Reacts with phenyl-hydrazine, and com- 
bines with NaHSO r 


TAIGTJIC AGIO v. Lapachio agio. 

TALOMUCIC ACID C a H 10 O 8 . [168°]. 
[<*]„ « + 29*4° at 20°. Formed from talonio aoid 
and HNO. (S.G. 1-15) (Fischer, B. 24, 3625). 
Minute plates, v. e. sol. cold water and warm 
alcohol ; v. si. sol. ether. Converted by HC1 and 
HBr at 150° into dehydromucio aoid. Yields a 
phenyl-hydrazide [185°-190°]. Pyridine at 150° 
forms mucic acid. — CaA" : crystalline powder. 

TALONIO ACID 0*11, A- Formed by heat- 
ing galactonio acid with pyridine at 150° 
(Fischer, B. 24, 3622). Purified by means of its 
brucine salt. Syrup, very soluble hot alcohol. 
Laevorotatory. Yields a phenyl-hydrazide 
C«HnO a (N 2 BLPh) [c. 155°]. — CdA' 2 aq. Needles 
(from alcohol), v. e. sol. water. — Brucine salt. 
[130°-133°]. Crystals, v. sol. water. 

TAMPICIN C m H m 0 14 . [130°]. A neutral 
substance resembling convolvulin, occurring in 
Tampica Jalap (Spirgatis, N. R. P . 19, 452). 
Resin, v. sol. alcohol and ether. Converted by 
hot baryta- water into amorphous tampicic acid 
C 84 H M 0 1T . Boiling dilute acids resolve tampicin 
into glucose (3 mols.) and tampicolio acid 
C lfl H s A, which crystallises from dilute aloohol 
in minute needles and forms NaA' and EtA', 
both being crystalline. 

TANACETIN C n H, a 0 4 - A bitter substance 
obtained from the leaves and flowers of the 
tansy (Tanacetum vulgare) (Leroy, J. Chim • 
Med. 21, 357 ; Leppig, J. 1882, 1175). Amor- 
phous, sol. water and aloohol. 

TANACETOGENIO ACID C 9 H 14 0 2 . (114° at 
15 xnm.). Formed by the action of Br and 
{4 p.e.).NaOHAq on tanacetone (Semmler, B . 
25, 3346). Oil, solidified below 0°.— AgA'. 

TANACETONE C 10 H m O. (84-5° at 13 mm.). 
Occurs in oil of absinthe, thuja, and sage, con- 


T 

stituting the chief part of absinthol, salviol, and 
(8)-thujol (Semmler, B . 25, 3848, 3850). Got 
from ethereal oil of Tanacetum vulgare by shak- 
ing with NaHSO a , decomposing the crystalline 
product with Na 2 CO„ and distilling with steam. 
Oil, v. sol. alcohol and ether. Does not reduce 
ammoniacal AgNO,. Dextrorotatory; a = 88£° 
in a 20 c.m. tube. S.G. *913. /u D «= 1*450. 

Reactions.— 1. Br and KOHAq yield bromo- 
form, hence it probably contains CO.CH a . — 
2. Reduced in alcoholic solution by Na to 
tanacetyl aloohol C 10 H |g O, (93° at 13 mm.), 
S.G. ^ *925, fi D =» 1*4635. This body does not 
combine with Br. With PCl a it yields tanacetyl 
ohloride (72° at 10 mm.). —3. Oxidised by KMn0 4 
to Tanacetketocarboxylic acid C I0 H,A* 
Needles [78°] (from ligroi’n) or plates [74*5°] 
(from water). Yields AgA'. Hydroxylamine 
yields C, 0 H J<r O 2 (NOH) [103] when prepared from 
the needles and [169°] when got from the plates. 
The ketonic acid is oxidised by Br and NaOH to 
tanacetogen dicarboxylic acid CAA 
[142°]. Plates (from water). This acid yields 
Ag^A" while Ao*0 yields the anhydride CAA 
[55°], which gives isopropyl succinic acid [114°] 
when fused with potash. 

Oxim C l0 H l6 :NOH. [52°]. (186° at 20 mm.). 
Reduced in alcoholic solution by Na to tan- 
acetylanyne C^H^NH* (80*5 at 14 mm.), 
S.G. *874, Md 1*462, which yields B'HCl, which 
when heated gives tanaoetene C,A« (68° at 
14 mm.), S.G. *£ *841, md 1*476. Tanacetone 
oxim may be converted by warming with alcohol 
and dilute sulphuric aoid into the oymidine 
CA( c A)( NH d Me [1:8:4], whence nitrous add 
forms carvacrol. 

TANACETOPHOEONS CAA (90° at 18 
mm.). S.G. ** *938. jud 1*482. Got by distilling 
tanacetogen dicarboxylic add with soda-lime 
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(Bemmler, B. 25, 3350). An oil, smelling like 
eamphor-phorone. Reacts with hydroxyl- amine. 

TANGHININ C 27 H 40 O 8 2aq. [182°]. 

[ a ] D «— 67°. Obtained from the kernels of 
Tanghinia venenifera of Madagascar (Arnaud, 
0. B. 108, 1255; 109, 701). Crystals (from al- 
cohol), v. si. sol. water, si. sol. ether. Cardiac 
poison. Resinified by dilute acids. Baryta- 
water at 180° forms G.«H 44 O, 0f 

TANNIN. TANNIC ACIDS. Under the 
above names are included a large series of com- 
pounds, occurring in the vegetable kingdom, of 
different constitutions, many of which have been 
very imperfectly studied. Their chief character- 
istics are their astringent taste and property of 
giving a dark-blue or green colouration with iron 
salts and a precipitate with a solution of gela- 
tin. They all reduce solutions of the noble 
metals, and absorb oxygen in presence of alkalis. 
They are all aromatio derivatives, and yield on 
fusion with potash either pyrogallol or pyro- 
catechin. In some cases they have been syn- 
thetically prepared from these phenols and their 
derivatives, but in many cases the tannin 
appears to exist in the plant as a glucoside and 
attempts at a synthetical production have proved 
futile. Schiff (B. 16, 2590) prepared some of 
the tannins synthetically, and concluded that 
they were anhydro- compounds of gallic andpro- 
tocatechuic acids respectively. Etti (A. 186, 
332) and others have also, for example, syn- 
thetically prepared catechutannic acid by heat- 
ing pyrocatechin with water or alkalis. Gallo- 
tannic acid was formerly believed to be a gluoos- 
ide, but subsequent investigation showed that 
the amount of sugar present was variable, and 
Schiff (A. 170, 43) finally proved that, although 
existing in the plant as a very unstable gluooside, 
when it was isolated it had the constitution of 
an anhydro- acid formed by the removal of one 
molecule of water from two molecules of a tri- 
oxy-benzoic acid. He considered that in gallo- 
tannic acid the anhydride was formed thus : — 
C*H*(OH) s CO.O.C a H 4 (OH) ? COOH, whilst C. Etti, 
who has similarly investigated the tannins of 
the formulas C l7 H, fl O # and C^BL^O* has proved 
that they also are not glucosides, and regards 
them as derivatives of a ketonic acid of the 
formula O a H 2 (OH),.CO.O tf H(OH) s COOH. It 
would appear, then, possible to define the tannic 
acids as mono-carboxyl aoids formed by con- 
densation from two molecules of poly-oxy-ben- 
zoio acids and which exist as unstable glucosides 
in plants. The ease with which gallotannio 
add is hydrolysed renders it probable that the 
difference in constitution between Schiff ’s and 
Etti’s formulas does aotually exist, and renders 
it possible to subdivide the tannins into these 
two groups so soon as the different tannins have 
been re-examined from this point of view. The 
ketonic character of the tannins was established 
by Etti through noting that they reacted with 
phenyl-hydrazine and hydroxylamine. 

The origin of tannin in plants has given 
rise to much debate. According to Waage (Ph. 
1890 ; Phar . Centr. 1891, 247) its formation is 
similar to that of the conversion of glucose into 
starch. The plant removes one molecule H. 4 0 
from glucose for reserve purposes, and if under 
favourable oircumstanoes three moleoules H*0 
can be removed, a body having the composition 


of a triketohexame thylene would be produced 

OE^COCHjCOCH^CO. This constitution corre- 
sponds to the secondary form of phloroglucin. 
It is probable that the phlorogluoin combines 
with the C0 2 in the nascent state produced by 
the respiration of the plant, and is thus con- 
verted into a carboxylic acid (gallio acid) ; two 
molecules of this aoia by the removal of another 
molecule of water would then form tannin. Light 
and chlorophyll are necessary for the production 
of tannin. 

Westermaier (B. B. 1887, 127-143) showed 
that with experiments made with Quercus pedun- 
culate, the tannin migrates downwards through 
the bark and the pith. Starch is always present, 
and it is probable that the starch only migrates 
in the form of tannin. The leaves of Bumex 
patentia and Rheum rhaponticum give both the 
starch and the tannin reactions. Schultze 
(A. a. 14, 525-526 ; B. 0. 18, 137), by micro- 
chemical observations, also supports the view of 
Sachs and Heberland that the leaves of ever- 
greens contain tannin as a winter reserve ma- 
terial. Tannin and starch only rarely occur 
simultaneously in the same cells. When the 
cells are rich in starch they contain a smaller 
amount of tannin, and vice versd. 

In the case of leaves containing fatty oils and 
tannin, the cells which contain the oil are free 
from tannin, and cells containing no oil are 
free from starch. Kraus (B. C. 330-334) also 
notes that the formation of tannin in leaves 
depends on the presence of light and C0 2 , but 
believes that it acts more as a protecting agent 
either to prevent the plant from being eaten or 
rotting than as a reserve material. He points 
out that as fallen leaves contain as much tannin 
as they did during their best time of growth, 
the leaf tannin is of no value to the plant. 
Heckel a. Schlagdenhauffen (Ph. July 1892) note 
that the protecting leaf buds of certain species of 
gardenia contain a resinous substance which on 
analysis gives figures resembling cinchotannic 
acid. Both the gardenias and the oinchonas 
belong to the same order of plants (cf. Cross a. 
Bevan, C. J. 41, 106 ; Gardiner, Ph. [3] 14, 688 ; 
Braemer,Z>S5 TanfioXdes, Toulouse, 1890 ; Biisgen, 
C. 0 . 1890, 397). 

Classification.-No satisfactory classification 
of these bodies exists. Wagner ( Fr . 5, 1) divides 
them into pathological and physiological tannins. 
The former are ohiefiy glucosides, andpreoipitate 
gelatin, yield gallio acid when hydrolysed with 
dense sulphuric acid, and when heated alone 
form pyrogallol. The physiological tannins, on 
the other hand, form leather, and on distillation 
yield pyrocatechin. The old classification into 
iron-blueing and iron-greening tannins is found 
now to be untenable, as the presenoe of aoids 
and salts modifies the colour which the tannins 
produce with Ee01„ and the purity of many of 
the tannins examined by the earlier investi- 
gators cannot be guaranteed. 

Reactions . — The oxidation of gallic and 
tannin acids by nitric acid of moderate dilution 
yields oxalic acid and two acids, probably tri- 
oxy-glutario and trioxy-butyrio. The acetyl o- 
queroitannio acid yields the same acids on oxida- 
tion (Bdttinger, A, 257, 248-252). Metallic Na 
does not reduce gallio acid in absolute alcohol* 
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but tannic acid similarly treated undergoes 
simple hydrolysis, the yield of gallic acid 
amounting to 60 p.c. of the weight of tannin. 
No reduction products could be prepared (Bot- 
tinger, A. 258, 252-260). Ammonia and zinc- 
dust at 60° convert both acids into benzoic 
acid. Dilute H 2 S0 4 and Zn also form benzoio 
from gallic acid (Guignet, 0. B. 113, 200-201). 

The action of heat . Most tannins begin to 
blacken at 120°, and at 160° decomposition into 
metagallic acid, and either pyrogallol or pyrocate- 
chin, takes place. Those which yield pyrogallol 
usually also form a 4 bloom ’ on leather, and give 
a blue colour with FeCl a . This class includes 
galls, sumac, chestnut, and oak bark. The pyro- 
cateohin-yielding tannins do not form a ‘ bloom ’ 
on leather, give green compounds with FeCl 3 , and 
include hemlock, catechu, rhatany, and man- 
grove (Trimble, The Tannins, 1892). 

The products of the action of heat on the 
tannins are best obtained by allowing the heat- 
ing to take place on the material suspended in 
glycerin (1 g. in 5 c.c. glyoerin). After heating 
to 200° for 80 minutes, dilute with water, and 
extract with ether. The ethereal extract contains 
either pyrogallol or pyrocatechin. The tannin 
must be freed from gallic acid and catechin 
before subjecting it to this test by previous ether 
extraction of the aqueous solution. 

The action of dilute acids. 2 p.c. absolute 
HC1 at 100° in sealed tubes decomposes the 
tannins ; insoluble ellagic acid, anhydrides, or 
phlobaphenes separate, and the filtrate oon tains 
gallio acid, glucose, and unaltered tannin. 
Glucose should be removed from the tannin by 
repeated lead acetate precipitation before this 
treatment, or the amount of glucose before and 
after hydrolysis may be determined by Fehling’s 
solution (Wehmera. Tollens, A. 243, 327). 

The action of alkalis. The pyrocateohin- 
yielding tanninB on heating with alkali yield 
protocatechuio acid, and either phloroglucin or 
acetic acid. The pyrogallol-yielding tannins 
form gallic and ellagic acids (20 g. with 150 c.c. 
of KHO solution, sp.gr. 1*2 for 8 hours are con- 
venient quantities (Trimble, The Tannins). 

The tannins in the bark of oak, chestnut, 
horsechestnut, fir, <fcc., are precipitated in 
brominated condition by bromine water ; tannin, 
sumach tannin, and oak wood tannin are not so 
precipitated (Bdttinger, A . 240, 330). From 
oak tannin, Bdttinger, by treating with acetic 
anhydride, has formed an acetyl-o-compound of 
the formula G,*H 7 Ac 6 O ff , and from it two bromo- 
derivatives G l4 H lo BrAcO 0 and 0 IS H 7 Br 4 Ac0 9 (B. 
20, 761-766). A benzoyl-o-derivative has also 
been obtained from tannin by treatment with 
cone. NaOHAq and benzoyl chloride (Bdttinger, 
A. 254, 370). The same author has attempted 
to prepare cyanhydrins, but without success. 
Well-dried tannic acid heated with anhydrous 
HON in sealed tubes yielded only an amide of 
gallio, acid. Treated with hydroxylamine no 
oxim was formed, but only gallic aoid (A. 259, 
182-136). With pure tannin phenyl-hydrazine, 
however, forms derivatives which do not 
crystallise, OO f and N being evolved at the 
same time. The tannins experimented upon 
were extracts of sumach, divi divi, oak wood, oak 
hark and pine bark ; the dry precipitates con- 
tained phenyl-hydrazine derivatives of tannic 


and gallio adds, osazones of dextrose and tavu- 
lose, and caramel (A. 259, 125-132 ; A. 256, 342). 

Tannin solutions are very unstable, under- 
going hydrolysis into gallio aoid on standing. 
The hydrolysis into gallic acid is almost quanti- 
tative when the acid is dissolved in oono. H„,80 4 
and then water added (Bdttinger, A. 254, 378). 
When heated with KHS0 4 and glyoerin to 119°- 
200° and the melt extracted with water, a residue 
is left soluble in absolute alcohol which contains 
two new acids of the composition C, 4 H, 4 0 7 Aq 
and called hydrotannic and isotannic acids re- 
spectively. The former, which is the less soluble 
in alcohol, forms with Ac 2 0 a tetra-aoetyl* com- 
pound while the iso- acid forms a brown tri- 
aoetyl- compound (C. J. 1892, 181). 

Preparation of tannic acid for pharmaceu- 
tical purposes. Pelouze in 1834 first suggested 
the extraction of tannic acid from galls by per- 
colation with ether, and this method is still in 
use. The powdered galls are placed in a closed 
percolator with commercial ether containing 
alcohol and water. The ethereal layer contains 
gallic and ellagic acids, together with resins and 
fats and a small portion of the tannic acid ; the 
lower aqueous solution contains nearly pure 
tannic acid. The percolation is stopped when 
the lower layer ceases to increase in volume. 
The B. P. method consists in taking the 
damp galls, macerating with commercial ether, 
and expressing through muslin (Leconnet a. 
Domin6). The purest acid is obtained when 10 
pts. powdered galls are allowed to stand two 
days covered in a percolator with a mixture of 
12 pts. ether and 3 pts. alcohol. At the end of 
this time the percolation is commenced until 10 
pts. are obtained. One-third its volume of water 
is then added, and the mixture well agitated. 
The aqueous layer contains nearly pure tannia 
acid, and is evaporated rapidly in vacuo . The 
commercial acid is known under the names of 
ether-tannin, alcohol-tannin, or water-tannin, 
according to the method of extraction adopted 
on a large scale. 

Purification. — Petroleum ether percolation 
removes fat, wax, and some of the colouring 
matter. Solution in water removes resin, and, 
after decantation, sodium chloride precipitates 
the acid. Trimble adds lead acetate to the 
aqueous solution to precipitate colouring matter, 
filters, and extracts with acetic ether. The aoid 
is re-dissolved in water, and extracted with ether 
to remove the last traces of gallic acid, and the 
aqueous solution finally dried in vacuo. 

Detection. — 1. Dilute H*S0 4 or HOI precipitates 
cone, solutions. — 2. FeCl„a blue or green precipi- 
tate destroyed by long boiling, boL weak mineral 
acids. — 8. Lime-water precipitates the Ca salt. 
4. Cinchonine sulphate precipitates white cin- 
chonine tannate.--5. Gelatin forms leather and 
albumen also gives a preoipitate. Alum and 
NH 4 C1 render the precipitation more oomplete. 
6. An alcoholic solution of thymol, followed by 
cone. H,S0 4 , yields a rose-coloured turbid solution 
(pyrogallol violet; gallio aoid gives no colour: 
Saul, Ph. [8] 17, 387).— 7. Iodine in presence of 
neutral salts gives a purple colouration (Nasser). 
.8. Acetate of lead acidulated with acetic acid 
ppts. tannic and not gallic aoid (Guyard, Bl. 2, 41* 
336).— 9. NH 4 01 and NH* give a white preoipitate 
rapidly becoming red, gallic acid a red colours- 
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tion only.— 10. Cl water and NH„ give a red 
colouration both with gallie and tannic acids. — 

11. KyFeGyc gives a similar reaction (Rawson, 

0 . N. 69 , 62-63).— 12. In plants, Moll (A. a. 

12, 496) detects tannins micro-chemically by 
treatment with 7 p.c. copper acetate for some 
days, then cuts sections, treats with a drop of 
0*05 p.o. ferric acetate, washes with water and then 
alcohol to remove chlorophyll, and mounts in 
glycerin and looks for blue or green stain. — 

18. KCN gives a green colouration with tannin 
and none with gallic acid. — 14. K^Cr^O, gives a 
brown pp. with most tannins. — 16. Saturated 
solutions of NaCl, CaCl*, KOAc, and a number of 
other salts ppt. tannins from solution. —16. Cone. 
RJ30 4 dissolves the dry tannins with a yellow 
colour, and on heating forms dark-red rufigallic 
acid and then black metagallic acid. — 17. HN0 8 
forms a yellow colour, and finally oxidises them 
to oxalic acid. — 18. As a O a heated with the dry 
tannins converts most into ellagio acid. — 

19. Most tannins are ppd. by the alkaloids. 

Estimation of tannic acid . The methods 

devised for the estimation of tannic acid in 
vegetable extracts are very numerous, and may 
be grouped under the following heads : — 

1. Gelatin or hide-powder absorption. 

2. Titration with permanganate. 

8. Precipitation with metallic salts. 

4. Methods not included in the above. 

For details of these various processes, vide 
Proctor, Textbook of Tanning ; Trimble, The 
Tannins ; Thorpe’s Dictionary op Applied 
Chemistry, and Rideal, Chemical Notes on Modem 
Tanning ; The Assay of Tanning Materials ; 
Industries , vol. xi. pp. 19, 139, 461. The two 
methods most generally employed are the hide- 
powder method and Ldwenthal’s permanganate 
process. 

The hide-powder method is conducted as 
follows. A weighed quantity of the material is 
extracted with water and made up to a known 
volume. 100 c.c. of this solution is then 
evaporated, dried, and weighed to give the total 
solids present in the extract. Another portion 
of the Barae solution is agitated with, aspirated, 
or filtered through hide powder, and the total 
solids left in 100 c.c. of the solution again deter- 
mined. The difference gives the quantity of 
tannic acid or matter which combines with 
gelatin per 100 c.c. of the solution (Fr. 24, 271). 

The modified Lowenthal’s process, which is 
now official in Germany, requires a standard 
solution of permanganate whose indigo value is 
known. A measured volume of the tannin solu- 
tion, together with a known volume of indigo 
solution, is then titrated with the permanganate 
solution. Another equal volume of the tannin 
solution is then agitated with hide powder or 
shaken with a gelatin and alum solution and 
filtered, and the filtrate, after indigo solution of 
known amount has been added, is titrated with 
the permanganate solution. The difference in 
the quantity of permanganate consumed is a 
measure of the tannic acid present. The various 
tannins of commeroe have different perman- 
ganate values; it is, therefore, necessary to 
standardise the permanganate for different 
tannin materials (L&wenthal, Fr, 16 , 88 ; Kath- 
reiner, Fr, 18 , 118 ; Simaud, Fr. 22 , 696 ; 
Gohroeder, Fr. 26 , 121 ). 


Gallotannio acid C 14 H 10 O r Oocurs in gal) 
nuts and sumach. 

Constitution . — 

C tI R,(OH) r CO.O.C rt H.(OH) 2 .COOH (Schiff, A . 
170, 43 ; Paul a. Kingzett, C. /. 33, 217). 

Solubility.— Sol. acetone, glycerin, and oils ; 
insol. CS a , CHOI,, petroleum, and C tt H a . 

Compounds.— With gelatin contains 16*6 p.c. 
nitrogen * 84 p.c. tannin (Bdttinger, A. 244, 227). 
(For other nitrogen values of gelatin-tannin 
compounds in leather, v. Rideal a. Trotter, 
S, C. I, 1891.) Penta - acetyl - compound 
C tt H,(OAcO),OO.O.C,H.,(OAoO) 2 COOH [137°]. 
(Bottinger, B. 17, 1604). 

Action of heat. — At 215° it forms pyrogallol, 
C0 2 , and a trace of metagallic acid C a H 4 0. r 
Strong heating at 240°-250° forms chiefly meta- 
gallic acid (Pelouze, A. 10, 169). Cold HNO s 
forms oxalic, trioxyglutaric, ana trioxybutyrio 
acids (Bdttinger, A. 257, 248). Boiling with 
KHO forms tannomelanic acid C a H 4 O s ; cold 
KHO and air form tannoxylic acid C 7 H rt O a 
(Buchner, A. 53, 873). Hydrolysed by dil. 
R 2 S0 4 to gallic acid. Ferments also form gallic 
acid (van Tieghem, <7. R. 65, 1092). 

Oak bark. Tannic acid C 17 H )fc O e . 

Preparation. — The bark is extracted with 
alcohol, and the extract agitated with acetic ether 
and ether. Evaporate off ether, separate the 
precipitate of ellagic acid, and from residue sepa- 
rate gallic acid from the tannic acid by acetic 
ether and ether. 

Properties. — Reddish-white powder. Sol. alco- 
hol and acetic ether. SI. sol. ether and water. 
Heated to 130°-140°C. it forms an anhydride 
C 84 H 30 O, 7 which is si. sol. water; boI. alcohol 
and alkalis, and with cone. H a S0 4 gives a second 
anhydride 0^11*0, 6 . Heated with cone. HC1 it 
evolves CH S CJ1, gives also the iodoform reac- 
tion. On dry distillation it forms pyrocatechin. 
Fused with KOH yields protocatechuicacid,pyro- 
catechol, and traces of phloroglucin (Etti, M. 
1880, 262-278). When boiled with ether the 
above anhydrides form a third anhydride 
C 84 H M 0 la (M. 1883, 612). Other anhydrides 
analysed by Etti are C 40 H 3 tt O 17 , 

C 40 H, 4 O, s , and C 40 H aa O 14 . Forms two hydrates 
(L6we, C. J. 40, 901). 

Salts. With Ca, Ba, and Pb ; analysed by 
Etti and Ldwe (l.c.). 

Derivatives. — Oak-red C, 4 H, 0 O fl |aq (Grabow- 
ski, A. 145, 2) ; 0 S8 H 2tf 0, 7 (Bdttinger, A. 240, 341). 
Bottinger has prepared various bromo-, acetyl-, 
and benzoyl* derivatives (l.c.) (Rochleder, A. 
63, 205 ; Bdttinger, A. 202, 270; B. 14, 
1698 ; Lowe, Fr. 20, 210 ; Etti, M. 4, 614 ; 
Grabowski, A. 145, 2). 

Fraxitannic acid In ash-leaves. 

Forms an anhydride C^H^O^, a benzoyl- com- 
pound C 2e H> 8 0, 8 (0B 3 ) 4 , an acetyl- compound 
C m H ( j S (OAc) 4 O I0 , a bromaoetyl- compound 
C 2<j H 25 (OAc) 4 Br s O l0 2aq, and a similar nitro- 
compound. On heating with Ba(OH) a it forms 
rotocatechuic acid and other products. On 
eating to 100° it loses 1 mol. H,0, forming an 
anhydride C^H^O,, (Gintl a. Reinitzer, M. 3, 
745 et seq.). 

The following table gives the source of the 
principal tannins which have been investigated, 
and references to the papers in which a descrip- 
tion will be found. 
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TANSY OIL. 


TANSY OIL. The essential oil, obtained by 
distillation of the tansy ( Tanacetum vulgar eV 
contains 1 p.c. of a terpene C 10 H,« (155 o -160°), 
26 p.c. of an alcohol O, 0 H, B O, and 70 p.c. of 
* tanacetyl hydride * O I0 H la O (Bruylants, J. Ph . 
[4] 26, 893; B. 11, 449; c/. Persoz, C. R . 8, 
433). Tanacetyl hydride C 10 H 14 O (195°-196°), 
S.G. * *918, V.D. 5*1, is converted by H 2 S0 4 into 
cymene. It reduces ammoniacal AgNO s , form- 
ing a mirror. NaHSO* forms crystalline 
C 10 H 1& NaSO t . Split up by water into the parent 
substanoes. 

TANTALATES v. Tantalum, acids or, and 
THEIB SALTS, p. 639. 

TANTALUM. Ta. At. w. o. 182 (exact value 
not known). Mol. w. not known. Ta has not 
been isolated. 

Occurrence. — Tantalates occur in a few rare 
minerals, generally associated with niobates ; 
tantalite contains from 85 to 75 p.o. Ta 2 O s , 
columbite from 13 to 36 p.c., yttrotantalite from 
6 to 47 p.c., and a mineral from Western 
Australia, recently analysed and called stibio - 
tantalite , c. 52 p.c., TaA (Goyder, G. Jf. 68, 
1076). 

JHistory . — A short account of the researches 
that led to the identification of two distinct 
oxides in tantalite is given in the article Nio- 
bium (vol. iii. p. 505). Marignao ( G . B. 60, 234, 
1855) gave the formula Ta 2 0 5 to oxide of Ta, 
which had been represented by Rose as Ta0 2 . 
Deville determined the V.D. of the chloride, 
and deduced the molecular formula TaCl s (G. R. 
56, 891). By heating Na 2 TaF 7 with Na, H. Rose 
(P. 99, 69) obtained a black powder, probably a 
mixture of Ta and oxides of Ta. Berzelius (P. 
4, 6) also obtained very impure Ta; Marignao 
(Ar. Sc. 1868) failed to isolate approximately 
pure metal. 

Preparation of impure Ta. — Very finely- 
powdered tantalite is fused with three times its 
weight of KHS0 4 , in an iron or platinum cru- 
cible, until completely dissolved. After cooling, 
the fused substance is powdered and treated with 
boiling water, whereby sulphates of K, Fe, and 
Mn are dissolved out ; the insoluble portion is 
washed, and then digested with yellow ammo- 
nium sulphide, whereby sulphides of Sn and W 
are dissolved, and FeS remains mixed with 
TaA and Nb 2 0 4 . The residue is washed 
thoroughly, and digested with HClAq to remove 
FeS, and the portion insoluble in HClAq is 
thoroughly washed with boiling water until it is 
white. The mixture of Ta 2 0 6 and Nb 2 O s thus 
obtained is dissolved in HFAq in a platinum 
dish, the solution is heated to boiling, and a 
quantity of KHF a is added equal to one-fourth 
of the weight of mixed Ta 2 0 4 and Nb 2 0 A used ; 
the liquid is evaporated until 1 g. of the mixed 
oxides is present in about 7 c.c. and allowed to 
cool; the prismatic crystals of X 2 TaF 7 that 
separate are washed with cold water until the 
washings give a yellow pp., without any shade of 
red, after standing for two hours with tincture 
of galls. The K 2 TaF 7 thus obtained is heated, 
in a platinum dish, with rather more than its 
weight of pure cone. H 2 S0 4 , whereby KHSO., 
HF, and Ta Jt 0 4 are formed ; the HF is removed 
by heat, and the KHS0 4 by repeated washing 
with water (Berzelius, P. 4 , 6 ; cf. H. Bose, P. 
144 , 64, 72). 


Lawrence Smith (Am. 5, 44) recommends to 
warm 5 g. of very finely powdered tantalite , 
dried at 150°, in a platinum basin with a little 
water and 8 to 10 o.c. very cone. HFAq, to filter 
when reaction is completed, add a little water 
to the filtrate and evaporate nearly to dryness, 
to warm with excess of cone, pure H 2 S0 4 , and, 
after the acid has been almost wholly removed 
by heating, to place the residue in c. 500 c.c. 
dilute HNO s Aq (L. M., O. N. 61, 289, 304), and 
boil until TaA and Nb 2 0 5 are ppd. By dissolv- 
ing in HFAq, adding KHF a , and proceeding as 
described above, Ta 2 0 4 is obtained free from 
Nb 2 0 5 . 

The pure TaA obtained by one of the pre- 
ceding methods is dissolved in HFAq, in a 
platinum vessel, the solution is heated to boiling, 
and 70-3 pts. by weight of KHF 2 are added for 
100 pts. Ta 2 0 4 used. The solution is evaporated 
and allowed to cool ; the crystals of K 2 TaF 7 are 
washed with a little cold water, dried, mixed 
with c. half their weight of potassium, and heated 
in an iron crucible, the mixture of K,TaF 7 and 
K being covered with KOI. The contents of the 
crucible, after cooling, are added, little by little, 
to water ; the black powder that separates is 
washed with water, and then with dilute alcohol 
and dried (Berzelius, P. 4, 6). The black 
powder is probably a mixture of Ta and oxides 
of the metal. Berzelius found that 100 pts. 
took up 17 pts. O when heated in air, 100 pts. 
pure Ta require 22 pts. O to form TaA- H. 
Rose (P. 99, 69) obtained a black powder— proba- 
bly Ta mixed with oxides— by reducing Na 2 TaF 7 
by heating with sodium. 

Properties and Reactions. — The black powder 
obtained by Rose was a good conductor of elec- 
tricity ; it glowed when heated in the air, and 
slowly formed TaA ; it was insoluble in acids, 
except in HFAq, by which it was slowly dis- 
solved; heated in a stream ol Cl it burnt to 
TaCl 4 . Oxidation was effected by molten alkalis 
or alkali carbonates. The S.G. of a specimen 
containing c. 40 p.c. acid sodium tantalate was 
c. 10*8 

The at. w. of Ta was determined by Marignac 
(A. 140, 153 ; Suppl. 4, 351 [1865]) by decom- 
posing K 2 TaF 7 ana (NH 4 ) 2 TaF 7 by H 2 S0 4 , and 
determining the quantities of TaA and K 2 S0 4 
produced. The values obtained varied from 
180-1 to 185-2. H. Rose in 1866 (P. 99, 80) 
analysed Ta01 4 by decomposing by water, ppg. 
TaA-aHjO by NH„Aq, and estimating Cl in 
the filtrate. His results showed marked discre- 
pancies. 

Ta is metallic in its physical properties, so 
far as may be judged from the impure speci- 
mens that have been prepared. Ta 2 0 4 dissolves 
in HFAq, probably forming TaF 4 . No salts are 
known to be formed by replacing the H of an 
oxyacid by Ta. In all the salts of Ta that have 
been isolated, other than the haloid compounds, 
Ta forms part of the negative radicle. Ta is 
the fifth member of the even-series family of 
Group V. ; it is closely related to Nb, and less 
closely to N, P, Y, As, Sb, Di, Er, and Bi. The 
only compound of Ta whose V.D. has been de- 
termined is TaCl 4 ; in this molecule the atom of 
Ta is pentavalent {v. Nitbooen gboup of ele- 
ments vol. iii. p. 671). 

Detection and Estimation.— Tantalum com- 
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pounds form potassium tantalate when fused 
with KOH, and the fused mass dissolves in 
water. The product obtained by fusion with 
NaOH dissolves in water to a clear liquid only 
after NaOH has been removed by washing, as 
sodium tantalate is insoluble in much NaOHAq. 
Addition of acid to an aqueous solution of an 
alkali tantalate, followed by boiling, ppts. 
Ta 2 0„.a?H 2 0 more or less completely. By adding 
HClAq to a solution of an alkali tantalate, and 
placing zinc in the solution, no blue colour is 
produced (c/. Niodium, detection of, vol. iii. p. 
506). According to Levy (C. B. 103, 1074), an 
amethyst colour, is produced by adding a very 
small quantity of Ta 2 0 3 to a solution of resorcin 
in H 2 S0 4 Aq. Ta is estimated as Ta 2 O s ; the 
process is sufficiently indicated under Prepara- 
tion. 

Tantalum, acids of, and their Salts. Ta 2 0 5 
reacts with molten alkalis, and alkali carbonates, 
to form salts which may be regarded as derived 
from various hydrates of Ta 2 O a . Two hydrates 
are obtained, Ta/) a .2H/> and 2Ta 2 0 a .3H 2 0, by 
decomposing TaCl 6 by a little water, and by 
fusing Ta,O a with KHS0 4 and washing with 
water (r. Tantalum, oxides and hydrated 
oxtdes of, p. 640). The first of these 
hydrates may be called pyrotantalic acid 
H^’a^O,, corresponding with H 4 P 2 0 7 ; and the 
second may be formulated H 8 Ta 4 0 !S . The 
tantalates that have been examined do not seem 
to be derived from either of these compounds, 
but from the hypothetical acids HTaO s , corre- 
sponding with HPO s and HNO„ and H 8 Ta a O,„ 
(«8Ta 2 0 6 .4H 2 0). Tantalates are not produced 
by neutralising Ta 2 0 ft .;cH 2 0, but by fusing Ta 2 0 5 
with alkalis, or by double decomposition from 
alkali salts. 

Tantalates. The tantalates belong to the 
tormxTa. 2 O y yMO, where M « (NH 4 ) 2 , Mg, Hg 2 , K 2 , 
Ag 2 , or Na 2 ; of those that have been fairly 
fully examined, some correspond with the meta- 
phosphates and meta-niobates M^Og, and 
others belong to the more complex form 
M^TagO,,,. Some of the alkali tantalates dis- 
solve slightly in water, the other tantalates are 
insoluble. Fluotantalates and fluoxytantalates 
are also known ( v . infra). The tantalates 
have been investigated chiefly by H. Rose (P. 
100, 417) and Marignao (Bl. [2] 6, 111, 118). 

Ammonium tantalate. A pp. is obtained 
by adding NH,C1 to solution of Na ? Ta u O l0 .&H 2 O, 
but the composition of the pp. is not known 
with certainty. 

Magnesium tantalate . By adding MgS0 4 Aq 
to solution of Na H Ta tf 0 18 .a;H 2 0 a crystalline pp. 
was obtained which, after drying at 100°, had 
the composition Mg 4 Ta tt 0 ltt .9H 2 0. A crystalline 
Mg tantalate was obtained by Joly (O. B. 81, 
266, 1266) by fusing Ta 2 0 4 with MgCl r 

Mercurous tantalate. A brown, amorphous 
compound, perhaps Hg # Ta 8 0,*.a;H 2 0, is formed 
by adding HgNO*Aq to solution in water of 
Na^Ta^Ojp.jrHjjO. 

Potassium tantalates. (1) EgTagO^.ieHjO; 
this salt is obtained by fusing Ta 2 O a with EOH, 
dissolving in water, and crystallising. (2) 
KTaOj,: thissalt, potassium metatantalate , 
is formed by heating the other tantalate, alone 
or with (NHJgCO,, and then treating with water. 

SUtkw tantalate . The yellowish white pp. 


obtained by adding solution of a salt of Ag to 
solution of Na 8 Ta 8 0, 9 .scH 4 0, and drying at 100°* 
has the composition Ag 8 Ta«0 l(l .3H 2 0. 

Sodium tantalates . The meta-salt 
NaTaO s is obtained by fusing Ta 2 0 8 with 
Na 2 C0 3 , and washing with water. A salt of the 
composition Na ft Ta e O, fl .a;H 2 0 (x =■ 25 and 30} is 
prepared by fusing Ta t O ft with NaOH, dissolving 
in water, and crystallising. 

Fluotantalates. ( Tantalifluorides .) These 
salts may be regarded as compounds of TaF ft 
with metallio fluorides, or as metallio deriva- 
tives of the hypothetical acid H 2 TaF y ; they 
are prepared by dissolving Ta 2 O a in HFAq, 
adding metallio fluorides, and crystallising ; 
some of them are formed by dissolving Ta 2 0 8 
and a metallio oxide in HFAq (Marignac, A. Oh. 
[4J 9, 276 ; Berzelius, P. 4, 6). 

Ammonium fluotantalate (NH 4 ) 2 TaF 7 is ob- 
tained by evaporating a solution of NH 4 F in 
solution of TaF a in HFAq, and evaporating ; 
the salt is crystalline and easily soluble in 
water. 

Copper fluotantalate CuTaF, forms blue, 
deliquescent, rhombic prismB; it is prepared 
by dissolving OuO and Ta 2 O ft in excess of HFAq, 
and evaporating. 

Potassium fluotantalate K 2 TaF 7 forms white 
needles by dissolving KHF 2 in solution of Ta 2 0* 
in HFAq, evaporating, and crystallising from 
hot water. The salt is very slightly soluble in 
cold water, but dissolves easily in hot water. 
On long boiling, K 2 TaF 7 Aq gives a white pp., 
probably having the composition K 4 Ta 4 O a F u 
( = 2TaF 6 .Ta 2 O a .4KF). By dissolving K 2 TaF 7 in 
warm 4 p.c. H 2 0 2 Aq with a little HFAq and 
allowing to cool, Piccini ( Zeit . filr anorg . Chemie , 
2, 21) obtained crystals of the fluoxy tantalate 
K 2 Ta0 2 F a .H 2 0 ( - Ta0 2 F 3 .2KF.H 2 0). 

Sodium fluotantalate Na 2 TaF 7 .H 2 0 ; ob- 
tained, as white crystals, by dissolving Na M Ta*O lt 
in HFAq, evaporating, and drying at 100° the 
salt that separates. 

Zinc fluotantalate ZnTaF y .7H 2 0 ; a deli- 
quescent salt, obtained by dissolving -ZnO and 
Ta 2 0 5 in excess of HFAq and crystallising. 

Tantalum, alloys of. By heating K 2 TaF 7 with 
Al, and washing with HClAq, Marignac (P. 100, 
145) obtained a grey powder, S.G. 7-02. By 
heating to whitness, in a carbon crucible, a 
mixture of Ta 2 O ft and iron filings, an alloy of 
Ta and Fe was obtained resembling pig iron 
(Gahn, Berzelius a. Eggertz, S. 16, 437). 

Tantalum, bromide of, TaBr.. A yellowish, 
crystalline compound, obtained by heating a 
mixture of dry Tr 2 0 5 and C in vapour of Br, and 
removing excess of Br by a long-continued 
stream of dry C0 2 ; decomposed by water to 
HBrAq and Ta 2 0 a .«H 2 0 (H. Rose, P. 90, 456 ; 
99, 75). The conditions of preparation are 
similar to those in making TaCl a (q. v.). 

Tantalum, carbide of. By heating TaN (v. 
Tantalum nitride) with C to the melting- 
point of steel, N is given oft and the nitride is 
partly converted into brass -yellow coloured 
TaC 2 (Joly, Bl. [2] 25, 206). 

Tantalum, carbonitride of. Joly (BL [2] 2$, 
206) obtained a substance, to which he gave the 
formula lOTaG.T&N, by very strongly heating m 
mixture of Ta 2 O l with O and sod*. 
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Tantalum, chloride of, TaCl a . Mol. w. o. 359 
toot determined with great accuracy, as at. w. of 
Ta is doubtful). V.D. 185 at 360° (Deville a. 
Troost, C. B. 64, 294). Melts at 211°, and boils 
at 242° at 753 mm. pressure (D. a. T., 1. c.). 
Only one chloride of Ta has been isolated. 

Preparation . — About 5 g. pure dry TajO a is 
mixed with a considerable excess of dry sugar 
or starch, and the mixture is completely charred 
by heating in a closed crucible; the charred 
mass is broken into small pieces, which are 
heated to redness and placed, while red hot, in 
a rather wide tube of hard glass that is quickly 
heated to redness while a stream of thoroughly 
dried C0 2 is passed through it as long as any 
trace of moisture is given off from the contents 
of the tube ; the tube is then allowed to cool, 
the current of dry C0 2 being maintained ; when 
the tube is cold a stream of dry Cl is passed 
through it, and when every part of the appa- 
ratus is filled with Cl (but not until then) the 
contents of the tube are heated. TaCl a forms 
immediately behind the carbonaceous matter, as 
a pale-yellow solid ; when the reaction has entirely 
oeased and CO is no longer evolved, the TaCl a 
may be sublimed into another part of the tube, 
a plentiful stream of dry Cl being maintained 
during the process. If sublimation is attempted 
before the whole of the Ta 2 O a has been chlorinated, 
a part of the TaCl a is decomposed by the CO, 
with re-formation of Ta 2 O a . If there should be 
any air in the tube during the process a white 
sublimate is formed which is probably an oxy- 
chloride (H. Rose, P. 90, 456 ; 99, 75). Should 
the Ta*O a used contain any W0 3 , the sublimate 
obtained is reddish ; by gently heating, the 
greater part of the red W0C1 4 may be removed, 
as it is more volatile than TaCl 5 . 

Demarqay obtained TaCl a by passing vapour 
of CC1 4 over Ta 2 O a heated to redness (G. B. 104, 
11 ). 

Properties and Reactions.— Pale-yellow pris- 
matic needles, melting at 211°, and boiling at 
242° under the pressure of 753 mm. ; begins to 
vaporise at 144° ; V.D. 185 at 360° (Deville a. 
Troost, C. B. 64, 294). Decomposes in ordinary 
air, giving off HC1 and becoming covered with a 
crust of crystalline Ta^O*. Decomposed entirely 
by water to HOlAq and Ta 2 O ft .a;H a O. Cone. 
H 2 S0 4 causes evolution of HC1, and forms 
a somewhat turbid solution from which 
Ta 2 O a .scH*0 separates on boiling; by adding 
water to this solution, and boiling, the whole 
of the Ta is precipitated as Ta a O a .&H a O. Cone. 
HClAq reacts similarly to R,S0 4 , but only a por- 
tion of the Ta^Oj.sHjO is ppd. on adding water 
and boiling. TaCl a is partly dissolved by heat- 
ing with KOHAq. TaCl a is soluble in absolute 
alcohol ; H 2 S0 4 Aq does not ppt. Ta 2 0 5 .*H J 0 
from this solution. 

No double compounds of TaClf with KOI or 
NaCl — similar to those of TaF a — have been ob- 
tained. 

Tantalum, fluoride of. T&fiyxB^O dissolves 
in HFAq ; neither boiling, nor adding H a S0 4 Aq 
to the solution, ppts. Ta^O*. The solution in 
HFAq gives off vapours on evaporation that pro- 
bably contain TaF t ; by evaporating at a low 
temperature, Rose obtained crystals that dis- 
solved easily in water, and were partly vaporised 
when heated, leaving some Ta f O s (P. 90, 456 ; 


99, 75). By evaporating in vaeuo a solution of 
TajOg-affLO in HFAq, Marignac obtained & 
white amorphous mass— probably an oxyfluoride 
—and then small crystals that were likely 
TaF 5 . 

TaF a oombines with some metallic fluorides, 
forming fluotantalates (q.v.> p. 639). 

Tantalum, haloid compounds of. The only 
haloid compounds of Ta that have been isolated 
are TaCl a and TaBr a . The former has been 
gasified, and the formula is molecular. TaF a 
also probably exists in solution of Ta 2 0 6 .®H a 0 in 
HFAq. There is no reaction between I and Ta^O, 
mixed with C even at a very high temperature. 
TaCl 5 and TaBr a are readily decomposed by 
water, with formation of Ta a O a .zBL>0 and HXAq. 
Double compounds of TaF a with some metallic 
fluorides are known ; they belong to the form 
M^TaF, (v. Fluotantalates). Oxyhaloid com- 
pounds probably exist, but none has been iso- 
lated with certainty. 

Tantalum, nitrides of. TaCl a absorbs NH, 
at the ordinary temperature; by heating the 
product in NH 3 , Joly (Bl. [2] 25, 206) obtained 
an amorphous, yellow solid, to which he gave 
the formula Ta 3 N 5 . By heating this yellow solid 
to redness in very dry NH 3 , a black solid was ob- 
tained which, after washing with water and 
drying, had the composition TaN. This black 
solid conducts electricity ; heated in air it burns 
to Ta 2 O s ; NH a is given off by the action* of 
molten KOH ; it is insoluble in acids, except in 
a mixture of HFAq and HNO a Aq (Joly, l.c. ; c/. 
H. Rose, P. 100, 166). 

Tantalum, nitrooarbide of ; v. Tantalum 
CARBONITRIDE, p. 639. 

Tantalum, oxides and hydrated oxides of. 
The oxide Ta 2 O a has been isolated, and also a 
hydrate of this oxide Ta^O^H./), and probably 
also another hydrate 2Ta,0 5 .3H 2 0. The exist- 
ence of another oxide, TaO a , is doubtful. 

Tantalum pentoxidb Ta 2 0 5 . (Tantalic an- 
hydride. Tantalic oxide.) The preparation of 
this compound from tantalite is described at the 
the beginning of this article under Preparation 
of tantalum (p.638). Ta 2 O a is also obtained by de- 
composing TaCl a by water, or by adding H^SO^q 
to solution of a tantalate and boiling, ana 
then heating the Ta 2 0 A .®H 2 0 thus ppd. Ta 2 O a 
is a white powder; it has not been fused; by 
heating with boric acid or microcosmic salt in a 
porcelain oven it is obtained in rhombic prisma 
(Ebelmen, A. Oh. [3] 83, 84 ; Nordenskjfold a, 
Chydenius, J. 1860. 145). 8.G. c. 7*6 (Marignac, 
Ar. Sc. 1868 ; Deville, O. R. 56, 894). TuaO* ia 
insoluble in aoids except HFAq; after being 
very strongly heated, it is insoluble in HFAq. 
Ta,O a dissolves in molten alkalis, also in molten 
KHS0 4 ( v . Tantalatbs, p. 639). 

Hydrates of tantalum pentoxidb. By de- 
composing TaCl a by water, Ta^O^HjO is ob- 
tained, which, after very thorough washing with 
water, then with NH s Aq to remove adhering 
HOI, and finally with water, and drying at 100°, 
gives off from 6 to 7*8 p.c. water when heated to 
redness. The formula 2Ta a O a .3H 1 0 requires 5*7 
p.c. K 2 0, and the formula Ta,O v H 2 0 requires 
7*5 p.c. HjO. It is doubtful whether one or more 
than one definite hydrate exists in this pp. 
When 80* is passed into a solution of Na^Ta^O^ 
a pp. of TaftO^HgO is obtained, which, when 
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thoroughly washed and dried at 100°, is said 
to be TagOg.SHgO = H 4 Ta 2 0 7 (H. Rose, P. 
100, 417). Strong acids, suoh as H 2 S0 4 , HNO g , 
and HOI, ppt. TajO^ajHjO apparently in combi- 
nation with the acid used as precipitant from 
solutions of alkali tantalates; weak acids ppt. in- 
soluble alkali tantalates. 

Tantalum dioxide Ta0 2 . (Tantalum tetr oxide 
[Ta 2 OJ.) The isolation of this oxide is doubtful. 
Berzelius obtained a brown powder by heating 
Ta 2 0 5 to redness in a carbon crucible ; it was not 
dissolved by any acids, not even by a mixture of 
HNO„Aq and HFAq ; when strongly heated in 
air it gave Ta 2 0 5 (P. 4, 20). 

Tantalum, oxyfluoride of. The white pow- 
der formed by decomposing K 2 TaF 7 by boiling 
water may be an oxyfluoride, according to 
Marignao (A. Gh. [4] 9, 276). 

Tantalum, salts of. No salt has been isolated 
by replacing the H of aoids, except HC1 and HF, 
by Ta. When alkali tantalates are decomposed 
by strong acids such as HC1, HNO„, or H 2 S0 4 , 
the ppd. Ta 2 0 a .;rH 2 0 retains some of the acid 
used as precipitant ; compounds of Ta^ with 
these aoids are perhaps formed. 

Tantalum, sulphide of. By strongly heating 
Ta 2 0 5 in CS 2 vapour, also by heating to redness 
a mixture of vapour of TaCl 5 and H 2 S, a yellowish 
black solid is obtained, which has the composi- 
tion TaS, according to Berzelius (P. 4, 6; v. alsoH. 
Rose, P. 99, 575). Roasted in air, this solid gives 
Ta/^ ; heated in Cl it produces TaCl 5 and 
cone. HNO a Aq oxidises it to Ta 2 0 3 .ccH 2 0 and 
H 2 S0 4 Aq. TaS 2 does not combine with alkali 
sulphides (R., l.c.) ; fused with KOH, it forms 
KjS and potassium tantalates. M. M. P. M. 

TARCHONYL ALCOHOL C M H l02 O (?). Ob- 
tained from the leaves of Tarchonanthus cam - 
phoratus by extracting with alcohol (Canzoneri 
a. Spica, G. 12, 227). Silvery scales, insol. 
water and ether. Converted by PC1 3 into a 
chloride [70°] crystallising in small plates (from 
alcohol). 

TARCONINE v. vol. iii. p. 496. 

TARNINE v. vol. iii. p. 497. 

TARTARIC ACID C 4 H fl O„ i.e. 
COgH.CHfOHJ.CHfOHJ.COjH. Dextro-tartaric 
acid . Di-oxy-succinic add . [135°]. S.G. 1*764 
(Sohifl, A. 113, 189) ; 1*74 (Buignet, J. 1861, 15); 
$ 1*7594 (Perkin). S. 115 at 0° ; 132 at 15° ; 343 
at 100° (Leidie, Fr. 22, 269 ; G. R. 95, 87 ; cf. 
Sohiff, J. 1859, 41; Maisch, J. 1865, 392). 
S. (alcohol) 25*6 at 15°. S. (ether) *4 at 15° 
(Bourgoin, Bl. (2J 29, 244 ; A. Oh. [5] 13, 400). 
[a] D » 15*06 — *131p in a p per cent, solution 
(Landolt, B. 6, 1075 ; Lippmann, B. 24, 3300). 
H.F. 372,000 (Von Reohenberg). Heat of solu - 
tion: —3454 at 9° (Pickering, G. J. 51, 376). 

Occurs free or as K or Ca salt in grape- juice, 
tamarinds, unripe mountain-ash berries, madder- 
root, potatoes, Jerusalem artichokes, sorrel, gher- 
kins, mulberries, pine-apples, black pepper, the 
leaves of Ghelidonium majua $ the bulbs of Scilla 
maritvma , in beet-juice, and in many other 
plants. 

. Formation. — 1. Mostly together with racemio 
acid, by oxidation of saccharic acid, dextrose, 
cane-sugar, milk-sugar, starch, gum arabio, and 
sorbin by nitrio acid (Dessaignes, A . Suppl. 2, 
242 ; Qomemann, J. 1863, 881 ; Kiliani, A. 205, 
175).— 2. By the action of sodium-amalgam on 
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an alcoholic solution of oxalic ether (Debus, 

A. 166, 124; G. J. 24, 376). The product is 
probably inactive tartaric acid. 

Preparation . — Powdered chalk is added to a 
boiling solution of cream of tartar ; the filtrate 
is ppd. by calcium chloride, and both pps. decom- 
posed by the proper quantity of boiling dilute 
H 2 S0 4 . The filtrate from CaS0 4 is evaporated 
to crystallisation. It may be purified by satura- 
ting with CaCO„ digesting with ZnCl 2 , and 
decomposing the zino salt by R 2 S (Ficinus, Ar. 
Ph. [3] 14, 310). 

Properties.— Monoolinic prisms, with hemi- 
hedral facets; a:b:c = *785:1: *805 ; 3-79° 48'. 
Dextrorotatory, the rotation being dependent on 
the concentration of the solution, and being also 
greatly affected by the presence of alcohols, acids, 
and other substances in the solution (Landolt, 

B. 13, 2329 ; Biot, J. 1850, 169 ; Pribram, M. 9, 
485 ; B. 22, 6 ; Long, Am. S. 86, 351 ; Thomsen, 
J.pr. [2] 35, 145). Sodium molybdate in the 
proportion of Na,Mo0 4 to 2C 4 H d O a increases the 
rotation 37 times, while ammonium molybdate 
1 mol.) increases the rotation of tartaric acid 
3 mols.) 56 times (Gernez, G. R. 104, 783 ; 105, 

803). Lithium and magnesium molybdate also 
increase the rotation. Sodium tungstate also in- 
creases the rotation, the maximum effect being 
22 times (Gernez, G. R. 106, 1527 ; 108, 942). 
Crystals of tartaric acid are strongly pyro-electrio. 
An aqueous solution of tartaric acid is ppd. by 
baryta, lime, and lead acetate. Potassium salts, 
when the solution is not too dilute, form a crys- 
talline pp. of KG 4 H 3 O a ; the formation of the 
pp. being promoted by rubbing the sides of the 
vessel with a glass rod and by the addition of 
alcohol. CaCLj ppts. CaA' 2 from neutral solutions 
of tartrates ; the ppn. is hindered by ammonium 
salts. Calcium tartrate dissolves in KOHAq and 
is re-ppd. in gelatinous form on boiling. Reduces 
ammoniacal AgNO s , forming a mirror; the solu- 
tion then contains oxalic acid (Claus, B. 8, 950). 
Tartaric acid prevents the ppn. by alkalis of the 
oxides of Al, Bi, Ni, Co, Or, Cu, Fe, Pb, Pt, and 
Zn, even on boiling (Aubel a. Ramdohr, A. 103, 
33 ; Grothe, J. pr. 92, 175). 1 mol. acid pre- 
vents the ppn. of 1 mol. Cu(OH) 2 . A solution of 
tartaric acid, coloured by a drop of K 2 Cr0 4 , 
gradually becomes colourless (difference from 
oitrio acid) (Salzer, B. 21, 1910). A saturated 
solution of potassium biohromate is slowly turned 
coffee-brown by tartaric (but not by citric) acid 
(Cailletet, O. C. 1879, 14). Boiling alkaline 
KMn0 4 is turned green, and finally brown, by 
tartaric acid, but only green by citric acid. De- 
colourises KMn0 4 in acid solution. When H S0 4 
is present, twice as much KMnO, must be added 
to produce a permanent red colour as when it is 
absent, for in the latter case MnC 4 H,O rt is formed 
(Fleischer, B. 5, 350). Tartaric acid gives an 
odour of burst sugar when heated till carbonised. 
A crystal added to cono. H 2 S0 4 containing 1 p.c. 
resorcin gives a red colour on warming (differ- 
ence from citrio and maleic acids) (Mohler, Bl. 
[3] 4, 728). 

To detect small quantities of tartaric acid in 
presence of citrio acid. Add about 1 g. citric 
acid to a 20 p.c. solution of molybdate of am- 
monia (1 o.c.), then two or three drops of a dilute 
solution of and heat for three minutes on 
the water-bath. If the oitrio acid la pure the 
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solution remains yellow. If 0*1 p.c. or more of 
tartaric aoid is present, the liquid become bine 
(Ciismer, Bl. [3] 6, 23). 

Reactions. — 1. Melts at 135°, changing to 
the isomeric metatartario acid. The metatar- 
taric acid may be reconverted into tartaric acid 
by boiling with water (Grosjean, C. J. 43, 334). — 
2. At 140°-150° water is eliminated and ditar- 
trylio acid C fi H 10 O,, is formed. On further 
heating soluble tartaric anhydride (tartrelic 
acid), and then insoluble tartaric anhydride, are 
formed. On further heating the products of 
distillation (from 250 g.) are pyruvio acid (9 g.), 
pyrotartaric acid (2 g.), formic acid (*4 g.), resins, 
aldehydes and volatile acids (2 g.), and tarry 
bodies (8 g.) (P. Liebermann, B. 16, 428). 
‘ Dipyrotartracetone 1 C h H, 2 0 2 (230°), a odour- 
less liquid, with aromatic odour, is among the 
products of the distillation of tartario acid. It 
combines with bromine (Bourgoin, 0 . R. 86, 
674). - 8. By heating tartaric acid (10 pts.) with 
water (1 pt.) at 175° it is converted into racemic 
acid and inactive tartaric acid. At 165° there 
is a greater yield of the inactive acid (Jung- 
fleisch, J. 1872, 615). Heated with more water 
at 160° it yields C0 2 and pyrotartaric acid 
(Wedard, O. C. 1888, 889). — 4. Potash-fusion 
yields acetic and oxalic acids. —6. Oxidation by 
OrOj, KMn0 4 , Pb0 2 or Mn0 2 , and H,S0 4 yields 
C0 2 and formio acid. The rate of oxidation has 
been studied by Krutwig (Z. P. C. 2, 787). By 
slow oxidation by HNO, tartronic acid may be 
obtained. — 6. Reduced by HI and P to malic 
and succinic acids.— 7. PC1 5 forms ohloro-fumaric 
chloride. — 8. FeSO. at 100° yields iBO-arabic 
acid O a H 10 O # , a thick dextrorotatory syrup, 
[a]j>« 20°, yielding the salts CaA' 2 9aq,Ca 2 OA' 2 8aq, 
PbA' 2 ,and Pb 8 A' 2 0 2 (Ballo, B. 22, 760) .—9. Chloral 
forms C 8 H 4 C1 6 0„ [124°], crystallising from chloro- 
form in small needles, insol. water, sol. warm 
alcohol and ether (Wallach, A. 193, 46). — 10. On 
submitting tartaric acid to electrolysis and treat- 
ing the syrupy mass with phenyl-hydrazine, 
glyoxal-osazone [160°] and glyoxal -carboxylic 
osazone [218°] are obtained (Friedel a. Combes, 
Bl. [8] 3, 770). — 11. On adding powdered tar- 
taric acid to fused glucose tartaric glucoside is 
obtained (Guyard, Bl. [2] 41, 291 ; cf. Berthelot, 
A. Ch. [8] 64, 78). — 12. m-Amido-benzoic acid at 
160° forms 4 tartrylo-dibenzamio * acid C, 8 H, e N 2 O g 
i.e. (OO 2 H.0 8 H 4 .NH.0O) 2 C 2 H 2 (OH) 2 , a colourless 
powder, insol. water, sol. hot aloohoL Its 
alkaline salts form yellow solutions in which 
Cu(OAo)« ppts. C l8 H l4 (Cu0H) 8 N 2 0 8 . On heating 
to 190° it yields the anhydride C 1 h H m N 2 0 7 , a 
greenish-yellow powder, converted by an aloo- 
holio solution of aniline into tartranil dibenzamio 

acid C0 2 H * c « H 4* N <CcH.CH(OH).CONHPh 
[200°] (Schiflf, A. 282, 166 ; G. 16, 28). Another 
product of the action of tartario* acid on m- 
amido-benzoic acid is 4 tartryl-benzamic ’ aoid 
C0 2 H.CH(0H).CH(0H).00.NHC 8 H 4 .C0 2 H, 
which crystallises from water in pale-yellow 
aggregates, yields an acetyl derivative and an 
anhydride ‘ tartranbenzamic ’ acid C n H 9 N0 6 , 
crystallising from water in green plates, forming 
C„H 7 BaN0 8 and C n H 7 GuNO a , and converted at 
210° in 4 benzaratartridio * acid by dehydration. 
A warm alcoholic solution of aniline oonverts 
1 tartranbenzamic ’ acid into ‘tartranilbenzamic ’ 


aoid [245°], whioh yields an acetyl derivative 
[198°]. 4 Tartryl-benzamic * acid heated with dry 
amido-benz amide at 140° forms the compound 
C 2 H 2 (OH) 2 (CO.NH.C 8 H..CONH 2 ) 2f a white 
powder, insol. water, si. sol. aloohol, and yield- 
ing C )fi H 16 CuN 8 0 7 aq. — 13. Glycerin at 100° 
yields the compounds C a H 5 (OH) 2 .O.C 4 H s 0 4 and 
C 8 H,(0H)(00 4 H 5 0 6 ) 2 (Desplats, J. 1859, 500). 
Glycerin at 140° gives C,,H 14 O l2 and O^H^O,,. — 

14 . Erythrite at 100° forms 0 I2 H 18 0 h , which gives 
Ca 8 (O l2 H 15 O u ) 2 3aq (Berthelot, A. Ch. [8] 54, 84). 

15. Quercite at 120° forms C^H^Oy, which gives 

CaaCjijHogO, 2aq. — 16. Finite at 120° forms 
C S0 H 36 O. )5 , which gives .Manmte 

at 120° forms C 80 H S(J O 85 , which yields 
Mg 7 O 4 (O 80 H 80 O 85 ) 30aq and Ca 8 C 30 H., 0 O to 6aq.— 
18. Dulcite forms C^H^O^, which gives 
Ca(C, 4 H, B O l5 ) 2 4aq. — 19. Phenyl hydrazine 
(2 mols.) at 140° forms C 18 H, B N 4 0 4 i.e. 
C 2 Rfi 2 (CO.K,H 2 £h) i [226°] (Billow, A. 236,196); 
[c. 240°] (Fischer a. Passmore, B. 22, 2734), 
crystallising from alcohol in plates. 

Estimation. — Methods for estimating tartario 
acid have been described by Soheurer-Kestner, 
C. R. 86, 1024 ; Berthelot, Fr . 8, 216 ; Vogel a. 
Braun, Fr. 7, 149 ; Kissel, Fr. 8, 409 ; Fleischer, 
Fr. 12, 328 ; Oliveri, G. 14, 453 ; Piocard, Fr. 

21, 424; C. Schmitt a. Hiepe, Fr. 21, 539; 
Amthor, Fr. 21, 195 ; Nessler a. Barth, Fr. 21, 
60; 22, 159; Kayser, Fr. 22, 123; 23, 29; 
Musset, Fr. 24, 279 ; Ferrari, Fr. 24, 279 ; 
Warington, C. J. 28, 25 ; Grosjean, C. J. 35, 
841; Klein, Fr. 24, 879; Borntrager, Fr. 25, 
827 ; 26, 699 ; Gantter, Fr. 26, 714 ; Von Lorenz, 
Fr. 27, 8 ; Philips, Fr. 29, 577 ; Goldenberg, Fr. 

22, 270 ; Heidenhain, Fr. 27, 681 ; Weigert, Fr. 

23, 357 ; Haas, C. C . 1888, 1045 ; Ward, Ph. 
[3] 19, 880. 

Salts (Berzelius, P. 19, 305 ; 36, 4 ; A. Ch. 

[2] 67, 803 ; Werther, J. pr. 32, 383 ; Dumas a. 
Piria, A. Ch. [3] 5, 353 ; De la Provostaye, A. Ch. 

[3] 3, 129). — (NH^jA". [«] D » 33*7° in a 1*2 p.c. 

solution (Sonnenthal, M. 12, 603). Efflorescent 
monoclinio prisms, v. sol. water ; a:5:c = 
*868:l:l*244a«88°9'. Give off NH 8 in air. Yield 
succinic acid on fermentation (Koenig, G. 11, 180). 
— (NH 4 )HA". [a]* = 25-7° (Landolt). Minute 

lamin®, si. sol. cold water. Forms with ammonium 
malate (NH 4 )HA"(NH 4 )G 4 H 5 0 B , crystallising in 
prisms, 8. 9 (Pasteur, J. 1853, 415). — KjA'^aq. 
[a] D = 25’5 0 in a 2 p.c. solution. S. 133 at 2°; 
158 at 23° (Osann). V. si. sol. hot alcohol. 
Monoclinio crystals; a:b:c » *402:1:1*109 ; 
a -> 75° 12'.— KHA". Cream of tartar. [«],> = 22° 
in a *4 p.c. solution. 100 g. solution contain 
•369 + *000569 1 2 grammes at t° (Blarez, C. R. 
112,434,808). S. *25at0°; *4 at 10° ; *55 at 20°; 
1*18 at 40° (Chancel, C. R. 60, 408; c/.AUuard, 
C. R. 59, 500). Obtained by crystallisation of 
argol, whioh is deposited during vinous fermen- 
tation. Trimetric crystals; a:6:c- *712:1: *787. 
Insol. alcohol.-— NaA" 2aq. [a] D -81° in al p.o. 
solution (Sonnenthal ; cf. Thomsen, J. pr. [2] 
34, 80; 35, 145). S. 29 at 6°; 44 at 24°; 66 
at 42*5° (Osann). Trimetric prisms ; a:b:c 
« *770:1: *887. V. sol. hot water, insol. alcohol. 
— NaHA". [aj D - 24*3° in a 1*3 p.o. solution (S.). 
— NaHA"aq (Dumas a. Piria, A. 44, 80). 8. 11 
in the cold; 65 at 100°. Minute crystals, with 
hemihedral facets. Insol. alcohol. — Li^". 
[a] D *87*5° in a *7 p.c. solution (8.). Deliquaa- 
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cent. — LiHA" l£aq. Small crystals, v. sol. water 
(Dulk, Schw . J. 64, 180, 193; A. 2, 47).— 
LiHA 77 aq. — Li 4 HjA 77 4 TeO 2aq. Needles (Klein, 
A. Ch. [6] 10, 118 ; C. 22. 102, 47). — 
Hydroxylamine salt (NH 4 0)gA". Very thin 
plates (Lossen, A. Suppl. 6, 233). — NH 4 NaA"4aq. 
Trimetric crystals, with hemihedral facets, iso- 
morphous with KNaA" 4aq ; a:b:c » *823:1: *420. 
[a]j = 26°. [«]„- 32-7° (Landolt). S. 26 at 0° 
(Pasteur, J. 1849, 309). — LiNaA" 2aq. — 

Na 2 A 77 2 Te02aq. - K,A"TeOaq. — (NHJKA 77 . 
Monoclinic crystals, isomorphous with KjA". 
Give off NH 3 in air. V. sol. water. [aJ D »31° 
(L.). — KLiA" aq.~ KNaA" 4aq. Rochelle salt . 
S. 30 at 3°, 66 at 26° (Osann). Heat of solution 
— 6290 at 15°. The heat of solution of KNaA 77 
is —2989 (Pickering, C . J. 51, 351). Large 
trimetric prisms, with hemihedral facets. Melts 
at 70°-80° in its water of crystallisation, and 
becomes anhydrous at 215° (Fresenius, A. 53, 
234). [a] D = 29*7° (L.). Molecular rotation : 
Long, Am. S. 36, 351. — K,A" 2 TeO (dried at 
100°). — RbHA 77 . Trimetric prisms, isomorphous 
with the caesium salt; a:b:c=* *726:1: *695 (J. P. 
Cooke, Am. 8. [2] 37, 70). S. 1*18 at 25° ; 11*7 
at 100° (Allen, Am. S. [2J 34, 367).— NaRbA" 4aq. 
Isomorphous with Rochelle salt (Piccard, J. 1862, 
125). — CSjjA". Trimetric prisms. S. 10 at 25° ; 
100 at 100°. — TljA'^aq. [a] =^4*8° in a 5 p.o. 
solution at 20°. SI. sol. water and alcohol. — 
T1HA". [a] -12° in a 1 p.c. solution at 20°. 
Small flat prisms (De la Provostaye, A. Ch. [3] 
3, 129; Kuhlmann, J . 1862, 188). — TlNaA' 7 4aq. 
At 20 J [a] = 0° in a 5 p.c. solution and 6*5° in 
a 20 p.c. solution. — TlLiA 77 aq. [a] = 9*5° in a 
5 p.c. solution at 20°. — T1KA". [o] *. 10° in a 
5 p.c. solution at 20°.— T1(NH,)A". [a] = 10 J 
in a 5 p.c. solution at 20°.— BaA' 7 . White 
amorphous pp., becoming crystalline. S.G. ™ 
2-973 (Clarke, Am. 2, 174). — BaA 7/ aq (Dulk). 
S. (amorphous) 1*2 ; (crystalline) *077 (Vogel a. 
Reischauer, /. 1859, 288). K^BaA 7 ^ 2aq. Pow- 
der, si. sol. water.— Na^aA^g 2aq. Needles, si. 
sol. water, more soluble in a solution of Rochelle 
salt. Ppd. on mixing a solution of Rochelle 
salt with BaClg. — BaA"TeO fdried at 100°). — 
SrA" 4aq. Monoclinic prisms, S. *7 at 16°. S.G. 

1*966 (Clarke).— SrA" 3aq (Marignac, Arm. M. 
[5] 15, 280). — (NHJ 2 SrA" 2 12aq. Thin plates.— 
K 2 Sr A 77 2aq. — Na 2 Sr A 77 jcaq. — CaH 2 A 77 2 . S. *71 at 
15*6°. Trimetric crystals. — CaA" 4aq. Occurs 
in grapes. Ppd. as white crystalline powder on 
adding CaCl 2 to a solution of KgA 77 . Small tri- 
metric prisms. a:b:c » *872:1: *908 (Anschutz, A. 
226, 191). S. *016 at 15° : *3 at 100° (Mohr, J. 
1865, 893). Forms, with caloium malate, the 
double salt CaA 77 CaC 4 H 4 0 4 6aq, crystallising in 
needles, S. 1*25 at 17° (Ordonneau, Bl. [3J 6, 
262).— MgA 77 4aq. S. *8 at 16°. [a] D = 36 0 .- 
Mg 2 C 4 HA 3aq. S. *024. Ppd. by adding NH S 
to a solution of MgA 77 (Mayer, A. 101, 166). — 

MgNagA'MOaq.— MgK 2 A 77 8aq.-MgHA'V S. 2 

at 16°. — BeA 77 Saq (Atterberg, Bl. [2] 21, 162).— 
BcK 2 G 4 RA Saq. Prisms (Toczynski, Z. 1871, 
277). — K(SbO)A" £aq. Tartar emetic. Prepared 
by boiling Sb 2 0 2 (3 pts.) with cream of tartar 
(4 pts.) and water. Octahedra ; a:b:c 
=*•956:1:1*054. [a] = 141° in a 4 p.c. solution at j 
20°. S.G. 2*6. Efflorescent. At 200° it be- j 
acmes K(Sb0)C 4 H 2 0 5 . S. 5 at 8 ° ; 8 at 21° ; 52 l 


at 100°. *05 to *lg. produoe vomiting. Its solu- 
tion reddens litmus, and gives a crystalline pp. 
of K(SbO)A 77 with aloohol. Its solution is ppd. 
by mineral acids, by alkalis, and by H*S. HgCl 2 
is reduced by it to calomel. Heat of formation : 
Guntz, C. R. 104, 699. Volumetric estimation 
of Sb in tartar emetic (Dunstan a. Boole, Ph. [8] 
19, 385). — K(SbO)A 77 H 2 A 77 2Jaq. Efflorescent 
prisms. Aloohol added to its aqueous solution 
ppts. tartar-emetic, leaving tartaric acid in solu- 
tion (Knapp, A. 82, 76).— K(SbO)A 77 3KHA /7 . 
Mammellated groups of needles, v. sol. water. — 
(K(SbO)A 7 ') 2 NaNO : , (Martenson, J. 1869, 539).— 
Na(SbO)A' 7 £aq. Trimetric, hygroscopic prisms ; 
a:b:c - *922:1:1*08. — (Na^A'VSbtOH)* Saq. 

Amorphous, v. sol. water (Clarke a. Evans, B. 16, 
2385). — NH 4 (SbO)A' 7 £aq. — NH 4 (SbO)A"2iaq 
(Berlin, A. 64, 359). — Rb(SbO)A" |aq. Isomor- 
phous with tartar-emetic (Grandeau, A. Ch. [8] 
67, 155). — Tl(SbO)G 4 H 4 O tt aq. [a] =*100° in a 
2 p.c. solution at 20° (Long, Am. 8. [3] 38, 264). 
— Ag(SbO)A 77 aq. Crystals (J. P. Cooke, Am. 8. 
[3] 19, 393). — Ba(SbOA' 7 ) 2 2£aq. — Cd(SbOA")2aq. 
Converted at 200° into Cd(SbOC 4 HA) 2 (Schiff, 

A. 104, 328). — (Ca(SbOA 77 ) 2 ) 4 Ca(NO g ) 2 24aq. 
Crystallises from a solution of tartar-emetic 
mixed with calcium nitrate in trimetric forms 
(Marignac, Ann. M. [5] 15, 280).— SrfSbOA 77 )* 
Hexagonal crystals. — Sr 2 (SbOA 77 ) 2 (NO,) 2 12aq. 
Very soluble crystals (Kessler, P. 75, 410). — 
Pb(SbOA") 2 4aq. — Be,Sb 2 (C 4 H 2 O u ),. — 
Sb(HA"L4aq. Needles, v. sol. water (C. a. E.). 
— Sb.,A 2 6aq.— (SbO)HA 77 aq (Clarke a. Stallo, 

B. 13, 1788).— (SbO)HA' 7 (Guntz, C. R. 104, 
850).— C 4 H 4 0 s Sb 2 0„aq. Wnite granular pp., 
formed by adding alcohol to a solution of Sb./)* 
in aqueous tartaric acid (Berzelius). Converted 
by heat into Sb0C 4 H 2 0 6 .— (C 4 H ft 0,,) 4 8b 2 0 8 6aq 
(Pttigot, A. Ch. [3] 20, 289).-(C 4 H 8 0 4 *) 2 Sb 2 0 a 
dried) (P.). — (C 4 H 4 0 a ) 2 Sb 2 0 a H 2 0. Crystals 
(Guntz, A. Ch. [6] 13, 396).— Berberine salt 
C^HjgNO.fSbOJA" (Stenhouse, J. 1863, 452).— 
Brucine salt C 23 H 27 N 2 0(Sb0)A 77 .~ Quinine 
salt C^NAfSbOjA 77 (Clarke, 4. 15, 1540). — 
Atropine salt C 17 H 24 NO fl (SbO)A 77 2aq. — Ani- 
line salt C a H 7 N(SbO)A 77 . Long white prisms. 
S.G. 1*89 at 11°.— NH 4 (AsO)A 77 £aq. Large 
efflorescent trimetrio crystals ; a:b:c = *876:1: *694. 
Got by dissolving As A in NH,HA 77 (Mitscher- 
lich ; Werther, J.pr. 32, 409). — K(As0 2 )A 77 2Jaq. 
Got by dissolving arsenic acid in a solution of 
cream of tartar (Pelouze, A. Ch. [3] 6, 68). — 
(Sr(AsOA 77 ) 2 ) 2 NH 4 NO s 12aq. Large trimetric 
crystals (Marignac).— Bi 2 A 77 5 6aq. Small crys- 
tals, decomposed oy water (Schneider, P. 88, 
55). — K(BiO)C 4 H 2 O a (Schwarzenberg, A. 61, 244). 
— BLK(BiO) (C 4 H 2 O a ) 2 (Frisch, J. 1866, 403).— 
K(BO)A 77 (dried at 100°). Potassium borotar - 
trate. Amorphous mass, v. boI. water, insol. 
alcohol. At 100° it becomes K(BO)C 4 HA* 
Purgative. *[a] » 68° in a 20 p.c. solution at 20°. 
-K 2 (BO)C,H s O # .-K 2 (BO) 2 C l HA*-Na(BO)A 7# . 

— Na^BOAHA.— Na 2 (BO) D,H A (Dave, /. 

1869, 540). — K 2 (BO) 2 C 1 HANa(BO)A r7 . — 
Ba(B0)C 4 H 8 0 6 . — Ba(BO) 2 C 4 H 2 O fl . — PbA 77 . S.G. 
4*012 (Clarke, Am. 2, 174). White crystalline 

pp., v. sol. HNO s . — Pb 2 0 4 HA aq (Erdmann, A. 
21, 14). Insol. water, v. sol. KOHAq. — 
Pb^CAOJa- - Ce 2 A 77 8 9aq (?). - Th^'V — 
GuA 77 Saq. B. *06 in the cold ; *8 at 100°. Light* 

lit 
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green powder.— CuA"4NH, (Schiif, A . 123, 46). 
—(H(NH 4 )A ,/ ) s (Hg0),8H 2 0 (Harff, Brcmdes* 


Arch . 6, 269 ; Burcfchardt, ibid, [2] 11, 267). — 
(KHA") 4 HgCl 2 6aq. - K,NiA" a (dried at 110°). 
Efflorescent, apple-green crystalline powder 
(Fabian, A, 103, 248).— CoGl(HA'') 2 5NH 3 2£aq 
(Jdrgensen, J. pr . [2] 18, 239). — ZnA" 2aq 
(Schiif, A. 125, 146). — Zn 2 C 4 H 2 O a £aq. Powder, 
insol. water. — Or (OH) A". Violet flakes, turning 
dark-blue over H 2 S0 4 (Schiif, A, 125, 145). At 
220° it yields Cr0 4 H a O a .— K(CrO)A"3Jaq (Mala- 
guti, C. R. 16, 457).— (Ur0 2 )A"3aq (P61igot, A. 
66, 231). — KjCUrOJA"* (dried at 200°).— 
(SbO) 2 (Ur0 2 lA" 2 8aq. — SnA". Minute crystals. 
— KfFeOJA'^ or 5aq. Prepared by digesting 
cream of tartar with water and Fe(OH) s . Brown 
scales, red by transmitted light. Acids ppt. from 
its solutions a basic salt, sol. excess. — 
NH 4 (FeO)A"4 (or 6) aq. — Fe^A'V — FeA". 
Formed by boiling tartario acid with water and 
iron wire (M6hu, N. J, P, 40, 257). Minute 
crystalline powder. S. *877 at 15-6° (Dulk, A, 
2, 62).— K(MnO)A"4aq (Descamps, Z. 1870, 
817).— Ag^A". Amorphous curdy pp. got by 
adding AgNO a to a cold solution of Rochelle salt. 
Crystallises from a warm solution in white 
scales. Nearly insol. water. Its ammoniacal 
solution deposits Ag on warming (Liebig a. Red- 
tenbacher, A. 38, 132 ; Erdmann, J.pr. 25, 604). 
— AgHA" (Perkin, C. J. 61, 869). Monoclinio 
tables. 


Ethylene-diamine salt 
C 4 H 4 O a (N 2 H a C 2 H 4 ). Dextrorotatory. Leaflets, 
v. sol. water. The acid salt is si. sol. water, S. 
8 at 16°, and the solution is dextrorotatory 
(Colson, Bl. [8] 7, 808). 

Mono-methyl ether MeHA". Formed by 
boiling tartaric acid with MeOH (Gu6rin, A . 22, 
248). Prisms.— KMeA".— BaMe 2 A" 2 aq (Dumas 
a. P61igot, A. Ch. [2] 61, 200; [3] 6, 373). 

Di-methyl ether M e2 A". [48°]. (280° 
i.V.). S.G. (liquid) 1*1-340. [a] D « 2-454 at 18° 
(Anschutz a. Pictet, B, 13, 1176 ; 18, 1399) ; 
-2-14 (Phillips a. Guye, C.R. 110, 714). Yields 
an acetyl derivative [103-'] [a] D - —14° and a di- 
benzoyl derivative [o]i> *» — 88*8°. 

Mono- ethyl ether EtHA". [90°]. 
Formed by dissolving tartaric acid in boiling 
alcohol (G. ; Marian, N. J, T . 13, 2, 43 ; Tromms- 
dorff, N. J . T, 24, 1, 11 ; Gu6rin, A, Ch, [2] 
62, 57). Very deliquescent prisms.— NaEtA". 
Powder, si. sol. alcohol (Mulder, B, 8, 870). — 
KEtA S. 106° at 28-6°. Colourless trimetric 


prisms ; a:6:c=* *288:1: *417.— Ca(EtA”) 2 5aq.— 
Ba(EtA") 2 2aq. 8. 88 at 23°; 128 at 100°.— 
Pb(EtA") 2 . — Cu(EtA"L 6aq. Blue silky efflores- 
cent needles. — AgHA . Prisms. 

Di-ethyl ether Et 2 A". (280° i.V.) ; (233° 
cor. at 197 mm.). S.G. 1-2097; §f 1*2019. 
[a] 0 * 9 at 18° (Anschutz a. Pictet, B. 13, 1176) ; 
7*22 at 12°; 8*02 at 20° (Perkin, O. J . 61, 
863). M.M. 8-766 at 14*8°. Liquid miscible 
with water (Demondesir, A, 80, 301). Sodium 
forms CO 2 Et.CH(ONa).CH(OH).C0 2 Et and 
C0 2 Et.CH(0Na).CH(0Na).CO 2 Et, the latter 
being converted by EtCl into a deposit and a 
liquid, part of which is soluble in alcohol and 
ether and part insoluble in alcohol and ether 
(Mulder, JR. T, C, 8, 875; 9, 238; 10, 171; c/. 
Cohn, B, 20, 2008). The soluble product mixed 
With alooholic CuOL, and poured into water forms 


a pp. crystallising in light-green needles, sol. 
alcohol and ether, insol. water and Cu^gH^O,.. 
Tartario ether is converted by treatment with 
gaseous HCyO into allophanyl-tartario ether 
NH 2 .CO.NH.CO.O(C 4 H 3 Et 2 O ft ) [188°), which is 
m. sol. hot water and alcohol. 

Acetyl derivative of the ether 
COjjEt.CHfOAcJ.CHJOHJ.COjEt. Formed from 
the ether and AcCl, the mixture becoming hot 
(Perkin, C . J, 20, 145). Heavy oil, si. sol. water, 
insol. saline solutions. Neutral to litmus. 

Di-acetyl derivative of the ether 
C0 2 Et.CH(0Ac).CH(0Ac).C0 2 Et. [67°]. (292°) 
(Pictet, B. 14, 2790) ; (230° at 100 mm.). Formed 
by heating tartaric ether with AcCl at 100°(Perkin ; 
Wislicenus, A . 129, 187). Prisms (from water), 
v. si. sol. water. Slowly saponified oy KOHAq. 

Acetyl-benzoyl derivative of the 
ether C0 2 Et.CH(0Ac).CH(0Bz).C0 2 Et. Formed 
by heating the mono-benzoyl derivative of the 
ether with AcCl at 150° (Perkin). Heavy oil. 

Mono-benzoyl derivative of the 
ether C0 2 Et.CH(0H).CH(0Bz).C0 2 Et. [64°]. 
Formed by heating the ether with BzCl at 100°. 
Prisms, si. sol. hot Aq. Saponified by alcoholic 
potash yielding C 2 H 2 (0H)(0Bz)(C0 2 Et).C0 2 K, 
C 2 H 2 (0H)(0Bz)(C0 2 K) 2 , and finally, potassium 
tartrate. C 2 H 2 (0H)(0Bz)(C0 2 Et).C0 2 H forms 
tufts of needles, si. sol. water. 

Di-benzoyl derivative of the ether 
[o] D « -60° (Phillips a. Guye, C, R. 110, 716). 

Di-n-propyl ether Pr^A". (303° i.V.). 
S.G. 12 1-1392. [a] D = 13-77 at 18° (A. a. P.) ; 
= 12-44 (P. a. G.). 

Di-isopropyl ether Pr 2 A". (275°). S.G. 
*» 1*130. [«] D - 14-89 at 20° (Pictet, J. 1882, 

856). Liquid. 

Di-isobutyl ether (PrEELJaA". [68°]. 
(324°). S.G. M* 1-015. [«]i> = 19*9° (P.). 

Yields a dibenzoyl derivative [a] D = —42°. 

Isoamyl ether (C 8 H n )HA". Formed by 
digesting tartario acid (150 pts.) with isoarnyl 
alcohol (88 pts.) at 130° (Balard, A, Ch. [3] 12, 
309 ; Breunlin, A. 91, 314). Nodular mass, with 
very bitter taste. — KC 5 H n A"aq. Crystalline. — 
NaC 5 H M A". Nodules. — Ba(C s H n A") 2 2aq : 
pearly plates (from water).— Pb(C 4 H n A") 2 . — 
Ca(C 5 H 11 A") 2 .— AgC s H,,A". Tufts of needles. 

Di -acetyl derivative C a H l0 O g i.e. 
C0 2 H.CH(0Ac).CH(0Ac).C0 2 H. [«],> - - 23-14 

(Phillips a. Guye, C . R. 110, 716). Formed 
slowly from the anhydride by the action of water. 
Hard deliquescent crystals (containing 3aq), 
melting at 58°. V. sol. water, alcohol, and ether, 
si. sol. benzene. Laavorotatory. Its salts form 
lfflvorotatory solutions (Colson, Bl. [3] 7, 806 ; 
C. R. 114, 417). Converted into tartaric acid 
by hot KOHAq. — KHA" ; crystalline powder. — 
BaA" : slender deliquescent needles.— CaA".-— 
CuA". — Ag-jA" : white crystalline mass. — 
Ethylene -diamine salt C 8 H 8 0 8 (N 2 H a C 2 H 4 ). 
Lfievorotatory. V. sol. water. 

Anhydride of the di-acetyl deriva- 
tive C JR. [127°]. Formed by heating tar- 

taric acid with AcCl (Ballik, Site. W. 29, 26 ; 
Pilz, Site. W. 44 [2] 7 ; Perkin, C . J. 20, 149). 
Slender needles (from benzene). Dextrorota- 
tory. 

Benzoyl derivative O u H l0 O y t.s. 
C0 2 H.CH(OH).CH(OBz).0O 2 H. Formed by 
heating tartario acid with benzoic add at 150° 
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(Dessaignes, *T. Ph. [S] 82, 47). Minute crystals, 
v. sol. water, si. sol. alcohol. — Ag^A" : white pp. 

Di-benzoyl derivative C, B H 14 O t i.e. 
C0 2 H.CH(0Bz).CH(0Bz).C0 2 H. [90°]. 

[«]„- -1X6° in alcohol. Formed by dissolving 
its anhydride in hot water. Needles (contain- 
ing aq). Converted by heat into a crystalline sub- 
stance melting at 132°. 

Anhydride C, 8 H I2 0 7 . [174°]. [a] D *143° 
in acetone ajb 18°. Formed by heating tartaric 
acid with BzCl. Small needles, insol. cold water, 
sol. alcohol, benzene, and alkalis. Dextro- 
rotatory. 

Di-nitroxyl- derivative 
C0 2 H.CH(N0 3 ).CH/N0J.C0 2 H. Nitrotartaric 
acid. Formed by dissolving tartaric acid (1 pt.) 
in HNO f (44 pts.), and stirring with an equal 
volume of H 2 S0 4 (Dessaignes, A. 82, 362; 89, 
339). The crystals are dried and crystallised 
from ether (Kekul6, A. 221, 245). Silky prisms, 
decomposed by hot water, forming oxalic and 
tartronic acids, C0 2 , and NO. Alcohol contain- 
ing HN0 2 forms di-oxy-tartaric acid. Ammo- 
nium sulphide reduces it to tartaric acid. — 
(NH 4 )HA". — Ag 2 A" aq. V. sol. water. — Et*A". 
[46°]. S.G. 15 1*278. Formed by dissolving 
tartaric ether in a mixture of HNO a and HoS0 4 
and ppg. with water. 

Amide CJB^O^CO.NEy.,. Formed by pass- 
ing NH S into an alcoholic solution of the ether, 
or of its di-acetyl derivative (Demondesir, A. 80, 
303; Pasteur, C. R. 35, 176; Grote, A. 130, 
202 ; Ruhemann, B. 20, 3366). Trimetric crys- 
tals (from water), v. e. sol. water. Dextrorota- 
tory. 

Amic acid C 4 H 7 N0 5 i.e. 
C0 2 H.CH(0H).CH(0H).C0.NH 2 . Formed by 
passing NH 3 over tartaric anhydride moistened 
with alcohol (Laurent, Compt . Chim . 1845, 153). 
Formed also, together with tartaric acid, by 
heating tartaric ether with NH s Aq at 100 J 
(Grote). Syrup.- CaA' 2 6aq : tetrahedra, v. sol. 
water. — Pb 3 (C 4 H 4 N0 5 )„.-— BaA' 2 8aq. — EtA'. 

Anilide C 2 H 4 0 2 (C0.NHPh) 2 . [250°]. 

Formed by boiling aniline with tartaric acid 
(Polikier, B . 24, 2959). Pearly scales, insol. 
water, si. sol. other solvents. Yields mono-, di-, 
and tri- acetyl derivatives, melting at 227°, 216°, 
and 137° respectively. 

Phenyl-amic acid C 10 H n NO 4 i.e. 
C0 2 H.CH(OH).CH(OH).CO.NHPh. [180°]. 
Formed by boiling the phenylimide with NH*Aq 
(Arppe, A. 93, 852). PlateB, v. sol. water and 
alcohol.— BaA' 2 ; spangles, m. sol. hot water. — 
AgA' : white powder, v. si. sol. water. 

Phenylimide O 10 H 9 NO 4 i.e. 

CH(OH)!cO^ >NPh * [ 280 °]* Formed * together 
with the anilide, by heating tartaric acid with 
aniline at 150°. Pearly plates, v. sol. water. 

Di-o-toluide C^O^OO.NBLC^Me)^ 
[183°]. White plates, insoL water (Bischoff, 
B. 23, 2049). ACgO at 140° yields a di-acetyl 
Compound [222°]. 

Di-p-toluide C^O^CO.NH.O^Me)^ 
[264°]. Got by heating p-fcoluidine with tartaric 
acid at 185°. Silky needles (from alcohol). 
Converted by Ao«0 into a di-acetyl derivative 
[ 202 °]. 

Hy dr azide C 2 H i (OH) 2 (CO.NH.NH 2 ) r 
[X88 0 ]. Formed from tartaric ether and hydra- 


zine hydrate (Yon Bothenburg, B. 26, 2057). 
Needles, si. sol. aloohol. Converted by benzoio 
aldehyde into OAfOH^CO.N^.-CHPh), [225°], 
crystallising in yellowish plates (from alcohol). 

Lsbvo- tartario acid 

C0 2 H.CH(OH).CH(OH).CO*H. Anti-tartaric 
acid. [170°]. When a solution of racemic aoid 
is divided into two equal parts and one is 
neutralised by ammonia and the other by soda, 
and the solutions mixed and allowed to evapo- 
rate, hemihedral crystals of Na(NH 4 )C 4 H 4 0„ are 
obtained. Half of these crystals have the 
hemihedral faces oppositely situated to those of 
the other half ; and on carefully selecting the 
two kinds of crystals (the solutions of which 
exhibit equal and opposite action on polarised 
light), ppg. their solutions by lead nitrate, and 
decomposing the lead salts by H 2 S or H 2 S0 4 , 
solutions are obtained which on evaporation 
yield crystals, the one of dextro- and the other 
of lfflvo- tartaric acid (Pasteur, A. Ch. [3] 28, 56). 
If in a solution of sodium ammonium racemate 
of S.G. 1*26 a crystal of the dextro- salt be put on 
one side and one of the l®vo- salt be put on the 
other side of the vessel, the two salts will crys- 
tallise separately (Jungfleisch, J. Ph. [5] 5, 
346). The separation of sodium ammonium 
racemate into the dextro- and laevo- tartrates 
does not take place if the solution is heated to 
118° in a sealed tube and allowed to crystallise 
without access of air (Bichat, Bl. [2] 46, 54). 
According to Wyrouboff (G. R. 102, 627), the 
splitting up of the sodium ammonium racemate 
depends upon strength of solution and tempera- 
ture only. 

Laevo-tartaric acid is exactly like dextro 
tartaric acid in solubility and S.G. Its crystals 
are like the reflection of those of the dextro- 
acid. The two acids are oppositely pyro-electric. 
Solutions of the laevo- acid exhibit an effect on 
light equal and opposite to that produced by 
solutions of the dextro- acid of like strength. 
When cone, solutions of equal quantities of the 
dextro- and laevo- acids are mixed, heat is given 
out and racemic acid separates. The salts of 
the laevo -tartaric acid have the same amount of 
water of crystallisation, and the same crystal- 
line form as the salts of dextro-tartaric acid. 
They exhibit opposite hemihedry, opposite rota- 
tion, and are oppositely pyro-electric. Differ- 
ences are observed between the compounds of 
the two acids with optically active substances. 
Acid ammonium (active) malate combines with 
acid ammonium dextro- (but not l®vo-) tartrate. 
Cinchonine laevo- tartrate C, w H 22 N 2 OC 4 H ? O a con- 
tains aq, while the dextro-tartrate contains 4aq. 

Di-methyl-ether Me-jA". [48°]. (160° 
at 16 mm.). Laavorotatory (Anschutz, B. 18, 
1398 ; A. 247, 112). 

Di-acetyl derivative of the di- 
methyl ether 

COjjMe.CHfbAcJ.CHJOAcJ.CO^e. [103°]. 

[a] D *» —1*3 (in a 36 p.c. solution in alcohol of 
S.G. *826). Formed by heating MejA" with 
AcCl. Monoclinio plates (from benzene) ; 
a:b:c « 1*052;1;1*007 ; 0-87° 64'. On mixing 
with the corresponding dextro- compound it forms 
the isomeric racemic compound [86°]. 

Amide C 4 H 4 0 4 (NH 2 ) 2 . Combines with the 
amide of active malic acid, forming needles, $. 
more than 83. 
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Racemic acid 0 4 H fl 0 6 . Paratartaric add . 
[206°] (Bischoff, B. 22, 1812). S.G. (of H*A") 
I 1*778; (of HgA" aq) 1-687 (Perkin, C. J. 
61, 866). S. (of H 2 A") 8-16 at 0°; 18 at 20°; 
187*8 at 100°. S. (of H^'aq) 9-23 at 0° ; 20*6 
at 20°; 184*9 at 100° (Liedie, G. R. 95, 87). 
Heat of solution at 9°: —5675 (for H 2 A") ; 
— 7065 (for HgA" aq) (Pickering, O . J . 51, 367). 
H.C. (for ELjA") 1,851,190 (Ossipoff, C. R. 108, 
1106). H.F. (for H 2 A" aq) 278,400. Acid potas- 
sium racemate either occurs sometimes in crude 
argol, or is produced therefrom in the purifica- 
tion processes (Kestner; Jungfleisch, C. R. 85, 
805). On crystallisation of cream of tartar, 
acid potassium racemate remains in the mother- 
liquor. 

Constitution . — Assuming racemic acid to be 
a compound of the dextro- and Revo-tartaric 
acids, its formula must be at least (C 4 H a 0 8 ) 2 . 

Formation . — 1. By mixing solutions of dex- 
tro- and laevo- tartaric acids. — 2. By heating 
tartaric acid (30 g.) with water (4 c.o.) for 30 
hours at 175° (Jungfleisch, Bl. [2] 18, 203). — 
3. By heating the dextro- or lrovo- tartrate of 
quinine or cinchonine at 170° (Pasteur, A. 72, 
164 ; 84, 157 ; 88, 211). — 4. By heating tartaric 
ether. — 5. By heating inactive tartaric acid at 
200° or by boiling it with HClAq (Dessaigncs, 
Bl. 1865, i. 34). — 6. By oxidation of fumaric 
acid by aqueous KMn0 4 (Kekul6 a. Anschutz, B. 

18, 2150; A. 226, 191 ; cf. Tanatar, £.12,2293). 
7. By the action of HNO s on lcevulose, mucio 
acid, and inulin; and, together with tartaric 
acid, by the action of HNO a on milk sugar, cane 
sugar, saccharic acid, dulcite, and mannite (Car- 
let, R&p. Chim . pure, 2, 345 ; 4, 17 ; Hornemann, 
J . pr. 89, 283).— 8. Together with inactive tar- 
taric acid by boiling silver di-bromo-succinate 
with water (Perkin a. Duppa, C. J. 13, 102; 
Pasteur, A. Suppl. 2, 242; Jungfleisch, Bl. [2] 

19, 198). — 9. By boiling silver iso-di-bromo-suc- 
cinate with water (Demuth a. Meyer, B. 21, 268). 
10. By boiling glyoxal with dilute HCy and 
HC1 (Schdyen, A. 132, 168; Strecker, Z. [2] 4, 
216).— 11. By the aotion of zinc-dust (2 mols.) 
ana dilute HOAo (3 mols.) on glyoxylic acid 
(1 mol.) at 100° (Genviesse, Bl. [8] 7, 225 ; C . R. 
114, 555). — 12. From piperio acid, sorbio acid, 
and CHO.CH:CH.CH:CH.C0 2 H by careful oxi- 
dation with dilute KMn0 4 below 4° (Doebner, B. 
23, 2374).— 13. By heating a solution of desoxalic 
acid (Ldwig, J. 1861, 605 ; Klein, J. pr. [2] 20, 
167). 

Preparation. — Sodium ammonium racemate, 
got from the mother-liquor from which cream of 
tartar has separated, is treated exactly in the 
same way as cream of tartar in the preparation 
of tartario acid. The small opaque needles of 
racemic acid can be separated by handpicking 
from the large transparent crystals of tartaric 
acid. /> 

Properties . — Triclinic crystals (containing 
aq); a:b:c - -484:1: *806 ; a -120°; 0 = 96° i&; 
y =s 76° 5' (De la Provostaye, A. Ch. [3] 3, 131). 
Slightly efflorescent. Gives off aq at 100°. Less 
soluble than tartaric acid. In dilute solutions 
of racemic acid the lowering of the freezing-point 
is the same as with an equal weight of tartaric 
aoid (Raoult, Z. Ph. 2, 186). Absorption of a 
solution of racemic acid by filter paper does not 
separate the dextro- and laevo- acids (Maroh- 


lewski, B. 26, 983). A solution of racemic 
acid is ppd. by CaS0 4 (unlike tartario acid). 
Calcium racemate is insol. acetic acid (un- 
like oalcium tartrate). NH 4 C1 does not hinder 
the ppn. of calcium racemate. When heated 
above 200° racemic acid yields the same products 
as tartaric acid. By various ferments (e.g. Peni - 
cillium glaucum) racemio acid, when free or as 
acid ammonium salt, is converted into tartario 
acid (Pasteur ; cf. E. Mulder, R. T. C. 1, 231). 
A solution in HNO a (S.G. 1*52) poured into half 
its volume of H,S0 4 deposits the crystalline 
C 2 K 2 (0.N0 2 ) 2 (C0 2 H) 2 (Dessaignes, J. Ph. [3] 32, 
46). AcCl converts racemic acid into di-acetyl- 
racemic anhydride C 2 H 2 (0Ac) 2 C 2 0 3 [123°]. Ra- 
cemic acid and its salts are inactive to 
light. 

Salts (Fresenius, A. 41, 1; 53, 230). — 
(NHJjjA". Trimetrio prisms ; a:b:c « *509:1: -847. 
V. sol. water, nearly insol. alcohol. Give off 
NH* in air.— (NH 4 )HA". S. 1 at 20° ; less sol. 
boiling water. Monoclinic prisms. Reddens 
litmus. — K 2 A" 2aq. Six-sided tables. S. 103 at 
25°. Nearly insol. alcohol.— KHA". S. -55 at 
19° ; -7 at 100°. Insol. alcohol.— K(NH 4 )A". 
Striated prisms.— Na 2 A". S. 38 at 25°. Trime- 
tric prisms. Insol. alcohol. — NaHA"aq. S. 9 
at 19°. Monoclinic prisms (from water). Ppd. 
from aqueous solution by addition of alcohol. — 
Na(NH 4 )A"aq. S.G. 1-740 (Wyruboff, A. Ch. [6] 

0, 229).— NaKA" 4aq. S. 47 at 6° (Fresenius, A. 
53, 230). — NaKA"3aq. Monoclinic crystals 
(Wyruboff, A. Ch. [6] 9, 232).— RbA".-CaA"4aq. 
Acicular prisms (Anschutz, A. 226, 191). — 
BaA"2£aq. S. -05. Crystalline pp. — SrA"4aq. 
— T1A" (De la Provostaye, A. 126, 79). — 
LiTIA" 2aq (Wyruboff).— NaTIA" 2aq. S. 25 at 
25°.— MgA" 6aq. S. -85 at 19°.— CdA" (Schiff, 
A. 104, 326). PbA" (dried at 100°)-— Pb 2 C 4 H.A 
(Krug, J. 1861, 367). — CuA" 2aq. Pale-blue 
needles, sol. alkalis and solution of Na 2 CO s . — 
Na„CuC 4 H 2 O a 4aq. — MnA" aq. — NiA" 5aq. — 
NH 4 (AsO)A"iaq. S. 9*4 at 15°. Efflorescent 
crystals. — K(AsO)A" l£aq. S. 13 at 16°. De- 
composed by hot water with liberation of As 2 O s . 
— Na(AsO)A"2£aq. S. 7 at 19°. Non-efflorescent 
white crystals (Werther, J. pr. 32, 385). — 
K(SbO)A" ^aq. Monoclinic prisms. — Ag 2 A". 
Shining scales, less sol. Aq than silver tartrate. 

Mono-methyl ether MeHA". Formed by 
evaporating racemic acid with MeOH (Gu6rin- 
Varry, A. Ch. [2] 62, 77; A. 22, 252). Rect- 
angular prisms, v. e. sol. cold water. Decom- 
posed by hot water into the parent substances. 
— KMeA"£aq. Prisms.— Ba(MeA") 2 4aq. Mono- 
clinic prisms.— AgMeA". Pp. 

Di-methyl ether Me 2 A". [85°]. (282® 

1. V.). Formed by methylation of racemic acid, 
and also by mixing equal weights of the di- 
methyl ethers of the laevo- and dextro-tartaric 
acids (Anschutz a. Pictet, B. 13, 1178 ; 18, 1397 ; 
A. 247, 116). Monoclinic crystals ; optically in- 
active. Yields a di-acetyl derivative 
CyijfOAcJjjfCOjjMeJa [86°] in trimetric crystals ; 
aib:c » -8095:1: -6728. This compound, examined 
by Raoult’s method, has the same molecular 
weight as the di-acetyl derivative of di-methyl 
tartrate. 

Mono-ethyl ether EtHA". Deliquescent 
prisms, v. sol. alcohol. Inactive to light. — 
KEtA" aq. — Ba(EtA"), 2aq. — AgEtA". Prising. 
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Bi-ethyl ether (238° cor. at 197 

ton.) S.G. if 1*2098 ; f$ 1*2021. M.M. 8*759 at 
15*5° (Perkin, G. J. 51, 364). Yields an oily 
acetyl derivative and a di-acetyl derivative 
CA(OAc),(CO.jEt) 2 , [51°] (230° at 100 mm.). 
BzCl forms C 2 H 2 (OH)(OBz)(C0 2 Et) 2 [57°]. The 
compound OJEL.dOEtJafCOjEt);, (147° at 15 mm.) 
is formed from di-bromo-succinic ether [58°] and 
NaOEt (Michael, J. pr. [2] 46, 234).- Ag.A".— 
AgHA". Monoclinic, a:b:o - *721:1: *869 ; 0 = 70° 
10 '. 

Inactive tartaric acid 

C0 2 H.CH(0H).CH(0H).C0 2 H. Mesotartaric 
acid. [140°-143°J. S. 125 at 15°. 

Formation. — 1. By heating cinchonine tartrate 
or racemate for several hours at 170° (Pasteur, 
A. 88, 212). The product is mixed with CaCl 2 , 
which ppts. calcium racemate, and the filtrate 
slowly deposits calcium inactive tartrate. — 2. By 
boiling tartaric or racemic acid for 400 hours 
with HClAq (Dessaignes; Pasteur, Bl. 1862, 
107). — 3. By heating tartaric acid (30 g.) or 
racemic acid with water (4 c.c.) for 2 days at 
165°. Separated by means of its very soluble 
acid K salt (Jungfleisch, Bl. [2] 19, 101). — 4. A 
product of the action of HNO„ on sorbin (Des- 
saignes, C. B. 55, 769), erythrite (Przybytek, B. 
17, 1412 ; Bl. [2] 43, 126) and glycerin.— 5. By 
oxidation of lievulose (Kiliani, B. 14, 2530). — 
6. By oxidation of phenol by alkaline KMn0 4 at 
0° (Doebner, B. 24, 1755).— 7. A product of the 
action of moist Ag 2 0 on di-bromo-succinic acid. 
8. By the action of nitrous acid on di-amido- 
succinio acid (Lehrfeld, B. 14, 1819). — 9. By 
oxidation of maleic acid by alkaline KMn0 4 
(Kekul£ a. Anschutz, B. 14, 713). 

Properties . — Prisms (containing aq). Loses 
its aq at 100°; at 200° it yields pyrotartario 
and racemic acids. Prolonged boiling with 
HC1 aq converts it into racemic acid (Des- 
saignes). The conversion is also effected by 
heating the acid with a little water at 175°. 
The ether is converted by AcCl into 
C 2 H 2 (0Ac) 2 (C0 2 Et) 2 [48°], crystallising in silky 
needles. 

Salts KHA". Needles. S. 12*5 at 19°.— 
RbHA" Aaq. — Rb 2 A"aq. — RbNaA" 2|aq. — 
CaA" 3aq. S. *17 at 100°. S. (HOAc) *028 
at 18°; *085 at 100°. — PbA"aq: amorphous 
pp. -ZnA"2aq (dried at 110°). — T1HA". — 
T4A". — NaTIA" 2$aq.-Ag 2 A" aq : white pp. 

Xetatartaric acid (G 4 H a O a )*. A deliquescent, 
glassy mass, v. sol. water, obtained by melting 
tartaric acid (Braconnot, A. Gh . [2] 68, 299 ; 
Erdmann, A. 21, 9 ; Laurent a. Gerhardt, A. 
70, 848). It is sometimes formed when a 
solution of tartaric acid is evaporated over a 
water-bath (Grosjean, C. J. 43, 334). Converted 
by boiling water into tartaric acid. 

Salts.— (NH 4 )HA". Minute needles. More 
soluble than the acid ammonium tartrate. Its 
solution is ppd. by CaCl 2 and NH*Aq only when 
highly concentrated. CaA" 4aq. Minute len- 
ticular grains, sol. dil. HClAq, converted by 
boiling water into calcium tartrate. 

Ditartarie acid C^H^O,,. An anhydride of 
tartaric acid, got by heating tartaric acid at 170° 
till it is no longer ppd. by lime-water (Fremy, A. 
19 , 197; 29 , 142 ; 78, 297). Amorphous and 
very deliquescent. Sol. alcohol, insol. ether. 
Its salts are amorphous, v. sol. water, and ppd. 


by aloohol. They are converted into meta- 
tartrates, and finally into tartrates, by boiling 
water.— CaA". - BaA". — PbA". — CuA". — Ag,A". 
Y. sol. water (Schiff, A. 125, 129), 

Ethyl ether Et 2 A". Fat-like solid. 

Tartrelio acid C 4 H 4 0 A . Soluble tartaric 
anhydride. Formed by quickly heating small 
quantities of tartario acid till the fused mass 
swells up. Yellowish deliquescent mass, sol. water, 
forming an acid solution, from which CaCl, ppts. 
CaA' 2 as an amorphous mass, which becomes 
crystalline on adding alcohol. Tartrelio acid is 
converted into tartario acid by boiling water. 

Insoluble tartario anhydride G 4 H 4 0 A . 
Formed by heating tartaric acid for some time 
at 150° and exhausting the product with cold 
water. Powder, insol. water, alcohol, and ether. 
Converted by hot water into tartario acid. 

TARTB0NIC ACID C 3 H 4 O ft i.e. 
CH(0H)(C0 2 H) 2 . Oxy-malonic acid. MoL w. 
120. [187°]. Heat of solution -4331 (Gal a. 
Werner, Bl. [2] 46, 803). 

Formation. — 1. By spontaneous decomposi- 
tion of nitro -tartario acid in aqueous solution 
(Dessaignes, C. B. 34, 731 ; 88, 44). — 2. By the 
reduction of mesoxalio acid by sodium-amalgam 
(Baeyer, J. 1864, 641).— 3. By the action of 
Ag 2 0 on bromo-malonio acid (Petrieff, B. 11, 
414). — 4. By boiling chloro-malonio ether with 
KOHAq, the yield being 25 p.c. of the theoretical 
amount (Conrad a. Bischoff, A. 209, 222). — 
5. From di-bromo-pyruvio acid and baryta- 
water at 40° (Grimaux, B. 10, 903). — 6. From 
glyoxylic acid by treatment with KGy, the re- 
sulting nitrile being saponified (Bflttinger, B. 14, 
729). — 7. A product of the action of alkaline 
cupric solution on glucose (Claus, Z. [2] 6, 152 ; 

A. 147, 114). — 8. By slow oxidation of glycerin 
(Sadtler, B. 8, 1456 ; Campani a. Bizzari, 0. 12, 
1). — 9. By heating sodium carboxy-tartronate 
(Gruber, B. 12, 514). 

Preparation. — 1. By boiling the di -nitrate of 
tartaric acid (20 g.) with alcohol (60 g. of 8.G. 
*925) (Demole, B. 10, 1778). — 2. By warming 
tri-chloro-lactic ether CCl 3 .CH(0H).C0 2 Et with 
a 10 p.c. solution of NaOHAq (5 mols.), neu- 
tralising with HOAc and ppg. with BaCl^ (Pinner 

B. 18, 752, 2852). 

Properties.— Prisms (containing £aq), v. sol. 
water and alcohol, si. sol. ether. After drying 
at 100° it loses its water of crystallisation and 
becomes v. sol. ether. Massol (G. B. 114, 422) 
obtained anhydrous crystals [155°]. Decomposed 
by fusion, yielding C0 2 and glycolide C^Oj. 
Reduced by HIAq to malonio acid. 

Salts. — NaaA" (dried at 100°). V. sol. 
water. — K^A'aq. — (NHJ^A". Needles. — 
x (NH 4 )HA''. Yields glycollic amide on heating. 
— BaA" 2aq. Micro-crystalline powder, v. si. sol. 
water (Pinner). — BaA" aq (G.). — CaA"2.)aq (P.). 
— CaA>' aq (O. a. B.). — CdA". — PbA" (dried at 
120°). — MnA".— Ag-jA". Needles (from hot Aq). 

Ethyl ether EtjA". (c. 224°). Heavy 
oil (Freund, B. 17, 786 ; Pinner). 

The aoetyl derivative CHJOAcJfCOJBt), 
(c. 161° at 60 nun.), S.G. 1-131, is formed 
from bromo-malonio ether and KOAc in EtOH 
at 50° (Conrad a. Brfickner, B. 24, 2997). Br 
converts it into mesoxalio ether C(OH) a (GO*Et). 
[ 57 °]. 
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Amide CHfOHHOO.NH*)* [196°]. Six- 
tided plates, m. sol. not water. 

Amic acid CO*H.CH(OH).OO.NH 2: [160 0 ]. 
Formed by boiling sodium dialurate with water 
(Menschutkin, A . 182, 82). Needles, si. sol. 
oold water. Converted by nitrous acid into 
glycollic acid. — KA' aq. — BaA' 2 aq. — PbA', $aq. 
Needles, v. sol. hot water. — AgA'. Needles. 

Phenyl derivative CH(OPh)(COaH) 2 . 
Formed by saponification of its ether 
CH(OPh) (OOgEt)^ (230°-240° at 60 mm.), which 
is got from bromo-malonio ether, phenol, and 
NaOEt (C. a. B.). At 196° it forms 
CH 2 (0Ph).C0 2 H. 

TARTRONYL-UREA v. Dialurio aoid. 
TAURINE C 2 H 7 NSO g i.e. 
CH a (NH-).GH 2 .S0 8 H. Amido-ethane sulphonic 
acid , . Mol. w. 125. S. 6 5 at 12°. H.F. 185,700 


(Berthelot a. Matignon, A. Oh . [6] 22, 182). Ob- 
tained by the action of acids and alkalis on tau<« 
rocholic acid (Gmelin, Tiedemann a . Gmelin's 
Die Verdammg , 1, 43 ; Demarpay, A. 27, 286 ; 
Dumas a. Pelopze, A. 27, 292 ; Redtenbacher, 
A. 57, 170; Strecker, A. 65, 132; 67, 34; 91, 
101). Occurs in the free state in putrid bile 
and in the muscles of the oyster, in shark’s 
blood, in the liver, spleen, and kidneys of the 
ray, and in the lungs of oxen (Valenoiennes a. 
Fremy, O. R. 41, 735; Stadeler a. Frerichs; 
ClSetta, A. 99, 289). Formed also by heating 
0-chloro-ethane sulphonic acid with NH : ,Aq at 
100° (Kolbe, 2. 122, 33), and by the action of 
S0 2 on vinylamine (Gabriel, B. 21, 2667). Pre- 
pared by evaporating ox-bile with dilute HC1 at 
100°, decanting from a resin, allowing to crys- 
tallise, and re-crystallising from water. It may 
be purified by means of the lead salt. 

Properties. —Transparent crystals, m. sol. 
water, insol. alcohol. Neutral to litmus. Not 
melted below 240°. Converted by nitrous acid 
into isethionic acid (Gibbs, Am. S . [2] 25, 30). 
Decomposed by potash-fusion. 

Salt 8. — NaA'. Very deliquescent (Lang, Bl. 
[2] 25, 180).— 0aA' 2 . Slender needles, v. e. sol. 
water.— PbA'». Needles, v. e, sol. water.— 
Pb.A'.fOH)*.— CdAV-HgAV- H g2 A' 2 0 (Engel, 
Bl [2] 28, 532).— AgA'. 

Benzoyl derivative NHBz.G 2 H 4 .SO„H. 
Formed by heating /u-phenyl-thiazole tetrahy- 
dride with HC1 and bromine-water (Gabriel a. 
Heymann, B. 23, 159). Syrup. — AgA'. Spheri- 
cal groups of plates. 

Phthalyl derivative 
fG 8 H 4 0 2 ):N.CH 2 .CH 2 .S0 8 H. Got by oxidising 
ai-phthalimido-di-ethyl-disulphide with HNO g 
(S.G. 1*25) (Gabriel, B. 24, 1116). Crystals 
(containing l$aq), sol. EtOAo. Tastes bitter. 

Jmide C,H 4 <g^>. [46°-60°]. Prepared 

from & - chloro - ethane - sulphonic ohloride 
CH 2 Cl.CH a ,SO u Cl by treatment with ammonia 
(James, C. J. 49, 491). Solid, resembling gum 
arabio ; bitter in taste. V. si. sol. cold, v. sol. 
hot, water, insol. alcohol and ether. Ppd. HgO 
appears to form the compound (C^SO^JIg. 

Ethyl-taurine v. Ethyl-amido-ethane sul- 
phonic acid. 

Methyl-taurine v. Mbthyl-aiudo-bthane 
sulphonic acid. 


TAUROCHEN OCHOLIG ACID 0«H„NS0 a . 
Occurs as K and Na salts in goose-bile (Heints 


a. Wislicenus, P. 108, 547 ; Otto, A . 149, 192). 
Amorphous, sol. water and alcohol. Decomposed 
by boiling with baryta or potash into taurine 
and chenocholio acid.— NaA' aq (dried at 110°). 
Small tables. Its aqueous solution gives pps. 
with CaOlj, AgNO a , and lead subaeetate, but not 
with lead acetate. 

TAUROOHOLIC ACID C M H 45 NS0 7 . Occurs as 
Na salt in the bile of most animals (Strecker, A. 
67, 30; 70, 169; Hiifner, J. m. [2] 19, 302; 
Copeman a. Winston, J. Physiol . 10, 213). Ob- 
tained by ppg. with lead acetate, filtering from lead 
glycooholate, and ppg. lead taurooholate by lead 
subacetate. Deliquesoent silky needles, v. sol. 
water and aloohol, m. sol. ether. Dextrorotatory, 

| [o] D « 26° (Hoppe- Seyler, Arch . Path. Anat. 15, 
1261. Boiling water splits it up into taurine and 
cholic acid. Antiseptic, and ppts. albumen com- 
pletely from its solutions (Maly, M. 4, 89). 

Salts.— NaA' (dried at 120°). Ppd. by alco- 
hol in an amorphous state, rendered crystalline 
by ether. — KA'. Needles, resembling wavellite. 

TAUROCYAMINE C 8 H 9 N 8 S0 8 i.e . 
NH:C(NH 2 ).NH.GH 2 .CH 2 .S0 8 H. [226°]. S. 4 at 
21°. Formed by heating taurine with cyan- 
amide (1 mol.) and water at 110° (Engel, B. 8, 
1597 ; Ditfcrioh, J.pr . [2] 18, 63). Small white 
prisms, v. sol. water, insol. alcohol and ether. 
From cold water it crystallises with aq. 

TAXINE0 37 H S2 NO I0 . [82°]. Obtained from the 
leaves, twigs, and fruit of the yew (Taxus baccata) 
by extracting with ether (Lucas, Ar. Ph. [2] 85, 
145 ; Van der Harst, B. T. C. 3, 279 ; Marm6, 
Bl. [2] 26, 417 ; Hilger a. Brande, B. 23, 464). 
The ethereal solution is quickly shaken with 
acidulated water, and the solution ppd. by 
NH 3 Aq. Crystalline. Gives off aromatic fumes 
on melting. V. si. sol. water, v. sol. alcohol and 
ether, insol. benzene. Cone. EL 2 S0 4 gives a deep 
purple; Frfihde’s reagent a reddish- violet colour. 
Gives yellow pps. with sodium phosphomolyb- 
date, I in KI, and potassium bismuth iodide. 
Insol. alkalis. The salts crystallise with diffi- 
culty.-SaltB : B'HCl.— B'.H.SO,.— B'^PtCl,. 
— B'HAuC 1 4 . — B'Etl. 

TECTOQ.UINONE. [171°]. Obtained from 
teak resin or by the distillation of teak wood 
(Romanis, O. J . Proc. 4, 116). Amber-yellow 
crystals, sol. alcohol. Reduced by zinc-dust and 
HOAo to CjgHjB. Yields a nitro- derivative and 
a bromo- derivative [165°]. 

TELLURATES. Salts of tellurio aoid, 
H 2 Te0 4 (q.v., p. 649). The normal tellurates of 
mQQovalent metals have the composition 
M 2 Te0 4 .rrH,0 ; there are also acid tellurates 
MHTeO..£cH 2 0 ; and two classes of tetratellu - 
rates , (1) M 2 Tefl lv xBLfl t which are soluble in 
water when M is an alkali metal, and (2) 
M 2 Te 4 0 18 , which are insoluble in water. The 
hydrated tetratellurates may be represented as acid 
ditellurates derived from the hypothetical acid 
H 2 Te 2 0 7 ; thus K2Te 4 0, 8 .4IL 2 0 = 2KHTe 2 0 7 .8H./). 
Some aoid salts may be represented as derived 
from hypothetical ditellurio acid, e.g. 

PbTeA («PbTe0 4 .Te0 8 ). 

The normal alkali tellurates are obtained by 
saturating HjTeC^ with MOQAq or M 2 GO s Aq 
and crystallising. Alkali aoid tellurates, and 
hydrated tetratellurates, are obtained by inter- 
actions of acids with the normal tellurates ; anhy- 
drous (insoluble) tetratellurates of the alkali 
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metals are formed by beating the aoid tellurates ; 
thus 6KHTe0 4 = K,Te 4 0„ + 2E 2 Te0 4 + 8HA 
Most of the other tellurates are obtained from 
the alkali salts by double decomposition. 

The alkali tellurates, other than those of the 
form M 2 Te 4 O l8 , are soluble in water; most of the 
other tellurates are insoluble or sparingly soluble 
in water. Tellurates generally dissolve easily in 
HClAq; the solutions are not ppd. by water, 
but on boiling the solutions become yellow, give 
off 01, and then yield a pp. of H^TeOg on addition 
of water. Acidulated solutions of tellurates are 
slowly decomposed by H 2 S, probably with ppn. 
of TeS a (v. Tellubium sulphides, p. 655). So- 
lutions of tellurates are slowly reduced by S0 2 , 
more quickly on heating, with separation of Te. 
When tellurates are heated to redness they give 
off 0 and form tellurites ; heated with K^CO, 
and charcoal, they give K^Te. 

The tellurates have been examined chiefly 
by Berzelius (P. 82, 577) ; and some of them 
also by Oppenheim ( J.pr . 71, 267). 

Potassium tellurates. The normal salt 
K 2 Te0 4 . 5aq is obtained by dissolving H 2 Te0 4 
and KjjCOg, in the ratio H 2 Te0 4 :K ; C0„ in hot 
water and crystallising; also by dissolving 
H 2 Te0 4 in excess of KOHAq, heating, and al- 
lowing to cool slowly. Crystallises in rhombic 
prisms, isomorphous with K 2 S0 4 (Handl, J '. 
1861. 266). The crystals become moist in air 
and form KHTe0 4 . xaq and EgC0 3 . The acid 
salt 2KHTe0 4 . 3aq separates on adding to 
K^TeC^Aq sufficient H 2 S0 4 Aq, or other strong 
aoid, to remove half the potassium ; the salt is 
crystallised from hot water. This salt is slightly 
soluble in cold water, but much more soluble in 
hot water; when heated it is converted into 
K 2 Te0 4 and E 2 Te 4 0 13 . The tetratellurate 
KgTeAg is obtained, as a yellow powder, by 
heating 2KHTe0 4 . 3aq below redness and wash- 
ing out K/TeC^ in water. K 2 Te 4 0, 8 is insoluble 
in water, also in HClAq or HNO s Aq except after 
prolonged boiling. The hydrated tetratellurate 
K 2 Te 4 0 18 .4H 2 0— which may also be regarded 
as an acid ditellurate 2EHTe 2 0 7 .3H 2 0 — is 
formed by adding HjSC^Aq, or another strong 
acid, to KjTe0 4 Aq in quantity to remove 
6E from 4KjTe0 4 ^EgTeO^q + 3H 2 S0 4 Aq = 
K 2 Te 4 0jgA<l + 3BL 2 0 + 3K 2 S0 4 Aq) , and crystal- 
lising. The salt is fairly soluble in cold water ; it 
is partly decomposed to KHTe0 4 and HjTe0 4 Aq 
by repeatedly crystallising in aqueous solution. 

The following tellurates have been described 
(Berzelius, l.c. ; Oppenheim, l.c.) : Ammonium 
salts (NH 4 ) 2 Te0 4 , (NH^TeA, (NH 4 ) 2 Te 4 0„, 
obtained by ppg. solutions of the corresponding 
salts of K or Na with NH 4 C1. Barium salts 
BaTe0 4 . 3aq,BaH 2 (Te0 4 ) 2 . 2aq, BaTe 4 0 18 , obtained 
by ppn. Cadmium salt CdTe0 4 , obtained by 
ppn. Calcium salt GaTe0 4 , obtained by ppn. 
Lead salts PbTe0 4 , PbTeA, FbTe 4 0, 8 , by ppn ; 
a basic salt is also said to exist. Silver salts 
Ag 2 Te0 4 , and several basic salts &Ag 2 0.yTe0 s . 
Sodium salts Na 2 Te0 4 .®aq, NaHTe0 4 .«aq, 
NaHTe 2 0 7 .zaq, and Na^eA,, obtained simi- 
larly to the potassium salts. Tellurates of Al, 
Or, Co, Cu, Fe, Li, Mg, Mn, Hg, Ni, and Sr have 
also been described, but only very superficially. 

M. M. P. M. 

TELLURHYDRIC ACID H*Te ; v. Hydrogen 
Erllubide, voL ii. p. 727. 


TELLUBIO ACID H 2 Te0 4 ; crystallises from 
solutions as H*Te0 4 .2HA 

Formation.— I. By oxidising Te by aqua 
regia.— 2. KjTe0 4 is formed by the interaction 
of Cl with KgTeOgAq, also by fusing TeO a with 
KNO, or KClOg. 

Preparation . — 1. A mixture of Te0 2 , KC10„ 
and EOH, in the ratio Te0 2 :2EC10 8 :2E0H is 
thoroughly fused; the fused maBs is dissolved 
in water and BaCL^Aq is added ; the pp. of BaTe0 4 
is purified by recrystallisation from hot water, 
and is then dried at 100° ; the dry BaTe0 4 is 
mixed with its own weight of water and one-fourth 
its weight of cone. H 2 S0 4 , and heated till decom- 
position is complete, when BaS0 4 is removed by 
filtration, and the filtrate is evaporated at 100° 
to the crystallising point ; the orystals that sepa- 
rate are dried, powdered, washed repeatedly 
with alcohol to remove H 2 S0 4 , and recrystallised 
from water (Oppenheim, J. pr. 71, 267). Ber- 
zelius (P. 28, 392 ; 82, 1 ) fused Te0 2 with an equal 
weight of E 2 C0 3 or Na 2 C0 8 , dissolved in water, 
added EOH equal to the weight of Te0 2 used, 
passed in Cl until the liquid smelt strongly 
thereof, ppd. by BaCl 2 Aq, and proceeded as de- 
scribed above. — 2. Te0 2 is dissolved in HNOgAq, 
the solution is boiled with Pb0 2 and filtered, 
Pb is ppd. from the filtrate by H 2 S0 4 Aq, the 
filtrate from PbS0 4 is evaporated to dryness at 
100°, the residue is digested with alcohol and 
ether to remove H 2 S0 4 , and is then crystallised 
from hot water in vacuo (Becker, A. 180, 
257). 

Properties and Reactions.— H 2 Te0 4 .2H./) is 
obtained by slow crystallisation in white, mono- 
clinic crystals, resembling gypsum, S.G. 2*9999 
at 25*5° (Clarke, Am. S. [3] 16, 401). When ob- 
tained by rapid evaporation H 2 Te0 4 .2H 2 0 ap- 
pears as a glassy solid. Heated to c. 130° 
HjTeC^ is obtained ; decomposition begins at a 
little above 160° to TeO t and H 2 0, and at c. 180° 
TeO s begins to decompose to Te0 2 and O, this 
decomposition being complete at c. 850° (Wills, 
C. J. 35, 704). H 2 Te0 4 has S.G. 3*425 at 18*8° 
(Clarke, l.c.). H 2 Te0 4 .2H 2 0 is slightly soluble 
cold water ; it is dissolved fairly easily by boil- 
ing water ; soluble in acid and alkali solutions ; 
almost, if not quite, insoluble in aloohol. 
HjTe0 4 dissolves very slowly in boiling water. 
Aqueous solutions of H 2 Te0 4 have a metallic, 
not a sour, taste; they very slightly redden 
litmus. Thomsen ( Th . 2, 277) gives the fol- 
lowing H.F.: [Te,0 3 ,Aq] « 98,380 ; [TeO'Aq.O] 
= 21,200. H 2 Te0 4 dissolves gradually in hot, 
fairly cone. HClAq, with evolution of Cl and 
formation of RjTeOgAq. HpTe0 4 Aq is not re- 
duced by passing H 2 S into it, but if the solu- 
tion is saturated with HgS and kept in a warm 
place, in a closed flask, for some time, the liquid 
becomes brown, and flakes, probably of TeS 8 (v. 
Tellurium sulphides, p. 655), are deposited. 

H 2 Te0 4 Aq reacts with alkalis to form salts 
M 2 Te0 4 and MHTe0 4 ; salts of the forms 
MHTe 2 0 7 and M 2 Te 4 0„ are also known (y. Tel- 
lurites, p. 648). M. M. P M. 

TELLUBIDES. Any compound of Te with a 
single element more positive than itself is called 
a telluride. Tellurides of the heavier metals 
are generally formed by melting the metals with 
Te, also by passing H*Te into solutions of salts 
of the metals ; tellurides of £ and Na are formed 
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by heating Te0 2 with KjC0 s or Na 2 C0 3 and 
charcoal ; many tellurites and tellurates give 
tellurides when heated in a current of H. Te 
ppts. tellurides of Cu, Ag, and some other metals, 
by boiling solutions of salts of these metals with 
Te (Parkmann, C. C. 1862. 814). Tellurides of 
El and Na dissolve in water with a red colour ; 
this colour is due either to polytellurides or to 
the presence of traces of oxides according to 
Demarqay ( BI . [2] 40, 99). Berthelot a. Fabre 
(C. R. 106, 92) obtained colourless solutions of 
alkali tellurides by passing pure H 2 Te into solu- 
tions of alkalis; a trace of 0 produoed a red 
colour and separated Te. Tellurides react with 
HClAq giving off EL/Te; they are oxidised to 
tellurites by HNOgAq, and to tellurites and tel- 
lurates by aqua regia. Warmed in Cl tellurides 
give metallic chlorides and TeCl 4 . 

Tellurides of Sb, As, Bi, Au, Fe, K, Ag, and 
Na are mentioned under these metals (cf. 
Brauner, C . J. 65, 888). M. M. P. M. 

TELLURITES. Salts of tellurous acid 
HjTeO, (q. v. t p. 6 56). The normal and acid 
tellurites of monovalent metals belong to the 
forms M 2 Te0 8 and MHTe0 3 . Some salts are 
also known containing relatively more of the 
acidic radicle; these may be formulated as 
M # 0.scTe0 2 where a; is 2 and 4 ; or they may 
be regarded as M 2 Te0 3 .ccTe0 2 , where a; is 1 and 
8; or finally these hyperacid salts may be 
looked on as M 2 Te 2 0 5 and M 2 Te 4 0„ — that is, as 
derivatives of the hypothetical acids R,Te 2 0 5 
and H 2 Te 4 0„. 

Tellurites are generally formed by heating 
together basic oxides and Te0 2 in the proper 
proportions ; some tellurites of the heavier metals 
are obtained by ppn. from solutions of alkali 
tellurites. Tellurites of the alkali metals dis- 
solve readily in water ; those of the alkaline 
earth metals are less soluble ; the others are in- 
soluble in water. Most tellurites dissolve in 
HClAq, forming yellow solutions which do not 
give off Cl on heating; this reaction distinguishes 
them from tellurates (v. p. 649). Solutions of 
tellurites in a little HClAq deposit H 2 TeO s on 
dilution. Most tellurites are fusible, and crys- 
tallise on cooling; the hyperacid alkali tellu- 
rites form colourless glass-like solids after fusion. 
By strongly heating with charcoal and K,CO a 
most tellurites give K 2 Te. 

Tellurites of potassium. The normal salt 
K/TeO*, and the add salt K^TeOg.TeCX, 

(= K,Te 2 0 4 or K,0.2Te0o) are prepared by fusing 
TeO* with KjCOj in the proper proportions. 
K 2 TeO, melts at a red heat ; dissolves slowly in 
cold water, more quickly in boiling water ; the 
aqueous solution has an alkaline taste and re- 
action, and is decomposed by the C0 2 in the air. 
KgO^ToO, melts below redness, and solidifies 
again to a transparent, colourless, crystalline 
mass ; dissolved by boiling water, md the solu- 
tion on cooling deposits K 2 0.4Te0,j. The teira- 
tellurite or hyperacid tellurite K 2 0.4Te0 2 .4H 2 0 
( «= K t Te0 # .8Te0 2 .4H 2 0 or K 2 Te 4 O p .4H/)) is pre- 
pared by boiling H a TeO,Aq with K 2 CO a and fil- 
tering at 100° ; the salt is deposited on cooling 
in microscopic six-sided prisms and tablets. 
This salt reacts with cold water to give a solu- 
tion of KjTeO, and E^TopO* and a gelatinous pp. 
of H s TeO a ; when heated 411*0 is given off, and 
K,0.4Xe0 2 remains as a salt which melts at a 


moderate red heat and solidifies on cooling to a 
colourless glass. 

The tellurites have been examined chiefly by 
Berzelius (P. 82, 577 ; v. also Oppenheim, J.pr . 
71, 267). Salts of the following metals have 
been isolated, but many have been studied in a 
very superficial way : Al» NH 4 , Ba, Cd, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Ni, Ag, Na, Sr, 
and Zn. M. M. P. M. 

TELLURIUM. Te. At. w. c. 125 (v. infra). 
Mol. w. o. 250 (v. infra). Melts at c. 455° 
(Carnelley a. Williams, C. J . 87, 125). Boils at 
o. 1390° (Deville a. Troost, C. R. 91, 83). S.G. 
6*2549 at 0° (after compression) ; 6*2322 at 0° 
(uncompressed) (Spring, B. B. 6, 854) ; 6*2549 
at 18*2° (after melting in H) (Pfiwoznik, 0. C . 
1892. ii. 962 ; for further data v . Clarke’s Table of 
Specific Gravities [2nd ed.] 10). V.D. at o. 1390° 
to c. 1440 0 « 130 (Deville a. Troost, C. R . 56, 891). 
S.H. (21° to 51°, crystalline) *0475 (Kopp, T. 
1865. 71) ; (at 98°, crystalline) *0483 ; (at 98°, 
after distillation in S0 2 ) *0518 (Fabre, A. Ch [6] 
14, 101). C.E. (linear, at 0°) *00001675 (Fizeau, 
C. R. 68, 1125). E.C. *000777 at 19*6 (Ag at 
0° = 100) (Matthiesen.P. 108, 428) ; conductivity 
increases slightly when light falls on Te ; the 
increase is very much less than in the case of 
Se (v. Adams a. Day, Pr. 24, 163; 25, 113). 
E.C. decreases slightly to c. 100° -140°, and then 
increases to 200° ; on cooling after fusion E.C. 
decreases regularly and markedly; the following 
values are given by Exner (P. 158, 625) *0035 at 
200°, *00286 at 20° (after fusion), *000435 at 20 c 
(after very slow cooling from fusion). Te 
crystallises in rhombohedra; a:c=> 1:1*3298 ; it 
is isomorphous with S and Se (v. Muthmann, 
Z. P. C. 8, 396). For emission-spectrum v. 
Pliicker a. Hittorf (Pr. 13, 153) ; Thalen ; Salet 
(A. Ch. [4] 28,51) ; Ditte (C. R. 73. 622) ; Hartley 
a. Adeney (T. 1884 [1] 117). For absorption- 
spectrum of* vapour of Te v. Gernez (C. P. 74, 
1190). H.C. [Te,0 3 ,Aq] = 98,380 (Th. 2, 278). 

Historical —Examining a mineral contain- 
ing gold from the Seven Mountains in 1782 
Muller von Reichenstein suspected the presence 
of a new metal ( Abhand . einer Privatgesellschaft 
in Btihmen ). He sent a specimen of the mineral 
to Bergmann, who said that it contained a metal 
which was not the same as that in blende. In 
1798 Klaproth received some of the mineral from 
M. von R., and isolated the characteristic ele- 
ment, to which he gave the name tellurium (from 
tellies — the earth) (K., Beitrdge eur chem. Kennt- 
mss der Miner alkQrper, 3, 1 ; cf CrelVs Ann. 
1798. 91 ; and G. A . 12, 246). The compounds 
of Te were more fully examined by Berzelius 
( S . 6, 311 ; 34, 78 ; P. 8, 411 *, 28, 392 ; 32, 1, 
577). 

Occurrence. — Te is found native, in small 
quantities, and in a few localities— chiefly in 
Hungary and Transylvania, and in Virginia, 
US.; it generally accompanies Au and Ag ; 
specimens have been obtained with 97-98 p.c. 
Te. Tellurides are also found in small quantities 
in Hungary, Mexico, California, Bolivia, and 
some other places ; in considerable quantities 
in Colorado; these are generally compounds 
of Te with Bi, Ag, Pb, Bi and S, Ag and 
Au, Au, Pb and Sb; tellurite (or tellurium- 
ochre) containing TeO, is found in small quan- 
tities in tbe Seven Mountains (u. G. Rose, P. 
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18, 64 ; Rammelsberg, J. M. 1874. 80 ; Burkart, 
/. M. 1878. 476 ; Silliman a. Marvine, Am. S . 
[8] 8, 25 ; Matkewson, J. M. 1866. 98 ; Genth, 
/. M. 1875. 188, 814). 

Formation. — 1. Bypassing S0 2 into ELjTeOgAq ; 
H 2 TeO s Aq + 2S0 2 + H,0 « 2H 2 S0 4 Aq + Te. Also 
by ppg. solution of TeGl 4 in dilute HClAq, or of a 
Te compound in KjSC^Aq, by an alkali sulphite. 
2. By reducing a boiling solution of (NH 4 ) 2 Te0 4 Aq 
by grape sugar (Stolba, J. 1873. 214).— 3. By de- 
composing K 2 TeAq by air or oxygen (v. Oppen- 
heim, J. pr 71, 267 ; 81, 308; Himly, J. 1877. 
213). — 4. By ppn , by means of zinc, from solu- 
tions of Te compounds in H 2 S0 4 Aq ( v . Ldwe, 
J.pr. 60, 163). 

Preparation . — There are several methods of 
preparing crude Te from the minerals that con- 
tain it. Native bismuth telluride is made into a 
paste with oil and KjCOg, and gradually heated 
to whiteness in a covered crucible ; K,Te is ex- 
tracted from the fused mass by boiling water, 
and the solution deposits Te on standing in air. 
Or the mineral containing Te is powdered and 
treated with dilute HClAq; the insoluble matter 
is gradually added to three times its weight of 
cone. ELjS 0 4 , and heating is continued until S0 2 
ceases to be given off ; the solid that forms on 
cooling is dissolved in water containing a little 
HC1 ; the solution is filtered from AgCl, Te is 
ppd. from the filtrate by zinc, and undissolved 
zinc is removed by digestion with dilute HClAq. 
For details and other methods v. Berzelius (P. 
8,411; 28,392); Ldwe ( J. pr. 60, 163) ; Wohler 
(A. 84,69) ; Oppenheim [J.pr. 81, 308) ; Sohnitzer 
(D. P. J. 211, 484, 492); Schwarz [D. P. J. 186, 
29). 

To prepare pure Te, Brauner ( C . J. 55, 382 ; 
cf. M. 10, 411) recommends to digest the crude 
material with HClAq in a large flask, and to 
oxidise by HN0 3 Aq added little by little till the 
solid matter becomes white, to evaporate several 
times with cone. HClAq (to remove HN0 3 ), and 
then to dilute cautiously with water, taking care 
not to add enough water to ppt. H 2 Te0 8 along 
with any PbCLj which may come down. He then 
adds some saturated SCXjAq, warms to 60°~70°, 
and ppts. Te by passing S0 3 into the warm solu- 
tion. The Te thus obtained generally contains 
a little copper and lead selenides. The pp. is 
dried and fused in small portions with KCy ; the 
fused mass, which contains K 2 Te, is dissolved in 
water, from which air has been removed, in a 
stoppered flask; the liquid is allowed to clear 
(there is generally a small pp. of tellurides of heavy 
metals mixed with a trace of Te) and is then 
poured off, and a current of air is passed through 
it, whereby Te is ppd. The Te is dried, placed 
in a porcelain boat, which is introduced into a 
wide tube of hard glass surrounded by wire gauze, 
and distilled in a current of pure dry H. (For a 
method of purification based on the ppn. of Te 
from (NH 4 ) 2 Te0 4 Aq by grape sugar, v. Stolba, J. 
1873.214.) 

Properties. — As prepared by sublimation in 
H, tellurium is a white, shining, crystalline, very 
brittle solid, unchanged by exposure to air. 
During distillation in H, Brauner (l.c.) noticed 
that some HjTe was formed, and was decomposed 
with deposition of needle-shaped crystals of Te, 
some of which were 1 oentim. in length. The 
crystals of Te are hexagonal rkombohedra, iso- 


morphous with S and Se (v. Muthmann, Z. P. C . 
8, 396). By allowing KjTeAq to decompose in air, 
H. Bose obtained six-sided prisms with rhombo- 
hedral summits (P. 21, 443 ; cf. Fabre a. Berthelot, 
C. B. 104, 1405). Amorphous Te is obtained as 
a brown powder by ppg. HjTeOgAq by S0 2 ; on 
warming, the amorphous variety changes to the 
crystalline, giving off a large quantity of heat 
(F. a. B., l.c.). Te that has been melted and 
cooled quickly seems to contain both the crys- 
talline and the amorphous varieties. According 
to Fabre (A. Ch. [6] 14, 100), both varieties 
have practically the same S.H. at c. 100°. Te 
melts at c. 455° and boils at c. 1390°; the 
vapour is golden yellow. Heated in air it 
burns with a brilliant blue-green flame to white 
clouds of TeO* which are poisonous ; the 
smell, like that of decaying radishes, that is 
noticed on burning impure Te is due to the 
oxidation products of Se, which is commonly pre- 
sent in specimens of crude Te. Te dissolves in 
very cone, boiling KOHAq, forming a red liquid 
that contains KfTeO s and K 2 Te ; on allowing to 
cool, or on adding water, the whole of the Te 
separates. HClAq is without action on Te; 
cone, hot H 2 S0 4 dissolves it slightly, but the Te 
separates on dilution; when heated strongly 
with cone. H 2 S0 4 Te dissolves to H 2 Te0 3 with 
evolution of S0 2 . Te dissolves in S0 3 , forming 
TeSO s . Cone. HN0 8 Aq forms a solution of 
H 2 Te0 8 ; aqua regia forms H 2 TeO s and some 
H 2 Te0 4 . Molten KNO s produces K 2 Te0 4 . 

In its physical properties Te approaches the 
metals, and especially resembles Sb. In its 
chemical properties Te is, on the whole, non- 
metallic; but the oxide Te0 2 combines with 
certain anhydrides of strong acids to form salt- 
like compounds, and the oxide TeO is said to 
dissolve in H 2 S0 4 Aq, forming Te(S0 4 ) 2 . Te is 
closely related to Se, and less closely to 8 ; it 
shows distinct analogies with Cr, Mo, W, and 
U (v. Oxygen group of elements, vol. iii. p. 705, 
and Chromium group of elements, vol.ii. p. 168). 
The atom of Te is divalent in the gaseous 
molecules TeHj and TeCL, and tetravalent in 
the gaseous molecule TeCl 4 . 

Atomic weight of tellurium . The at. w. of 
Te was determined by Berzelius in 1812, 1818, 
and 1832 by oxidising Te by HNO^Aq and 
weighing the Te0 2 produced ; he obtained values 
varying from 127*9 to 128*5 (P. 8, 24 ; 28, 895 ; 
32, 16). In 1857 von Hauer analysed K^TeBr*, 
and obtained values from 126*5 to 128*1 
(W.A.B. 25, 135). In 1879 Wills determined 
the weight of Te0 2 obtained by oxidising Te by 
HN0 3 Aq and by aqua regia , and he also made 
analyses of KjTeBr*; bis results varied from 
126*1 to 129*3 [O. J. 85, 704). In 1888 Brauner 
obtained numbers varying from 124*94 to 125*4, 
by oxidising Te to Te0 2 , by converting Te and 
Te0 2 into (T«0 2 ) 2 S0 g , and by synthesising Cu 2 Te 
(J. R. 1883. [1] 433 ; abstract inP. 16, 8055). In. 
1889 Brauner made a very careful revision of 
the at. w. of Te (O. J. 55, 382) : — (i.) by oxidising 
Te to Te0 2 he obtained values varying from 
124*48 to 127*28 ; (ii.) by converting Te0 2 into 
(TeOJ-jSOa, the numbers varied from 124*7 to 
129 (one result gave 135*9) ; (iii.) by conversion 
of Te into (Te0 2 ) 2 S0„ the numbers varied from 
124*3 to 129*7 ; (iv.) by syntheses of tellurides of 
Ag, On, and Au, the numbers varied from 125*7 
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to 129*9 ; (v.) by analysis of Te0 2 the value 
127*2 was obtained, but only one satisfactory 
analysis was made ; (vi.) by analyses of TeBr 4 
the numbers varied from 127*27 to 127*31. The 
results obtained by analysing TeBr 4 were more 
concordant than any obtained by the other 
methods ; but the value 127*3 is almost *75 units 
greater than the at. w. of iodine ; hence it seems 
as if the at. w. of Te is greater than that of I. 
But if this is so, Te must be separated from S, 
Se, and the chromium metals, which are placed 
in Group VI. in the periodic arrangement of the 
elements; and Te must be placed either with 
the halogens in Group VII. (I being put into 
Group VI.), or this element must find a place 
in Group VIII. (I remaining in Group VII., 
and an empty place being left in Group VI., 
Series 7). The chemical properties of Te 
show that it belongs to the same group as S 
and Se ; and the chemical properties of I make 
it impossible to place that element elsewhere 
than with F, Cl, and Br. 

Is tellurium a homogeneous body ? Rather 
than doubt the applicability of the periodic law, 
Brauner made the hypothesis that tellurium is 
not a homogeneous body, but that it contains an 
admixture of foreign substances. He dissolved 
Te, and ppd. in fractions by S0 2 , fused the frac- 
tions with KCy, dissolved in water, and ppd. 
fractionally by a current of air ; he then distilled 
each fraction in H, and converted it into TeBr 4 , 
and analysed each fraction. The values thus 
obtained for the at. w. of Te were almost 
identical, the mean being 127*33. Pure Te0 2 
was then dissolved in HClAq, and the solution 
was ppd. in eight fractions by ammonia; the 
filtrate from the eighth fraction was ppd. by S0 2 
in presence of HClAq ; after boiling off S0 2 from 
the filtrate from the ninth fraction, the liquid 
was saturated with H 2 S, and the Te0 2 in solution 
was obtained, converted into Te, and this con- 
verted into TeBr 4 ; the at. w. thus obtained (in 
three experiments) was 127*32, the three experi- 
ments agreeing extremely well. Te was then 
fused, but not distilled, in a current of H ; it was 
then converted into TeBr 4 , which was freed from 
TeBr 2 by fractional sublimation in vacuo , without 
converting the TeBr 4 into vapour, and analysed ; 
the values obtained for the at. w. of Te differed 
very much, ranging from 128*5 to 137*4. From 
these results Brauner concluded that ‘if tel- 
lurium, obtained by any process of fractidnation 
whatever, be subjected to distillation in a current 
of hydrogen, and the tetrabromide be prepared 
from this by sublimation in a vacuum, its 
analysis always gives the same atomio weight 
for tellurium. ... If, however, the tellurium be 
only fused in a current of an indifferent gas, and 
the tetrabromide be not sublimed, higher num- 
bers will be obtained. ... It is therefore very 
probable that on distilling telluriumdn a current 
of hydrogen, and the tetrabromide in a vacuum, 
one constituent of tellurium escapes partly, the 
presence of which in the last cases renders the 
atomic weight higher.’ Brauner prepared TeBr 2 
by fusing TeBr 4 with excess of Te, and subliming 
either in vacuo or in a ourrent of C0 2 ; the 
analyses of different specimens of TeBr 2 Bhowed 
percentages of Br varying from 54*658 to 55*14 ; 
the percentage of Br calculated for Te * 127*32 
is 55*6. Brauner concluded that * tellurium is 


not a simple substance .* This conclusion is still 
held by B. to be correot. In a private communu 
cation (January 1894) he says ; * I consider Te 
to be a mixture of two elements that cannot be 
separated by ordinary chemical means, not even 
by fractionation. It cannot, however, be shown 
that the at. w. of Te is about 125, for all attempts 
I have made in this direction have failed com- 
pletely. All atomio weight determinations made 
by me, and others, giving values higher or lower 
than 127*8 are due, partly to impurities, but in 
most cases to some undetected source of error.’ 

Molecular weight of tellurium . Deville a. 
Troost (C. B. 56, 891) found the V.D. of Te 
between o. 1890° and c. 1440° to be 130 ; this 
gives the mol. w. of c. 260. As the at. w. of Te 
is not known with certainty, it is not possible at 
present to correct the value deduced for the 
mol. w. from the determinations of V.D. The 
gaseous molecule of Te is diatomic. 

Beactions and Combinations. — 1. Heated in 
air % or oxygen , Te is burnt to TeO r — 2. Heated 
in excess of chlorine Te01 4 is produced ; with 
bromine TeBr 4 is produced; with iodine the 
product is TeLj. — 3. Te and sulphur can be 
melted together in all proportions ; it is doubtful 
whether definite compounds are formed or not 
(v. Tellurium sulphides, p. 655). Te and 
selenion can also be melted together in all pro- 
portions; no definite compound has been iso- 
lated.— 4. Nitric acid forms H,TeO a ; according 
to Klein a. Morel ( Bl . [2] 43, 1981, cold HNO s Aq 
first forms 4Te0 2 .N 2 0 ft .aaq ( v . Tellurium 
dioxide, p. 655). Aqua regia produces a mix- 
ture of H 2 Te0 3 and H 2 Te0 4 .-— 5. Te dissolves in 
hot cone, potash solution , forming a red solution 
that contains K 2 Te and K 2 Te0 3 ; on addition 
of water Te separates (2K 2 TeAq + KjTeOaAq 
** SK^OAq •+■ 8Te). — 6. Fusion with potassium 
nitrate produces K 2 Te0 4 . — 7. Fusion with potas- 
sium carbonate produces a mixture of K 2 Te and 
K 2 TeO g . — 8. Te dissolves in sulphur trioxide f 
forming TeSO g (v. thio-oxide under Tellurium 
oxides, p. 655). 

Detection and Estimation. — Free Te is 
readily detected by fusing with charred cream of 
tartar and dissolving in water, whereby a red 
solution is obtained that deposits Te in dark- 
brown flakes on standing in air. Tellurous acid 
and tellurites dissolve in dilute HClAq, and 
addition of water ppts. white H 2 TeO s ; S0 2 ppts. 
Te from solutions of tellurites in dilute HClAq 
or HN0 8 Aq. Solutions of tellurates in acids 
give no pps. with water ; solutions in HClAq 
give off Cl on boiling, being reduced to tellurites, 
and are then ppd. by water. For a test for Te 
based on the formation of red TeSO, by passing 
TeH 2 into H 2 S0 4 Aq v . Divers a. Shimos6, 0. J, 
43, 829. Te is generally estimated by ppg. the 
element, from solution of H 2 Te0 8 or a tellurite, 
by alkali sulphite, S0 2 , or grape sugar (Kastner, 
abstract in G. J. 29, 440 ; cf. Donath, abstract 
in C . J. 60, 242). In G. J. 59, 238, Brauner 
describes a method for the volumetric estima- 
tion of Te by KMn0 4 Aq. 

Tellurium, acids of ; tellurhydric acid 
H 2 Te (vol. ii. p. 727) ; tellurous acid EL/TeO* 
(this vol., p. 656) ; telluric acid HgTeO, (this 
vol., p. 649). The existence of the potassium 
salt of HCNTe is probable (o. Tellurocyanxdss, 
voL ii. p. 353). 
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Tellurium, alloys of. The compounds of Te 
with metals are sometimes classed with the 
more definite alloys (v. Telluridks, p. 649). 

Tellurium, antimonides of, v. Antimony; 
Combinations, No. 7, vol. i. p. 283. 

Tellurium, arsenides of, v. Arsenic; Com- 
binations, No. 6, vol. i. p. 303. 

Tellurium, bromides of. Two bromides have 
been isolated, TeBr 2 and TeBr 4 ; both are formed 
by the direct combination of Te and Br. The 
bromides can be sublimed, under reduced pres- 
sure, without change. The V.D. of neither has 
been determined ; but, from the analogy of 
TeOla and TeCl 4 , the formulas are probably 
molecular. 

Tellurium dibromide TeBr^ Formula pro- 
bably molecular, from analogy of TeCl 2 . Pre- 
pared by fusing TeBr 4 with excess of powdered 
Te, and subliming either in vactco or in a 
current of dry C0 2 . A blackish-green crystalline 
mass ; obtained in steel-grey needles by slow 
sublimation (Brauner, C . «T. 56, 410). Melts 
c. 305°, and boils c. 343° (Carnelley, Melting- and 
Boiling-point Tables , 1, 21). TeBr 2 is very 
hygroscopic ; it is decomposed by water to 
H 2 Te0 8 Aq and HBrAq. Dissolves in tartaric 
acid solution, forming TeBr 4 and Te (Brauner, 

J.C.). 

Tellurium tetrabromide TeBr 4 . ( Telluric 
bromide.) Formula probably molecular, from 
analogy of TeCl 4 . Prepared by shaking together 
powdered Te and Br, in the proportion Te:4Br, 
warming in a current of dry C0 2 , and then sub- 
liming in vacuo (for details and description of 
apparatus, v. Brauner, C. J. 56, 896). Forms a 
crystalline crust, which is fiery red when hot 
and orange coloured when cold. S.G. ^- = 4*81 
(Brauner, l.c., p. 407). Melts at c. 380°, and 
boils at 414°-427°, according to Carnelley a. 
Williams (C. J. 35, 663 ; 37, 125). Dissolves in 
a little water without change ; on dilution a 
colourless liquid is obtained, containing HBr 
and H 2 TeO„ ; crystals are obtained by evapo- 
rating over H 2 S0 4 , and are said by Berzelius to be 
TeBr r ®H 2 0. By adding AgNO a Aq to a solution 
of TeBr 4 in tartaric acid, Brauner (C. J. 55, 
398) obtained AgBr and also crystalline scales 
probably (C 4 H 4 0 8 ) 2 .Ag i 0.Te0 2 . 2aq ; this com- 
pound is called by B. tellurium-silver tartar 
emetic (cf. Klein a. Morel, C. B . 100, 1140). 
TeBr 4 forms double salts with alkali bro- 
mides. The salt TeBr 4 .2KBr (-ILjTeBre) is 
prepared by dissolving the proper quantity of 
KBr in water, adding Te, running in Br, shaking 
till the Te is dissolved, filtering, and evaporating 
at 100° (Wills, O . J. 35, 711 ; cf. von Hauer, 
W. A. B . 25, 135). Dark-red, opaque, lustrous 
crystals; orthorhombic, a:b:c »1:1*4901:1 , 3658 
(W., l.c .) ; cf. Wheeler (Am. S. [3] 45, 267), where 
some other salts of the form M 2 TeBr* are de- 
scribed. 

Tellurium, chlorides of. Two compounds 
are known, TeCIa and Te01 4 ; both have been 
gasified, and the formulae of both are molecular. 
The chlorides are formed by the direct combina- 
tion of their elements. 

Tellurium dichloride TeCl*. Mol. w. 
c. 196. Powdered Te is heated in a distillation- 
flask in a stream of Cl until the Te is com- 
pletely converted into Te01 4 ; Te is added equal 
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in weight to the original quantity used, th< 
whole is heated for a little time, an invertec 
condenser being attached to the flask, and th< 
TeCLis then distilled off at 320°-330° (Michaelis 
B. 20, 2488). TeClg is a black, amorphous solid 
melting at 175° (M., l.c.) to a black liquid: 
Carnelley a. Williams give m.p. as 209° (C. J 
37, 125). Boils at 827° (0. a. W., lx.). The 
vapour of TeCl 2 is reddish, and gives a charac- 
teristic absorption-spectrum (M., l.c.). V.D. ai 
440°, in vapour of N, «=98*2 (M., l.c.). The 
vapour becomes yellowish in presence of air oi 
O ; Te0 2 and TeCl 4 are formed, and after con- 
tinued heating these react to produce TeOCL 
(M., l.c.). TeCl 2 absorbs moisture when exposed 
to the air, but does not fume ; on addition of 
much water B^TeO;, is formed ; HClAq forms 
Te, and Te0 2 which remains dissolved in the acid 
(M., l.c.). 

Tellurium tetrachloride TeCl 4 . (Telluric 
chloride.) Mol. w.c. 269. Powdered Te is heated, 
in a distillation flask, in a stream of dry Cl 
until the solid becomes pale yellow, when it is 
distilled in a stream of dry C0 2 (Michaelis, B. 
20, 1780). TeCl 4 is a colourless, crystalline 
solid, melting at 214°, and boiling without de- 
composition at 380° (M., l.c. ; Carnelley a. Wil- 
liams give the m.p. as 224° [C. J. 37, 125], and 
the b.p. as 414° [ C . J. 35, 563]). V.D. 131 at 
I 440°, 125 at 530° (M., l.c.). The vapour of TeCl 4 
shows no absorption-spectrum (M„ B. 20, 2488). 
TeCl 4 dissolves without change in dilute HClAq. 
It deliquesces in the air, cold water ppts. an 
oxychloride, and H 2 TeO s is also formed ; boiling 
water dissolves TeCl 4 , and H 2 Te0 3 separates on 
cooling. 

TeCl, combines with alkali chlorides to form 
salts TeCl 4 .2MCl - M 2 TeCl* ; these salts are best 
obtained by adding MCLAq to a slight excess of 
TeCl 4 dissolved in dilute HClAq and crystallising 
(v. Wheeler, Am. S. [3] 45, 267). The salts 
crystallise in regular yellow octahedra, without 
water. Weber (P. 104, 422) described a com- 
pound TeCl 4 .3AlCl 3 , obtained by melting together 
TeCl 4 and A1C1,. TeCl 4 absorbs NH„, forming a 
greenish -yellow solid that is unchanged in air 
and has the composition TeCl 4 .2NH 3 (Espen- 
schied, A. 113, 101). 

Tellurium, fluorides of. Only one fluoride 
of Te has been isolated. The formula TeF 4 is 
probably molecular, from the analogy of TeCl 4 . 

Tellurium tktrafluoride TeF 4 . (Telluric 
fluoride.) Prepared by dissolving H 2 TeO a in 
HFAq, evaporating at 100° to a syrup, allowing 
to cool, separating the white nodules that are 
formed, and heating in a Pt basin (Hbgborn, Bl. 
[2] 35, 60). If carbonate or hydroxide of an 
alkali metal, or of Ba, is added to the solution 
of H 2 Te0 8 in HFAq before evaporation, double 
salts of the forms TeF 4 .M*F and 2TeF 4 .M u F 2 
are obtained; these salts are decomposed by 
water (H., l.c.). 

Tellurium, haloid compounds of. These 
compounds belong to the forms TeX 2 and TeX 4 , 
where X » Cl, Br or I ; the only fluoride that 
has been isolated is TeF 4 . The chlorides TeCl a 
and TeCl 4 have been gasified, and the formulas 
are molecular ; the formula of the other haloid 
compounds are also probably molecular. An 
iodide containing more I than Tel 4 — perhaps 
Tel*, corresponding with SI*— may exist in the 
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solution of H 2 TeO a in HIAq. No compound 
corresponding 'with S 2 C1 2 , Se,^, Se^Brj, and 
Sejtlj has been isolated. The haloid compounds 
of Te are more stable towards heat than the 
-corresponding compounds of Se or 8. The 
haloid compounds of Te are decomposed by 
water, giving H 2 TeO s and HXAq ; cold water is 
said to ppt. an oxychloride from TeCl 4 . The 
compounds TeX 4 combine with the haloid com- 
pounds of the alkali metals to form salts 
M 2 TeX K ; when X=F the salts are said to be of 
the form MTeF 6 . 

Tellurium, hydride of, TeH 2 v. Hydrogen 
TELLUR tDE, VOl. U. p. 727. 

Tellurium, iodides of. Two iodides have 
been isolated, Tel* and Tel 4 ; a third — perhaps 
Tel* — may exist in the solution of H>TeO # in 
HIAq. Tel 2 is formed by directly combining 
Te and I ; Tel 4 is obtained by digesting H 2 Te0 8 
with HIAq. 

Tellurium di-iodide Tel^ Prepared by 
gently warming a mixture of powdered Te and 
excess of I ; may be sublimed as a black, crystal- 
line crust ; when strongly heated I is given off. 
Not changed by water, hot or cold (Berzelius, 
Lehrbuch , 6th edit., 3, 1139). 

Tellurium tetra-iodide Tel^ (Telluric 
iodide.) Obtained by digesting powdered 
HjjTeOg with HIAq in a closed flask, whereby 
hard black granules are formed. Melts when 
heated, and gives off I. Boiling water causes 
decomposition, probably forming an oxyiodide. 
If a solution of BL^TeOs in HIAq is evaporated 
over H 2 80 4 and Ca0 2 H 2 in vacuo , lustrous 
prisms are obtained that are perhaps a com- 
pound of Tel 4 and HI (B., Z.c.). By dissolving 
.alkali iodides in Tel, dissolved in dilute HIAq, 
and crystallising, black salts of the form M 2 TeI a 
are formed in regular octahedra ; the potassium 
salt contains 2H 2 0 and crystallises in monoclinic 
forms (Wheeler, Am. 8 . [3] 46, 267). 

Tellurium, oxides of. Three oxides have 
been isolated, TeO, Te0 2 , and TeO„. TeO is 
probably slightly basic ; Te0 2 is the anhydride 
of the weak acid H 2 TeO s , but it also shows 
feebly basic properties; TeO* is a very weak 
acidic oxide. None of the oxides has been 
gasified ; all are known in the solid state only. 
An oxide of Te and 8, TeSO s , is also known. 

Tellurium monoxide TeO. This oxide was 
prepared in 1883 by Divers a. Shimos6 (0. J. 
48, 819). It is obtained by long-continued 
heating TeS0 8 to 180°-230° in vacuo until S0 2 
ceases to be given off, powdering the residual 
solid, digesting it with water containing a little 
Na 2 C0 8 , washing with hot water, then with 
alcohol, and drying in a steam oven. TeO is a 
black, amorphous solid, with a slight brown 
shade, showing a graphitic lustre when pressed 
with a hard body. It is unchanged in air, but 
when heated it burns to TeO a ; when strongly 
heated in vacuo Te0 2 and Te are formed. TeO 
is scarcely affected by cold KOHAq; boiling 
KOHAq decomposes it, giving Te. S0 3 , even if 
boiling, scarcely acts on TeO. The oxide dis- 
solves in hot H 8 S0 4 Aq ; D. a. 8. say that the 
solution deposits Te(80 4 ) 2 on cooling, but no 
analyses of the crystals that separate are given ; 
Magnus (P. 10, 491) gave this formula te the 
^product of the interaction of Te with hot eonc. 


H 2 S0 4 . Heated in HG1 gas TeOlj is formed. 
TeO is slowly reduced to Te by S0 2 . 

Tellurium dioxide TeO-j. (Tellurous oxide . 
Tellurous anhydride.) 

Occurrence. — As tellurite or tellurium ochre , 
in the Seven Mountains. 

Formation. — 1. Te is heated in the air. — 2. 
By decomposing a boiling solution of TeCl 4 in 
HClAq by boiling water.— 3. By heating H 2 Te0 3 . 
4. By oxidising Te by HNOaAq, and heating 
the solution. — 6. According to Hilger (A. 171, 
211) by heating Te with H 2 S0 4 , SO a is evolved 
and Te0 2 separates on cooling. 

Preparation.- Powdered Te is dissolved in 
warm HNO^Aq, S.G. 1*26, and the solution is 
heated somewhat above 20° ; below 8° H 2 TeO s 
separates, between 8° and 20° both Te0 2 and 
H,Te0 8 are formed, and the solid that forms 
from the solution above 20° is Te0 2 only 
(Klein a. Morel, Bl. [2] 43, 198). By allowing 
the solution of Te in HN0 8 Aq to stand for some 
hours, and then adding some alcohol, Te0 2 is 
obtained in crystals (Oppenheim, J.pr. 71, 267 ; 
cf. Berzelius, P. 28, 3921. 

Properties. — A white, crystalline solid; 
melts at a red heat to a transparent, yellow 
liquid, which on cooling forms a white crystal- 
line mass, giving off so much heat that the 
solid glows feebly. Te0 2 may be sublimed in a 
slow stream of air. Clarke (Am. S. [3] 14, 286) 
gives S.G. as 6-7569 at 12-5°. As obtained from 
a solution of Te in HN0 3 Aq, Te0 2 forms quad- 
ratic octahedra ; S.G. 6*65 to 5*68 at 0° (K. a. M., 
l.c.). As obtained by heating H 2 TeO a till all 
water is removed and the residue melts, Te0 2 
forms orthorhombic needles ; S.G. 5*88 to 5-91 
at 0° (K. a. M., l.c.). Freshly-prepared Te0 2 has 
| no taste, but after a time it acquires a disagree- 
! able metallic taste (Berzelius, P. 28, 392). It 
does not redden litmus paper. It is almost in- 
soluble in water ; 1 pt. dissolves in 150,000 pts. 

! of water (K. a. M., l.c.). Te0 2 is very slightly 
j soluble in most acids; it is more soluble in 
I HClAq (v. infra , Reactions , No. 3). Dissolves 
i readily in solutions of caustic alkalis, but in 
alkali carbonate solutions and in ammonia only 
after long-continued boiling. Te0 2 does not 
! form H 2 Te0 8 by reacting with water, but as it is 
! obtained by heating this acid it may be called 
I tellurous anhydride. 

Reactions and Combinations. — 1. Reduced to 
Te by heating in hydrogen to the temperature 
whereat Te vaporises. — 2. Easily reduced to Te 
by heating with carbon.— 8. Te0 2 absorbs hydro - 
gen chloride , giving off much heat and forming 
compounds TeO r :cHCl. At — 10°, after satura- 
tion with HC1, the compound Te0 2 .8HCl is 
formed ; on Blightly warming HC1 is given off, 
and Te0 2 .2HCl remains, and does not change 
when heated to 90° ; on heating more strongly, 
TeOCl* is formed (Ditte, A. Ch. [6] 10, 82). 
Hydrogen bromide is also absorbed by TeO. ; by 
saturating Te0 2 with HBr at —16°, a black 
solid, resembling I, and having the composition 
Te0 2 .3HBr, is formed ; this compound begins to 
decompose at -40°, above this temperature 
Te0 2 .2HBr is produced, which remains un- 
changed to o. 800°, at which temperature it de- 
composes to TeOBr 2 and H,0 (D., l.c.). Hydrogen 
iodide and hydrogen fluonde are also absorbed 
by TeO r but the produots have not been ex- 
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amined. — 4. Tellurites (q. v ., p. 650) are formed 
by dissolving Te0 2 in caustic alkali solutions , or 
by fusing TeO^ with alkali carbonates . — 5. A 
compound of Te0 2 with sulphuric anhydride 
2Te0 2 .S0 2 — sometimes called basiotellurium 
sulphate — is formed by dissolving TeO a in 
hot H 2 S0 4 diluted with 3 to 4 times its weight 
of water, and evaporating; it crystallises in 
rhombic tablets, somewhat soluble in oold dilute 
H 2 S0 4 Aq (Klein, 0. R. 99, 326). — 6. A compound 
with nitric anhydride 2(4Te0 2 .N 2 0 6 ).3H 2 0 is 
described by Klein a. Morel (Bl. [2] 43, 198), 
as obtained, in rhombic needles, by dissolving 
Te0 2 in moderately cone. HNO„Aq, and also 
by dissolving Te in excess of HNO„Aq, S.G. 
1*15 to 1*35, and evaporating at a gentle 
heat. This compound — which is sometimes 
described as basic tellurium nitrate — is 
decomposed at c. 330°, giving off N oxides and 
leaving Te0 2 ; with much hot water it gives 
a pp. of Te0. r — 7. A compound, probably 
Te0 2 .Ag 2 0.(C 4 H 4 0 6 ) 2 . 2aq, is formed by dissolving 
Te0 2 in HJBrAq, adding tartaric acid , and ppg. 
by AgNO,Aq (v. Brauner, C. J ♦ 55, 898; cf. 
Klein a. Morel, 0. R. 100, 1140). 

Tellurium trioxide TeO,. (Telluric oxide. 
Telluric anhydride.) Obtained, as an orange- 
yellow, crystalline mass, by heating H 2 Te0 4 ( v . 
Telluric acid, p. 649) to somewhat above 160°. 
If the temperature becomes too high some of 
the TeO, is decomposed to Te0 2 and O ; it is ad- 
visable, therefore, to digest the residue with cold 
HClAq (to remove any TeOJ, to wash out HC1 
by water, and to dry at 100°. TeO, is not 
changed by cold, nor by boiling, water ; nor is it 
acted on by cold HClAq, by hot or cold HNO„Aq, 
nor by dilute KOHAq. Very cone, boiling 
KOHAq slowly dissolves TeO„, forming KgTeO^ 
TeO a dissolves in boiling HClAq, 01 is slowly 
given off, and H 2 TeO s is formed in the solution 
( v . Berzelius, P. 28, 392). Clarke (Am. S. [3] 
14, 286) gives S.G. of TeO s as 5 0704 at 14*5°. 

Tellurium thio-oxide TeSO s . (Tellurium 
sulphoxide. Tellurium-sulphur trioxide.) This 
compound is obtained by dissolving pure Te in 
pure S0 3 , and warming after a time to c. 30°, 
pouring off SO,, and drying in vacuo (Weber, 
J. pr. [2] 25, 218 ; for description of apparatus, 
and details, v. Divers a. Shimos6, C. J. 43, 323). 
TeSO, is a red amorphous solid, melting at 30°. 
When pure it remains unchanged, in a sealed 
tube, for months (D. a. S., l.c.). The colour 
gradually changes to brown by heating to 35° ; 
the change is instantaneous at 90°. The pro- 
duct, which is a brown solid, has the composi- 
tion TeSO, (D. a. S., l.c.). At o. 180° S0 2 is 
given off ana black TeO remains (D. a. S., l.c.). 
TeSO, is not acted on by SO, ; it dissolves in 
H 2 S0 4 Aq, giving an amethyst-red solution ; water 
decomposes it to H 2 TeO„ TeO, Te, H 2 SO,Aq, 
and H 2 S0 4 Aq (D. a. S., l.c.). 

TeSO, may perhaps be regarded as tellurium 
sulphite. 

Tellurium, oxyacids of, H 2 TeO„ v. Tellu- 
rous aou> (p. 656) ; HaTeO^ v. Telluric acid (p. 
649). 

Tellurium, oxybromide of, TeOBr 2 . A pale- 
yellow solid ; obtained by heating TeO z .2HBr ( v . 
Tellurium dioxide; Reactions , No. 3, p. 654) 
above 300°. Melts at red heat, forming a veiy 
dark-coloured liquid, which gives off almost 
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black vapour with partial decomposition to TeO t 
and TeBr 4 (Ditto, A. Oh. [5] 10, 82). 

Tellurium, oxychloride of, TeOCl*. Pre- 
pared by heating TeO jr 2HCl (v. Tellurium di • 
oxide; Reactions , No. 8) to above 90°. Very 
similar to TeOCl, (Ditte, A. Oh. [6] 10, 82). De- 
composed at fairly high temperature to Te0 2 
and TeCl 4 . 

Tellurium, oxyiodide of. According to Ber- 
zelius (Lehrbuch [5th edit.] 3, 1141), a greyish- 
brown, heavy powder is formed by digesting 
Tel 4 with boiling water, and this powder is pro- 
bably an oxyiodide of Te; no analyses are 
given. 

Tellurium, salts of. No compounds have 
been prepared by directly replacing the H of 
oxyacids by Te. According to Divers a. Shimos6 
(C. J. 43, 319), Te(S0 4 ) 2 is formed by dissolving 
TeO in hot H 2 S0 4 Aq and cooling, but no analyses 
are given ; Magnus ( P . 10, 491) gave the formula 
Te(S0 4 ) 2 to the product of the interaction of 
To and hot cono. H. 2 S0 4 . The compounds 
2Te0 2 .S0,and 2(4Te0 2 .N 2 0 6 ). 3aq are sometimes 
called basic tellurium sulphate and basic tellu- 
rium nitrate respectively ; the compound TeSO, 
(v. supra, Tellurium thio-oxide) may perhaps be 
looked on as tellurium sulphite-, and a compound, 
probably Te0 2 .Ag 2 0.(C 4 H 4 0,) 2 . 2aq, is called tel- 
lurium-silver tartar emetic (v. Tellurium di- 
oxide ; Reactions , Nos. 6, 6, and 7, supra). 

Tellurium silver tartar emetic v. Tellurium 
dioxide ; Reactions , No. 7, supra. 

Tellurium, sulphides of. Berzelius (P. 8, 
411) described two sulphides, TeS 2 and TeS„ 
corresponding with the oxides Te0 2 and TeO,. 
According to Becker (A. 180, 257), CS 2 removes 
almost all the S from these supposed compounds. 
B. concludes that the substances described by 
Berzelius are not definite compounds ; he thinks 
that compounds of Te and S are probably formed 
by passing H 2 S into TeO.^Aq and TeO a Aq. As 
the substances obtained by Berzelius seem to 
have very definite properties, they are shortly 
described here. 

Tellurium disulphide TeS 2 . A dark-brown 
pp. formed by passing H 2 S into H,TeO.,Aq, or 
into an acidified solution of an alkali tellurite ; 
softens when heated and cools to a grey, 
somewhat lustrous mass; gives off S when 
strongly heated. TeS 2 reacts as an acidic sul- 
phide, forming compounds a;MS.TeS 2 , where M 
« (NH 4 ) 2 , Cd, 14, Fe, Mg, Pb, K,, Na„ Zn, <fto. 
The thiotellurites of the alkali metals are best 
obtained by saturating aqueous solutions of the 
tellurites with H^S, and ciystallising in vacuo ; 
the thiotellurites of alkaline earth metals are 
formed by boiling the sulphides of these metals 
with TeS 2 and water ; the thiotellurites of the 
heavy metals are obtained by ppn. from solu- 
tions of tha alkali salts (Berzelius, P. 8, 411). 

Tellurium trisulphide TeS,. A blackish 
grey, lustrous solid ; formed by saturating 
K,Te0 4 Aq with EL,S, and allowing to stand for 
some time in a closed vessel in a warm place. 
Thiotellurates of the alkali metals, zM 2 S.TeS, f 
are formed by saturating M 2 Te0 4 Aq with HgS 
(v. Oppenheim, J. pr- 71* 267). 

Tellurium, sulphoxide of, v. Tellurium thio- 
oxide, supra . 

Tellurium, thio-oxide of, v. supra. 
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Tellurium, thio- salts of, u. Tellurium disul- 
phide, p. 655 ; and Tellurium trisulphlde, p. 
655. M. M. P. M. 

TELLFROCYANIDES v. yoI. ii. p. 653. 

TELLFROFS ACID H.TeO,. 

Formation . — 1. By dissolving Te in HNOjAq, 
S.G. 1*25, and at once ppg. by water; if the 
solution is left for some time before adding water 
the pp. is TeOjj. — 2. By decomposing Te01 4 by 
cold water. 

Preparation. — Te0 2 is fused with an equal 
weight of K 2 C0 8 or Na 2 C0 8 as long as C0 2 is 
given off ; the tellurite thus formed is dissolved 
in water, and HN0 8 Aq is added until the liquid 
has a very distinctly acid reaction ; the floccu- 
lent pp. thus produced is allowed to remain in 
contact with the liquid for some hours, and is 
then thoroughly shaken up with the liquid, a 
little HNO s Aq being added if the acid reaction 
disappears during this process ; the pp. iB then 
washed with ice-cold water, and dried at the 
ordinary temperature (Berzelius, jP. 28, 392 ; cf. 
Oppenheim, J. pr. 71, 267). The solution of the 
alkali tellurite in HN0 3 Aq may be decomposed 
by adding water, but this must be done at once, 
as after standing water ppts. Te0 2 . 

Properties and Reactions. — A white, light, 
amorphous solid, with a bitter, metallio taste. 
Reddens litmus paper. Dissolves slightly in 
cold water ; when the aqueous solution is heated 
to c. 40° Te0 2 separates. When slightly heated 
gives Te0 2 and II 2 0. H 2 TeO„ dissolves in many 
acids ; from the solution in HClAq, water or 
alkalis ppts. H,TeO s ; the solution in HNO*Aq 
gives a pp. of Te0 2 on addition of water after 
standing for some time. From the solution 
in H 2 S0 4 Aq and HNOjAq the compounds 
2Te0 2 .S0 8 and 2(4Te02.N 2 0 6 ). 3aq have been 
obtained (v. Tellurium dioxide; Reactions , 
No. 6 and 6, p. 655). H 2 Te0 3 forms tellurites 
(q. v ., p. 650). Thomsen (Th. 2, 278) gives 
[Te,0 2 ,H*0] « 77,180. M. M. P. M. 

TELLURIUM, Organic Compounds of. 

Methyl telluride Me 2 Te. (82°). Formed by 
distilling K 2 Te with Ba(S0 4 Me) 2 (W&hler a. 
Dean, A. 93, 233 ; Heefcen, Dissertation , Gottin- 
gen, 1861). Pale-yellow, mobile, heavy oil, with 
persistent alliaceous smell. Oxidised by HNO s 
to Me 8 Te0HN0 8 , crystallising in prisms. — 
Me 2 TeHOAc. Transparent cubes, v. sol. water. 
Its solution gives with HC1 a pp. of Me./TeClg 
which crystallises in long priBms [97*5°]. — 
Me 2 TeBr 2 [89°]. PriBms. — (Me/TeJ^COg. Diffi- 
cult to crystallise. —Formate MegTeCHgO^ 
Deliquescent needles. — Me^Tel^ Formed by 
heating Te with Mel at 80° (Demarqay, Bl. [2] 
40, 100). — (MegTeJjHgCLU. — Me 2 TeO. Got from 
MftjjTeOlj and Ag 2 0. Deliquescent crystalline 
mass, alkaline to litmus. — Me/TeOCl^. Got from 
the chloride and NH„Aq. Short prisms (from 
alcohol). — (Me 2 Te) 2 OBr 2 . — ( M ^TeJ-ftSO*. 
Cubes, v. sol. water, insol. alcohol. 

Methyl-iodide Me 8 TeI. Crystalline, si. 
sol. water. Converted by moist Ag 2 0 into an 
alkaline base which yields (MejTeClJgPtCl,. 

Ethyl telluride v. vol. ii. p. 519. 

TEMPLIN OIL. An essential oil obtained 
from fir cones (Fliickiger, J. 1855, 642 ; Berthelot, 
J. Ph. [3] 29, 38). Colourless, becoming green- 
ish-yellow in air. Boils at 165°-177°. S.G. I s 
*862. Yields on rectification a lavorotatory 


terpene (172°) S.G. a -856. HNO* (J vol.) andal- 
cohol (J vol.) yield terpin hydrate aq 

[118°] (250°) S. 9 at 100°. Alcohol and HC1 
yield crystalline C 10 H, fl HCl and 0 Ifl H l8 2H01 
[65°]. 

TERACONIC ACID O,H 10 O 4 i.e. 
CMe 2 :C(C0 2 H) .CKj.OOjH. Propylidene-succinic 
acid. [163°]. Formed in small quantity by 
distilling the isomeric terebic acid (Geisler, A. 
208, 50). Na and NaOEt convert terebio ether 
into sodium ethyl teraoonate (W. Roser, B. 15, 
293). Formed also by treatment of the ether 
C0 2 Et.CBrPr.CH 2 .C0 2 Et with alcoholic potash 
(Schleicher, A. 267, 130). Crystals, sol. alcohol 
and ether, v. sol. cold water. Above 163° it 
yields H 2 0 and an anhydride. Cone. HBrAq 
at 0° forms terebic acid. 

Salts.— BaA". — CaA". Pp., v. si. sol. water. 
— Ag 2 A". Needles, m. sol. water. 

Mono-ethyl ether EtHA". Oil. Decom- 
poses Na 2 CO s , forming crystalline NaEtA", a 
solution of which gives with AgNO s a pp. of the 
unstable AgEtA". 

Di-ethyl ether Et 2 A". (255 i.V.). Oil. 

TERACRYLIC ACID C 7 H 12 0 2 . (218° i.V.). 
A product of the distillation of terpenylic acid 
(Fittig a. Krafft, B. 10, 621, 1659, 1740 ; A. 208, 
79; Amthor, « T.pr. [2] 42, 389). Liquid, smell- 
ing like valeric acid, si. sol. and lighter than 
water. Yields acetio acid on fusion with potash. 
Fuming HBr forms C 7 H 13 Br0 2 , which gradually 
splits up into HBr and heptolaotone C 7 H I2 0 2 . — 
CaA' 2 5aq. Prisms or needles. — AgA' : needles. 

Ethyl ether EtA'. (191°). Fruity oil. 

TERBIUM. Tr. At. w. not determined with 
certainty ; probably c. 162 (v. infra). 

The examination of gadolinite , a rare Swedish 
mineral, by Mosander, Cleve, and others made 
probable the existence therein of at least seven 
earths, to one of which the name terbia was 
given (v. Erbium, vol. ii. p. 456, where the his- 
tory of these earths is stated more fully, with 
references to original memoirs). It is still very 
doubtful whether the substance called terbia is 
a homogeneous body or a mixture of more than 
one compound (cf. Metals, rare, vol. iii.p. 242). 
Delafontaine (A. Ch. [5] 14, 238) prepared 
an orange-yellow, earthy compound, which he 
regarded as pure terbia, from samarskite t 
by a long process of fractional ppn., first by 
KgSC^Aq, then by oxalic acid, and finally by 
formic acid (cf. Marignao, A. Ch. [5] 14, 247 ; 
Cleve, Bl. [2] 81, 197). 

Terbia Tr 2 O a is described as an orange-yellow 
amorphous solid ; when heated in H for some 
time it becomes white. Tr 2 0 8 dissolves in aoids, 
forming salts of the type Tr.X a , where X-= 
S0 4 , C0 8 , 2N0 8 , &c. The emission spectrum of 
terbia has been mapped by Roscoe a. Schuster 
(C. J. 41, 283). The at. w. of Tr — the supposed 
element has not been isolated— was determined 
by Delafontaine to be 113*5 ; Marignao found the 
value 148*5 ; Lecoq de Boisbaudran found 163 1, 
161*4, and by later work 159*5 (C. B. 102, 395 ; 
111, 474). M. M. P. M. 

TEREBENE v. Terrenes. 

TEREBENTHENE v. Terrenes. 

DITEREBENTHYL CA V ( 846 °)* 

S.G. 1* *9688. [a] D - 59°. A product of distilla- 
tion of colophony (Renard, O. R. 105, 865 ; 106, 
856). Oil, minified by air. KMn0 4 oxidises ii 
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to propionic, aoetio, and formio acids and C0 2 . 
Cold fuming HNO, forms 0 j W H 27 (N0 2 ) 3 , a yellow 
powder, sol. alcohol and ether. Br in CS 2 at 
-10° forms OjoHmBr^ which on heating yields 
diterebenthylene O w H 28 (347°) S.G. *9821, 
whence Br forms C 80 H 24 Br 4 . HNO* produces 
OjjoH^fNOJ,, and H^SC^ forms O^H^SO-H, all 
amorpnoas solids. Bromine-water gives rise to 
CsoH^Br*, a brown, amorphous solid. Gaseous 
HC1 passed into the ethereal solution forms 
C m H^H 01. H 2 S0 4 yields O^H^SO^, which 
is sol. water, alcohol, and ether, forming 
fluorescent solutions. Diterebenthyl passed 
through a red-hot tube forms H, C*H 4 , C 3 H a , 
pentane, hexane, hexylene, hexinene, heptinene, 
oymene, and other hydrocarbons. 

TEREBENTILIC ACID C 8 H, 0 0 2 . [90°]. (250°). 
Got by passing the vapour of the hydrate of oil 
of turpentine C, 0 H I6 2H 2 O over soda-lime at 400° 
(Personne, A. 100, 263 ; cf. Hempel, A. 180, 86). 
Crystalline powder, sol. hot water, v. sol. alcohol 
and ether. May be sublimed. — AgA'. Crystalline. 

TEREBENTIC ACID C 0 H 14 O 6 . Got by di- 
gesting oil of turpentine with oxide of lead 
(Weppen, A. 41, 294). Crystals (from alcohol). 

TEREBIC ACID C 7 H 10 0 4 i.e . 

CMe, <gW&> 0 H, Mol. w. 158. [176°]. 

H.C.v. 766, 642 (Ossipoff, O. 22. 108, 812). S. 
(ether) 2*866 at 85° (Amthor, J.pr. [2J 42, 385). 
Formed by the action of nitric acid on oil of 
turpentine (Bromeis, A. 37, 297 ; Rabourdin, 
J.Ph. [3] 6, 186; Cailliot, A. Ch. [3] 21,27; 
Svanberg a. Eckmann, J. pr.66, 220 ; Mielck, A. 
180, 47 ; Bredt, A. 208, 37; Erdmann, A. 228, 
179). Formed also by oxidising pinol (Wallach, 
A. 253, 256 ; 259, 317). Terebic aoid is perhaps 
identical with oxyhexic acid (Gorboff, J. B, 
1887, 605). Monoclinic crystals (from alcohol), 
si. sol. cold, v. sol. hot water. V. sol. alcohol 
and ether. Not attacked by fuming HNO a . Split 
up by water at 160° into C0 2 and pyroterebio 
acid. On boiling with H 2 S0 4 (2 pts.) and water 
(1 pt.) it is converted into the lactone of oxy- 

isohexoic acid CMe 2 <^Q^Q^>CH 2 , C0 2 being 

evolved. On distillation it yields pyro- 
terebic (hexenoio) acid, oxy-isohexoic lactone, 
and a little teraconio acid. On heating for 15 
hours at 160° with excess of a saturated solution of 
baryta it is converted into acetone and succinio 
acid (Frost, A . 226, 863). Fuming HIAq yields 
CH 2 Pr.CH 2 .C0 2 H. Alkalis form salts of dia- 
terebic acid, of which terebic acid is the lactone. 

Salts. — NH 4 A' ; very soluble prisms. — 
KA'laq. —NaA'^aq.— BaA' 2 2aq : amorphous. — 
AgA'. Prisms, v. sol. water. 

Ethyl ether EtA'. (274° i.V.). S.G. 

l* 1*111. Formed from terebic acid, alcohol, and 
HOI. Dilute NaOH dissolves it, forming mono- 
ethyl diaterebate ; on cautious acidification the 
ether separates again, but only after warming 
(Ekmann). Sodium dissolves in its ethereal 
solution, giving off hydrogen and forming the 
sodium salt of acid ether of teraconio acid (q. v.). 
Alooholio NaOEt acts in the same way, excess 
forming a white pp. of disodio teraconate. 

Diaterebic acid 

OMe s (0&).CH(OO s H).CH l .C0 3 H. The salt 
BaA" Baq is formed by boiling terebic acid with 
excess of baryta-water. It crystallises from 

Voii. IV. 


alcohol, but on acidification at onoe yields the 
lactone, terebio aoid. AgNO a added to a solu- 
tion of the Ba salt ppts. Ag A'. — OaA" 3aq.~ 
CaA". — PbA" 3aq.— Pb 3 A"j(OH) 2 aq. 

Ethyl ether EijA". Formed from Ag^A” 
and EtI. Oil. Converted by acetyl chloride into 
CMe 2 (0Ac).CH(C0 i Et).0H a .00 8 Et, an unstable 
oil. 

jB-Bromo-terebio acid C 7 H 9 Br0 4 is. 

[151°]. Formed by 

adding Br (1 mol.) to powdered teraoonio acid 
(1 mol.) covered with water (Frost, A . 226, 863). 
Large crystals, m. sol. CS 2 , v. si. sol. chloroform 
and benzene. Decomposed by boiling with water 
into HBr and terebilic aoid CjH^. Reduced 
by sodium-amalgam to terebic acid. 

References . — Chlobo- and Oxy-tebebio 

aoid. 

TEREBILENIC ACID C 7 H 8 0 4 is. 

CMe J <Q (C 3^o>CH (?) [169"]. Formed by 

heating a-chloro-terebio acid at 200° (Roser, B. 
15, 296 ; A. 220, 261) and by evaporating 0- 
chloro-terebio acid with water (Frost, A. 226, 
370). Small prisms or needles (from water), v. 
sol. alcohol and other. Crystallises from alcohol 
or cone. HBrAq in trimetric forms; n:5:c=» 
*809:1: *858. Maybe sublimed. Excess of KOH 
forms the diaterebilenate K 2 C 7 H 8 0„ but this 
splits up on warming with water into KOH and 
potassium terobilenate. Does not combine with 
Br or HBr. Sodium-amalgam reduces it to terebio 
acid. — CaA' 2 . — AgA'. Prisms. 

Reference .— Chlobo-teukbilenio acid. 

TERECHRYSIC ACID C a H M O a . A product 
of the action of HNO a (S.G. 1*2) on turpentine 
(Cailliot, A. 64, 376). Orange-red crystals, v. e. 
sol. water, alcohol, and ether. — PbA" ; crystals. 

TEBELACTONE C.H.O, i.e. C S H,<$ 0 . [12°]. 

(210° i.V ). Formed by the action of boiling 
water on di-bromo-isohexoic acid derived from 
pyroterebio aoid and Br (Geisler, A. 208, 47). 
Mobile liquid, sol. water. Boiling baryta-water 
converts it into amorphous Ba(C 8 H H 0 ; ,) 2 , which 
is sol. water and deposits BaCO„ on boiling. 

TEREPHTHALIC ACID C H H a 0 4 is. 
C a H 4 (C0 2 H) 2 . p-Phthalic acid. Mol. w. 166. 
H.C.p. 770,900. H.C.v. 771,200. H.F. 188,100 
(Stohmann, J.pr. [2] 40, 189). 

Formation. — 1. By the action of HNO f on 
oil of turpentine (Cailliot, A. Ch. [8] 21, 28; De 
la Rue a. Hugo Muller, A. 121, 86; Schreder, B. 
7, 704 ; cf. W. C. Williams, B. 6, 1094).— 2. By 
the oxidising action of chromic acid mixture on 
p-xylene (Beilstein, A. 133, 32; 137, 801), 
cuminic acid, cuminic aldehyde, cymene (Hof- 
mann, A. 97, 197), p-toluio acid (Beilstein a. 
Ysael, A. 137, 308), di-ethyl- benzene, and amyl- 
toluene (Fi>tig, A. 141, 167). — 8. By the 
action of boiling dilute HNO* on cymene and on 
terpenes (Schwanert, A. 182, 257; Homeyer,* 
Ar. Ph. [8] 5, 326). — 4. By oxidation of o-ethyl- 
toluene by aqueous KMn0 4 (Claus a. Pieszcek, B. 
19, 3083). — 5. By fusing potassium p-sulpho- 
benzoate with sodium formate [Remsen, B. 6, 
879).— 6. From its nitrile, which is obtained by 
distilling K 4 FeCy 8 with potassium benzene jp- 
disnlphonate (Garrick, Z. 1869, 551), p-ohloro- 
benzene sulphonate (Nolting, B. 8, 1118), or jp- 

UtJ 
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bromo-benzene sulphonate (Irelan, Z. 1869, 164 ; 
Barth a. Senhofer, A. 174, 242 ; Limpricht, A . 
180, 88). — 7. The semi-nitrile is also formed by 
the action of a hot solution of cuprous potassium 
cyanide upon jp-diazobenzoic acid (Sandmeyer, 
B. 18, 1497).— 8. By heating p-di-bromo-benzene 
with chloroformic ether and 1 p.c. sodium- 
amalgam at 110° and saponifying the product 
(Bonz, j B. 18, 2306). — 9. By the action of 6 p.c. 
KMnO, on an oil (258°-263°) which remains as 
a residue in the manufacture of aniline and 
toluidine (Hell a. Rockenbach, B. 22, 505). 

Preparation. —1. Br (2 mols.) is added to 
boiling p-xylene (100 g.), and the resulting 
C tt H 4 (CByBr) 2 decomposed by alcoholic KOAc on 
the water-bath. After evaporating the alcohol 
the C,H 4 (OAc) 2 is extracted with ether, and 
oxidised by adding 4*5 litres of 10 p.c. KMn0 4 
to its solution in water (1 litre) and NaOH (500 g. 
of S.G. 1*22). Finally more KMn0 4 is added 
till the solution remains violet, the solution kept 
at 100° for 3 hours, filtered, and ppd. by HC1 
(Baeyer, A. 245, 139). — 2. By oxidising p-xylene 
with chromic acid mixture (Beilstein, A. 133, 41). 
3. From p-toluidine by Sandmeyer’s reaction, 
the resulting p-toluic acid being oxidised by 
KMn0 4 (Baeyer a. Herb, A. 258, 1). 

Properties . — White crystalline powder, nearly 
insol. water, alcohol, ether, chloroform, and 
HOAc. Sublimes without previous fusion. Does 
not yield an anilide on boiling with aniline 
Michael a. Palmer, B. 19, 1376). It is ppd. 
rom its salts by phthalic acid. Yields benzene 
when distilled with slaked lime. Reduced by 
sodium -amalgam in a current of C0 2 to the 
A ac or (1,4)- dihydride. If CO ? be not used the 
product is the AM or (3, 6)- dinydride, which is 
also got by boiling the (1,4) -dihydride with 
NaOHAq (Baeyer, A. 269, 153; cf. Mohs, Z . [2] 
3, 68). The (1,4) -dihydride gives benzoic acid 
on oxidation by Mn0 2 and dilute H 2 S0 4 , while 
the (3,6)-dihydride forme terephthalic acid 
(Baeyer, A. 269, 182). By heating its alkaline 
solution with sodium-amalgam terephthalic acid 
is reduced to a tetrahydride, and this is further 
reduced by HIAq at 240° to a hexahydride 
(Baeyer, B. 19, 1805). 

Salts. — (NH 4 )*A". Small crystals. — 
CaA"3aq. S. *08 at 6°.--BaA" 4aq. S. *28 at 
5°. — SrA". S. -19 at 17°.~Ag 2 A ,/ . Curdy pp. 

Mono-methyl ether MeHA". [c. 230°]. 
Formed by the action of cone. H 2 S0 4 or alcoholic 
potash on the di-methyl ether (Baeyer, A. 245, 
141). Needles, sol. Naj,CO s Aq and hot water. 

Di-methyl ether Me^". [140°). S. *3 
at 100°. H.F. 172,300 (Stohmann, J. pr. [2] 48, 
2). Formed by heating the acid with POL on 
the water-bath and pouring the product into 
methyl alcohol. Trimetric plates; a:6:c» 
*843:1:3*083. Insol. cold water, si. sol. hot 
MeOH, m. sol. EtOH. c 

Di-ethyl ether EtjA". [44°]. Prisms. 

Propyl ether PrjA". [81°]. Needles. 

Isopropyl ether P r*A". [56°]. Plates. 

n-Butyl ether (C 4 H 1 ,) 2 A ,/ . Liquid. 

Isobutyl ether (CH^Pr)^". [52*5°]. 

Needles, v. sol. ether (Berger, B. 10, 1742). 

l8oamyl ether (C a H u )*A". Pearly scales. 

Phenyl ether Ph^A". [194°] (Baeyer, 
A. 258, 44), Formed from the chloride and 
phenol. Leaflets. 


Chloride 0*^(0001)*. [78°]. (259% 
Amic acid C^CONHJ.COoH. [214% 
Formed from p-diazo-benzoio acid by Sana* 
meyer’s reaction (Sandmeyer, B. 18, 1498). 
Minute plates (from water), m. sol. cold water. 

Amide C„H 4 (CONH 2 ) 2 . Formed from the 
chloride and NH 3 Aq. Amorphous. 

Nitrile CJEI.fCNL. [220°] (Luckenbach, B. 
17, 1428). Formed from the amide and P,0 5 . 
Got also by distilling calcium bromo-benzene 
p-sulphonate with K 4 FeCy„. Cone. HIAq 
forms CgHjfCIj.NH^ (Biltz, B. 25, 2543). 
r cistrans A 2 - 8 or (1,4)- Dihydride 

CO s H.CH<^:^>CH.CO s H. S. -3 in th« 

cold. HJF. 182,600 (Stohmann, J. pr. [2] 43, 
538). Formed by reducing terephthalic acid in 
a current of C0 2 by sodium-amalgam (Baeyer, 
A. 251, 257 ; 269, 153). Monoclinic prisms (from 
EtOAc) ; a:b:c = *982:1:1*019 ; $ - 78° 2'. M. sol. 
ether. Not attacked by sodium-amalgam in the 
cold. Unites with bromine (4 atoms). Trans- 
formed into the A 1 * 8 isomeride by boiling with 
water, and into the A 1 - 4 acid by boiling with 
NaOHAq. Alkaline KMn0 4 re-oxidises the acid 
to terephthalic acid. A warm solution of tho 
acid readily reduces AgNO s . On warming with 
aqueous cupric acetate it gives off CO._, and 
forms a white pp. which, on adding HOAc and 
warming, yields Cu 2 0, the liquid then contain- 
ing benzoic acid. The (3,6), (3,4), and (2,3) 
isomerides do not reduce AgNO s and cupric 
acetate. The Ba salt crystallises in plates, and 
is v. sol. water. 

Methyl ether Me 2 A". [77°]. Yields a di- 
and a tetra-bromide. Br in CHCL, forms a di- 
bromide [170°] and a tetrabromide [98°]. 

Di-phenyl ether PhjA". [146°]. Formed 
from the chloride and phenol at 100°. Small 
crystals, si. sol. alcohol, ether, and ligroin. 
r cis A 2 - 8 or (1,4)- Dihydride 

C0 2 H.CH<^:™>0(C0 2 H)H. Extracted by 

ether from the mother-liquor from which the 
preceding isomeride has separated. Closely re- 
sembles its cistrans isomeride, but the cis acid 
and its salts are the more soluble. 

A 1 * 8 or (3,4)- Dihydride 

C0 2 H.CH<^g j ;Q2>0.00 s H. S. -042 in th. 

cold. H.F. 185,300. Formed by boiling the 
1,4)- dihydride with water, and obtained, there- 
ore, by reducing terephthalic acid with sodium- 
amalgam (Baeyer, A. 245, 142 ; 251, 257 ; 269, 
148). Converted into the (3,6)- acid by NaOHAq. 
SocUum-amalgam in the cold reduces it to the 
A* tetrahydride.— BaA' 4aq. Trimetric crystals ; 
a:b:c - *319:1: *352 (Baeyer a. Herb, A . 258, 22). 
Methyl ether Me.^”. [40°]. 

A 1 * 4 or (3,6)- Dihydride 

C0 2 H.0<£g 2 ;Q^>0.C0 l H. S. -0059 in the 

cold. H.F. 191,900. Formed by reduction of 
terephthalic acid in alkaline solution by sodium- 
amalgam (Baeyer, A . 245, 142). Got also by 
boiling the (1,4)- dihydride with NaOHAq. Slen- 
der needles (from water), almost insol. ether. 
Much resembles terephthalic acid. On sub- 
limation it is partially converted into terephthalio 
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acid. Immediately oxidised by KMn0 4 . Forms 
CH(0O^)<g^ r ;g|f r >CH.00 a H by uniting 

with HBr. Sodium-amalgam in the cold re- 
duces it to a Blight extent, forming the two 
isomerio A 2 tetrahydrides. — BaA"4aq. Crystals, 
resembling its A 1 * 5 and A 1 - 8 isomerides. 

Mono-methyl ether MeHA". [225°]. 
Got from Me.^A" and alcoholic potash. Needles 
(from hot water). 

Di-methyl ether Me.^A". [130°]. H.F. 

172,700. Formed from the dihydride by suc- 
cessive treatment with PC1 5 (2 mols.) and 
MeOQ. Monoclinio plates (from EtOAo) ; 
a:b:o - 1*52:1:2*79 ; j8 = c. 74°. SI. sol. water, 
m. sol. hot alcohol, v. e. sol. ether. Br in 
CHC1 S yields a dibromide C 6 H 0 Br,(CO*Me) 2 
[90°] and a tetrabromide [150°]. Excess of Br 

yields CO a Me.C,H,Br<^° [188°]. HBr forms 

0,H,Br a (COjH) 2 which yields O tl H 8 Br 2 (CO a Me) 2 
[166°J. 

Di-phenyl ether Ph*A". [191°]. Formed 
by treating the chloride with phenol (Baeyer a. 
Herb, A. 258, 31). Small scales (from hot 
MeOH), si. sol. ether. 

A w or (5,6)- Dihydride 

C0 2 H.0<^g^‘>C.00 2 H. S. -0053 in the 

cold. Formed by the action of alcoholic potash 
on the di bromide of the A 2 tetrahydride and on 
the tetrahydride of di-bromo-terephthalio acid 
got by bromination of the hexahydride. Unites 
with hydrogen bromide (2 mols.) forming 

C0 2 H.CH<^ r ;^ r >CH.C0 2 H. Easily re- 

duoed by Zn and HOAc and by sodium-amalgam 
to the two A 2 tetrahydrides. Boiling water con- 
verts it into the (3,4)- isomeride. Boiling 
NaOHAq forms the (3,6)- isomeride.— BaA" 4aq. 
Needles (from hot water). 

Methyl ether Me*A". [85°]. Monoclinio 
plates; a:6:c~ 2*241:1:3*591 ; 0 = 87° 13'. Slowly 
converted by HBr into (2,8)-di-bromo-tere- 
phthalic acid hexahydride, which is reduced by 
zinc-dust and acetio acid to the A 2 tetrahydride 
of terephthalic acid. Yields a dibromide [64°]. 

Di-phenyl ether PhjA". [175°]. Large 
needles (from MeOH), si. sol. cold aloohol. 

A 1 or (3,4, 5, 6)- Tetrahydride. 

CH(C0 2 H)<;^;^g^,0.00 2 H. [above 800°]. 

8. -103 at 16°; -83 at 100°. H.P. 214,200 (Stoh- 
mann, J.pr. [2] 43, 6). Formed by boiling a 
solution of terephthalic acid (1 pt.) in NaOHAq 
for twenty hours with gradual addition of 4 p.c. 
sodium-amalgam (100 pts.) (Baeyer, B. 19, 
1805 ; A. 245, 160 ; 258, 82). Prisms, more sol. 
water than terephthalio acid or its dihydrides. 
Combines with HBr and with Br (1 mol.). Im- 
mediately reduces alkaline KMn0 4 , yielding oxalic 
acid.— BaA"3Jaq. M. sol. cold water. Reduced 
by HIAq at 240° to the hexahydride.— Ag^A". 
Amorphous. 

Methyl ether Me*A". [39°]. H.F. 196,200. 
Plates. Its ethereal solution shows blue fluor- 
escence and gives a fugitive rose-red pp. with 
NaOEt. HBr gives O g HJ5r(CO i{ H)„ whence 
Me.A" [95°]. Bromine forms C # H g Br 2 (C0 2 Me) a 
[SI 0 ]. 

Di-phenyl- ether Ph*A". [145°]. Formed 


from the acid by suooessive treatment with 
PC1 S and phenol. Monoclinio crystals ; a:b:o » 
2-824:1:2-470, m. soL cold aloohol and ether, 
r cistram A 2 or (1,4, 6, 6)- Tetrahydride 

oh(co 2 h)<^:®5»>oh.co,h. [c. 220 °]. 

S. *17. Formed by reducing AW dihydride and 
also the dibromide of the AW dihydride. Oxi- 
dised by KMn0 4 in the cold to sucoinio acid and 
a soluble acid [150°]. Alkaline KjFeCy, gives 
terephthalio acid. Yields three dibromides 
CH(00 2 H)<CHa 3r ;CH 5i r >OH . COa H. [171°], 

[51°], and [94°]. The Ba and Cd salts are more 
sol. water than those of the A 1 isomeride. 
Methyl ether MeaA". [o. 3°]. 

Amide. Dimetrio needles ; a:c =» 1:2*151. 
Diphenyl ether Ph^A". Formed, in two 
modifications [107°] and [o. 190°] by the succes- 
sive action of PCI* and phenol (Baeyer a. Herb, 
A. 258, 39). The modification [o. 190°] proba- 
bly is a mixture containing the A 1 isomeride. 

Dibenzyl ether (03,)^". [48°]. From 
AgjjA" and benzyl chloride. 

r cis A a or (1,4, 5, 6)- Tetrahydride. [150°- 
155°]. S. 2-7 in the cold. Formed, together 
with the cistrans isomeride, by reducing the aM 
dihydride by sodium-amalgam in the cold. The 
.Ba, Cd, and Ag salts are amorphous. This acid 
and the cistram isomeride are converted into 
the A 1 isomeride by boiling with NaOHAq. 
r cistram Hexahydride 

00,,H.CH<^ °^p >CH.C0 2 H. Fumaroid or 

stable modification. [300°]. S. *086 at 16° ; 1*3 
at 100°. H.F. 286,500 (Stohmann, J. pr. [2] 43, 
7). Formed by heating the tetrahydride with 
HIAq for 6 hours at about 240° (Baeyer, B . 19, 
1806; 245, 170; 251, 257). Formed also by 
heating ethyl butane tetraoarboxylate with 
NaOEt and ethylene bromide at 100° ; the pro- 
duct being hydrolysed and heated at 220° till 
evolution of C0 2 ceases (Mackenzie a. Perkin, 
jun., C. J. 61, 174). Prepared by reducing the 
hexahydride of bromo-terephthalio acid with 
zinc-dust and HOAc. Small prisms, sol. hot 
water. May be sublimed. Not oxidised by cold 
alkaline KMn0 4 . Br (2 mols. at 100°) forms 
C«H B Br(CO.,H) 2 [71°], and a maleic isomeride 
[205°]. Treatment with PCl ft followed by Br at 
150° forms O u HgBr 2 (C0 2 H) 2 in a fumaroid modi- 
fication which yields Me^A" [150°] and a maleic 
modification which yields Me^A" [68°] and an 
anilide [200°]. The K and Ba salts are v. sol. 
water; the Ca salt is si. sol. water. 

Methyl ether Me*A". [71°]. S. -6 at 
100°. H.F. 218,100. Exhibits no fluoresoence# 
Volatile with steam. 

Diphenyl ether Pl^A". [151 0 ]. Needles, 
r cis Hexahydride 

C0 2 H.CH^g«-Q^>0(C0 2 H)H. Malaic tat 

labile modification. [162°]. H.F. 237,400. 
Formed by reducing the very soluble hexa- 
hydride of bromo-terephthalio acid with sine- 
dust and HOAc. Plates (from water), v. soL 
alcohol and ether. Changes on heating with 
HClAq at 180° into its isomeride. Its Ba salt 
and methyl ether do not crystallise. 

References. — Bbomo-, Chloeo-, Nxxbo-, and 
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TEREPHTHAUC ALDEHYDE. 


TEREPHTHALIO ALDEHYDE 

CW l (QHa) f |l:4]. [116°]. (247°). S. 1*7 at 

100°. Formed by boiling C fl H 4 (CH*Gl) 2 or 
O a H 4 (OH tP Br) 2 (1 pt.) with lead nitrate (1 pt.) and 
water (20 pts.) (Grimaux, 0. R. 88, 825 ; L6w, 
A. 231, 863). Formed also by the action of 
fuming HNO, on di-w-bromo-p-xylene (Low, B. 
18, 2072), and by boiling 0 6 H 4 (CH0y a with 
water (Colson a. Gautier, Bl . [2] 45, 6, 508). 
Obtained from CH 2 (OH) .G ti H 4 .CEL,OEt by suc- 
cessive treatment with PC1 8 and water (Colson, 
Bl. [2] 42, 152). 

Preparation.— p-Xylene (1 pt.) is heated with 
Br (6 pts.) at 140° to 200° with inverted con- 
denser. The crystalline tetra-w-bromo-xylene 
[169°] thus obtained is heated with three times its 
weight of H 2 SOj (S.G. 1*825 at 120°-180°), the 
product poured into water, and the needles that 
separate recrystallised from water (Hdnig, M. 9, 
1168). 

Properties. — Long needles, v. si. sol. hot 
water and cold ether, v. sol. alcohol. Slightly 
volatile with steam. Dissolves in 25 pts. of 
saturated aqueous NaHSO, at 45°. 

Reactions. — 1. Oxidised by chromic acid 
mixttvre to p-aldehydo-benzoic acid and then to 
terephthalio acid. — 2. Cone. NaOHAq forms 
terephthalic acid, <w-oxy-toluic acid, and di-«- 
oxy-xylene.— 8. KN0 8 and excess of H 2 S0 4 at 
110° form nitro-terephthalic aldehyde. — 4. Cold 
cone. NH^Aq forms tri-p-aldehydo-hydrobenz- 
amide (C fl H 4 (CHO).CH) 3 N 2 , a crystalline powder, 
insol. water, alcohol, and ether, yielding on oxida- 
tion by KMn0 4 crystalline N 2 (CH.C rt H 4 .C0 2 H) 8 
(Oppenheimer, B. 19, 574). — 5. Dry or alcoholic 
NH S forms crystalline C«H 4 (CH:NH) 2 . — 6.NaOAo 
and Ac 2 0 give p-aldehydo-oinnamio acid. — 
7. Acetone and dilute NaOH give a white pp. of 
C^tCH-.CH.CO.CHaJo, which crystallises from 
ether-acetone in matted needles [156°], insol. 
water and alcohol, and gives a deep-red solu- 
tion in cone. H 2 S0 4 . An intermediate body is 
C # H 4 (0H(0H).0H,.C0.CH 3 ) 2 .— 8. NPhMe, and 
EnCl^form C 6 H 4 (CHO).CH (C B H,NMe 2 ) 2 , the leuco 
derivative of the aldehyde of malachite green. — 
9. Cold cone, aqueous KCy added to a cold saturated 
alcoholic solution of the aldehyde ppts. amor- 
phous C la H 12 0 4 , which probably has the formula 
G a H 4 (CHO).CH(OH).CO.G 8 H 4 (CHO) [170°-174°]. 
This body reduces cold ammoniacal AgNO a , 
forming a mirror. It also reduces warm Fehling’s 
solution and combines with phenyl-hydrazine. 
KMnO. oxidises it to benzoin di-p-carboxylic 
acid. NaOHAq dissolves it, forming benzoin 
di-p-carboxyiic aoid, di-«-oxy-p-xylene, and other 
bodies (Oppenheimer, B. 19, 1814). 

Phenyl-hydraeide [230°]. 

Oxim C«H 4 (CH:NOH) 2 . [200°]. Formed 
from the aldehyde and an alkaline solution of 
hydroxylamine (Westenberger, B. 16, 2994). 
Crystalline, v. sol. alcohol and ether, si. sol. 
water. Yields C e H 4 (CH:NOEt) 1 [65°] and 
C # H 4 (OH:NOAc) 2 [155°]. 

Reference . — Nitro-tebephthalio aldehyde. 

TEREPHTHALIO AMIDINE C K H 10 N 4 i.e. 
C a H 4 (C(NH),NH 2 ) 2 . The salt B"2HC1, formed 
by digesting terephthalio imido-ethyl ether 
with alcoholic NBL, is crystalline, and yields 
B^PtCl* (Luckenbach, B. 17, 1436). 

TERSPHTHALOPHEMOTE v. Phthalo- 

PHEMOKE. 


TERPEN ES 0 IO H i<s ; also Sesquiterpenes C^H^, 
and Polyterpenes (C 10 H 18 ) n . The greater number 
of these hydrocarbons exist ready formed as 
constituents of essential oils secreted by plants. 
Others are produced from the natural terpenes 
by the action of heat or of chemical agents. A 
dihydrocymene isomeric with the natural terpenes 
has been obtained synthetically from methyl- 
isopropyl sucoino- succinic ester and the homo- 
logous dihydroparaxylene and dihydrobenzene 
by corresponding processes (Baeyer, B. 25, 1840, 
2122 ; 26, 232). The natural terpenes are gene- 
rally optically active liquids, with right- or left- 
handed rotatory power. The only exception is 
the racemic oompound dipentene (q. v ,). The fol- 
lowing isomerides are known : — 

1. Pinene. This includes two varieties, 
australene or dextropinene and terebenthene or 
laevopinene. American spirit of turpentine con- 
sists chiefly of dextropinene. (156°). [a]j ** +21*5 
(Berthelot, A. 83, 105 ; 88, 845, 110, 867, Suppl. 
ii. 226). S.G. “ = -8766; g = -8586; ££--8278 
(Tilden, unpubl. expts.). French turpentine oil 
consists almost wholly of lisvopinene. (156-5°). 
[a]j = - 40-32. S.G. ® = -8767 ; - -8619 (Riban, 

G. R. 78, 788; 79, 314). It is also present in 
oil of rosemary (Bruylants, J. 1879, 944), oil of 
lemon (Tilden, Ph. [3] 9, 654), sage and juniper 
( G . J. 81, 554), thyme and anise (Briihl, B. 21, 
156), and other essential oils. 

For production and properties of turpentine 
oils v. Oils, essential, Thorpe’s Dictionary of 
Applied Chemistry. 

Different specimens of the pinenes, both 
dextro- and leevo-, obtained by fractional distilla- 
tion from turpentine exhibit considerable varia- 
tions in their rotatory power. An optically in- 
active liquid has been obtained by Wallach (A. 
258, 343) from pinene nitrosochloride by treat- 
ment with aniline, whereby a diazo- compound is 
formed, which with the neighbouring chlorine 
atom gives rise to diazobenzenechloride and re- 
generates the hydrocarbon 
-CCl-O.NO--+H 2 NC ( ,H il 

» — CC1 — C(N:NC a H a ) — hH 2 0 and 
-CC1-0(N:N0*H 5 )- = -C=C-+C1N 2 C 8 H,. 
The hydrocarbon thus obtained boils at 155°- 
156°, has a density *858 at 20°, a refractive 
index for D 1*46553 at 21°, and is supposed to 
be identical in constitution with the pinenes. It is 
apparently not resolvable into a mixture of 
dextro- and l©vo- pinenes, but with nitrosyl 
chloride and other reagents it behaves in the 
same manner as pinene. 

Dry pinene unites with one molecule of 
dry hydrogen chloride, forming a crystalline com 
pound formerly called artificial oamphor [125°], 
which appears quite saturated, as it is unacted 
upon either by excess of hydrogen chloride or 
bromine. The hydrochloride prepared from dex- 
tropinene is dextrorotatory, while that from lffivo- 
pinene is leevorotatory. The compound is very 
stable ; it may be distilled almost without change, 
mere traces of hydrogen ohloride being evolved ; 
and it is unacted upon by aqueous solutions of the 
alkalis, except at high temperatures under pres- 
sure. Heated with sodium stearate, benzoate, 
or acetate, or with alcoholic potash, it loses the 
elements of hydrogen ohloride and yields solid 
oamphene { v . Oamphbne, infra ). In the presence 
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of water, alcohol, ether, or acetic acid, pinene 
takes up two mols. of hydrogen chloride, pro- 
ducing a compound of different character [50°], 
which on the application of heat is readily split up 
into hydrogen chloride and a mixture of liquid 
hydrocarbons (v. Dipentene, infra). Nitrosyl 
chloride passed into a solution of pinene in 
chloroform at — 10° yields a compound 
C l0 H 18 NOCl [103°], which is ppd. as a white 
crystalline powder on the addition of alcohol 
(Tilden, C. J., June 1875). The same com- 
pound is formed by adding hydroohloric acid to 
a cooled mixture of the terpene with amyl 
nitrite and glacial acetic acid (Wallach, A. 245, 
245). The nitrosochloride gently heated with 
alcoholic potash yields a nitroso- compound, 
C 10 H, 5 NO [129°] (Tilden). For crystallography 
u. Story-Maskelyne ( C . «/., June 1875, and Phil . 
Mag.). Nitrosopinene unites with two atoms of 
bromine, forming a crystalline dibromide, which 
decomposes on melting [182°]. Mixed with al- 
cohol and nitric acid both pinenes form crystal- 
lised terpin hydrate O^H^OH^-OELj (Wiggers, 
A. 33, 858; 57, 247; Tilden, C. J. 83, 247; 
Hempel, A. 180, 71). Pinene dissolved in carbon 
tetrachloride and mixed with bromine yields a 
mixture of products, from which a well-defined 
crystalline dibromide C 1? H 1B Br ? [169°-170°] 
may be isolated. On heating this with aniline 
it gives up hydrogen bromide, and ordinary 
cymene is produced. The yield, however, 
amounts only to about 10 p.c. of the bromide 
employed (Wallach, A. 264, 1). Exposed to the 
action of air or oxygen, in sunlight, the pinenes 
produce a crystalline compound C 10 H ls O. 
(Sobrero, C. B. 33, 66) which when distilled 
with dilute acid yields a compound called by 
Armstrong ‘ Sobrerone ’ (Armstrong a. Pope, 0. J. 

59, 311), which is identical with one of the pro- 
ducts of the action of nitrous acid on pinene, 
isolated by Wallach a. Otto, and called by them 
‘ Pinol * (A. 253, 249). Pinene distilled with 
bleaching powder and water yields a large 
quantity of chloroform. Picric acid has no 
action upon pinenes in the cold, but at the b.p. 
of the latter a brisk reaction sets in, and if the 
liquid is afterwards allowed to cool a compound 
is deposited in colourless scales, which on boiling 
with alkali yield borneol (Lextreit, C. B. 102, 
555 ; Tilden a. Forster, C. J. 63, 1388). 

2. Limoaene. This compound, like pinene, 
occurs in two optically active varieties. Dextro- 
limonene (175°-176°), S.G. JJ -846, [«]*- + 106-8 
(Wallach, A. 252, 145) occurs in oils of the fruit 
of oranges and lemons, also in caraway and dill, 

60. The most convenient source is the essential 
oil of sweet orange, Citrus awrantium. Laevo- 
limonene is obtained from the oil distilled from 
the leaves of Pinus sylvestris and P. picea. 
This oil occurs in the drug houses as 4 Fir-Wool 
oil,* but is now much adulterated with common 
turpentine, and the commercial oil seldom yields 
more than a small percentage of limonene. 
(175°-176°), S.G. - -846, [«]„-- 105° (Wal- 
lach, A. 227, 287, 246, 221). The limonenes, 
treated with perfectly dry hydrogen chloride, 
yield a liquid monochloride. In the presence of 
alcohol they give, with excess of hydrogen chlor- 
ide, a quantitative yield of a dihydrochloride 
[60°], identical with the compound obtained 
from the pinenes. By the action of nitrosyl 


ohloride (Tilden a. Shenstone, C . J. May, 1877), 
or by the ose of amyl or ethyl nitrite and hydro- 
gen ohloride (Waliaoh), they yield a crystalline 
nitrosochloride, whioh, whether formed from 
dextro- or lfflvo-limonene, is always a mixture 
of two isomerides separable from each other 
by cold chloroform or ether. There are there- 
fore four isomeric limonene uitroso-ohlorides, as 
follows : 

FbOM d. LIMONENE : 

a compound [103°-104°] a D - + 318° 

0 ,, [105°-106°] ct D a* + 240° 

FBOM l. LIMONENE : 

a compound [103°-104°] o D « - 314° 

0 „ [100°] o D ■» — 242° 

From the nitroso-chlorides by the action of 
heat (Tilden a. Shenstone), or by boiling with 
alcohol (Goldschmidt a. Ziirrer, B. 18, 2220), is 
produced an isonitroso-limonene, which when 
made from laBvo-limonene is identical in every 
respect with carvoxim G, 0 H h N.OH, from carvol, 
extracted from oil of caraway (Goldschmidt a. 
Ziirrer, B. 18, 1732). For a comparison of the 
rotatory powers of the two limonenes and their 
derivatives, see Wallach (A. 252, 141). The 
limonenes are further characterised by the for- 
mation of a crystalline tetrabromide [104°-105°] 
by direct addition of bromine (Wallach, A. 227, 
277). 

By mixing together equal quantities of dextro- 
and lflovo- limonenes an optically inactive mix- 
ture is obtained, which behaves in many respects 
as a distinct hydrocarbon, and appears to be 
identical with dipentene (q. v.). Strong sul- 
phuric acid acting upon citrene (d- limonene), 
causes polymerisation, the chief product being a 
colopheno (310°-320°) (Bouchardat a. Lafont, 
C. B. 115, 1083). 

The oil of Licarilcanali contains a compound, 
licareol C 10 H, 8 O, from which a hydrocarbon, 
licarene C, tf H lft , is obtainable by the action of 
acetic anhydride at 150° (Barbier, G. B. 114, 
674, and C. B. 116, 993, and 1062). This terpene 
appears to consist of impure d-limonene, as it 
boils at 176°-178°, gives a tetrabromide [103°- 
104°], forms a nitrosochloride, from which carv- 
oxim [72°J is formed by alcoholic potash ; but 
its specific rotatory power is low, [a] D » 7-51°. 

3. Sylvestrene occurs in Swedish turpentine 
(Atterberg, B. 10, 1206) and in Bussian turpen- 
tine (Wallach, A. 230, 245), in company with 
australene and other hydrocarbons of higher 
boiling-point. (176°-177°). S.G. *f - -8510 ; 
gg - -8470. [a] D - + 66-32 (Wallach, A. 245, 197). 
The odour of sylvestrene differs from that of 
pinene and limonene, and resembles the odour 
of fresh firwood. It forms a liquid monohydro- 
chloride, and a crystalline dihydrochloride |72°], 
from which the hydrocarbon majr be recovered 
unchanged* by heating with aniline. Sylves- 
trene also gives a nitrosochloride [106°-107°], 
which, by treatment with alcoholic potash, yields 
only oily products. The tetrabromide crystallises 
in monoclinic tables [135°] (Wallach, A. 289, 29). 

4. Phellandrene. The seeds of Phellandrium 
aquaticum were found by Pesci (O. 16, 228) to 
yield about 2$ p.c. of a volatile oil, consisting 
ohiefly of a dextrorotatory terpene (171°-172°). 
The same hydrocarbon is contained in the oil of 
bitter fennel, Foeniculum vulgar* (Waliaoh, A» 
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289, 40), and in the oil of elemi. Lavo-phel- 
landrene is found, acoording to Wallaoh (A. 246, 
282), in the oil of Eucalyptus^ amygdalina. 
Phellandrene is characterised by the formation 
of a nitroso-nitrite C 10 H, a N 2 O r Pesoi obtains it 
by the action of a nitrite and dilute Bulphurio 
acid upon the hydrocarbon. It crystallises in 
needles [94°], and although obtained from the 
dextrorotatory hydrocarbon it rotates the plane 
of polarisation to the left. [a] D *■ — 183*5° 
(Pesci). By reducing agents this compound is 
converted into a base 0 I? H,„(NH 2 ) 2 (209°-214°). 
Ammonia converts it into nitrophellandrene 
C I0 H lft NO 2 and an acid. 

5. Dipentene, formerly called terpilene or 
terpinylene. As already stated, this compound 
is produced when equal quantities of dextro- 
and bevo- limonenes are mixed together (see 
Pentylenes), It is formed by heating isoprene 
to a temperature of about 300°. It is also the 
chief constituent of * isoterebenthene,* formed 
by the action of heat on lasvo-pinene. It occurs 
among the products of the destructive distilla- 
tion of caoutchouc. Dipentene is also produced, 
together with terpinene, terpinolene, and ter- 
pineol, by the action of sulphuric acid or phos- 
phoric acid on terpin, or by the action of sul- 
phuric acid on the pinenes under certain condi- 
tions (Armstrongs. Tilden, C. J. November, 1879). 
It is also formed from the dihydrochloride [50°], 
whether made from pinene or limonene, either 
by the action of heat upon the chloride alone 
(Tilden, B. 12, 1133) or by boiling it with a 
mixture of sodium acetate and acetic acid, or 
with alcohol and aniline (Wallach). The pro- 
ducts thus obtained were formerly supposed to 
consist of a single hydrocarbon, to which the 
name ‘ terpilene ’ was given. The hydrocarbons 
known as cinene and cajeputene formed from 
cineol and cajeputol respectively also consist of 
dipentene. Dipentene occurs ready formed in 
the volatile oil of the camphor tree, also in oil 
of elemi and in Russian and Swedish turpen- 
tines (Wallach, A . 227, 296, Ac.). 

Dipentene boils at about 176°, and has a 
pleasant smell of lemons. It combines with 
bromine forming a tetrabromide [124°], and 
unites with 2HC1 forming a chloride [50°], from 
which it may be regenerated by methods given 
above. It is to be noted, however, that in all 
cases more or less isomeric change occurs, and 
the hydrocarbon, whether reproduced by heat 
alone or by the action of aniline, always contains 
terpinene and terpinolene, beside cymene and a 
small quantity of a paraffinoid hydrocarbon 
(Tilden a. Williamson, C. J. 63, 292). The 
nitrosochloride C I0 H I8 N0C1 yields an inactive 
carvoxim C, 0 H h NOH [93°] ( A . 245, 267). A 
mixture of equal volumes of dextro- and l®vo- 
limonene behaves in many respects as though 
it were a distinct hydrocarbon, as ft was sup- 
posed to be previously to Wallach’s researches. 
Thus the tetrabromide melts at 124°, while the 
limonene compound melts at 104°. The inactive 
isonitrosodipentene or carvoxim, melting at 93°, 
is formed by mixing together equal quantities 
of lffivo-carvoxim [72°] from dextro-limonene and 
dextro-carvoxim [72°] from hevo-limonene. The 
resulting oompound gives, by Raoult’s freezing- 
point method, a molecular weight corresponding 
to the simple formula C ia H,^NO (Wallaoh, A* 
-246, 230). 


Certain derivatives of dipentene exist in two 
optically inactive forms. When d-limonene- 
nitroBoohloride, prepared from either dextro- or 
levo-limonene, is warmed with an alooholio solu- 
tion of piperidine, a mixture of two crystal Usable 
nitrolamines is formed in each case, as follows : 

Nitrolpiperidines G, 0 H ia NON0 o H l0 , from 

XtBVOLIMONENE : 

(a) [93°-94°] Rhombic, from alcohol. 
[o] D — 67*60°. Hydrochloride 
dextrorotatory. 

(0) [110°-m°]. Monoclinio. 

[a] D « + 60*18°. Hydrochloride 
almost inactive. 

From dextrolimonene : 

(a) [93°-94°]. Rhombic. [a] D « +67*96°. 

Hydrochloride l®vorotatory. 

(j8) [110 J ~111 0 ]. Monoclinic. 

[«]d — - 60*48°. Hydrochloride (?). 
When the two o-piperidine bases [93°-94°] are 
dissolved in petroleum-spirit, and the solutions 
mixed, an inactive nitrolamine [154°] is at once 
precipitated. A Becond inactive oompound [152°] 
is formed by mixing the 0-piperidine bases 
(Wallach, A. 252, 123). Similar results have 
been obtained by the employment of aniline and 
benzylamine. The salts of the bases thus pro- 
duced possess a rotatory power opposite in di- 
rection to that of the free base. No method is 
at present known of produoing from limonene 
active addition-compounds with two molecules of 
hydracid. With excess of hydrogen chloride the 
same inactive dipentene dihydrochloride [50°] is 
always obtained. The corresponding dihydrio- 
dide seems to crystallise in two forms differing 
slightly in melting-point (Wallach, A . 239, 13). 

6. Terpinene. (180° about). This compound 
is formed, together with dipentene, by the action 
of acids upon pinene and terpin, &o. It is said 
to occur in oil of cardamoms (Ev. Weber, A . 
238, 98). Terpinene has not been obtained in 
an absolutely pure state, but is characterised by 
forming a nitrosonitrite C^H^N.^Og [156°] 
(Wallach, A. 239, 33). The tetrabromide is 
fluid, and it yields no crystalhsable hydro- 
chloride. The nitrosonitrite by the action of 

bases yields nitrolamines 

[116°-118°], C 1# H 11 <NOH Hj [130°_131°], & 0 . 

(4.241,815). 

7. Terpinolene. (185° about). ThiB hydro- 
carbon is formed along with dipentene and ter- 
pinene by the action of acids upon pinene, <fcc. 

With hydrogen chloride and hydrogen bro- 
mide terpinolene unites to form the dipentene 
dihydrochloride [60°] and dihydrobromide [64°]. 
It forms an optically inactive tetrabromide which 
crystallises in monoclinic tables [116°] but is 
gradually converted at ordinary temperatures 
into a porcelain-like mass. 

8. Fenchene. A Uquid isomeride of camphor 
(190°-193°), obtained from oil of fennel, is 
treated with alcohol and sodium, by which it is 
reduced to the alcohol 0| 0 H 17 OH, a colourless 
crystalline compound. By treating this with 
phosphoric chloride the chloride C, 0 H |7 C1 is 
formed, and from this, by heating with aniline, 
fenchene G|,H 1C (158°-I60°) may be obtained. 
Fenchene is optically inactive. It differs from 
other terpenes in resisting the action of nitric 
acid unless heated (Wallaoh, A. 268, 149V. 
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Synopsis ov 3?erpbnx8 and their Chub# Derivatives. 
Boiling-points approximately Btated. Rotatory power + , — 9 or 0. 


Pinene 

Limonene 

(178°) 

Dipentene 

(176°) 




Terpinolene 

(185°) 

Fenchene 

(160°) 

+ and — 

+ and — 

± 


+ and — 

0 

0 

0 

0 10 H,.H01 

saturated 

[125°] 

0„H„HC1 

unsaturated 

liquid 

O lo H„HCl 

unsaturated 

liquid 

liquid 

— 

— 

— 

0 l4 H l4 HCa 

liquid 

G I0 H I4 2HC1 

C IO H,.2H01 

C6U°] 

O ia H„2HCl 

£5U°j 

0 lo H„2H01 

[72°J 

— 

— 

— 

— 

O lo H lo Br, 

[17U°] 

OwH||Br, 

£104°] 

O lo H 14 Br 4 

£124°] 

Oi 0 H, a Br 4 

£135°] 

— 

O l4 H l4 Br 4 

liquid 

0„H,.Br 4 

[116°] 


C I# H U N001 

[103°] 

0 lo H,.N0Cl 
four iaomeridea 
[100° to 106°J 

0 14 H 14 N001 

£1U1°-102°] 

O lo H ia NOCl 

£lUl>°] 

0,.H,.N,0. 

[166°] 

— 

— 

°" H »*\NHO t H f 

£122°] 

°,* h ‘'<35hc,h t 

£93°]a 

£109°]a 

[71°] 

— 

0 10 H,.N.O, 

[137°] 

— 

— 

O..H..NO 

[132°] 

o„h m n.oh 

£72°] 

O^H^NOH 

[93°J 

— 

— 

— 

— 

— 


Isoterpenes. 

Camphenes O, 0 Hi # . Pinene monohydrochlor- 
ide [125°] was formerly described under the 
name * artificial camphor/ from its resemblance 
to camphor in appearance and to a certain ex- 
tent in odour. This compound is remarkably 
stable, but may be decomposed by heating with 
sodium stearate or benzoate, with potassium 
acetate, with alcoholic potash, or, better, with 
a mixture of sodium acetate and alcoholic soda 
(Bruhl, B . 26, 147). The resulting hydrocarbon 
is a camphene [61°-52°] (160°), dextro- or lcevo- 
rotatory or inactive according to the nature of 
the hydrochloride used and the reagent em- 
ployed, though the exact conditions which deter- 
mine the production of one or other are scarcely 
known (Riban, A. Ch. [6] 6, 353). 

Camphene is also formed from bomyl chloride 
by the action of alcoholic potash (Riban), by the 
action of water and magnesia (Kachler, A. 197, 
86), or by heating with aniline to the boiling- 
point of the latter (Wallach, A. 230, 234) ; it is 
also formed from camphor chloride and from 
pinene hydrochloride by the action of sodium 
(Montgolfier, O. B . 89, 102). In the last case it 
is accompanied by a liquid hydrocarbon (170°), 
C jo H 20 , which behaves like a paraffin, and is 
probably identical with a liquid obtained by the 
action of hydrogen iodide on turpentine (Berthe- 
lot), also by the action of iodine (Armstrong a. 
Gaskell, B. 12, 1756) and by the action of sul- 
phuric acid on turpentine (Armstrong, B. 12, 
1759). 

Camphene is also formed by the action of 
strong sulphuric acid on turpentine, and consti- 
tutes the characteristic ingredient in the liquid 
formerly known as ‘ terebene ’ (Armstrong a. 
Tilden, O. «T. 1879, 738). 

Camphene closely resembles camphor in 
appearance and even somewhat in odour. It is 
soluble in aloohol, ether, and benzene, and crys- 
tallises in leaflets from a concentrated solution. 
It is inoapable of combining with bromine, but 
it forms a compound [167°] with hydrogen 
chloride, which is distinguished from pinene 
hydrochloride by its instability, being rapidly 


decomposed by water with reproduction of cam- 
phene (Riban, 0. B . 80, 1330). It is also disso- 
ciated into camphene and hydrogen chloride 
when volatilised (Ehrhardt, C. N. 64, 239). 
Camphene hydrochloride is said to be identical 
with bomyl chloride (Kachlor a. Spitzer, A. 200, 
340 ; v. also Briihl, B. 25, 160). Camphene 
does not combine with nitrosyl chloride. In 
contact with bromine it is slowly attacked, form- 
ing an oily monobromo- derivative (230°-240°). 

Oxidised by chromic liquor, camphene yields 
camphor, dextro-, lrovorotatory or inactive ac- 
cording to the character of the camphene. 

By the action of phosphorus pentachloride 
on camphene, and subsequent treatment of the 
mass with an alkaline solution, salts of two phos- 
phonic acids are formed (Marsh a. Gardner, C. J. 
65, 35). 

When camphene is heated to about 300° it is 
converted into liquid products which seem to in- 
clude dipentene, but have not been sufficiently 
investigated. 

Homologues of camphene . 

Ethyl-camphene obtained by the conjoint 
action of sodium and ethyl iodide upon cam- 
phor monochloride C, 0 H, S G1, is a colourless 
mobile liquid having a smell like turpentine 
(197*9° -199*9°, bar. 742*1 mm.). Isobutyl- 
camphene is also a liquid (228°-229°, bar. 760*4 
mm.) (Spitzer, B. 11, 1817). 

Sesquiterpenes G 1S K, 4 . 

Oils of clove, calamus, cascarilla, patchouli, 
and cubebs contain a hydrocarbon of this com- 
position (Gladstone, O. J. 1872), as also do the 
oils of garibanum, and savin and * huile de cade/ 
a kind of tar made by distillation of the wood 
of Juniperus oxycedrus (Wallach, A, 238, 81). 
The hydrocarbon obtained from cade or cubebs 
(274°-275°) (S.G. |g-*921) forms the following 
crystalline compounds: C It H, 4 2HCl [117°-118°], 
C^H^HBr [124°-125°], G lft H 44 2HI [105°-106°J. 
The hydrocarbon, especially when partially 
resinified by exposure to the air, gives the fol- 
lowing characteristic colour reaction : dissolved 
in chloroform or glacial acetic acid and then 
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'shaken np with a lew drops ol strong sulphurio 
acid, the liquid assumes an intense green and 
then blue oolour, which, when heated, passes into 
red (Wallaoh). An attempt to prepare from iso* 
prene a polymeride of the "Composition 
proved unsuccessful (Wallach). 

Conimene O^H^, a liquid (264°) having a 
pleasant odour, is obtained from the incense 
resin (Icica heptaphylla ) of British Guiana 
(Stenhouse a. Groves, C. J. 1871, i. 175). 

Polyterpenes C^H^, dc. 

This group includes (1) the constituents of 
certain natural essential oils ; (2) products 
of artificial polymerisation of terpenes; and 
(3) caoutchouc and guttapercha. 

1. Oleo-resin or so-called ‘balsam’ of co- 
paiba (Copaifera Langsdorffii and other species) 
is a mixture of a resin with an oil (250°-260°). 
The latter unites with water and absorbs 
hydrogen chloride, with production of a deep 
violet colour but no crystalline hydrochloride. 
A similar hydrocarbon is obtained from Gurjun 
balsam or ‘wood oil,' the product of various 
species of Dipterocarpus growing in the East, 
and from other essential oils. 

2. When turpentine oil and other terpenes 
are heated for some time to about 300°, or 
treated with concentrated sulphurio or phos- 
phoric acid or other agents, a large part of the 
hydrocarbon undergoes polymerisation. The 
name ‘ colophene * was given by Deville to the 
less volatile portions of the product obtained in 
this manner from French turpentine, apparently 
under the impression that it was closely related 
to the oil obtained by distillation of resin. 
Besin-oil, however, contains oxygen, and ex- 
hibits quite different characters. 

Colophene is a yellowish viscid fluid, usually 


fluoresoent, which begins to boll at about 800°, 
but the distillation even under reduced pres- 
sure is attended by decomposition. The boiling- 
point continually rises, and even at a tempera- 
ture approaching dull redness a viscid residue is 
left whioh on oooling becomes nearly solid 
(Armstrong a. Tilden, 0. J. Nov. 1879). The 
portions which distil at 800° and upwards ap- 
pear to consist of saturated compounds, for 
they absorb mere traces of hydrogen chloride. 
By the action of antimony trichloride upon tur- 
pentine a solid, C 40 H fl4 , is formed. This com- 
bines with hydrogen chloride to form two com- 
pounds C 40 H 84 HC1, and C 40 H 64 2HQ (Biban, 
C. B. 1874, 889). 

3. Caoutchouc v* vol. i. p. 677. For further 
information concerning the products of its de- 
composition by heat v. Pentinenes (vol. iii. p. 
807) and Dipentene (supra)* 

Guttapercha, v . vol. ii. p. 658. 

Caoutchouc is formed from isoprene by poly- 
merisation, which sometimes ocours spon- 
taneously under circumstances not fully under- 
stood (Tilden, O. N. t May 1892). 

Oxidised compounds connected with terpenes . 

A considerable number of oxidised compounds 
are known which are evidently closely connected 
with the terpenes, and in many cases directly 
derivable from them. Some of these, as, for 
example, bomeol and camphor, occur as natural 
products in essential oils ; others, such as terpin, 
are the products of the addition of water to a 
terpene, or, like camphor and some of its iso- 
merides, may be formed from terpenes by oxida- 
tion. These compounds are enumerated in the 
following table, together with the hydrocarbons 
with which they are presumably immediately 
connected. 


Hydrocarbons 


Alcohols 


Glycols 


Ketones (?) 


Oymene C 10 H, 4 (ii. 361) 

Pinene O io H ia (v. supra) 

Dipentene O 10 H la (v. 
supra) 


Fenchene C 10 H, 0 (t>. 

supra ) 

Camphene C 10 H la (v. 
supra) 


Menthene O 10 H la (iii. 
2021 

Dihydrocamphene 
C 10 H 18 ( v . Decinene, 
ii. 867) 

Tetrahydrocamphene 
pi«H a (v. Decylene, 
ii. 862, et infra) 


Carveol C 10 H la OH (L 
711) 

Myristicol and ab- 
sinthol (v* infra) 
Terpineol C 10 H 17 OH 
(v. infra) 

Cineol G 10 H, 7 OH (ii. 
187). Syn. Euca- 
lyptol, cajeputol 
Fencheol O I0 H 17 OH 
(v. infra) 

Bomeol O 10 H„OH 
(i. 522) 

Geraniol O 10 H, 7 OH 
(ii. 609) 

Lxnalool O la H 17 OH 
(iii. 146) 

« 

Menthol O 10 H 19 OH 
. iii 208) 


Sobrerol O 10 H ia (OH) 2 
(v. infra) 

Terpin O, 0 H,„(OH) 2 
(v. infra) 


Camphene glycol 
O 10 H la (OH) a (v.infra) 


Carvol O J0 H 14 O (i. 
711) 

Sobrerone (pinol) 
C, 0 H )0 O (v. infra) 


Fenchone O, 0 H lfl O 
(v. infra) 

Camphor C 10 H la O 
(i. 669) 

PuWone O 10 H, a O (v. 
infra) 

Puleone C 10 H la O (v. 
infra) 

Tanacetone or Thu- 
jone O ia H ia O (v. 

infra) 

Menthone O ia H. a O 
(iii. 204) 
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Cymene O io H 14 (176°) ; ii 861. 

Dipentene C 10 H Ig (176°) ; v . snpro. 

Fenchene C Ig H, # (160°] ; v. supra. 

Camphene 0 10 H W (160°) ; v. supra. 

Menthene 0 10 H lg (167®) ; iii. 202. 

Dihydroeamphene O 10 H lg v. Decinene, ii. 867. 
The liquid produced, together with the solid 
monohydrochloride, bypassing hydrogen chloride 
into pinene, yields when treated with sodium a 
mixture from which a liquid hydrocarbon C, 0 H I8 
(148°-149°), having a smell of oranges, may be 
separated by fractionation, &o. (Bouveault, 0. B. 
116, 1067). 

Tetrahydrocamphene C 10 H 20 (Deoylene, ii. 
367). A liquid obtained by the action of hydro- 
gen iodide and phosphorus upon oil of turpen- 
tine (Berthelot) and another (160°) by action of 
phosphonium iodide on turpentine (Baeyer) have 
this composition. The same formula is ascribed 
by Armstrong (B. 12, 1768) to a liquid (160°- 
170°) obtained by the action of iodine upon oil 
of turpentine and upon camphor, also by the 
action of sulphurio acid upon turpentine. All 
these products are insoluble in strong sulphurio 
acid, and resemble the paraffins in chemical 
characters. 

Carved C I0 H 15 .OH (219°) ; i. 711. 

Terpineol C 10 H 17 .OH. [36°]. (215°-218°). 

Wiggers, A. 83, 358; 67, 247 ; List, A. 67, 362; 
Tilden, O. J. 33, 247, and 36, 286 ; Wallach, B. 
18, 618, Ref.; Kannonikoff a. Flawitzky, J.pr . [2] 
82, 497 ; Bouchardat a. Voiry, C. R. 104, 996. 
Dextro- and lmvo-terpineol are obtained by the 
action of alcoholic sulphuric acid upon d - and 
Z-pinens respectively, or inactive by distilling 
terpin with very dilute sulphuric or hydro- 
chloric acid. Terpineol as thus obtained is a 
viscous liquid, having an odour of white lilac. 
By fractional distillation under reduced pressure 
a portion is obtained (130°-135° at 40 m.m.), 
which may be crystallised by cooling to — 80 °, or 
by the introduction of a crystal of the same. 
These crystals melt at 30°-82°, and boil undecom- 
posed at 218° (Bouchardat a. Voiry, C. B. 104, 
996). Terpineol treated with sodium evolves 
hydrogen, but in consequence of its viscosity the 
action soon ceases. Contact with dilute acids 
converts terpineol into terpin hydrate. Hydrogen 
chloride and iodide react to form O, 0 H 18 Cl 2 [60°] 
and C, 0 H 18 l 2 [77°] respectively. Potassium hy- 
drogen sulphate at 200° produces dipentene. 
Terpineol unites with two atoms of bromine, but 
excess of bromine gives rise to dipentene tetra- 
bromide. With phenyl cyanate it yields phenyl- 
terpinyl-urethane CaHft.NH.CO.OG 10 H l7 [110°]. 
These and other reactions have been repeated 
by Wallach, using crystallised terpineol ( A . 
276, 108). Terpineol oxidised by permanganate 
yields a substance 0 , 0 ^ 0 , [121°-122°], which 
probably has the constitution of an oxyterpin 
C 10 H 17 (OH) 8 . Further oxidised by means of 
chromic acid this yields a crystalline compound 
O 10 H. *0 8 [62°-63°] (Wallach, A. 275, 146). 

Cineol 0 IO H 18 0 (176°) ; ii- 187. Cineol appears 
to contain no hydroxyl, sinoe it is not aoted 
upon by metallic sodium nor by benzoyl 
chloride at 120°. It is also unaffected by 
hydroxylamine and by phenylhydrazine. Hence 
it appears to be neither an alcohol nor a 
ketone. Its relation to terpineol (infra) is 
shown by the fact that when heated with 


alcohol and sulphurio acid cineol is eonverted 
into terpinene and terpinolene : also that ter- 
pineol, and therefore also terpin, are partly con- 
verted into oineol by prolonged heating with 
phosphoric acid. Cineol oxidised by perman- 
ganate of potassium yields the potassium salts 
of carbonio, oxalic, and oineolio acids, with a 
small quantity of acetic acid. Cineol yields 
45 p.c. of its weight of cineolio acid. This com- 
pound forms well-defined anhydrous crystals, 
which dissolve in 70 pts. of water at 16°, and in 
15 pts. at 100°. They melt with decomposition 
at 196°-197°. 

Calcium cineolate C^H^CaO^H/) is soluble 
in oold water, but is completely precipitated by 
boiling the aqueous solution. Silver cineolate 
C 10 H M Ag 2 O 6 .H 2 O is soluble in both water and al- 
cohol, but cannot be crystallised. Ethyl cineolate 
C, 0 H N (C 2 H 5 ) ? O ft , obtained by passing hydrogen 
chloride gaB into an alcoholic solution of the acid, 
is a colourless liquid (155° under 11-12 mm.). 
By dry distillation cineolio acid yields cineolio 
anhydride, water, carbon dioxide, and a liquid 
which appears to consist of a monobasic acid 
(A. 246, 265). 

Fencheol G I0 H 17 .(OH). Fenohyl alcohol 
[40°-41°], (201°). (Wallach, A. 268, 143 ; 272, 
99-125). S.G. ^ *933 (W.). [a] D = ± 10-36 (W.). 
Dextro- and leevo-fenchyl alcohols are obtained 
by the reduction with sodium and alcohol of 
leevo- and dextro-fenchones respectively, Con- 
centrated HNOg oxidises Z-fenchyl alcohol to d- 
fenchone. PC1 5 gives rise to fenohyl chloride 
O l0 H I7 Cl (84°~86° at 14 mm.). 

Borneol C, 0 H l7 .OH, i. 522. 

Geraniol C 10 H, 7 .OH, ii. 609. 

Linalool C 10 H l7 .OH, iii. 146. Linalool is said 
to be convertible into the isomeric geraniol by 
treatment with acetic anhydride, and saponify- 
ing the resulting ester with alcoholic potash 
(Bouchardat, O. B. 116, 1253). 

Menthol G 10 H 19 (OH), iii. 203. 

Terpin C I0 H ls (OH) 2 [104°-105°]. (268°) 

(Wiggers, A. 33, 358 ; 67, 247 ; Tilden, C. J . 83, 
247 ; 35, 286 ; Wallach, A. 230, 225-272). Ter- 
pin is best known in the form of its hydrate 
CjoH^O^^O [116-117°], a beautifully crystal- 
line compound which on heating to 100° loses 
water and leaves terpin as a vitreous mass. Ter- 
pin hydrate is readily obtained by shaking tur- 
pentine oil with alcohol acidified with sulphuric 
or nitric acid (Flawitzky, B. 12, 1022 ; Tilden, 
C. J. 33, 247 ; 35, 286), and leaving the liquid 
to evaporate. It is an optically inactive, satu- 
rated compound, slightly soluble in boiling 
water, soluble in alcohol and crystallising in 
rhombic prisms (Rammelsberg, P. 68, 570; 
Maskelyne, P. M. 1879). It possesses the charac- 
ters of a glycol and with hydrogen chloride 
yields dipentene dihydrochloride [50°]. Boiled 
with water containing a mere trace of mineral 
acid, terpin dissolves with production of ter- 
pineol and water. 

Camphene glyool 0,^(0% [192°] (G. 
Wagner, B. 28, 2311). 

Formation . — By the oxidation of camphene 
in benzene solution with a 1 p.c. solution of 
KMn0 4 (Z.c.). 

Properties. — Colourless prismatic needles 
(from benzene) very readily soluble in ether, 
alcohol, CS* and chloroform. Exhibits the 
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same phenomenon as camphor when thrown on 
water. Sublimes when heated above 100°. 
Melts when wanned with water, bat only dis- 
solves in it with difficulty. Heated with acetic 
anhydride in a dosed tube at 120°, the greater 
part loses water, only a small portion being con- 
verted into the acetic ester. Treatment with 
dilute HG1 results in the loss of 1 mol. of H,0, 
giving rise to a solid body, 0 ]0 H l(i O, isomerio 
with camphor, whioh reduces ammoniacal AgNO t 
and reacts with hydroxylamine. 

Carvol C I0 H 14 O (228°), v, i. 711. 

Fenchone 0 1P H I8 0. [5°-6°]. (192°-198°) 

(Wallaoh, A. 263, 180 ; 272,102). S.G. ** *9465 
(W.). R a 44*23 (W.). [a] D + 71*70 and — 66*94. 

Occurrence . — Dextro-fenchone is present in 
fennel oil, the fraction boiling between 190° and 
195° consisting almost exclusively of the ketone, 
together with traces of anethol; derived from 
Thuja oil, fenchone possesses lrevorotatory op- 
tical properties. D- and l - fenchone form a 
series of derivatives which bear to one another 
a relation similar to that subsisting between 
the two tartaric acids, and the analogy extends 
to the formation of racemic modifications when 
equal proportions of the two classes of deriva- 
tives are mixed together. 

Preparation . — The fraction of fennel oil 
boiling between 190° and 195° is treated with 
concentrated HNO„ the ketone remaining un- 
attaoked. After being freed from acid and dis- 
tilled in a current of steam, the dry oil is cooled, 
and the fenchone crystallises out. 

Reactions,— With bromine in the cold, an 
addition compound is formed, substitution 
taking place if the mixture becomes heated. 
P a O a , P 2 S 8 , and PC1 6 have the same action upon 
fenchone as upon camphor. Fenchone is dis- 
solved by cold concentrated HC1, being thrown 
out of solution on warming. HNO, has but 
little action in the cold, but in a sealed tube at 
120° HCN is formed (A. 263, 134). KMn0 4 
oxidises fenchone to a mixture of oxalic, acetic, 
and dimethyl-malonic acids. D- and 14 enchone 
yield dr and Z-fenchyl alcohols respectively on 
reduction with Na and alcohol (t>. Fencheol ). On 
heating dr and Z-fenchone with ammonium 
formate, Z- and d-fenchylamines respectively 
are formed. Fenchone does not react with 
phenyl-hydrazine or with alkaline sulphites, 
but both varieties form oxims [161°] with 
hydroxylamine. 

d-Fenchon-oxim C 10 H 16 NOH [161°] (240°) 
loses water on treatment with dilute HJ30 4 , an 
unsaturated dextrorotatory nitrile (218°) being 
formed. 

Z-Fenchon-oxim C, 0 H, 8 NOH [161°] behaves 
in a similar manner on treatment with dilute 
TT a R Q 4 . The resulting nitrile yields with potash 
a lfflvorotatory o-isoxim CgH^.CONH, [114°- 
115°] which is readily converted bj dilute HgS0 4 
into the 5-isoxim [136°-187°]. 

Camphor C 10 H t8 O (i. 669). 

Kenthone C 10 H lrt O (206<*) (iii. 204). 

Pulegone G, 0 H 18 0. (130°-131° under 60 mm.). 
(Beckmann a. Pleissner, A . 262, 1 ; Wallaoh, A, 
272, 122; Semmler, B. 25, 3515). S.G. & 
*. a. P.) ; B A 45*55 (B. a. P.) ; [«] D 22*89 

e ). Pulegone iB the chief constituent of 
oil of pennyroyal (Mentha pulegium). 
It is a dextrorotatory colourless liquid, having 


an odour of peppermint, and rapidly becoming 
yellow on exposure to the air. 

Reactions ,— With HBr it combines forming a 
lsBvorotatory ([a] D «— 83*8) addition compound 
C lo H, 8 O.HBr [40*5°]. When heated with am- 
monium formate, Wallaoh ( A . 272, 123) failed 
to obtain a base isomeric with fenchylamine 
and thujonamine, a mixture of bases being 
formed. Slow oxidation with KMnO, gives rise 
to acetone and £-methyl-adipio aoid [84*5°]. 
Rapid oxidation with the same reagent yields a 
7 -valero-lacton- 7 -acetio acid (Semmler, B. 25, 
8516). Pulegone combines with hydroxylamine 
to form pulegonoxim C lo H lfl NO v [157°]. The 
oxim contains one molecule of H a O more than 
camphoroxim. It is lavorotatory ([a]„-83*4) 
and formB a hydrochloride [117°-118°], a 
benzoyl ester [137°~138°], and an acetyl ester 
[149°]. On heating its hydriodide pulegonamine 
C 10 H, 8 O.NH is formed. 

Pulegone hydrobromide O 10 H 18 O.HBr [40*5°] 
is lrevorotatory ; it forms an oxim [38°] which 
becomes converted on standing into normal 
pulegonoxim [157°]. Pulegone hydrobromide, 
on treatment with moist Bilver or lead oxide, 
loses HBr, pulegone being regenerated. Distil- 
lation with zinc-dust gives rise to an oil which 
resembles menthone in every respect but the 
melting-point of its oxim (85° instead of 59°). 

Constitution , — From tne results of oxidation 
experiments carried on under various conditions 
with KMn0 4 Semmler (B. 25, 3519) attributes to 
pulegone the constitution : 

Pr 



Puleone is the name given to a compound 
isomerio with camphor, obtained by Barbier (B. 
25, 110c), from pennyroyal oil, described as 
boiling at 222°-223°, and possessing the follow- 
ing physical properties : S.G. *9482 ; *9293 ; 

[«]„ + 29*15. Its oxim G 10 H le .NOH is an oil 
(170° under 48 mm.) yielding a liquid anhydride 
C, 0 H la N on treatment with dilute H a S0 4 . Chromic 
acid mixture oxidises it to carbonic, acetic, 
and propyl-succinic [89°-91°] acids. 

Tanacetone Q lo H l# 0 (195°-196°; 84*5 at 13 
mm.), identical with the thujone of Wallaoh 
(A. 272, 109 ; Bruylants, B. 11, 450 ; Semmler, 
B. 25, 3343, 8519 ; Wallaoh, Z.c.). S.G. *9126 
(S.). R A 44*54 (8.). 

Tanacetone occurs in tansy, sage, wormwood, 
and thuja oils. It has ketonic properties, and 
possesses an optioal rotatory power amounting 
to + 88° 30' in a 2-dcm. column. 

Reactions , — Sodium in alcoholio solution re* 
duces it to tanacetyl alcohol (92*5° at 18 mm.), 
With alkaline hypobromite it yields bromoforat 
and tanacetogen-dicarboxylio acid (113*5° at 15 
mm.). Oxidised with KMn0 4 it yields tanaceto- 
carboxylic acid, which exists in two modifica- 
tions, the a and j8 thujaketonic acids of Wallaoh 
(Z.c.), [75°-76°] and [78°-79°] respectively. 
Heated with ammonium formate, it gives tan- 
acetylamine (198°-199°), the same body being 
formed when tanacetoxim (see below) is reduced 
with sodium and alcohol. The hydrochloride of 
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this base on dry distillation yields tanacetene 
(172°-175°), a hydrocarbon of the formula Q l0 H Ia , 
identical with Wallach’s thujene. Tanacetone 
reacts with hydroxy lamine to form tanacetoxim 
0 It H |g .N0H [51-6°] (186°-186° at 22 mm.), which 
yields tanacetylamine on reduction, while treat- 
ment with dilute alcoholic H,SO< converts it into 
aoymidinetPnNH^Me-.lffi:^), which gives carva- 
crol with nitrous acid. Tanacetophorone 
Gja^O (89°-90° at 18 mm.). R A 37*6. When 
tanacetogen-dicarboxylic acid (produced by the 
aotion of NaBrO upon tanaceto-oarboxylio acid) 
is heated with soda-lime, tanacetophorone is 
formed. It has ketonic properties, and combines 
with hydroxylamine. 

Constitution, — Semmler (B. 25, 8519) sug- 
gests for tanacetone and tanacetogen-dicarboxylic 
acid the formulas 


^CH r C(Me) 2N ^ 
H \3H J -CH/ / 


0 Ac and 


Tanacetone. 


Pr 

OH* — O.COOH 

I I 

CH 2 — HaCOOH. 

Tanacetogen- 
dicarboxylic acid. 


Sobrerone0 10 H ia O. Pinol. (183°-184°) (Wal- 
laoh, A. 263, 264 ; Armstrong, C . J. Proc . 1890, 
100). S.G. 22 *963 (W.) ; /i D 1*469 (W.). So- 
brerone is obtained from the mother-liquors accu- 
mulated in the preparation of pinene nitroso- 
chloride; also by boiling sobrerol with dilute 
11*804 (Armstrong, Z.c.). 

Reactions. — It combines readily with Br to 
form a dibromide [94°], from which, on treat- 
ment with alcoholic potash, sobrerone is regene- 
rated. Sobrerone and its dibromide yield tere- 
bic acid [175°-176°] on oxidation with KMn0 4 . 
HNO g produces the same result. It forms a 
nitroso-ohloride [103°] which, by the aotion of 
bases, is readily converted into nitrolamines, e.g . 
sobrerone-nitrol-piperidine [164°] and sobrerone- 
nitrol-benzyl-amine [183°-134 0 ]. The dibromide 
O, 0 H l8 O.Br 2 [94°] (143°-144° at 11 mm.) yields 
on treatment with alcoholic potash, in addition 
to sobrerone, its glycol-ether G 10 H, e O(OG 2 H a ) a 
[52°-63°]. Sobrerone-glycol-diacetate is easily 
obtained by heating the dibromide to 150° with 
lead acetate in glacial acetic acid solution. When 
heated at 100° for three hours with formic acid, 
sobrerone dibromide is converted into pinene. 

Constitution . — Its behaviour towards bromine 
and nitrosyl chloride and its molecular refrao- 
tion indicate the existence of one ethylene 
linking, while its indifference towards acid chlor- 
ides, hydroxylamine, phenylhydrazine and ELS 
render it probable that the O- atom is united to 
two different 0- atoms. From these facts, and 
from its behaviour on oxidation, Wallach [A. 
258, 259) assumes the constitution 
Pr H 



O. J. 59, 815). Sobrerol is obtained by oxi- 
dising French and American turpentines in 


sunlight. It occurs in two optio&lly active 
forms, both melting at 150°, and on allowing a 
mixed solution to crystallise inactive sobrerol 
[131°] separates out. When boiled with dilute 
H 2 S0 4 it loses 1 mol. of H*0, sobrerone — iden- 
tical with Wallaoh’s pinol — being formed. 

Eucalyptoi G 10 H l8 O (176°) (Jahns, B. 17, 
2941; Bouohardat a. Voiry, C. B . 106, 663). 
Identical with oineol, spicol, oajeputol, and ter- 
pan (B. a. V.). 

Myristicol O 10 H le O (224°) (Wright, B. 6, 
1320 ; Gladstone, C. J. 23, 147 ; 25, 1 ; Briihl, B. 
21, 471). S.G. 22 *9446 (G.). R A 46*42 (G.). 
Myristicol is a dextrorotatory alcohol, obtained 
from the ethereal oil of nutmeg, Myristica aro - 
matica . It yields a chloride with P01 ft , and is 
converted into cymene by the action of ZnGl*. 

Absinthol O la H, tt O (217°) (Beilstein a. Kupf- 
fer, B. 6, 1183; Wright, l.c. 1320; Gladstone, 
C. J . 45, 241 ; Briihl, B. 21, 471). S.G. If *9128 
(G.). R A 44*62 (G.). Absinthol is obtained 
from oil of wormwood, and is dextrorotatory. 
It is converted by ZnCl 2 and P 2 S a into cymene. 
In what form the oxygen exists is at present 
unknown. 


Constitution of the terrenes. 

I, Pinene. The following facts must be taken 
into consideration 

1. Dry pinene combines with one molecule 
of hydrogen chloride to form a saturated com- 
pound, from which hydrogen chloride is with- 
drawn with difficulty, the resulting hydrocarbon 
being a solid oamphene. Moist pinene combines 
with 2HC1, yielding dipentene-dihydroohloride. 
This also is saturated. The formation of both 
these compounds is undoubtedly attended by 
isomeric change, inasmuch as pinene cannot be 
recovered from either of them ; but on removal 
of the elements of hydrogen chloride a new 
hydrocarbon results. 

2. Pinene seems to combine with two atoms 
or with four atoms of bromine, according to the 
method of operating. By adding bromine to a 
cooled solution of pinene in carbon tetrachloride, 
Wallaoh has obtained a crystalline dibromide 
GjoHjgBrj, [170°]. The yield is, however, very 
small, about 7 p.o. of the hydrocarbon employed 
(A. 264, 1). By shaking up a solution of pinene 
in chloroform, with an excess of sodium hypo- 
bromite, acidified with hydrochloric acid, so as 
to liberate the bromine, and immediately after- 
wards determining the unabsorbed excess of 
bromine, Tilden obtained results which pointed 
to the union of the terpene with four atoms of 
bromine. The combination is, however, very 
unstable, and hydrogen bromide is soon evolved 
(C. J. 53, 882). Schtschukaroff finds that a 
chloroform solution of pinene takes up, in the 
dark , four atoms of bromine ; but the bromide 
formed is unstable, and quickly gives off hydro- 
gen bromide, thus O la H 18 Br 4 - HBr + C^H^Rr, 
(B. 23, 432, Ref. ; /. pr. 47, 191-6). 

3. Pinene combines with NOC1 to form a 
saturated compound which is not an oxim but 
a nitroso- compound, and fields up the NO.G1 by 
the action of aniline, with liberation of an 
optically inactive pinene. 

4. By addition of two atoms of bromine to 
pinene, and subsequently heating the product 
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alone, or, better, with aniline (Oppenheim, B. 5, 
629), cymene is formed. 

6. In contact with slightly diluted mineral 
acids, or when heated above its boiling-point, 
pinene iB gradually converted into an optically 
inactive mixture of dipentene with terpinene, 
terpinolene, and polymerised terpene (‘ colo- 


6. When heated to a temperature short of 
visible redness, pinene yields a considerable 
quantity of isoprene 0 4 H g , together with a 
notable amount of wtefa-xylene. 

7. Pinene submitted to oxidation yields about 
1 p.c. of its weight of p-toluic or terephthalic 
acid. This is perhaps due to the presence of a 
little cymene. It must, however, be remembered 
that the oxidising agent usually employed is 
either nitric acid or acidified chromic liquor, 
and hence that the pinene is first changed into 
dipentene or one of the other hydrocarbons re- 
ferred to above (5). When nitric acid is used 
oxalic acid is the most abundant product, accom- 

(CH 3 ) a .C.0H(C00H).CH J 
panied by terebio acid | I 

6 CO 

CH 3 C.COOH 

and dimethylfumario acid || (Otto a. 

CH a C.OOOH 

Beckurts, B. 18, 826). By treatment with 
chromate and sulphuric acid pinene yields much 
acetic acid, together with some terebio acid and 
C 8 H 7 .CH.CH(COOH).CH 2 
terpenylio acid I | . 

6 CO 

8. Natural pinene rotates the plane of 
polarisation to the right or to the left. It 
therefore must be supposed to contain an 
asymmetric atom of carbon. 

In order to epitomise these facts many for- 
mulae have been proposed. The most important 
fall under two classes— namely, those in which 
pinene is represented as a dihydrocymene, and 
those in which across- or para-linkage is assumed. 

Of the former class, the first example is the 
formula given many years ago by Oppenheim 
(B. 5, 98)- 

Q»H 7 

CH 

CH,,/\CH 

ohL Jch 

V 

CHj 

This kind of formula is now attributed with 
greater probability to limonene, and it must be 
remarked that of the possible formulas of this 
type there ore only four which contain an asym- 
metric carbon atom and iso-propyl, 

II. 

<?A 

C 

CH./^CH 



CH^CH, 
IH. CH, 


in. 

ftH, 


C 

oh/So 


CH, 


CH, 


OH 



It has been shown that cymene, with wnioh 
pinene is olosely connected, contains iso- and not 
normal propyl (Widman, B, 24, 439). Hence 
pinene and its isomerides are believed also to be 
isopropyl compounds. 

Formulas containing oroas- or para- linkages 
have been proposed as follows : — 


Kannonikoff 
(J.pr. 32,617) 
V. 

C,H, 

c 

IW 


ch/I 
ch 


\l/ 

p 

CH, 


CH, 


Wallach (A. 289, 49) 
Collie (B. 25, 1108) 
VI. 

QA 

c 

'ScH 



Wallach 


(B. 24, 1539) 

VII. 


CA 


CH 



Wagner 
(B. 24, 2187) 

VIII. 


<?A 


CH 



II. Limonene. — 1. Dry limonene combines 
with one molecule of hydrogen chloride, but 
unlike the hydrochloride derived from pinene 
the resulting compound is optically active and 
is not saturated, as it combines with halogens, 
with nitrosyl chloride, and, in the presence of 
moisture, with a second molecule of hydrogen 
chloride (Wallach, A. 270, 188). Limonene in 
the presence of water or alcohol readily yields 
dipentene dihydrochloride [60°), identical with 
the product formed from pinene. The dihydro- 
chloride is optically inactive. 

2. Limonene unites with four atoms of 
bromine, forming a crystalline tetrabromide. 

3. Limonene unites with one molecule of 
nitrosyl chloride. The product, of which two 
(stereo ?) isomerides occur, gives the reactions of 
an oxim. 

4. Limonene readily yields abundance of 
cymene identical with that which is obtained 
from pinene (Oppenheim, B. 5, 628). 

5. Limonene is polymerised by heat much 
less readily than pinene, and is not convertible 
into camphene. 

6. Limonene vapour at a low red heat yields 
isoprene in the same way as pinene. 

7. Limonene oxidised by nitric acid or by 
chromate yields oxalic, acetio, terebio or ter- 
penylic acids according to circumstances, usually 
without any trace of toluio or terephthalic 

gflid, 

8* Limonene is dextro- or laavo-rotatory. A 
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mixture of equal volumes of tbe active hydro- 
carbons constitutes dipentene, which, on aocount 
of its peculiarities, quite different from those of 
its components, was long regarded as a distinct 
hydrocarbon. 

The formula which agrees best with the 
characters of limonene is either I. or II. given 
above (see Pinene). 

In both of these there is an asymmetric 
carbon atom, and as the mono-hydrochloride is 
optically active while the dihydrochloride is in- 
active, these compounds will probably be re- 
presented by the following formula : — 


Limonene 

Monohydroohloride 

R 

R 

CH 

CH 

CH,/\CH 

CH»/\CH 

chL^cii 

cichIJch 

Q 

HQ 

B' 

B' 


Dihydrochloride 

B 

CH 

CHH 
CHOI 


R' 



Limonene nitrosochloride deprived of the 
elements of hydrogen chloride yields a compound 
which has been identified with carvoxim. If 
the following formula be assumed for carvacrol 
and carvol, the interrelation of these compounds 
is obvious. 

Carvacrol Oarvol 

Q$H r 

C C 

*CH Ch/^.CH 


CHf 

CH 


sJO.OH CH 1 ' 1 CO 

CH 

CH, CH, 

Carvoxim 

0 

ch/^ch 


CH 1 ( / 'C:N.OH 

QH 

CH, 

The corresponding formula for limonene 
should be No. II., but if that correctly represents 
the constitution of the hydrocarbon, the pro- 
duction of the nitrosochloride, or of the oxim 
from it, must be attended by isomeric change 
involving a re-distribution of the hydrogen and 
of the double linkages. Thus : — 


Limonene 

Q«H, 

0 

oh/Soh 


Y 

CH, 


CH, 


Nitrosochloride 
QsH, 

0 

cigr/^ch 

NOHclJcH, 

CH, 


6» 


Oxim 

PA 

o 

ch/\ch 

NOHC' I'cH 

PH 

CH, 

The oxim is optically active. 

The very ready conversion of pinene into 
dipentene ( - limonene) is a point of considerable 
importance, and it appears probable that the 
products formed by the action of heat and aoid 
oxidising agents are in reality derived, not 
directly from pinene, but from the isomerio 
hydrocarbon into which it is first converted. 
The splitting up of pinene by heat into iso- 
prene has been regarded (Wallaoh, A. 239, 48 ; 
Collie, B. 25, 1111) as supporting the formula 
already given VI. and VH., in whioh a para- or 
cross linkage is adopted. But remembering that 
isoprene is converted by polymerisation, not baok 
again into pinene, but into dipentene, this evi- 
dence is of little importance. On the other 
hand, the difficulties involved in the assumption 
of a cross link in a cyoloid of six carbon atoms 
are very considerable. In any closed ring of 
carbon atoms, the stability of the ring is easily 
accounted for upon simple mechanical principles. 
For if we consider six carbon atoms situated at 
the angles of a regular hexagon, and each at- 
tracted to its two neighbours on either side, 
whatever be the forces of attraction between 
them the resultant of those forces will have the 
effect of urging each carbon atom toward the 
centre of the figure. Thus, if the carbon atom 
a is attracted towards the carbon atom b with a 
force represented by p , and towards c with a force 
represented by p\ in the figure, the resultant of 
these two pressures will be r, which acts towards 
the centre ; and so with each of the five other 
atoms. 



This conception is, of course, independent of 
any hypothesis concerning the |purth unit of 
valency, and the formula has no reference to the 
well-known ‘ centric * formula. The modem 
hypothesis according to which the carbon atom 
is supposed to be situated at the centre of a 
regular tetrahedron while the radicles with 
which it is united are placed at the angles of 
the Bame supplies no distinction between the 
force and the direction of the anit of affinity. 
The difference of specific volume observed 
between carbon compounds of tbe aromatic and 
fatty series seems to indicate that carbon atoms 
in the former are more closely united together, 
but it appears that no compounds are known in 
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which the specific volume of carbon differs very 
greatly from its normal value. Hence it ap- 
pears probable that the carbon atom, in uniting 
with other atoms, preserves a nearly constant 
distance from them, and in the figure above to 
suppose that a is combined with d as firmly as 
with b or c requires the assumption that a car- 
bon atom is capable of acting through a distance 
twice as great in one case as in another. If this 
is possible, and we imagine the force of attrac- 
tion between a and d to be as great as between 
a and 6 or c, then, unless c acts upon e and b 
acts upon /at the same time with the same force 
the figure will be changed from the hexagon to a 
double square. 


i a 

C 

€ 

£ 


A compound of this kind would be incapable 
of many of the changes which are characteristic 
of pinene, and a second cross linkage between c 
and e, or between b and /, would be impossible. 
Henoe the following formulas, which are attri- 
buted by Wallach to nitrosopinene and pinyl- 
amine cannot be accepted even if a single 
diagonal is allowed in the formula of pinene. 

Nitrosopinene hydro- 
chloride 

0„h 7 


Pinene 




Formulas HI. and IV. now remain to be con- 
sidered. So far as the writer is aware, formulas 
of this type have not been proposed for any of 
the terpenes. Nevertheless there is much to be 
said in favour of an expression of this kind for 
a compound so unstable as pinene, whioh ap- 
pears to be incapable of withstanding the action 
of heat or of contact with any reagent without 
isomerio change. For example, the conversion 
of pinene into dipentene, terpinene, and terpi- 
nolene may be explained with the minimum 
amount of hypothesis by the following formulas, 
in which the tendency towards th^oon version of 
an unBymmetrical into a symmetrical molecule 
is clearly shown. The question as to the relative 
positions of the methyl and propyl groups is 
.left open. 

Plnan. Dlpenfco. 

0 0 0 0 


The conversion of pinene into dipentene 
through the dihydrochloride is readily shown* 


Pinene 


R 

OH 



Dipentene 

dihydroohloride 

9 

OH 



Dipentene 

R 

CH 



Such a formula for pinene also explains the 
extreme instability of its tetrabromide. 

III. Camphene. Camphene behaves towards 
all reagents— such as bromine and nitrosyl 
chloride — as a saturated compound, but with 
hydrogen chloride it unites, forming a com- 
pound which in external appearance resembles 
pinene monochloride, but differs from that com- 
pound by its instability. When camphene is 
oxidised by chromic acid it yields camphor, but 
when treated with permanganate a glycol is 
formed. This compound crystallises in odour- 
less small monoclinio prisms, whioh sublime at 
temperatures above 100° (192° oa.). Its most 
characteristic property is seen in its reaction 
with dilute acids, whereby water is separated and 
a compound isomeric with camphor formed. 
This reaction appears to indicate the existence 
of one ethylenic bond in camphene (G. Wagner, 
B. 23, 2307). Briihl (B. 25, 160) also finds, as 
the result of his latest determinations of the 
molecular refraction and dispersion of camphene, 
that this hydrocarbon contains one ethylenic 
linkage. Wallaoh (B. 24, 1555) upon other 
grounds appears to hold the same view. Cam- 
phene is, however, so closely connected with 
camphor that the constitution of the latter 
compound when settled may serve as a guide in 
determining the constitution of the former. The 
formula for camphor given by Kekul6 (B. 6, 931) 
was based upon the supposed intimacy of its 
relation to cymene and carvaoroL 



CH, 


There oan be no serious doubt of its character 
as a ketone, inasmuch as it yields an oxim, 
though it gives no compound with NaHSO,; but 
the action of dehydrating agents upon camphor 
is very complicated, and there oan be no doubt that 
the production of cymene is attended by iso- 
meric change. Armstrong a. Kipping (0. Jan. 
1898) have shown that among the products of 
the action of strong sulphuric acid upon camphor 
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there is a considerable quantity of acetyl- 
©rthoxylene (G„H*Me.Me.Ao, Me: Me: Ao » 1:2:4). 
From observation of its moleoular refraction 
Briihl (B. 21, 467) suggests a formula containing 
a para- linkage, either 


oh/TSoh, 


OH* 

CH, 


OH 

CH 


The former of these two formulas has also been 
used by Wallach ( B . 24, 1656). These expres- 
sions are equivalent to representing camphor as 
a derivative of tetramethylene. 

A formula of a different character has been 
suggested by Armstrong a. Miller (B. 16, 2260) 
(v. vol. i. p. 670), and another of somewhat 
similar type by Collie (B. 25, 1114) : 

Armstrong 

CH 2 

flTT-/'\nTT rmr. 


CH..CHI yC.CHs— 00 
OH, 

Collie 

CH, 

oh 3 .oh/\oh-oh, 

Col^JcH — CH.CH* 

CH, 

Camphor by oxidation with nitric acid yields 
camphoric aoid in large quantity, and as the 
characteristic and chief product. Camphoric 
acid is therefore probably derived from camphor 
by an operation of a simple kind without con- 
stitutional disturbance. The following formula 
proposed by Collie (J3. 25, 1116) has been shown 
to possess a very high degree of probability 
(Walker, 0. April 1893) : 

CH, 

CH 

CH 1 j / \cH.OOOH 

0H >\/ 0.(0HJ000H 
CH* 

This formula sufficiently accounts for the 
chief facts concerning camphoric acid, viz. that 
it is a saturated dibasic aoid, whioh readily 
yields the anhydride by heating;, that it is 
optically active, and when treated with hydro- 
gen iodide yields tetrahydro- and hexahydro- 
m-xylene. 

From this formula are deduoible the following 
formula for camphor and camphene : 

Camphor Camphene 

CH, • 

CH CH 


iCH.CH, 

IqcH^oo 


CH/ >CH . CH 

I 

CH, yj C(GHJCH 


This formula for oamphene explains pretty 
well all its relations, except its derivation from 
pinene, if either of the formula containing a 
para- linkage be adopted. The ohief objections to 
such formula are stated above. 

J. Bredt (B. 26, 3047) has recently proposed 
formula for camphene, camphor, and camphoric 
acid, which are derived from a pentamethylene 
ring. 

Synthesis of Terrenes, 

Von Baeyer in a series of papers has shown 
that various dihydro- derivatives of benzene and 
its homologues may be synthetically produced. 
Starting with succino-succinio ester, this com- 
pound, by treatment with dilute sulphuric acid, 
yields diketo-hexamethylene, and this, by reduc- 
tion with sodium-amalgam, gives the correspond- 
ing glycol. This glycol possesses the characters 
of a sugar, and has been named chinite or 
quinite (B. 26, 1037). It occurs in two isomeric 
forms, which by treatment with hydrogen bromide 
yield two dibromohexamethylenes. Both of these 
by heating with quinoline yield dihydrobenzene 
(B. 25, 1840), a liquid which has nearly the same 
boiling-point as benzene, but combines with 
HBr and with Br 4 . It also reduces perman- 
ganate. By a corresponding series of processes 
dihydro-p-xylene was obtained from dimethyl* 
Succino-Buccinic ester (B. 25, 2122). Dihydro- 
2 >-xylene (134° circa) smells of turpentine, unites 
with hydrogen bromide, but forms no crystallis- 
able nitrosite. 

In order to produce a dihydrocymene it is 
necessary to start from the methyl-propyl com- 
pound of succino-succinio ester. This com- 
pound was obtained by heating the sodium 
compound of the monopropyl ether with methyl 
iodide (B. 26, 233). Methyl-isopropyl-dihydro- 
benzene boils at about 174°. It smells like tur- 
pentine and resinifies in the air. It decolourises 
permanganate and unites with bromine, forming 
an unorystaliisable bromide. Although closely 
resembling a terpene, however, it is obvious that 
this hydrocarbon is not identical with any 
natural terpene known, containing, as it does, no 
asymmetric carbon. It may be identical with 
terpinene. The relations of the paradibromo- 
hexamethylene, or of its alkyl derivatives, to the 
corresponding hydrocarbon is shown in the 
following formulas (B. 25, 1840, 2122) : 


v i l 

CH /^OH, CH/^.CH OH/^CH 

CHA/h, CHslJoH “ ChI 'CH, 
C 0 c 

It^r . B' -R' 

W. A. T. 

TERPEN YLIC ACID0,H 1 ,O.. [72°] (Fittig); 
[58°] (Wallach). Formed, together with terebic 
acid, by oxidising oil of turpentine and other 
terpenes with chromio acid mixture (Hempel, B* 
8, 357 ; A. 180, 77 ; Fittig a. Krafft, A. 208, 71). 
Formed also by oxidising pinol hydrate [131°] 
with KMn0 4 (Wallach, A. 259, 318). Monoclinic 
prisms (containing aq). 

Reactions.— 1. Yields acetie acid and CO s on 
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farther oxidation by chromic acid,— 2, On dry 
distillation it yields teracrylie acid (216°), a very 
little oxy-beptoic lactone (212°) ana other 
bodies (Amthor, J.pr. [2] 42, 388). — 8. Reduced 
by HI and P to /3-isopropyl-glutaric acid 
(Bchryver, 0. J. 03, 1344). 

Salts. — BaAV Amorphous powder, v. e. 
sol. water. Converted by boiling with baryta 
into barium diaterpenylate Ba(0 9 H ia 0 a ) 2 aq, 
which separates in needles on heating the cold 
saturated solution and is v. si. sol. water. On 
adding an acid the liberated diaterpenylic acid 
at once changes to its lactone, terpenylio acid. — 
CuA'j acaq.— AgA ; . Crystalline mass. Silver 
diaterpenylate AgC^,^ is ppd. by adding 
AgNO a to a solution of barium diaterpenylate. 

Ethyl ether EtA'. [38°]. (305° i.V.). 

Monoclinic crystals ; a:b:c =» 1*051:1: *381 ; 
0 *= 60° 68'. V. sol. alcohol and ether, si. sol. 
cold water. Sodium converts it into (a)- and 
(0)-diterpodilactone C^H^Oj. 

(a)-Diterpodilactone C 15 H 22 O a . [164°]. 

Formed as above (Fittig, A . 256, 113). Long 
needles (from water), m. sol. alcohol. Yields 
CaC, a H 24 0 7 6aq, Ag 2 C 15 H 24 0 7 , and BaC la H 24 0 7 6aq 
crystallising in monoclinic prisms ; a:b:c~ 
*935:1: *595 ; 0 m 65° 54', which, when decomposed 
by HC1 and immediately extracted with ether 
yields (a)-diterpolactonic acid C, a H 24 0 6 [160°]. 
This acid decomposes above 160° into water and 
its lactone. 

(0)-Diterpodilactone C^H^O,,. [185°]. A 

product of the action of Na on terpenylio ether 
(Fittig, A. 256, 122). Needles, m. sol. alcohol. 
Converted by baryta into (0)-diterpolactonic 
acid [187°] and (0)-diterpoxylic acid C^H^O,. 
(0)-diterpolactonic acid forms trimetric crystals ; 
o:o:c» *782:1: *259 and is re-converted by heat 
into the lactone. (j8)-Diterpoxylic acid forms the 
salts BaA"3£aq, CaA", and AgA". 

(a)-Diterpylic acid G l8 H K 0 7 . ( ayDiterpodi - 
lactone carboxylic acid. [216°]. An inter- 
mediate product of the action of Na on terpenylio 
ether. Needles, m. sol. alcohol. Converted by 
boiling HGlAq or by heating above 216° into 
(a)-diterpodilactone. 

TERPILENE v. Tbrpenbs. 

TERPILENOL 0 l8 H I8 0. [c. 32°]. (o. 130° 
at60mm.). S.G.c.*95. H.C. (inactive) 118,318 ; 
(active) 102,923 (Louguinine, G . B . 107, 1165). 
Got by saponification of the terpilene acetates 
C 10 H ltf HOAc or terpilene formates C, 0 H, tt GH 2 0 2 
by alcoholic potash (Lafont, A. Oh. [6] 15, 205). 
Crystals, insol. water, v. sol. oil of turpentine, 
alcohol, and ether. Boils with decomposition at 
220°. Occurs in several forms varying in their 
action on polarised light. 

Reactions. — 1. HOI forms G 10 H 16 2HC1 [48°], 
which is inactive even if the terpilenol were 
active. — 2. Alcohol and HNO a give C l0 H 22 O a 
[104°]. — 8. Phthalic anhydride focms terpilene 
C ie H, a . — 4. Ac 2 0 at 100° forms the acetyl de- 
rivative or terpilene acetate. 

Acetyl derivative G )0 H*OAo or 
C )0 H ih HOAc. (220°). S.G. * *971. V.D. 6*6. 
Obtained by heating terpilene with HOAo at 
150°. Liquid (Bouchardat a. Lafont, O. R, 102, 
1655). 

Formyl derivative C 10 H 1T O.CHO. 
[«]» - -69° 25'. S.G. * *999. Formed from oil 
of turpentine and cold formic add (Lafont, C. I?. 


106, 140). By heating with water at 100° 65 p.o. 
of the ether is saponified. 

TERPIN v. Tbrpenbs. 

TERPINEOL v . Tbrpenbs. 

TERPYLONIC ACID C 9 H 14 0 8 . [185°]. A 

product of the oxidation of turpentine bychromio 
acid mixture (Schryver, O . J. 63, 1328). Needles, 
v. e. sol. water, m. sol. ether. Differs from 
camphoronio acid in electrical conductivity. 

TETANINE v. Ptomaines. 

TETBADECANAPHTHENE C 14 H, 8 . (241° 

cor.). S.G. 2 -839. Occurs in petroleum from 
Baku (Markownikoff a. Ogloblin, J. R. 15, 339). 

n-TETRADECANE O 14 H S0 . Diheptyl. [4*5 6 ]. 
(253°). S.G. J-775; ¥*768. Formed by heat - 
myristic acid with HI and P (Krafft, B. 15, 
1700). Got also by the action of Na on w-heptyl 
iodide (Krafft, B . 19, 2223 ; Sorabji, C. J. 47, 
37). 

Reference.— Di-bromo-tetradecane. 

TETR ADECEN 010 ACID 0 14 H 2( .0 2 i.c. 
C 8 H, 8 .CH:C(C a H n ).C0 2 H. Amylhexylacrylic 
acid. Formed by the action of alcoholic potash 
on oenanthol (Perkin, B. 15, 2803; 16, 211). 
Liquid, boiling in vacuo at 275° to 280°. 

TETBADECEN OIC ALDEHYDE C.JB^O i.e. 
CH S [CH 2 ] a GH: C (CHO) [CH 2 ] 4 CH a . (278°). S.G. 

*849. Formed by the action of alcoholic 
potash or of ZnCl 2 on omanthol (Perkin, G. J. 
43, 47). Oil, not solid at -20°. Forms 
crystalline Cj 4 H, 8 0NaHS0 3 . Yields hexoic 
and heptoic acids on oxidation. 

TETBADECENYL ALCOHOL C I4 H 28 0, 
(282°). S.G. *852. Formed by reducing the 
preceding aldehyde with sodium-amalgam 
(Perkin, B. 15, 2808). It is also a product of 
the action of sodium-amalgam on a solution of 
oenanthol in HOAc (Perkin, G. J. 48, 68). Oil. 
May be reduced to G 14 H 30 O. 

Acetyl derivative C 14 H 27 OAo. (285°- 
290°). S.G. in -868. Combines with Br (2 
atoms). 

TETRADECINENE G 14 R* i.e. CMe'C.^H*,. 
[6-5°]. (184° at 15 mm.). S.G. *-? -8064 ; ^ 
•8000. Formed from tetradecylene bromide and 
alcoholic potash at 150° (Krafft, B. 17, 1372 ; 25, 
2249). 

TETRADEC0IC ACID C h H, h 0 2 i.e. 
C a H 11 .CH(C 7 H la ).00 2 H. (300°-310°). Got by 

the action of moist Ag 2 0 on the corresponding 
aldehyde (Perkin, C. J. 43, 74). Liquid, not solid 
at -10°. 

Tetradecoio acid v. Myristic agio. 

Reference. — Oxytbtradecoio acid. 

TETBADEC0IC ALDEHYDE 0,^0 i.e. 
O a H n .CH(C 7 H la ).OHO. [30°]. (267°). S.G. 

|g *827. A product of the action of Na on an 
ethereal solution of oenanthol (Perkin, C. J. 43, 
71). Tables, v. sol. aloohol. Reduces am- 
moniacal AgNO a . Yields heptoic, hexoic, and 
acetic acids on oxidation. 

Isomeride v. Myristic addehyde. 

n-TETBADECYL ALCOHOL O l4 H ao O. [88°]. 
(167° at 15 mm.). S.G. \° *8153. Formed by 
reducing myristic aldehyde (Krafft, B. 16, 1720). 

Acetyl derivative C^H^OAc. [13°]. 
(176° at 15 mm.). 

Tetradecyl aloohol O a H n .CH(C 7 H la ).CH 4 OH. 
(270°-275°). S.G. U *8368. Formed by re- 
ducing the corresponding aldehyde or the aide- 
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hyde C u U^O (Perkin, B. 15, 2811 ; C. J. 43, 76). 
Liquid, solidifying at - 10°. 

Acetyl derivative 0, 4 H 29 0Ac. (o. 278°). 
S.G. if *856. Oil, not solid at - 10°. 

u-TETRADECYLENE C I4 H*, i.e . 
CH 2 :CH.C 12 H 25 . [-12°]. (127° at 15 mm.) 

S.G. J *7852 ; *7745. Formed by distilling 

tetradecyl palmitate at 500 mm. (Krafft, B. 16, 
3021). Liquid. 

Bromide v. Di-bromo-tetradecane. 
TETRADECYLENE GLYCOL v. Di -isO-BUTYL 
PINAOONE. 

TETRADECYL-MALONIC ACID C 17 H S2 O a 
i.e. O^^CH^COJHJa. [118°]. Formed by 
boiling its nitrile with alcoholic potash (Hell a. 
Jordanoff, B. 24, 988). White powder (from 
HO Ac), insol. water, v. si. sol. ether, si. sol. 
cold alcohol. At 150° -170° it is split up into 
CO„ and palmitic acid.— Ag 2 A" : white pp. 

‘ 'Amide C h H 29 .CH(CO..H)(CONH 2 ). Pearly 
scales. At c. 140° it yields palmitic amide. 

Nitrile C h H 29 .CH(CO,H).CN. [76°]. 
Formed by heating £>-bromo -palmitic ether with 
alcoholic KCy. Silky plates (from HOAc). 

n-TE rBA-ICOSANE C 24 H M . [51°]. (243° at 
15 mm.). S.G. *763 ; y *748. Formed by the 
action of HI and P on C l7 H 35 .CCl 2 .C b H„ made 
from the ketone obtained by distilling barium 
stearate with barium heptoate (Krafft, B . 15, 
1718). 

TETRA-ICOSOIC ACID C 23 H 47 .C0 2 H. [72 5°]. 
Occurs in the soap got by heating carnaiiba 
wax with aqueous NaOH (Starcke, A. 223, 307). 
Crystalline powder, v. sol. hot alcohol.— PbA' r 
[111°]. Sol. toluene and hot HOAc. 

TETRAZOLE [156°]. Formed 

by treating amido-phenyl-tetrazole carboxylic 
acid with alkaline KMn0 4 followed by HNO a 
(Bladin, B. 25, 1412). Plates (from toluene). 
Reddens blue litmus. 

TETRAZYE-HYDBAZINENH 2 .NH.C<^£^. 

[199°]. Formed from amido-tetrazotic acid by 
diazotisation and reduction by SnCl 2 (Thiele, A. 
273, 155). Yellowish crystalline aggregates, 
y. sol. hot water. — B"2HC1. [176°]. Aceto- 

acetic ether forms^ e ^°>N.C<^£j [215°] 

crystallising in needles. 

TETBIC ACID C lo H 12 0, i.e. 

CH,:C(OH).CMe<® 0 ^ 0 >CMe.C(OH):CH a 

(Nef, A. 266, 92) 'or CH s .C0.C(C0 2 H):CH 2 . 
Acetyl-acrylic acid . [189°]. (262°). S. 1*5 at 
14°. Electrical conductivity : Walden, B. 24, 
2027. Got by heating CH s .CO.CMeBr.C0 2 Et at 
100°, but not by heating the isomeric acid 
CH 2 Br.C0.CHMe.C0 2 Et (Nef ; c/. Pawloff.B. 16, 
486). Formed by successive action of bromine 
and alcoholic potash on methyl-acetoacetic ether 
(Demarqay, C. B. 87, 351; 88, 126). Triclinic 
prisms (from water), v. sol. hot water, alcohol, 
and ether. Gives a violet-red colour with 
FeCl s . PC1 5 gives rise to several compounds 
boiling between 169° and 185° which take up 
chlorine forming C 5 H 5 C1 5 0 (Pawloff, Bl. [2] 45, 
181; C. 12. 97, 99). Demarpay obtained oily 
C 4 H 4 GI*0 (?) which united with 01 and Br form- 
ing O.H.01,0 [48°] and C 4 H 4 Cl,Br 2 0 [67°]. 
Resumed by dilute HOlAq at 150°. Potash- 
Von. IV. 


fusion gives formio and propionio acids. Dis- 
tillation with lime forms methyl ethyl ketone 
Sodium -amalgam has no action. 

Salts.— (NHJjA". Crystals, v. sol. water. 
— Na 2 A" 6aq. -K 2 A". — BaA" 3aq. Needles, v. e. 
sol. water. — BaA” 2aq. — Ba 2 (OH) 2 A". SI. sol. 
water. — CaA" 2aq. — MgA" lOaq. — ZnA" aq. — 
CuA". — Ag 2 A". Needles, si. sol. water. 

Ethyl [80°]. 

(180° at 70 mm.) (Mosohetes, B. 21, 2607). 

Amide C^H,N0 2 . [212°]. Got by heating 
the acid with alcoholio NH,. 

TETR0LE CYANURAMIDE v. Nitrile of 
Pyrrole carboxylic acid. 

TETR0LIC ACID C 4 H t 0 2 i.e. CH r C:C.C0 2 H. 
Butyrolic acid . Mol. w. 84. [77°]. (203°). 

Formed by boiling 0-chloro-crotonic acid or j8- 
chloro-iso-crotonic acid with dilute potash 
(Geuther, Z. 1871, 245 ; Friedrich, A. 219, 343 ; 
Kahlbaum, B. 12, 2338). Formed also by the 
action of Na and C0 2 onallylene chloride (Pinner, 
B. 14, 1081). 

Preparation. — From acetoacetic ether and 
P01 4 , the produot being freed from POCl a by 
heating to 115 ’, mixed with water, and freed from 
chloro-crotonic acid by distillation with steam. 
The residue is treated with alcoholic potash 
(Pittig a. Clutterbuck, A. 268, 90 ; cf. Friedrich, 
A. 219, 322). 

Properties. — Plates (from ligroi'n). May be 
sublimed. Y. e. sol. water, alcohol, and ether. 
Not reduced by sodium-amalgam to crotonic 
acid (F. a. C. ; cf. Aronstein, B. 22, 1181). 
Slightly volatile with steam. 

Reactions.— 1. Br forms di-bromo-crotonic 
acid [120°], which is reduced by sodium -amalgam 
to tetrolic acid. Bromine also yields C 4 H 4 Br 2 0 2 . 
[97°] (Pinner). — 2. HBr forms bromo-crotonic 
acid [91°]. — 8. Heated with cone. KOHAq it 
forms acetone.— 4. Fuming HClAq at 15° in a 
few weeks converts it into /8-chloro-crotonic acid 
[94-5°]. — 5. Boiling with Na and MeOH yields 
butyric acid (A.). — 6. Chlorine forms C 4 H 4 01 4 0 2 . 

7. On heating with iodine in CHC1 3 in sealed tubes 
it yields di-iodo-crotonic acid ( B . 26, 843). — 

8. Split up at 211° into C0 2 and allylene.— 9. 
KMn0 4 forms acetic acid. 

Salts. — NaA'. Crystalline. — KA' (dried at 
100°). Prisms (from alcohol). — NH 4 A\ - - 
LiA' aq. — MgA' 2 3aq. — BaA' 2 3aq. — CaA' 2 3aq. 
Small needles.- ZnA' 2 2aq (Lagermark, J. R. 
12, 290). — ZnA' 2 2aq (Fittig). Groups of 
prisms.— CdA 2 4aq. — PbA 2 aq. S. 1*5 in 92 p.c. 
alcohol at 20°. 

Chloride C 4 H s OC 1. Fuming liquid, oar- 
bonised by heat. Quickly decomposed by water 
(Lagermark, Bl. [2] 35, 171). 

DI-TETROLUREt v. Carbonyl-pyrrol. 

TETROLE- UR ETHANE v. Ethyl ethyl of 
Pyrrole oarnoxylic acid. 

TEUCBIN C 2 ,H 2l O u or O^O,,. [230°]. A 
glucoside occurring in Teucrium fructicans , a 
plant used in Sicily as febrifuge. Extracted by 
alcohol (Oglialoro, O. 9, 440 ; 13, 498). Slender 
yellow prisms. Boiling dilute nitric acid forms 
anisic, tartaric, and oxalic acids. Boiling dilute 
HjS 0 4 yields glucose and a yellow insoluble 
residue. 

TEWFIKOSE. [«],>« 68*1°. A sugar occur- 
ring in the milk of the Egyptian buffalo (Bos 
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bubalus ). Yields glucose on hydrolysis (Pappel j 
a. Richmond, C. J. 57, 769), v . Suoass. 

THALICTRINE. Macrocarpine. Occurs in 
Thalictrum macrocarpum (Hanriot a. DoaBsans, 
Bl. [2] 34, 83). Yellow needles, insol. water, 
sol. alcohol and ether. Resembles aconitine, 
but is less poisonous. 

THALLIN v. Oxy-quinoline. 

THALLIUM. Tl. At. w. 203*64. Mol. w. 
407*28 as gas at c. 1700° ( v . infra). Melts at 
293*9° (Crookes, C. J. 17, 123 ; cf. Lamy, A. Ch. 
[3] 67, 385). Boils at full red heat. S.G. pressed 
11*88, cast 11*81, in wire 11*91 (Crookes, lx. ; cf. 
Lamy, lx . ; Werther, J. pr. 91, 385 ; de la Rive, 
C. R. 56, 588). Y.D. 232*7 at 1636°, 203*7 at 
1728° (Biltz a. V. Meyer, B. 22, 725). S.H. 
•0325 (Lamy, lx .) ; *0335 (17°-100°) (Regnault, 
A. Ch. [3] 67, 437). C.E. (linear) *00003021 at 
40°, *00003135 at 60° (Fizeau, C. R. 68, 1125). 
E.C. 5*225 at 0° (Hg at 0° - 1) (Benoit, P. M. [4] 
45, 314 ; cf. Matthiessen, P. 118, 431). H.C. 
[T1 2 ,0] =42,240 ( Th . 3, 354). Latent heat 
of fusion c. 1040 for 203*6 g. (Hey cock a. 
Neville, O . J. 65, 35). The characteristic 
green line of the emission spectrum has the 
wave-length 5347 according to Huggins (T. 1864. 
139), 5349*6 according to Mascart (Ann. de 
Vecol. norm.. 4, 7 [1867]), and 5349*5 according 
to Thal6n (Ditermm. des long, d'onde des raies 
mttalliques [Upsala, 1868]). Concerning the 
emission spectrum of Tl v. also Crookes, Pr. 12, 
536 ; Nicklds, C. R. 58, 132 ; Kirchoff a. Bunsen, 
A. 165, 230, 366 ; Lockyer a. Roberts, Pr. 23, 
344 ; Liveing a. Dewar, Pr. 27, 132 ; Hartley a. 
Adeney, T. 1884. 104 ; Beoquerel, C. R. 99, 376 ; 
Wilde, Pr. 53, 369. 

Historical. — In 1861 Crookes was preparing 
Se from the flue-dust of a sulphuric acid manu- 
factory at Tinkelrode in the Harz mountains, 
when on distilling the impure Se he obtained a 
residue which showed a marked single green 
line in the spectrum ; this line was not known to 
belong to the spectrum of any element, hence 
Crookes supposed that the impure Se contained 
a new element. Crookes isolated the element 
towards the end of 1861, and called it thallium 
(from 0a\\6s = a green bud) (v. G. N. 3, 193, 303). 
Lamy (.4. Ch. [3] 67, 385) noticed a new green 
line in the spectrum of a leaden chamber deposit 
about the same time as Crookes was in vestigating 
the cause of the line he had observed ; in 1862 
Lamy isolated a specimen of the metal which 
Crookes had obtained a few months before. 

Occurrence . — Never uncombined. Com- 
pounds of Tl are widely distributed, but only in 
very small quantities. The sulphide occurs in 
minute quantities in many specimens of copper 
pyrites and iron pyrites ( v . Crookes, C. J. 17, 
112; Lamy, lx. ; Wbhler, A. 142, 263; Car- 
stanjen, J. pr. 102, 65 ; Gunning, Ar. N . 3, 86) ; 
also in native sulphur from Lipari and Spain. 
Compounds of Tl are found in small quantities 
in many ores of As, Bi and Hg, and in prepara- 
tions from these ores; also in commercial Se 
and Te, probably as selenide and teliuride (v. 
Crookes, lx. ; Roppler, Am. S. [2] 35, 420 ; Hera- 
path, PA. 4, 302; Werther, *T. pr. 89, 129). 
Some specimens of lepidolite contain small 
quantities of Tl compounds (u. Schrbtter, 
W. A. B. 48 (ii.) 734 ; 60 (u.) 268). A Swedish 


mineral called crookesite was found by Nor den- 
skjold to contain from 16*3 to 18*55 p.c. Tl at 
selenide, along with selenides of Cu and Ag (Bl. 
[2] 7, 409). Small quantities of T1C1 are found 
in some mineral springs and in the saline de- 
posits from such springs (v. Bdfctger, J. pr. 89, 
378 ; 90, 22 ; 96, 294). Traces of Tl alum have 
been found accompanying the double sulphates 
of Cs, Li, and Rb in alumite from the island of 
Volcano (Cossa, Acad.dei Lincei [3] 2). Small 
quantities of Tl compounds have been noticed in 
carnallite , sylvine , and kainite (Schramm, A. 
219, 374). Many specimens of commercial sul- 
phuric and hydrochloric acids contain traces of 
Tl compounds (v. Crookes, l.c.). 

Formation.— (Crookes, l.c. ; or T. 1872.) — 1. 
By reducing T1 2 COj, by fusion with KCN.— 2. By 
electrolysis of Tl.,CO s covered with water.— 3. 
By electrolysis of T1 2 S0 4 . — 4. By heating 
Tl^O., in a covered crucible. — 5. By ppg. by 
zinc from solution of a thallous salt to which 
excess of NH 3 Aq or NaOHAq has been added. 

Preparation. — The most economical souroe 
is the flue-dust from sulphuric acid manufac- 
tories where pyrites or sulphur containing Tl 
compounds has been used. Many specimens of 
flue-dust contain no Tl compounds ; in some 
specimens 8 p.c. Tl has been found, but only in 
a very few does the quantity amount to *25 p.c. 
Tl (Crookes). After having been heated to dull 
redness, to remove any HC1, the dust is well 
stirred in wooden tubs with its own weight of 
boiling water and allowed to settle for 12 hours *, 
the liquid is siphoned off, and the residue is 
again stirred with boiling water and let settle ; 
the mixed liquids are ppd. by a considerable 
excess of cone. HClAq ; the pp., which is crude 
T1C1, is well washed on a calico filter and 
sq ueezed dry. About 68 lbs. crude T1C1 were thus 
obtained from 3 tons flue-dust (Crookes, T. 
1872). The crude T1C1 is heated with its own 
weight of pure cone. H 2 S0 4 in a Pt dish till all 
HC1 and most of the H 2 S0 4 are removed ; the 
T1HS0 4 is dissolved in c. 20 times its weight of 
water, the solution is nearly neutralised by 
CaC0 8 , filtered, ppd. by cone. HClAq, and the 
T1C1 so obtained is well washed, and is then 
boiled for a few minutes with (NH 4 ) 2 SAq ; the 
pp. of T1 2 S is filtered off, well washed with 
water containing H 2 S, and dissolved in dilute 
H.,S0 4 Aq ; the solution is boiled to remove 
H 2 S, ammonia is added in slight excess, and 
after boiling the solution is filtered and crys- 
tallised ; (NH 4 ) 2 S0 4 , being much more soluble in 
water than T1 2 S0 4 , remains in solution when 
T1 2 S0 4 crystallises out. 

If small quantities of Tl are to be prepared 
from Tl 2 S0 4 ,the salt is dissolved in c. 20 times 
its weight of water, the solution is acidulated 
with H S0 4 , and electrolysed, Pt electrodes being 
used. If large quantities of Tl are to be pre- 
pared, T1 2 S0 4 is placed in a deep porcelain dish 
holding about 4£ litres) and covered with water 
c. 3 kilos T! 2 S0 4 ” are used at a time) and plates 
of pure zinc are arranged vertically around the 
sides of the vessel; heat is applied, and the 
whole of the Tl separates in a few hours as a 
spongy mass easily detached from the zino by 
shaking. The spongy Tl is washed several 
times, pressed by the fingers, and then fused 
with KCy in a porcelain crucible to get it into a 
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lamp (for details v. Crookes* l.c. ; t>. also Gun- 
ding, J.pr. 105, 843). 

Crookes (l.c.) gives several methods for pre- 
paring pure Tl. If the starting-point is com- 
mercial T1 2 S0 4 , he recommends to dissolve this 
6alt in water* to saturate the cold solution with 
pure H 2 S, filter, heat to boiling, and pour into 
boiling, dilute, pure HClAq ; to filter while hot, 
and allow to cool ; to wash the T1C1 that crystal- 
lises out, by decantation, till the washings are 
free from ILS0 4 , and to purify by re -crystallising 
twice, from water. The T1C1 thus obtained is 
dried, mixed with pure Na 2 CO s , and projected, in 
small successive portions, into molten pure KCy 
in an .unglazed porcelain crucible ; reduction to 
metal is rapid. After cooling, the contents of 
the crucible are treated with water, the ingot of 
Tl is boiled for some time in water, dried, and 
fused over a spirit lamp (coal-gas should not be 
used on account of the S compounds in it) in an 
unglazed porcelain crucible, with free access of 
air and frequent stirring with a piece of unglazed 
porcelain, to facilitate oxidation, and the metal 
is poured into a porcelain mould. 

Properties . — A white metal without any tinge 
of blue ; when fused under coal-gas, liquid Tl is 
exactly like Hg ; may be highly polished by 
rubbing under water ; very soft, may be cut with 
the nail, or scratched by lead. Less tenacious 
than lead; does not become brittle between 
— 18° and its m.p. ; very malleable, Lamy (A. 

Ch. [3] 67, 385) says that plates mm. thick 

can be obtained ; can be squeezed, but not drawn, 
into wire ; very inelastic. Tl crystallises very 
easily in octahedral forms ; it crackles like 
tin when bent ; a wire of Tl seems amorphous 
when prepared, but under water it soon becomes 
crystalline. Tl quickly tarnishes in air ; the film 
of oxide formed protects the mass of metal. The 
metal may be kept unchanged for years under 
water that has been deprived of air (v. Bottger, 
D. P. J. 197, 374). Tl melts easily (at 294°) 
without first becoming pasty ; it expands con- 
siderably before melting is complete, and con- 
tracts much on cooling. Tl boilB below white 
heat ; it may be distilled in a current of H. 
Pieces of the metal may be welded together by 
pressure at the ordinary temperature. Tl is 
nearly as diamagnetic as bismuth. Tl gives an 
intense green colour to a non-luminous flame 
( v . infra , Detection). Heated in air, Tl readily 
burns to T1 2 0 ; it combines with S, Se, P, 01, 
Br, I, &c., when heated with these elements ; it 
dissolves in solutions of most acids (v. Reac- 
tions). The compounds of Tl are very poison- 
ous, producing symptoms like those of lead 
poisoning. 

The at. w. of Tl has been determined (1) by 
ppg. Cl as AgCl from T1C1 by AgNO,Aq (Lamy, 
A. Ch. [3] 67, 385 [1862] ; Hebberling, A. 134, 
11 [1865]); (2) by ppg. I from Til by AgNO s 
(Werther, J. pr. 92, 136 [1864]) ; (3) by con- 
verting TL.S0 4 into BaS0 4 (Lamy, l.c . ; Hebber- 
ling, l.c.) ; (4) by converting Tl into TlNO a 
(Crookes, T. 1873.277) ; (5) by determining S.H. 
of Tl (Lamy, l.c. ; Regnault, A. Ch. [3] 67, 437 
[1862]) ; (6) by determining V.D. of T1C1 (Roscoe, 
Pr. 27, 426). 

The mol. w. of Tl in the gaseous state is 
/double the at. w. ; in other words, the gaseous 


molecule is diatomic (Biltz a. Meyer, B. 22, 725). 
Bamsay (C. J. 55, 521) determined the depres- 
sion produced in the vapour pressure of Hg by 
dissolving Tl in that solvent ; assuming that 
equal volumes of dilute solutions contain equal 
numbers of moleoules, and that the mol. w. of 
liquid Hg is 200, the results obtained by R. indi- 
cated the molecule of Tl dissolved in Hg to be 
monatomic. 

Tl is distinctly a metallic element ; no com- 
pounds have been isolated wherein Tl certainly 
forms part of the negative radicle, although there 
are indications of the existence of such compounds 
(v. Thallium dioxide, p. 680) ; the compounds 
which TlBr s , T1C1„, and Til, form with alkali 
halides may contain Tl in the negative radioles. 
Tl is the last element in the odd-series family of 
Group III. ; this family comprises Al, Ga, In, 
and Tl. The element Tl also shows marked re- 
semblances to the alkali metals ; and in its 
physical properties it is more like lead than any 
other element. The position assigned to Tl by 
the periodic classification of the elements dearly 
indicates the relations between this element and 
other elements. The relations of Tl (III.-ll) to 
Al (III.— 3) should be similar to those of Hg (IL- 
11) to Mg (II.— 3), and also similar to those 
between Pb (IY.-11) and Si (IV.-3). The re- 
semblances between the compositions and pro- 
perties of the oxides of Hg and Mg on the one 
hand, and of the oxides of Pb and Si on the 
other hand, are shown only in the highest oxides 
of these elements : there is Hg./) but no Mg 2 0, 
there is PbO but no SiO; HgO and MgO are 
basic, PbO. and Si0 2 are feebly acidic. Never- 
theless Hg and Pb form lower oxides than HgO 
and Pb0 2 ; these lower oxides, Hg/> and PbO, 
are basic ; Hg/) feebly, and PbO strongly, basic. 
Hence it is likely that the resemblances between 
the oxides of Tl and Al will be shown in the 
highest oxides. This supposition is confirmed ; 
TLO h and Al 2 O s are basic, forming salts 
where X = the radicle of a dibasic acid ; these 
oxides are more basic than Pb0 2 and SiOj, but 
less basic than HgO and MgO. As Hg and Pb 
form lower oxides than HgO and PbO-j, and these 
lower oxides are more basic than HgO and Pb0 2 , 
so Tl will likely form an oxide lower than TL 2 0„ 
and this oxide will be more basic than T1 2 0, ; 
Tl forms the strongly basic oxide Tl/). Then 
consider the position of Tl in series 11. Con- 
sider the oxides of the members of this series : 
the lower oxides Hg 2 0, PbO, and Bi 2 0, are basic ; 
the higher oxides HgO, Pb0 3 , and Bi/) 5 pass 
from basic (HgO) to feebly acidic (Pb0 2 and 
Bi 2 O a ) ; therefore it is probable that the higher 
oxide of Tl will be less basic than HgO, but that 
it will not be acidic ; Tl/)* is a feebly basic 
oxide. 

If the chlorides of series 11 are considered, 
the position of Tl in III.-ll is seen to be justi- 
fied : HgCP gives HgCl 2 , which can be gasified 
unchanged, PbO a gives PbCl 4 , which is very 
easily decomposed by heat, no chloride corre- 
sponding with Bi.,0 6 has been isolated ; therefore 
T1 2 0 8 will probably give a chloride more stable 
towards heat than PbCl 4 , but less stable than 
HgCI*. T1C1, is decomposed by heating to c. 
80° into T1C1 and Cl. Hg 2 0 gives HgOl, PbO 
gives PbCl 2 , and Bi/)„ gives BiCl,, and these 
chlorides can all be gasified unchanged ; there* 

xx2 
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tore the chloride of T1 corresponding with T1 2 0 
will probably not be decomposed by heat ; T1C1 
has been gasified unchanged. The relations 
between the elements Hg, Tl, Pb, Bi, and Mg, 
Al, Si may be summarised in the expressions 
Tl : Hg : Pb - A1 : Mg : Si ; and Tl : Hg - Pb : Tl 
as Bi : Pb. (For a further working out of the 
relations of Tl, v . Mendel^eff, C. N. 1880. 2 ; v. 
also Alkalis, metals of the, vol. i. p. 114 ; and 
Earths, metals of the, vol. ii. p. 424.) The 
atom of Tl is monovalent in the gaseous mole- 
cule T1C1 ; the Y.D. of no other compound of Tl 
has been determined. 

Reactions and Combinations . — 1. Exposed 
to air or oxygen , a film of T1 2 0 is at once formed ; 
when heated in air or 0 to somewhat below red- 
ness (c. 300°) Tl burns to TLX),, and at a higher 
temperature this gives T1 2 0 and 0 (Lamy, A. Ch . 
[3] 67, 385). Moist ozone acts on Tl giving 
T10 S H,.~ 2. A compact piece of Tl does not de- 
compose boiling water , decomposition begins at a 
red heat ; but spongy Tl, as ppd. by zinc, dissolves 
in water forming TIOHAq.— 3. Tl dissolves in 
solutions of most acids , forming thallous salts 
T1A where X =» 2C1, 2NO„ S0 4 , &c.— 4. Tl com- 
bines with sulphur and selenion (v. sulphides and 
selenides). — 5. Forms alloys with many metals 
( v . alloys ). — 6. Forms compounds with antimony 
and arsenic (v. antimonide and arsenide). — 
7. A phosphide is formed by heating Tl in vapour 
of phosphorus (v. phosphide). — 8. Combines with 
chlorine , bromine , and iodine , when heated with 
these elements (v. chlorides, bromides, and 
iodides). — 9. Tl ppts. the noble metals, also copper, 
lead, and mercury from solutions of salts of 
these metals (Reid, C. 1ST. 12, 242). 

Detection and Estimation. — Tl is best de- 
tected by the intense green colour which the 
metal and its compounds give to the non-lumi- 
nous flame of the Bunsen lamp; according to 
Lamy (Z.c.) ^ mgm. can be detected by the 
use of the spectroscope ; if induction sparks are 
used it is said that gj—^mgm. can be detected 

(Cappel, P. 139, 628). Tl is generally estimated 
as Til or T1 2 S0 4 ; it can also be determined 
volumetrically by KMn0 4 Aq (Willm, Z . 1863. 
479). 

Thallium, alloys of. Several alloys of Tl 
were prepared by Carstanjen in 1867 (J. pr. 102, 
82) by heating the metals together. Many of the 
alloys are soft, and most of them readily tarnish in 
the air ; the alloy with J pt. Sb is fairly hard ; and 
those with Bi and Pb, Bi and Cd, and Bi and Sn 
are hard and brittle. Alloys are described with 
Al, Sb, Cd, Cu, Pb, Mg (v. also Mellor, C . N. 19, 
245), Hg (v. also Crookes, Z.c., and Regnauld, 
C. R. 64, 60), K, Na, and Zn ; also with Bi and 
Cd, Bi and Pb, and Bi and Sn. 

Thallium, antimonide of. A hard, giey, crys- 
talline solid was obtained by fusing together 
Tl and Sb in the ratio Tl : Sb ; with cold dilute 
H 2 S0 4 Aq the substance gave off SbH s (Carstan- 
jen, l.c.). 

Thallium, arsenide of. Carstanjen (Z.c.) ob- 
tained a white, crystalline, soft substance by 
fusing Tl and As in the ratio Tl : As ; with cold 
acids AsH, was formed. 

Thallium, bromides of. The compounds 
TIBr and TIBr, have been isolated,, and also two 
compounds the simplest formula of which arc 


TlgBr, and TlBr^ As none of the bromides has 
been gasified, the formula are not necessarily 
molecular ; but from the analogy of T1C1, the 
formula TIBr probably represents the composi- 
tion of the gaseous molecule of this compound. 

Thallous bromide TIBr. (Thallium mono - 
bromide.) Tl reacts very slowly with Br. 
Thallous bromide is obtained, as a white pp., 
by adding HBr Aq or solution of a bromide to 
solution of a thallous salt ; almost insoluble in 
water (Willm, A . Ch. [4] 5, 28). TIBr melts at 
458° to a brownish-yellow liquid, which solidifies 
to a yellow solid (Carnelley, C. J. 33, 278). 
Thomsen gives H.F. [Tl,Br] - 41,290 (Th. 3, 354). 

Thallio bromide TIBr,. (Thallium tri- 
bromide.) Prepared by adding Br to TIBr sus- 
pended in water until solution is effected, and 
evaporating in vacuo. TIBr, forms a yellow, 
crystalline solid ; it is very deliquescent, becom- 
ing gradually brown and giving off Br. Very 
soluble in water, also in alcohol. Reduced to 
TIBr by S0 2 Aq and other reducing agents (Willm, 
l.c.). Thomsen gives H.F. [TLBr^Aq] *56,450 
(Th. 3, 354). TlBr 3 combines with NH„ to form 
TlBr,.3NH, ; a white solid that gives off NH 3 and 
Br at 100°, and when more strongly heated 
leaves TIBr (W., l.c.). Also combines with NH 4 Br 
and KBr, forming TlBr,.NH 4 Br and TIBr, JvBr. 2aq 
(W., l.c . ; NicklAs, C. It. 58, 537). Bammelsberg 
(P. 146, 597) described 2TlBr,.3KBr. 3aq. 

Thallium dibromide TlBr 2 (or TlBr.TlBr 3 
«TlJBr 4 ). Obtained in long, yellow, needles 
by adding TIBr to boiling TlBr^q, in the 
ratio TlBr:TlBr 3 , and cooling. Not decom- 
posed at 100° ; water forms TlBr,Aq and TIBr, 
(v. infra) (W., l.c.). 

Thallium sesquibromide Tl^r,,, or 
TlBr H .3TlBr = Tl 4 Br 6 . (Thallo-thallie bromide.) 
Orange-red hexagonal leaflets ; obtained by 
adding HBrAq to a mixture of a thallous and a 
thallic salt in solution ; alBO by adding TIBr to 
TlBr,,Aq, or by adding a little water to TlBr 2 
(3TlBr 2 + Aq = T^Br, + TlBr,Aq) (W., lx.). 

Thallium, chlorides of. Tl and Cl combine 
to form at least four compounds : T101, Tl^Cl,, 
T1C1 2 and T1C1 S . 

Thallous chloride T1C1. Mol. w. 239*01. 
Melts at 427° (Carnelley, C . J. 33, 277). Boils 
at 708°-719° (C. a. Williams, C. J. 33, 284). 
S.G. 7*02, after fusion (Lamy, J. 16, 184). V.D. 
at 830° to 1025° = 117*8 (Roscoe, Pr. 27,426). 
S. *19 at 0°, *27 at 16°, *28 at 16*5°, 1*6 at 63° 
(Hebberling, A. 134, 15). H.F. [T1,C1] • 48,580 ; 
[Tl, Cl, Aq] = 38,480 (Th. 8, 354). 

Formation. — 1. By heating Tl in Cl, keeping 
the Tl in excess. — 2. By boiling powdered Tl in 
HClAq, and dissolving the film of T1C1 that 
forms in much boiling water. — 3. By adding 
SOjjAq to TlCl s Aq. 

Preparation. — HClAq, or solution of a 
chloride, is added to the solution of a thallous 
salt ; the white curdy pp. that forms is washed 
with cold water, dissolved in a large quantity of 
boiling water, and the salt that separates as the 
solution cools is purified by two or three re- 
crystallisations from boiling water (Crookes, C. J. 
17 , 112 ). 

Properties and Reactions . — A white, crystal- 
line solid; resembling PbOl*, but separating 
from solution in hot water in smaller and less. 
shinin g crystals than PbCl*. Becomes slowlv 
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violet coloured when exposed to light (Hebber- 
ling, A. 134, 15). Melts at 427° to a clear yellow 
liquid, which solidifies to a white crystalline 
mass. Very slightly soluble in water (v. supra) ; 
less soluble in water containing a little HC1 ; in- 
soluble in alcohol ; insoluble in ammonia ; 
soluble in hot Na 2 C0 3 Aq, KOHAq, or Na._,S0 4 Aq. 
Hot cone, sulphuric acid forms TL 2 S0 4 and HC1 ; 
oxidisers such as ClAq, aqua regia, KMn0 4 Aq 
and HClAq, form T1CL,, T1 2 C1 3 , or T1CL 2 (v. these 
chlorides). T1C1 is reduced to T1 by zinc and 
sulphuric acid, also by adding aluminium to 
TIClAq at 90° (Cossa, Acad, dei Lined [3] 2). 
Fusion with sodium hydrogen sulphate produces 
TloS0 4 (Krause, D . P . J. 217, 323 ; Nietzki, 
ZXP. J. 219, 262). 

Combinations . — 1. With platinic chloride 
to form 2TlCl.PtCl 4 ( = Tl 2 PtCl fl ) ; obtained, as a 
pale-yellow, crystalline powder, by mixing 
solutions of T1C1 and PtCl 4 ; this salt is ex- 
tremely insoluble in water, one part dissolving in 
15,585 parts water at 15°, and in 1948 parts 
boiling water (Crookes, l.c .).— 2. With mercuric 
chloride , to form TlCl.HgCl, ; white lustrous 
needles, separating from a hot solution of T1C1 
in HgCljjAq ; all HgCl, is removed at 200° 
(Carstanjen, J. pr. 102, 141; Jorgensen, J.pr. 
[2] 6, 82). — 3. With ferric chloride to form 
3TlCl.FeCl 3 ; small red prisms ; obtained by 
adding T1C1 to a hot solution of FeCl 3 in HClAq, 
and crystallising the red pp. from hot cone. 
HClAq ; decomposed to its constituent salts by 
water (Wohler, A. 144, 350). — 4. With chromic 
chloride, to form STICLCrCl, (v. Neumann, A. 
244, 328).— 5. According to Lepierre a. Lachaud 
(C. B. 113, 190), a cone, solution of chromium 
trioxide reacts with T1C1 to form small red 
prisms of Cr0 3 .TlCl [Cr0 2 (OTl)Cl], which are 
decomposed by water to T1C1 and Cr0.jAq. 

Thalijc chloride TlCl a . Mol. w. not cer- 
tainly known ; from analogy of A1C1 S , GaCl 8 , and 
InCl 3 , the formula T1C1 3 is probably molecular. 

Formation . — 1. By heating T1C1 with hot 
aqua regia and evaporating the solution in Cl 
(Willm, A. Ch. [4] 5, 28). — 2. By dissolving 
freshly ppd. TlO^Hg in HClAq, adding HNOjjAq, 
and evaporating in Cl.— 8. By heating T1C1 at its 
melting-point in Cl ; it is doubtful whether the 
product is pure TlCl a , or contains also TICLj or 
TLC1, (Lamy, lx.). 

Preparation . — Cl is passed into water con- 
taining T1C1 in suspension until a little of the 
solution ceases to give a turbidity with PtCl 4 Aq ; 
excess of Cl is removed by a stream of C0 2 , and 
the solution is evaporated in vacuo. Crystals of 
T1C1 8 .H 2 0 separate, which lose water at c. 40° 
(Werther, J.pr. 91, 385). 

Properties and Reactions . — The hydrate 
forms large colourless prisms ; the dehydrated 
salt is a white crystalline solid. Werther (l.c.) 
also obtained a hydrate 2T1C1 S .15H 2 0 from a 
solution of TICI3 prepared as described. Cl 
begins to be given off at c. 50° to 60° ; at 100° 
a mixture of T1C1 and chlorides intermediate 
between T1C1 and T1C1 3 remains (Werther, lx. ; 
Lamy, l.c.). T1C1 3 is very deliquescent ; it dissolves 
very easily in water. Thomsen gives [Tl,Cl*,Aq] 
« 89,250 (Th. 3, 354). On diluting a cono. 
aqueous solution considerable quantities of 
TiO,H t and HClAq are formed. Reducing agents, 
each as S0 2 , form T1C1. 


Combinations.— 1. With ammonia to form 
T1C1 3 .3NH, (Willm, A. Oh. [4] 6, 28). A white, 
crystalline powder. Obtained by passing NH, 
over T1C1 S ; by adding an alcoholic solution of 
NH S to T1C1, suspended in absolute alcohol ; or 
by boiling TIOgH, with cone. NH 4 ClAq, ppg. by 
NH 3 Aq, washing with alcoholio ammonia, then 
with absolute alcohol, and drying in vacuo. 
The compound is unchanged in air ; water 
forms NH 4 ClAq and TL 2 O s ; when heated NH,, 
NH 4 C1, and N are given off and T1C1 remains. 
Dissolves in HClAq, forming T1C1,.3NH 4 C1. — 
2. With ammonium chloride to form 
TlCla.3NH 4 Cl ; obtained by adding NH 4 C1 to a 
solution of T10 3 H 8 in HClAq, and evaporating in 
vacuo ; large, white, quadratic crystals, pro- 
bably with 2H,0 (Itammelsberg, P. 146, 697 ; t;. 
alsoNickl^s,J.P/i.[4J 1,25). — 3. Compounds with 
potassium chloride , caesium chloride , and rubi- 
dium chloride , T1C1 V 3MC1. a:aq, have been ob- 
tained (v. Itammelsberg, l.c., also W. 16, 709 ; 
Godeffroy, Zeit. des allgemein. Ostcrr. Apothe - 
herver. 1880. No. 9; Neumann, A. 244, 348; Willm, 
l.c.). Neumann (l.c.) also describes a compound 
of TlCl a with beryllium chlonde. — 4. Willm (lx.) 
describes a compound with cupric chloride, 
2T1C1 3 .CuCL. — 5. According to Nickl&s ( C . B . 
58, 537) T1C1 3 forms a compound with ether and 
hydrochloric acid , to which he gives the com- 
position T1C1 3 .EL0.HC1.H 2 0 ; it is described as a 
yellow fuming liquid. 

Thallium dichloride T1C1 2 (or T1C1.T1G1, 
*=TL 2 C1 4 ). Lamy (A. Ch. [3] 67, 402) obtained a 
yellow, slightly hydroscopic, easily fusible solid, 
to which he assigned the composition T1C1 2 , by 
heating T1 and T1C1 in a stream of Cl so that 
the product always remained liquid, and allow 
ing to cool when saturated ; the substance gave off 
Cl, and T1. 2 C1 3 remained. 

Thallium sesquichloride T1. 2 C1 3 ; or 
T1C1 3 .3T1C1=»T1,C1 6 . (Thalluthallic chloride.) 
Formed by heating dry T1C1 3 somewhat above 
100° as long as Cl is given off ; the brown liquid 
cools to a clear yellow, crystalline mass (Lamy, 
l.c., p. 403). Also formed by the direct combina- 
tion of Cl with molten T1 (L., l.c.) ; also by ppg. 
a solution containing a thallous and a thallic 
salt by HClAq (Willm, l.c.). Also obtained by 
dissolving T1 or T1C1 in aqua regia, evaporating, 
heating till Cl ceases to be given off, and crystal- 
lising from water slightly acidified with aqua 
regia (Lamy, lx. ; Crookes a. Church, C . N. 8, 1). 
According to Werther (J. pr. 91, 390) the product 
of this reaction, dried at 100°, is a mixture of com- 
pounds of T1C1 and T1C1 S , besides Tl,Cl a . 11,01, 
crystallises in yellow, hexagonal leaflets; un- 
changed in air ; melting between 400° and 500° 
to a dark -brown liquid that solidifies with much 
contraction, forming a yellowish mass with S.G. 
5*9 (Lamy, l.c.). Vory slightly soluble in water ; 
S. *26 at J.5 0 , *29 at 17°, 1*9 at 100° (Crookes ; 
Hebberling, A. 134, 21). The solution is said to 
show the reactions both of thallous and thallio 
compounds. Heated above 500° Cl is given off ; 
heating in H 2 S produces TL 2 S, S, and HC1 
(Hebberling, l.c.). Heating in NH, produces 
T1C1, NH 4 C1, and N (Crookes a. Church, C. N. 8, 
1). TLfCl* reacts with KOHAq to form TIOgHj, 
T1C1, and KC1. 

Other thallo-thallio chlorides. Accord- 
ing to Werther (J. pr. 91, 890), two compounds 
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besides Tl^Cl, ate obtained by evaporating T1C1 
in aqua regia, heating till Cl ceases to be given 
off, crystallising from water slightly acidified 
with aqua regia, and drying at 100°. To these 
compounds W. gives the formulae 3T1C1.4T1C1, 
«T1 7 C1 15 and T1C1.15T1C1, - Tl le Cl*. 

Thallium, cyanide of ; v . vol. ii. p. 347. 

Thallium, ferrocyanide of; v. vol. ii. p. 337. 

Thallium, fluorides of. Only one fluoride of 
T1 has been isolated with certainty; there are 
indications of the existence of another. 

Thallous fluoride TLF. Formula probably 
molecular, from analogy of T1C1. Prepared by 
dissolving T1 2 C0 8 in HFAq, evaporating to dry- 
ness, heating gently to remove HF, and crystal- 
lising from water; forms white, lustrous, regular 
octahedra (Buchner, J . pr. 96, 404). T1F is also 
said to be formed as a white sublimate by heating 
TLjO in HF gas (Kuhlmann, C. R. 58, 1037). 
Sol. in water ; S. = 80 at 15°, and increases with 
increase of temperature ; solution in water has 
alkaline reaction ; somewhat sol. in alcohol. A 
hydrate TIF^O forms in monoclinic crystals 
by evaporating a solution of T1 2 0 or Tl 2 CO s in 
HFAq; it is deliquescent, and acts on glass 
(Kuhlmann, l.c.; Willm, A. Ch. [4] 5, 5). A 
compouridwithfli(orhydricacid,TYF.TAF = T1HF 2 , 
is obtained by evaporating a solution of T1F in 
HFAq over HjS 0 4 . Decomposed above 100° to 
T1F and HF. V. sol. water; S. = 100 at ordinary 
temperature ; the solution has an acid reaction 
(Buchner, lx.), 

Thallic fluoride. By digesting TlO^Hg 
with HFAq, and also by adding HFAq to 
Tl(N0 8 ) 8 Aq, Willm (A. Ch. [4] 5, 5) obtained a 
dark olive-green solid, becoming brown when 
heated, and melting to an orange-yellow liquid 
that became white on cooling, insoluble in 
water and in cold HClAq. This substance was 
probably thallio fluoride, or perhaps a thallo- 
thallic fluoride ; no analyses are given. 

Thallium, hydride of. Herapath ( Ph . 4, 
302) supposed that a compound of T1 and H 
existed ; but Crookes ( C . J. 17, 132) failed to 
obtain any compound either by the interaction 
of an acid with Ti-Zn alloy, or by heating T1 in 
a stream of H ; the escaping H burnt with a 
green flame, but this was found to be due to 
particles of T1 carried by the stream of H. 

Thallium, hydroxides of. T1 forms three 
compounds with O and H, namely, TlOH, TIO.OH 
(or TIO.OH), and TIO^H,. 

Thallous hydroxide TlOH. (Hydrated 
thallous oxide TLO.KP.) Mol. w. not known 
with certainty. Thomsen (Th. 3, 354) gives 
H J’. [T1,0,H] - 56,915 ; [Tl 2 f O,HO] • 45,470 ; 

[TPO,HO] = 3,230. 

Formation. — 1. By dissolving T1 in water 
containing air, and evaporating. — 2. By decom- 
posing TL 2 S0 4 Aq by BaOAq, filtering, and eva- 
porating. — 8. By the interaction of CaOAq and 
TL,0 2 0 4 Aq. — 4. By dissolving Tl a O in water and 
evaporating. 

Preparation. — 1. T1 ppd. by zinc is allowed 
to oxidise in warm, moist air, and the oxide is 
dissolved in boiling water ; these operations are 
repeated till a saturated hot solution is obtained, 
and this solution is evaporated a little, filtered 
from any T^CO, that may have separated, and 
allowed to crystallise (Crookes, G. /. 17, 132).— 
2. TLjS0 4 Aq is mixed with the proper quantity 


of BaOAq, and the solution, filtered fromBaSO*, 
is crystallised in vacuo ; this method is tedious,, 
and there is much difficulty in getting rid of all 
BaO. — 3. Thin plates of T1 are suspended over 
a shallow dish containing absolute alcohol, 
within a bell-jar from which air has been ex- 
hausted, and pure O is passed into the jar, the 
temperature being kept at 20°-25° ; after seve- 
ral hours or days, C^TIO is formed as an oil 
in the dish ; excess of alcohol is removed by 
heating to 100° ; a little water is added, whereby 
TlOH is ppd.; the pp. is drained, and exposed 
to warm dry air till all water and alcohol are 
removed (Lamy, A. Ch. [3] 67, 385). 

Properties and Reactions. — Pale-yellow, 
prismatic crystals. At 100° in air, or m vacuo 
over H 2 S 0 4 at the ordinary temperature, the 
crystals become black from formation o€ T1 2 0, 
without altering their crystalline form. Easily 
soluble in water; Thomsen (Th. 3, 354) gives 
[T10H,Aq] = - 3,155. The solution in water 
resembles KOHAq and NaOHAq in its proper- 
ties ; it is strongly alkaline, absorbs COt 2 , ppts. 
heavy metals as hydroxides or oxides, feels 
soapy to the touch, stains the skin, neutralises 
acids, Ac . The solution absorbs a little O on 
heating ; when evaporated to dryness and the 
residue re-dissolved, a little T^Os generally re- 
mains. 

Thallic hydroxides. Two thallic hydroxides 
are known, TIO.OH and T10 a H s . 

I. Monohydrated thallic oxide , TIO OH =» 
TIjOj.HjO. Mol. w. not known with certainty. 

Formation.— 1. By ppg. TlCl^Aq by alkali 
and drying at 100° (Lamy, A. Ch. [3J 67,385). — 
2. By passing ozonised air through TIOHAq 
(Schdnbein, J.pr. 93, 35). — 3. By the action of 
HjO.^Aq on Tl; according to Weltzien (A. 138, 
129) a mixture of TlOH and TIO.OH is thus ob- 
tained. — 4. Various oxidisers — e.g. KMn0 4 Aq, 
hypochlorite solutions, Ac. — convert TlOH into 
TIO.OH (Schonbein, l.c.). — 5. By electrolysing a 
neutral or ammoniacal solution of TL 2 (S0 4 ) 3 
or Tl(NO s ) a ; the hydroxide separates on the posi- 
tive (Pt) electrode (Flemming, J. Z. 1869. 292). 

Preparation.— TlCl 3 Aq is ppd. by a slight ex- 
cess of KOHAq or NH : ,Aq, the pp. is thoroughly 
washed, and dried at i00° (Lamy, A. Ch. [3] 67, 
397 ; Crookes, C. J. 17, 132 ; Werther, J. pr. 91, 
388). The air-dried pp. has the composition 
TIO.OH (Carnelley a* Walker, C. J. 53, 88). 

Properties and Reactions. — A brown powder ; 
insoluble in water and dilute alkali solutions. 
Heated to c. 60° begins to lose water; completely 
dehydrated at 115°, according to Werther (J. pr . 
91, 385), but the residue contains some Tl a O, 
as well as T1 2 0 8 (cf. Birnbaum, A. 138, 133)* 
According to Carnelley a. Walker ( O . J. 53,88), 
dehydration is complete at 230°, and the residue 
is TLjO,, which is stable to 360°. Dissolves in 
HClAq, forming T1C1 S ; in cone, acid Cl is given 
off and some T1C1 is produced. Dissolves in dilute 
HySO^Aq ; with cone, acid some O is given off. 
Dissolves in S0 2 Aq, AsjOgAq, hot tartaric acid 
solution, and boiling oxalic aoid solution, in each 
case forming a salt of T1 2 0. TIO.OH dissolves 
in warm cone. NH 4 ClAq, giving off NH 8 and 
forming T1C1 S .3NH 8 ; on adding water TLO f ia 
ppd. as a black powder (Willm, A. Ch. [4] 5, 5). 

H. Trihydrated thallio oxide, T10 S H,=* 
Tl,0 a .3H 2 0. Formed, as light-brown, lustrous. 
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microscopic, hexagonal plates, by dissolving 
TIO.OH in molten KOH, fusing for some time, 
cooling, washing with hot water, then with 
alcohol, and drying at 100°. Insoluble in water. 
Not decomposed at 340° ; soluble in dilute acids 
(Carnegie, C. N. 60, 113). 

Tha ilium, iodides of. T1 combines directly 
with I. At least two compounds are known : 
Til and TLjI 9 ; Til,, and probably one, or perhaps 
more than one, other compound of Til and T1I 3 , 
seem also to exist. 

Thallous iodide Til. (Thallium mono- 
iodide.) Mol. w. not known with certainty, but 
formula Til is probably molecular from analogy 
of T1C1. 

Formation. — 1. By heating together T1 
and I in the ratio T1:I.— *2. By adding KIAq to 
solution of a thallous salt. 

Preparation. — KIAq is added to a dilute 
solution of a thallous salt, and the yellow pp. is 
thoroughly washed with water and dried at 100° 
(Lamy, A. Ch. [3] 67, 405; Crookes, C. J . 17, 
137). 

Properties and Reactions. — A citron -yellow 
powder ; melts at 439° (Camelley, C. J. 33, 278), 
and boils at 800°-806° (O. a. Williams, C. J. 33, 
284). S.G. 7*072 at 15*5°, after fusion 7*0975 
at 14*7° (Twitchell, Clarke's Table of Spec. 
Grav. [2nd edit.] 35). Very slightly soluble in 
water. Determinations of solubility vary con- 
siderably; Werther (/. pr. 92, 130) says that 
1 pt. requires 20,000 pts. water to dissolve it at 
16°, and Crookes ( l.c .) gives solubility as 1 in 
4450 of water at 15° ( v . also Hebberling, A. 134, 
16). Crookes says Til is somewhat more soluble, 
Hebberling says it is decidedly less soluble, in 
KIAq than in water. 

When heated to c. 190° Til becomes red, and 
when it melts a red liquid is formed which 
solidifies to a red crystalline mass having the 
composition Til (Hebberling, l.c., p. 18) ; the 
red variety is also obtained by crystallising from 
hot KOHAq (Willm, A. Ch. [4] 5, 28) ; also by 
crystallising from hot KC.^HgO^Aq (Werther, l.c.). 
The red form of Til is produced by adding 
KIAq to a warm cone, solution of a thallous 
salt (Hebberling, l.c ., p. 16). Bed Til crystallises 
in octahedral forms (W., l.c.). The red variety 
slowly changes on keeping to the yellow form. 

When freshly ppd. yellow Til is exposed to 
the sun’s rays it becomes green and crystalline 
without any change in composition. The green 
variety of Til is somewhat more soluble in hot 
water than the yellow form ; it crystallises from 
hot water in green microscopic crystals that are 
very refractive. The green variety ohanges 
slowly to the yellow on keeping ; the change is 
hastened by heating in water containing I or KI, 
but not by heating with pure water. When 
strongly heated, green Til becomes red (v. Knosel, 
B. 7, 576, 893). 

Til is decomposed by warm HNOgAq, with 
separation of I. It is dissolved, without I being 
separated, by ClAq or aqua regia ; Willm {l.c.) 
supposes that an iodochloride is formed* Fusion 
with KCN produces T1 (Werther, lx.). 

Thallic iodide TIL- This oompound has 
not been isolated with certainty. By treating 
T1 with an ethereal solution of I, Nickl&s (0. B. 
58, 537) obtained a brown liquid from which 
brown needles gradually separated. These crys- 


tals may have been Til, ; no analyses are 
given. 

Double salts of Tll a with alkali iodides have 
been prepared by digesting Til with solutions of 
I and alkali iodides in ether ; these salts have 
the composition TlL-MI.ajILO, where M = NH 4 
and K (v. Nickl5s, J. Ph. [4] 1, 25 ; Willm, 
A. Ch. [4] 5, 5 ; Rammelsberg, P. 146, 597). A 
compound T1I 3 .CuI 2 .8NH s is described by Jflr- 
gensen ( J.pr . [2] 6, 82). 

Thallium sesqui-iodide T^I, or T1I 9 .3T1I «■ 
T1 4 I„. (Thallothallic iodide .) Black, lustrous 
needles ; insoluble in water, slightly soluble cold 
alcohol, decomposed by boiling alcohol ; decom- 
posed slowly at ordinary temperature/ quickly 
on heating ; obtained by long- continued heating 
yellow Til with excess of IAq (Kn6sel, B. 7, 676, 
893). 

Other thallo-thallio iodides. By evapora- 
ting a solution of Til in HIAq, in presence of I, 
at 70°, small, brown, rhombic, crystals were ob- 
tained by Jdrgenaen (l.c.). The composition of 
the crystals is represented by J. as 6T1I.T1I* or 
perhaps 5T1I.T1I,. The same oompound is said 
to be obtained by digesting Til with an ethereal 
solution of I. Heating to c. 100° drives off I, 
and leaves yellow Til ; boiling alcohol, and also 
KIAq, withdraws I, forming Til. 

Thallium, oxides of. Two oxides have been 
isolated, T1 2 0 and T1 2 0 3 ; there is evidence in 
favour of the existence of a third oxide, probably 
T10 2 . 

Thallous oxide T1 2 0. (Thallium monoxide .) 
Mol. w. not known with certainty. [T1*,0]«= 
42,240 (Th. 3, 354). Prepared by heating Tl in 
air to not above 100° (to prevent formation of 
T1 2 0 3 ) ; also by heating TlOH to 100° out of con- 
tact with air ; also by heating T1 2 0 3 to full red- 
ness. A black powder; melting at c. 300° to a 
dark -yellow liquid, which acts on glass, forming 
a silicate of Tl. TLjO absorbs moisture from the 
air, forming TlOH ; it dissolves easily in water, 
forming a strongly alkaline solution of TlOH (v. 
Thallous hydroxide, p. 678). Soluble in abso- 
lute alcohol, forming C 2 H ft .OTl, a colourless, 
heavy oil (S.G. 3*55) ; this oil is decomposed 
by a little water with separation of TlOH (v. 
Thallous hydroxide, Preparation , No. 3, p. 678). 
(Crookes, C. J. 17, 128; Lamy, A. Ch. [3] 67, 
385). T1 2 0 is reduced to Tl by heating to red- 
ness in H, or in CO, or with Mg (Winkler. B. 
23, 788). 

Thallic oxide TljO,. Mol. w. not known 
with certainty. Prepared by ppg. a thallic salt 
with KOHAq or NH s Aq, washing the pp. 
thoroughly, drying, and heating it to o. 260° 
(Crookes, lx ., p. 132). Also formed by burning 
Tl in air to a little below redness ; at a lower 
temperature the product is chiefly TLjO, and at 
a full red heat TLO a is decomposed to T1*0 and 
O (Lamy, lx.). T1 2 0„ is also formed by passing 
an electrifc current (from a couple of Grove cells) 
through neutral Tl 2 S0 4 Aq, using Pt electrodes ; 
Tl deposits on the negative electrode, and TLO* 
forms, as a brown cake, on the positive electrode ; 
the H S0 4 Aq formed should be neutralised from 
time to time by NH*Aq (Crookes, l.c.). For 
other methods of formation v, Wdhler (A* 146, 
263, 375), and Willm (A. Oh. [4] 5, 19). T1*0, 
is a brownish-black solid ; insoluble in water 
Melts at c. 760° (?) (Camelley a. O’Shea, O. J. m 
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45 , 409). Gives off 0 at a full red heat, forming 
T1*0. Dissolves in hot H^SO^Aq, forming 
TlgS0 4 Aq and giving off 0. Soluble cold HOlAq, 
forming TlCl 8 Aq, and some T101 with evolution 
of 01. Takes fire in dry H^S, forming T1 2 S ;i 
(O arstanjen, J. pr. 102, 65). A mixture of 
Tlfi a and S takes fire when struck (Bottger, 
J. pr. 90, 27). Beduced by heating in H or CO 
to T1 2 0, and then to Tl. Tl 2 0 8 absorbs NH 3 
when heated in that gas ; no definite compound 
has been isolated. For compounds with TLjO v. 
Thallic hydroxides, p. 678). 

Thallium dioxide (?T10 2 ). When a rapid 
stream of Cl is passed into cone. KOHAq, hold- 
ing freshly ppd. TIO.OH in suspension, a violet- 
coloured solution is obtained; mineral acids 
added to this solution form thallous salts, and 
give off 0, or Cl with HClAq. Carstanjen ( J.pr . 
101, 55) supposed the violet solution to contain a 
thallate of potassium. Piccini (G. 17, 450) ob- 
tained a violet pp. by adding Ba(N0 8 ) 2 Aq to the 
violet solution; analyses of this pp. were not 
satisfactory, but the results indicated that an 
oxide of Tl of the composition T10 2 is formed by 
the method described. Piccini says that the 
same violet solution is obtained by electrolysing 
30 p.c. KOHAq, using a plate of Tl as anode ; 
also by digesting 1 pt. KOH with 4 pts. KC10, 
in water, and adding T^SO*. 

Thallium, phosphide of. No compound of Tl 
and P has been isolated with certainty. According 
to Crookes (C. J. 17, 135), the black substanco 
formed by passing P hydride into ammoniacal 
Tl 2 S0 4 Aq is a phosphide of TL Carstanjen 
(J. pr. 102, 80) failed to obtain a phosphide by 
reducing T1„P0 4 by C or H, or by heating the 
elements together. Flemming (Bl. [2] 10, 35) 
noticed that a thin, black coating formed on 
molten Tl when pieces of P were thrown on to 
it ; by heating solution of a thallous salt with P 
in a sealed tube, he obtained a black solid, 
perhaps a phosphide, and also a phosphite and 
hydride of P (cf. Willm, A. Ch. [4] 5, 5). 

Thallium, platino-cyanide of; v. vol. ii. p. 
345. 

Thallium, salts of. Two series of salts are 
formed by replacing the H of acids by Tl ; 
thallous salts, TLjX, and thallic salts, TLX.,, 
where X = SO s , CO a , 2NO„ 2IO a , § P0 4 , &c. The 
ohief thallous salts of oxyacids are arsenates, 
carbonates, chlorate and perchlorate , chromate, 
dichromate and trichromate , dithionate and 
trithionate , hypophosphite, iodate and period - 
ate, molybdates , nitrate , phosphates , selenite 
and selenates, siUcatesi sulphates and sulphite , 
tellurate , thiosulphate. The principal thallic 
salts are arsenate , iodate and periodate, mtrate, 
•phosphates, sulphates (v. Carbonates, Nitrates, 
Sulphates, &c .). Several double salts of both 
series are also known. 

Thallium, salts of oxyacids of. No com- 
pounds of this kind have been isolated with 
certainty, but there is evidence in favour of the 
existence of salts of the hypothetical thallic acid, 
probably analogous to pluxnbates ( v . Thallium 
dioxide, supra). 

Thallium, selenides of. TLSe has been 
isolated ; another selenide, perhaps TLSe a , pro- 
bably exists. 

Thallous selenide T^Se. Mol. w. not 
y known. Obtained by fusing the elements toge- 


ther in the ratio 2Tl:Se (Willm, A. Ch. [4] 5, 5 ; 
Carstanjen, J. pr. 102, 79) ; also by ppg. 
TlaCOjAq by H a Se (Kuhlmann, Bl. [2] 1, 330). 
A grey, lustrous, crystalline solid ; melting at c. 
340° (Kuhlmann, l.c.). Dissolves in H 2 S0 4 Aq 
and HClAq, giving off H 2 Se. 

Thallic selenide (?Tl 2 Se 8 ). By fusing the 
elements together in the ratio 2Tl:3Se, Carstan- 
jen (Lc.) obtained greyish-black prismatic crys- 
tals, resembling Sb; not acted on by dilute 
H 2 S0 4 Aq ; decomposed by hot cone. H,S0 4 , with 
separation of Se and evolution of S0 2 . The 
composition of this substance has not been deter- 
mined. 

Thallium, silicofluoride of, Tl 2 SiF„. Ob- 
tained by dissolving TL 2 CO s in H 2 SiF fl Aq, and 
evaporating. Colourless, regular, octahedra 
(Werther, J. pr. 91, 385). According to Kuhl- 
mann (Bl. [2] 1,330), the crystals are TL,SiF a .H z O. 
Easily soluble in water. Volatile without decom- 
position, according to Kuhlmann (l.c.). 

Thallium, sulphides of. T1 2 S and TL 2 S 3 have 
been isolated, and also probably more than one 
compound of these two sulphides. 

Thallous sulphide TL 2 S. Mol. w. not 
known. 

Formation . — 1. By fusing the elements toge 
ther in the ratio 2Ti:S (Carstanjen, J. pr. 102, 
76). — 2. By ppg. an alkaline solution of a thal- 
lous salt by H 2 S. — 3. By ppg. slightly acidified 
Tl 2 S0 4 Aq by H 2 S (Hebborling, A. 134, 11).— 
4. By heating an alkaline solution of a thallous 
salt with Na 2 S 2 0 3 (C., l.c.). 

Preparation. — A cold, fairly cone., aqueous 
solution of T1 2 S0 4 is acidulated with a trace of 
H 2 S0 4 Aq, and saturated with H 2 S, and the 
bluish-black pp., consisting of microscopic crys- 
tals, is washed with H 2 SAq and dried over H 2 S0 4 
(Hebberling, l.c.). 

Properties and Reactions. — Prepared by ppn. 
from slightly acidulated Tl 2 S0 4 Aq, T1 2 S forms 
very minute, blue-black, lustrous tetrahedra; 
prepared by heating together Tl and S it is a 
black, crystalline, brittle solid ; prepared by 
ppn. from alkaline solutions it is a black amor- 
phous solid. When the amorphous solid is 
dried, and strongly heated, it melts, and 
solidifies on cooling to a black crystalline mass. 
After melting, S.G. is 8*0 (Lamy, J. 15, 185). 
H.F. [T1',S] =21,660 (Th. 3,354). Moist ppd. 
T1 2 S oxidises in air to T1 2 S0 4 . On long con- 
tinued heating T1 2 S is completely decomposed 
(Lamy, l.c.). T1 2 S is insoluble in solutions of 
alkalis, alkali sulphides, oarbonates, and cyanides ; 
it dissolves readily in H 2 S0 4 Aq and HNOgAq, and 
less readily in HClAq. By ppg. from a very 
dilute solution of a thallous salt, and dialysing, 
Winssinger (Bl. [2] 49, 452) obtained a reddish- 
brown aqueous solution of colloidal T^S. 

Combination. — By passing HS into TLS0 4 Aq 
containing As 2 OgAq, and acidulated with dilute 
H 2 S0 4 Aq, Gunning (Ar. N. 3, 86) obtained a red 
pp. of T1 2 S.As 2 S 8 ; the same compound was ob- 
tained by mixing a solution of As 2 S 8 in NH 3 Aq 
with an ammoniacal solution of a thallous salt. 
Heat decomposes the compound into its consti- 
tuent sulphides; alkali solutions dissolve out 
A8 2 S 8 , leaving T1 2 S. 

. Thallic sulphide T^S,. Obtained, as a 
black, amorphous, easily fusible, solid, by melt- 
ing Tl with excess of S, and removing uncom- 
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bined S by heating oat of contact with air (Car- 
Btanjen, J. pr . 102, 65). Below 12° T^Sj is hard 
and brittle ; above 12° it is so soft that it may 
be drawn out like pitch. It dissolves in warm 
dilute H,{S0 4 Aq without separation of S. Strecker 
(J. pr, [2] 2, 162) obtained a lustrous, brown- 
black pp. by passing H 2 S into a solution of a 
thallio salt mixed with sodium tartrate and ex- 
cess of NH,Aq, followed by boiling ; this pp. was 
TLjSg according to Strecker. When H 2 S is passed 
into an aqueous solution of a thallio salt, the 
pp. is a mixture of T1 2 S and S. Tl 2 S g combines 
with potassium and sodium sulphides , forming 
TLS s .K 2 S and Tl 2 S g .Na 2 S. These compounds 
are obtained by fusing together 1 pt. T^SO^ 
6 pts. S, and 9 pts. I^COa or Na^O*, and 
washing the fused mass with water. The K 
compound is more stable than the compound of 
Na ; when heated it melts, and then gives off S, 
leaving K,S and T1 2 S ; it is not changed by 
water or alkali solutions, but is decomposed by 
mineral acids (v. Schneider, A. 135, 215 ; cf. 
Krfiss, B . 19, 2738). These compounds may be 
regarded as KT1S 2 and NaTlS 2 , that is, as salts 
of a hypothetical thio-thallic acid. 

Thallo-thallio sulphides. By adding 
(NH 4 ) 2 SAq to a solution of T1 2 C1 8 , a black pp. 
is obtained which is more fusible than T1 2 S, and 
after melting solidifies to large greyish-black 
prisms. This pp. contains T1 and S. Similar 
substances are formed by heating together TL 2 S 
and T1 2 S 3 , and by melting T1 with more S than 
2T1:S, and less than 2T1:3S; Carstanjen ( J.pr . 
102, 65) gave the formulas 5TL i S.3Tl v S3 = Tl, ( ,S 14 , 
and T1 2 S.T1 2 S 3 = T1S to compounds obtained 
in this way. By heating Tl 2 S 3 .Na 2 S (v. supra) 
with water, Schneider (A. 135, 215) obtained 
a compound to which he gave the formula 
T1 2 S.2T1 2 S 3 = Tl tt S 7 . 

Thallium, sulphocyanide of ; v . vol. ii. p. 352. 

Thallium, thiosalts of. The compounds of 
Tl 2 S a with K 2 S and Na 2 S may be regarded as K 
and Na thiothallates (v, Thallio sulphide, 
supra). M. M. P. M. 

THALLIUM ETHIDE TIEt. Has not been 
obtained in the free state. 

Ethylo-chloride TlEt 2 Cl. S. 2*76 in the 
cold; 3-37 at 92°. S. (alcohol) -33 at 78°. 
Formed from TlOlg and ZnEtjj in ether (Hart- 
wig, A. 176, 257). Scales (from water), explodes 
feebly at 190°, yielding T1C1. Reacts with silver 
salts forming; TlEt 2 NO g , S. 5*67 at 70°, ex- 
ploding at 236°.— (TlEt 2 ) 2 S0 4 , S. 65*4 in the oold ; 
87*3 at 90° ; exploding at 205° and converted by 
Bal 2 into TlEtjI, S. *1, exploding at 195°.— 
(TlEt 2 ) s P0 4 , S. 23-7 in the cold; 20-7 at 75°, 
exploding at 189°. — TlEt 2 OAc crystallising in 
needles [212°] (245°), exploding if rapidly heated. 

Ethylo -hydroxide TlEt 2 OH. S. 1ST in 
the cold; 8 at 88°. Formed from (TlEt^SC^ 
and baryta. Silky needles (from water). More 
sol. cold than hot water, forming an alkaline 
solution. Does not unite with CO* but forms 
the above salts with other acids. 

THAPSIC ACID 0,^0,. [124°]. Obtained 
from the root-bark of Thapsia garganica. The 
bark is extracted with ether, which leaves on 
evaporation an amber-coloured resin. The resin 
dissolves in potash with evolution of heat, and 
the solution, on acidification, yields a neutral 
resin, fMWtoie acid and thapsio acid. The 


alkaline solution on standing deposits potassium 
thapsate (Canzoneri, G. 18, 514). White scales 
(from alcohol), nearly insol. water and benzene, 
sol. alcohol and ether. 

Salts K„A" ®aq. Prisms.— BaA" (dried 
at 120°). Crystalline pp. — Ag-jA" ; amorphous. 

Anhydride O^H^O* [71°]. Crystalline 
powder (from benzene). 

Anilide C 18 H 28 0 2 (NHPh) 2 . [163°]. 

THEBAlNE C 12 H 21 NO a . [193°]. S.G. 1‘3. 
[o]j « -219° in 97 p.c. alcohol at 15° ; « —280° 
in CH04 ; S. (ether) *7 at 10° ; S. (isoamyl alco- 
hol) 1*67 in the cold ; S. (benzene) 5*27 in the 
cold (Kubly, J. 1866, 823). Occurs in opium to 
the extent of about *6 p.c. (Pelletier, J. Ph . 21, 
569 ; Couerbe, A. Ch . [2] 59, 155 ; Kane, A. 19, 
9 ; Anderson, A. 86, 179 ; Hesse, B. 3, 367 ; A. 
153, 47 ; 176, 196). Prepared by treating the 
aqueous extract of opium with Na^Oj or lime, 
exhausting the filtrate with ether, agitating the 
ether with dilute acetic acid, and pouring the 
acid liquid into dilute KOHAq. The pp. is col- 
lected after 24 hours, warmed with dilute alcohol 
and dilute HOAc is added till just acid. The 
alcohol is evaporated off at 50°, papaverine and 
narcotine removed by filtration, and thebaine 
acid tartrate ppd. by adding powdered tartaric 
acid to the filtrate. The tartrate is re-crystallised 
from water (Hesse, A . Suppl. 8, 262). Thebaine 
may also be obtained by adding NaOAc to a 
solution of the hydrochlorides of the opium al- 
kaloids, allowing to stand, filtering, evaporating, 
again filtering, and adding sodium salicylate. 
After 24 hours thebaine salicylate crystallises 
(Plugge, Ar. Ph. [3] 24, 993 ; 25, 343). 

Properties. — Colourless leaflets (from dilute 
alcohol) or prisms (from cone, alcohol). Tasteless. 
Alkaline in reaction. Very poisonous. Begins to 
sublime at 135° ; at 160° the sublimate contains 
needles, cubes, and prisms (Blyth). V. sol. 
alcohol and chloroform. Ppd. by alkalis and 
alkaline carbonates, thepp. being slightly soluble 
in NH s Aq and lime-water. Cone. H i S0 4 gives a 
deep-red solution. Boiling dilute H 2 SO, converts 
it into thebenine and thebaicine. Hot cone. 
HClAq at 90° yields MeCl and morphothebai’ne 
(Howard, B. 17, 527). HI \q gives Mel (2 mols.) 
(Howard a. Roser, B. 19, 1597). Bromine-water 
forms C IB H 20 BrNO 8 , a flocculent pp. converted by 
excess of Br into C^H^r.NOj,, a yellow pp. 
Solutions of its salts give a pp. of the dichromate 
on adding 

Salts.— B'HClaq. Large trimetrio prisms. 
S. 6-3 at 10°. M« -- 168-32 + 2*33p. — 
B'^PtClg 2aq. Amorpnous pp., quickly chan- 
ging to orange prisms. Decomposed by boiling 
water (O. De Coninck, Bl. [2] 45, 131). — 
B'AGAftaq. S. 103 at 10°. — B'H 2 C 2 0 4 aq. S. 
2-3 at 20°.— B'C 4 H 8 O fl aq. Prisms, very soluble 
in hot alcohol. S. *77 at 20°. — Meconate 
B' 2 C 7 H 4 0 7 feaq. White prisms (from alcohol).— 
B' 4 H,FeCy g (Plugge, Ar. Ph. [3] 25, 793). 

Methylo-iodide B'Mel. Crystallises from 
aloohol in prisms (containing EtOH), m. soL 
water. 

Ethylo -chloride B'EtCl. Needles. 

Ethylo-iodide B'Etl. Needles (from al- 
cohol) (Howard, B. 17, 527). 

Benzylo -chloride B'C 7 H 7 C1. Crystals. 

Morpho-theba'ine C 17 H, 7 0 8 N [191°]. Obtained 
by heating thebaine with strong aqueous JBLOl or 
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HBr, MeCl (or EtGl) being split off; the yield 
being 50 p.o. of the thebaine. Yellowish crystals. 
Soluble in alcohol, ether, and benzene, sparingly 
in water. It dissolves in HjSO* to a colourless 
solution. 

Salts.— B'HCl. Small glistening crystals, 
sol. water, insol. alcohol. — B'HBr : fine silky 
needles.— B'HNO s 2aq: small white crystals, v. 
sol. water and alcohol. — B'^SO, 7aq : small 
crystals, v. sol. water, insol. alcohol. The 
oxalate is a sparingly soluble amorphous pp. 
The pier ate is a yellow pp. whioh melts under 
water. Insoluble pps. are produced with 
potassium ferrocyanide, ammonium molybdate, 
HgCyy*, K 2 Cr 2 0 7 , and bismuth -potassium 
iodide. 

Acetyl derivative G 17 H,gAc0 8 N. [183°]: 
glistening plates {Howard, B. 17, 529). 

E thy lo- iodide x B'EtI. Crystallises from 
acetic acid. 

Methylo-iodide B'Mel. Dimetric tables, 
insol. alcohol, sol. HO Ac. 

Benzylo -chloride X B , C 7 H 7 C1. Needles, m. 
sol. water, si. sol. alcohol (Howard a. Roser, B. 19, 
1696). 

Thebenine OjpHgjNOg. Formed by boiling 
thebaine with HClAq (S.G. 1*04) (Hesse, A . 153, 
69). Amorphous. Insol. benzene and ether, si. 
sol. boiling alcohol. Cone. E^SC^ forms a blue 
solution. V. sol. KOHAq.— B'HCl 3aq. S. 1. 
Plates.— B'jjHjHgCl, 2aq. Very long efflorescent 
prisms. - B' 2 II 2 80 4 2aq. Plates, insol. cold water. 
— B'HgCjO* aq. Prisms, si. sol. hot water. 

Tbebaicine. Formed by boiling thebaine or 
thebenine with cone. HClAq (Hesse). Yellow 
amorphous pp., insol. ether, benzene, and water, 
si. sol. hot alcohol, v. boI. KOHAq. Cono. H 2 S0 4 
forms a dark-blue solution. The salts are resin- 
ous. 

Theme v. Caffeine. 


THEOBROMINE C 7 H 8 N 4 0 2 i.e . 
riA ^NMe.C:CH.NMe M w 

CO< N:=0 N h.CO ' Mo1 * w * 18 °* 

methyl-xanthine . S. *062 at 17°; *7 at 100°. 
3. (alcohol) ’02 at 17° ; *2 at 78°. S. (ether) 

~ CHClj 

cacao to 


•006 in the cold ; *17 at 35°. 8. i 
1. Occurs in the seeds of Theo\ 
the extent of 1*3 to 4*6 p.o. (Woskresensky, A. 
41, 125 ; Glasson, A. 61, 335 ; Keller, A. 92, 71 ; 
Rochleder, A. 71, 9 ; 79, 124 ; Strecker, A. 118, 
151). Formed by heating the lead salt of 
xanthine CsH^PbN^ (4 pts.) with Mel (5 pts.) 
for twelve hours at 130° (Fischer, B. 15, 454 ; 
A . 215, 311). Prepared by ppg. the aqueous 
extract of the seeds with lead acetate, filtering, 
removing excess of lead by H i S0 4 , adding MgCO s , 
evaporating to dryness, and extracting with alco- 
hol (Dragendorff, Ar. Ph. [3] 18, 1). Got also by 
freeing cacao from oil by pressure, adding slaked 
lime, and extracting with 80 p.c. alcohol (Schmidt 
a. Pressler, A. 217, 287). , 

Properties . — Minute trimetric crystals, si. 
sol. hot water, alcohol, and ether. Tastes bitter. 
At 134° it begins to sublime ; at 170° (Blyth) or 
290° (S. a. P.) it yields a crystalline sublimate. 
Very slowly attacked by pure HNO, (Franchi- 
mont, R. T. C. 6, 223). Not attacked by boiling 
KOHAq. Its salts are more or less easily de- 
composed by water. Ammoniacal AgNO„ gives 
a gelatinous pp. which dissolves on warming, 
and deposits, on boiling, crystalline C 7 H 7 AgN 4 0 3 


(Strecker). Theobromine is ppd. by sodium 
phosphotungstate (Wolfram, C. J. 36, 406 ; FV* 
18, 346). 

Reactions. — 1. Yields methyl-parabanic acid 
on oxidation by CrO s . — 2. KC10„ and HClAq 
at 50° yield methyl-alloxan and methyl-urea 
(Fischer, A. 215, 304). Chlorine-water yields 
amalic acid.— 3. Will not combine with Mel to- 
form a methyloiodide. But in presence of dilute 
alcoholic KOH it reacts with Mel, forming 
caffeine, even in the cold ; better at 100°. But 
the reaction is never complete, some theo- 
bromine being decomposed.— 4. Cone. HC1 has 
no action below 200°. At 250° it decomposes it, 
producing formic acid, carbonic acid, ammonia, 
methylamine and sarcosine, C 7 HgN 4 0 2 + 6H 2 <> 
= 2C0 2 + NMeH 2 + 2NH, + C 8 H 7 N0 2 + CH 2 0 2 ; the 
NH 3 and NMeHj occur in the proportion in- 
dicated by the formula (Schmidt, A. 217, 298). 
Boiling aqueous Ba(OH) 2 effects in 40 hours the 
skme decomposition. — 5. HNO s forms C0 2 , 
methyl-parabanic acid and methylamine, but no 
ammonia. 

Salt s .—B'HCl aq. Rosettes of needles. — 
B'HBr aq. Tables. — B' 2 H 2 PtCl a 4aq. — 
B'jjHjPtClgSaq. — B'HAuCl,. — B' 2 HN0 8 . — 
B'HOAc.— B'^HjIg. Nearly black prisms, de- 
composed by alcohol (Jorgenssen, Z. [2] 5, 
675).— B'HAg(N0 3 ) 2 . Silvery needles, v. si. sol. 
water. - C 7 H 7 AgN 4 0 2 l|aq. — Ba(C 7 H.N 4 0 2 ) 2 (dried 
at 105°). Got by adding theobromine to baryta- 
water (Maly a. Andreasch, M. 4, 379). Needles 
(from hot water). 

Bromo-theobromine C 7 H 7 N 4 02Br. From theo- 
bromine and bromine (Fischer, A. 215, 305). 
Crystalline powder. SI. sol. hot water. Sol. 
HC1, but reppd. by water. Sol. aqueous NaOH, 
not in NH,. Does not give an ethoxy- derivative 
with alcoholic KOH (unlike bromo-caffeine). 
After warming with ammonia it gives with am- 
moniacal AgNO s a silver salt that can be con- 
verted by EtI idto bromo-ethyl-theobromine 
C 7 H fl EtN 4 0 2 Br, whence alcoholic KOH forms 
eth - oxy - ethyl - theobromine C 7 H„EtN 4 0 2 (0Et) 
[153°] as needles. Boiling HC1 converts this 
into EtCl and oxy - ethyl - theobromine 
C 7 H a EtN 4 0 2 (0H), whence bromine and alcohol 
form the di-ethyl derivative of tri-oxy-di-hydro- 
ethyl-theobromineC 7 HgEtN 4 0 2 (OH)(OEt) 2 [152°]. 
This body on treatment with hot dilute HC1 
gives methylamine and apo-ethyl-theobro- 
mine (?) ; and with ohlorine at - 10° forms hypo- 
ethyl-theobromine C 7 HgN,0 3 [142°]. 

Methyl-theobromine is Caffeine. 

Ethyl-theobromine C 7 H 7 EtN 4 0 2 . [above 270°]. 
Formed from C 7 H 7 AgN 4 0 2 and EtI (Philips, B. 9, 
1308). Small crystals, m. sol. hot water. Weak 
base. 

THE0PHYLLIN C 7 H 8 N 4 0 2 i.e. 

00 <N-C.NLcO Me - C 2M °3- Occurs in aloe 

holio extract of tea, from which it may be 
separated by means of its Ag salt (Kossel, B . 21, 
2164). Monoclinic tables (containing aq, v. e. 
sol. warm water and very dilute ammonia. May 
be sublimed. When evaporated with chlorine- 
water it yields a scarlet residue, which is 
ooloured violet by NH*Aq. Mel converts its Ag 
salt into caffeine. KC10 S and HClAq yield di- 
methyl-alloxan. 
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Sal t.-~AgC 7 H 7 N 4 0 2 £aq. Amorphous pp., 
which may be crystallised from NH 3 Aq. 

THETINE8. A name given by Crum- 
Brown and Letts to compounds of the form 
CO.^H. CH 2 . SR 2 . OH or their anhydrides 

CO O^ 2 w ^ ere R is a hydrocarbon radicle ; v. 

Di-ethyl-thetine and Di-methyl-thetine. 

THEVETIN 0 ft4 H g4 0 24 3aq. [170°]. S. *8 at 
14°. a * — 85*5°. A poisonous glucoside occur- 
ring in the kernels of Thcvetia nereifolia (Bias, 
/. 1868, 768 ; De Vrij, B T. C. 8, 167 ; Warden, 
Ph. [3] 12, 417). Crystalline powder, v. sol. hot 
water and alcohol, insol. ether. Sol. acids and 
alkalis. Leevorotatory. Cone. H 2 §0 4 gives a 
dirty-brown colour. Decomposed by boiling 
dilute HClAq into glucose and theveresin 
C 4g H 70 O I7 2aq, a white powder [140°], v. si. sol. 
cold water, sol. alkalis. 

THI aCETIC ACID v. Thio-acetic acid. 
THIALDINE C„H l3 NS 2 i.e. 

NH< XCHMe S> CHMe - MoL w - 163 ‘ t 43 °]- 

Formed by passing H 2 S for four hours into a solu- 
tion of aldehyde-ammonia (1 pt.) in water (15 
pts.), and a little NH 3 Aq (Wdhler a. Liebig, A. 61, 
2 ; Hof man, A. 103, 93 ; Brusewitz a. Cathander, 
J.pr. 98, 315). Monoclinic crystals (from ether- 
alcohol). May be distilled with steam. V. si. 
sol. water, v. sol. alcohol, v. e. sol. ether. Boil- 
ing dilute H 2 SO, forms thio-acetio aldehyde. 
KMn0 4 forms CH 3 .CH(S0 3 K) 2 (Guareschi, B. 11, 
1384, 1692). Boiling AgNOgAq forms aldehyde. 
Mel in ether forms crystalline C a H 13 MeNS 2 I 
(Hofmann, A. 103, 93). I in KI forms amor- 
phous (CHMe) 2 S, (Fassbender, B. 20, 460). 

Salts. — B'HCl. Prisms, v. sol. water. — 
B'HBr. — B'HI.— B'HN0 s .---B'H 2 S0 4 . Prisms.— 
B'H„P0 4 aq. Needles, v. sol. water. 

THIAZOLE (116-8° cor.). S.G. 

1*1979 ; 1*1998. Formed by the action of 

boiling alcohol on the diazo- compound of amido- 
thiazole, obtained from di-chloro-di-ethyl oxide 
and thio-urea (Hantzsch a. Popp, B. 21, 2582 ; 

A. 250, 274). Formed also from 

and the corresponding M-bromo-thiazole by re- 
duction with zinc-dust and HOAc (Schatzmann, 
A. 261, 12). Mobile liquid, very volatile, hygro- 
scopic, and highly refractive. Miscible with 
water, alcohol, and ether. Insol. KOHAq. 
Smells like pyridine. Neutral in reaction.— 
S alts.— Bga.PtCl* 2aq.— B'HAuCl 4 . [250°].— 
B'C # H s N 8 0 7 . [151°]. — B'HHgCl*. [104°]. — 

B'HgClj. [204°]. Crystalline pp., si. sol. water. 

^-Amido-thiazole N^h-IcH' Thiazo- 

foie. Thiazylamine. [90°]. Formed by the 
action of chloro-acetio aldehyde on thio-urea 
(Traumann, A. 249, 36). Prepared by boiling 
CH.Cl.CHCi.OEt (1 pt.) with thio-urea (1 pt.) and 
water (5 pts.). Yellowish plates, si. sol. water, 
alcohol, ana ether. Strong base. — B'HCl aq. 
Needles.— B'jH^PtCl,. Yellow tables. 

Acetyl derivative . [203°]. Needles. 
THIAZOLE-TRIAZOLE (so called) 

OT <o£§N> CiL Form ed by the action of 

HClAq on methyl-nitroso-imido-thiazoline (Naf, 
A. 265, 123). Liquid, v. sol. water. Alkaline ; 


reduces Folding's solution. Nitrous acid repro- 
duces nitroso - methyl - imido - thiazoline. — 
B'HCl 2aq. [220°]. Needles.— B'HBr 2aq. 
THIEN0N £ is Di-thienyl ketone. 
DITHIENYL C 8 H tt S J.e. O^S.O^Q. [83°]. 
(266^ cor.). Formed on passing thiophene 
through a red-hot tube (Nahnsen, B. 17, 789, 
2197). Plates (from alcohol). Cone. H.,S0 4 
gives a reddish-brown solution with deep-green 
fluorescence. On warming with isatin and 
H 2 S0 4 it gives a violet-blue colour. 

Sulphonic acid C 8 H 4 S 2 (S0 3 H). Got by 
heating with H 2 S0 4 (20 pts.) at 100°. Yields a 
crystalline BaA' 2 aq. 

Reference . — Hexa-bromo-dithienyl. 
THIENYL-ACETIC ACID C 4 H 3 S.CH 2 .C0 2 H, 
[76°]. Formed from C 4 H 3 S.CH(0H).C0 2 H [115°], 
HIAq, and P (Ernst, B. 19, 3281). Crystalline, 
sol. hot water, alcohol and ether. — Ba'A 3 (dried 
at 130°). Crystals. — AgA' : pp. 

Reference. — Oxy-thienyl-acetio acid. 
THIENYL-ACRYLIC ACID C 7 H.S0 2 i.e . 
CAS.CHiCH.CO^. [138°]. Formed by 
boiling thiophenio aldehyde with NaOAo and 
Ac 2 0 (Biedermann, B. 19, 1865). Needles (from 
water), sol. hot water and alcohol. FeCl* gives 
an amorphous orange pp. — AgA' : white pp. 
THIENYLAMINE v. Amido-thiophene. 
THIENYL-BROMO-ETHANE o. Bromo* 

THIENYL-ETHANE. 

THIENYL-BROMO-ETHYLENE v. Bromo- 

thienyl-ethylene. 

THIENYL BROMO-METHYL KETONE 

C 4 H 3 S.CO.CH 2 Br. (o-Bromo-acetothienone. 
Formed by adding Br (2 at.) to thienyl methyl 
ketone (1 mol.) dissolved in CS 2 (Brunswig, B. 
19, 2891). Pungent yellow oil, may be distilled 
in vacuo. Y. sol. alcohol and ether. Solidified 
by cold. Alcoholic NH 3 forms a deep-blue colour. 
Oxidised to (a) -thiophenio acid [126*5°]. Aniline 
yields C 4 H 8 S.CO.CH 2 NHPh [80°]. 

Thienyl di-bromo-methyl ketone 
C 4 H„S.CO.CHBr 2 . [c. 0°]. Formed from thienyl 
methyl ketone and Br. Pungent oil, almost 
insol. ligroin. 

(iS) -THIENYL-C ARBINOL C 4 H*S.CH 2 OH. 
(207° cor.). Formed by shaking (0) -thiophenio 
aldehyde with aqueous potash (Biedermann, B. 
19, 639). Liquid. HC1 forms C 4 H 3 S.CH 3 C1, a 
pungent oil boiling with partial decomposition 
at 175°. 

THIENYL CHLORO-ETHANE v. Chloro- 

THIENYL-ETHANE. 

THIENYL-CHLORO-ETHYLENE v. Chloro- 

THIENYL-ETHYLENE. 

(a) -THIENYL CHLORO-METHYL KETONE 

C 4 H 3 S.C0.CH 2 C1. [47°]. (259° cor.). Formed 

by chlorination of thienyl methyl ketone (Peter, 
B. 18, 539). Pungent white crystals. Yields 
(a)-thiophenic acid on oxidation. 

THIENYL-ETHYL- AMINE C rt H„NS i.e. 
C 4 H 8 S.OHMe.NH 2 . (186°). Got by reducing 
the oxim of thienyl methyl ketone in alcoholic 
solution by adding sodium- amalgam and HO Ac 
(Goldschmidt a. Schulthess, B. 20, 1700). 
Liquid, sol. water. Absorbs C0 2 from the air. — 
B'HOAc. Needles, v. e. sol. water. 

Beneoyl derivative. [96°]. Needles. 
THIENYL ETHYL KETONE O.HgS.OO.Oft, 
Pr&piothienone. (228° oor.). Formed from pro* 
pionyl chloride, thiophene, and A1C1, (Krekeler, 
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B. 19, 677). Liquid. Hot cone. HjSO* forms 
propionic and thiophene (a)-sulphonio acids 
Chroxnie acid mixture yields (a)-thiophenic acid 

Oxim C 4 H,S.OEt:NOH. [56°]. 

THIENYL DIETHYL PHOSPHINE 
(0 4 H 3 S)PEt 2 . (225°). Formed from thienyl- 

chloro-phosphine and ZnEt 3 in ether (Sachs, B. 
25, 1517). 

Ethylo-iodide (C 4 H 8 S)PEt 3 I. 

M ethyl o -iodide (C 4 H 3 S)PEt 2 MeI. [122°]. 
White powder, v. sol. water insol. ether. 

THIENYL-GLYCOLLIC ACID v. Oxy-thienyl- 

ACETIO ACED. 

( a) -THIENYL-GLY OXYLIC ACID 
C 8 H 4 S0 8 aq i.e. C 4 H s S.C 0.C0 2 H. [91°]. Formed 
by oxidising thienyl methyl ketone with alkaline 
KMn0 4 (Peter, B . 18, 537 ; Biedermann, B. 19, 
637 ; Bradley, B. 19, 2115). Formed also, to- 
gether with thiophene (a) -carboxylic acid, by 
oxidation of (a)-ethyl-tmophene by alkaline 
KMn0 4 . Crystals (containing aq, possibly as 
C 4 H g S.C(0H) 2 .C0 2 H), v. sol. warm water. Melts at 
69° when hydrated. May be extracted by ether 
from its aqueous solution. If a drop of crude 
benzene, followed by H 2 S0 4 , be added to its solu- 
tion in HOAo, a brown colour is formed, which on 
addition of more H 2 80 4 passes through blue-green, 
green, violet, red, and bluish-violet to blue. 

Reactions. — 1. On heating it splits up into 
C0 2 and thiophenic aldehyde.— 2. On heating 
with di-methyl-aniline and ZnCL it yields the 
leuco-base of a green dyeC 4 H 3 S.CH(C fl H 4 NMe 2 ) 2 . 
— 3. PC1 5 forms thiophenic chloride. 

Salts. — BaA' 2 aq. Slender efflorescent 
needles, v. sol. water. — CaA' 2 2aq.— CuA' 2 2aq. — 
ZnA' 2 2aq. — AgA'aq: amorphous pp., probably 
C^S.qOH^CO^g. 

Methyl ether MeA'. [28*5°]. 

Ethyl ether EtA'. (265° uncor.). Oil. 

Amide C 4 H 3 S.CO.CO.NH 2 . [88°]. Needles, 
almost insol. water, v. sol. alcohol and ether. 

Oxim C 4 H 3 S.C(N0H).C0 2 H. [146°]. 

(Hantzsch, B. 24, 48). Slender white needles. 
Exhibits Liebermann’s reaction (Bradley, B. 19, 
2119).— BaA' 2 lJaq. — AgA' : amorphous pp. — 
MeA . [105°]. Converted by NaOMe and Mel 
into liquid C 4 H,S.C(N0Me).C0 2 Me. — EtA'. 
[128°]. Needles. 

Acetyl derivative of the oxim . [87°]. 

Phenyl-hy dr azide 

C 4 H ,S. CfNjHPh) . COjH. [165°]. Deep-yellow 

needles (from ether). 

Reference . — N itro-thienyl-glyoxylic acid. 

THIENYL HEXYL KETONE C n H l6 SO i.e. 
C 4 H 8 S.CO.C a H 13 . (804° cor.). Formed from 
thiophene, heptoyl chloride, and A1C1 S in ligroin 
(Schleicher, B. 19, 664). Yellow oil, yielding 
(a) -thiophenic acid on oxidation. Cone. H 2 S0 4 
forms thiophene (a)-sulphonic and heptoic acids. 

Oxim [49°]. Crystals (from alcohol). 

THIENYL-IND OLE C^NS i.e , 

C ‘ H ‘<NH^ C -°< H>S - t 162 °J- Formed by heat. 

ing the phenyl-hydrazide of thienyl methyl 
ketone with ZnC^ (Brunok, A. 272, 201). Light- 
yellow needles, insol. water, v. sol. ether, m. sol. 
alcohol. Colours pine- wood, moistened with 
HC1, bluish-violet. Yields C l2 H 8 Br 8 NS [278°] 
and OACH(O l2 H,,NS) a [245°]. - B'CMOr 
[137°]. Dark red plates, v. sol. alcohol. 

Nitro&amine C J2 H 8 (NO)NS. [241°]* 


DI-THIENYL KETONE (C 4 H 8 S) 2 00. [88°]. 
(826° uncor.). Formed from thiopnene, COGl* 
and AlClg. Obtained also by distilling calcium 
a-thiophenate (Gattermann, B. 18, 3012). 
Needles or plates, sol. alcohol. 

PhenyUhydraeide [137°]. 

THIENYL MEBGAPTAN(C 4 H 8 S).SH. (166°). 
Got by reducing thiophene (a)-sulphinic acid 
with zinc and HClAq (Biedermann, B. 19, 1616). 
Got also in small quantity from succinic acid 
and P 2 S 6 (V. Meyer a. Neure, B. 20, 1757). 
Stinking oil, volatile with steam.— AgS.C 4 H 3 S. 

Acetyl derivative (C 4 H,S).SAc. (231°). 

Methyl ether (C 4 H 8 S)SMe. (186°). 

DI-THIENYL METHANE 0„H 8 S 2 i.e. 
CH 2 (C 4 H 8 S) 2 . (267°). Got by adding H 2 S0 4 to 
a solution of thiophene and methylal in HOAc 
(Peter, B. 17, 1845). Oil, smelling like oranges. 
Volatile with steam. Gives a red oolour with 
isatin and H 2 S0 4 . 

(a) -THIENYL METHYL KETONE C 6 H tt SO 
i.e. 0 4 H 8 S.C0.CH 3 . Acetothienone . (218° cor.). 
S.G. 1*167. Formed from thiophene, AcCl, 
and AiC 1 3 (Peter, B. 17, 2643 ; Biedermann, B. 
19, 630; Bradley, B. 19, 2115). Formed also 
from C 4 H 8 (HgCl)S and AcCl (Volhard, A. 267, 
178). Liquid, smelling like acetophenone. Gives 
a blue colour with isatin and H 2 S0 4 . Oxidised 
by KMn0 4 to (a)-thienyl-glyoxylic and thiophenic 
acids. Mercuric chloride and NaOAc form the 
compound (CH.,.CO.C 4 H 3 S)HgCl 2 crystallising 
in white needles. Oxalic ether (1 mol.) and 
NaOEt give C 4 H,S.C0.CH 2 .C0.C0 2 Et [42°], 
which forms large yellow crystals, converted by 
boiling alcoholic hydroxylamine hydrochloride 

into the compound or 

COuEt.C^^'^ 4 '® 3 ^ crystallising in colour- 
less needles [48°] (Angeli, B. 24, 232). 

Oxim C r H a S(NOH). [112°]. 

Phenyl-hydrazide C tt H a S(N 2 HPh). [96°]. 

Reference . — Bromo-, Chloro-, Iodo-, and 
Nitro-thienyl methyl ketone. 

THIENYL PHENYL - AMIDO - METHYL 
KETONE C 4 H 3 S.CO.CH 2 .NHPh. [80°]. Formed 
by mixing C 4 H 3 S.CO.CH 2 Br with aniline in al- 
cohol (Brunswig, B. 19, 2892). Plates. Yields a 
nitrosamine C 4 H 3 S.CO.CH 2 .NPh(NO) [81°], and 
acetyl derivative C 4 H,S.CO.CH 2 .NPhAc [142°]. 

THIENYL PHENYL KETONE 
C 4 H 8 S.CO.C 8 H 5 . [55°]. (c. 300°). Formed by 
the action of A1C1 S on a mixture of thiophene 
and BzCl (Comey, B. 17, 790). Formed also by 
heating C 4 H 8 (HgCl)S with BzCl at 100° (Volhard, 
A. 267, 179). Long needles (from dilute alcohol), 
insol. water. Gives a blue colour on heating 
with isatin and H 2 S0 4 . Yields thiophene and 
benzoic acid on heating with soda-lime. 

Oxim s qHsS.CPhiNOH. Hydroxylamine 
forms two stereo-isomeric (?) oxims [93°] and 
[114°] (Hantzsch, B. 23, 2332 ; 24, 59). 

THIENYL-PHENYL-METHANE 
CHjPh.0 4 H 8 S. (265°). Formed by the aotion 
of H 2 S0 4 on a mixture of thiophene and benzyl 
aloohol dissolved in HOAo (Peter, B. 17, 1346). 
Liquid with fruity smell, volatile with steam. 
Gives a red colour with isatin and H 2 S0 4 . 

Thienyl-di-phenyl-methane CHPh^C^HjjS. 
[63°]. (830°- 340°). Formed from thiophene, 
di-phenyl-carbinol, and P 3 0 5 (Levi, B. 19, 1624). 
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Plates (from alcohol) or needles (from li groin), 
v. sol. HO Ac, alcohol, and ether. Crystallises 
from oold benzene in needles C^H^C^H,, [48°]. 

THIENYL ISOPBOPYL KETONE 
C 4 H a S.CO.CHMe 2 . (232° cor.). Formed from 
isobutyryl chloride, thiophene, and A1C1 3 
(Krekeler, B. 19, 675). Liquid. Yields (a), 
thiophenic acid on oxidation. Fuming HjjS 0 4 
reacts with formation of the sulphonic acid 
CjH 2 (SO s H)S.CO.CHMe 2 , which yields the salts 
Ba A' 2) PbA'-^aq, and is converted by phenyl-hydra- 
zine into C 4 H 2 (S0 8 N 2 H 4 Ph)S.G(N 2 HPh).CHMe 2 , 
crystallising from hot water in plates. 

Oxim C 4 H 3 S.C(NOH).CHMe 2 . [108°]. Pearly 
plates (from dilute alcohol). 

THIENYL STYBYL KETONE v. Styryl 

THIENYL KETONE. 

THIENYL DISULPHIDE (C 4 H 8 S) 2 S 2 . [56°]. 
Formed by atmospheric oxidation of a solution of 
thienyl mercaptan in alcoholic NH 3 (Meyer a. 
Neure, B. 20, 1757). Needles. 

THIENYL SULPHOCYANO - METHYL 
KETONE CH 2 (SCy).OO.C 4 H 3 S. [88°]. Formed 
from CH 2 Br.CO.C 4 H 3 S and KSCy in alcohol 
(Brunswig, B. 19, 2893). Plates (from ether), si. 
sol. water and ligroin, m. sol. alcohol. 

DI-THIENYL-THIOPHENE C 4 SH 2 (C 4 SH,,) 2 . 
[147°]. (357°). V.D. 8*6. One of the products 
of the passage of benzene and sulphur-vapour 
through a red-hot tube (Benard, C. R. 112, 49). 
Yellowish needles (from alcohol), m.sol. benzene. 
H 2 S0 4 forms a rose-coloured solution, turned 
violet and finally blue on heating. Fuming H 2 S0 4 
at 120° forms a trisulphonic acid, which yields 
(C 12 H 5 S a (S0 3 ) a ) 2 Ca 3 as an amorphous powder, v. 
sol. water. Fuming HNO s at 160° forms 
C 12 H b S 2 0 4 [313°], crystallising in white plates, v, 
si. sol. benzene. Br forms C 12 H 4 Br 8 S 3 [282°], and 
amorphous 

THIENYL TOLYL KETONE C 12 H 10 SO i.e. 
G a H 4 Me.CO.C 4 H 3 S. Formed from o - toluic 
chloride, thiophene, and A1C1* (Ernst, B. 19, 
3279). Oil. Yields an oily oxim. 

THI0-. This prefix is employed to denote 
the replacement of 0 by S. Most inorganic salts 
of thio- acids are described under the heading of 
the oxy- salts ; thus thio-carbonates are described 
under Carbonates. In some cases thio- salts are 
described under the heading of the characteristic 
element of the salts : thio-arsenates are to be found 
under Arsenic. Certain thio -salts are described 
under headings placed in their strictly alpha- 
betical position ; for instance, Thiosulphates. 
TMocyanides are described as Sulphocyanidks. 

The following addition should be made to the 
sub-article Thio-oxyorthophosphates (p. 147). 
By heating metallic chlorides or sulphides with 
excess of P 2 S 8 Glatzel has prepared a number of 
tetrathio - oxy orthophosphates, i.e. salts of the 
hypothetical acid H 3 PS 4 (Zeit.fiir anorg. Chemie , 
4, 186). These salts are crystalline -generally 
green to black in colour ; they are burnt in air, 
giving off S0 2 ; some are decomposed to sulphides 
and P*S 5 , but the mercurio and arsenic salts dis- 
til unchanged when heated out of contact with air. 
These salts are insol. in dilute acids ; they are 
decomposed by strong acids. G. isolated the 
thiophosphates of Sb, As, Bi, Cd,Cu(ous),Fe(ous), 
Pb, Mn, Hg(ic), Ni, Ag, Tl, Sn(ous), and Zn ; he 
oould not obtain the salts of Ca, K, Na, or Sr. 

M. M. P. M. 


THIOACETAMIDE CHg.CS.NH 2 . [108°]. 
Formed from aoetonitrile and H 2 S (Bernthsen, A. 
192, 46), and from acetamide anaP 2 S A (Hofmann, 
B. 11, 340). Monoclinic plates, v. sol. water and 
alcohol, m. sol. ether. HgO forms HgS. AgNO, 
gives Ag 2 S. CuS0 4 and Pb(OAc) 2 give, on boding, 
CuS and PbS. HgCl* forms a crystalline com- 
pound. w - bromo - acetoacetio ether forms 
CH 3 .C(NH).S.CH,,.C0.CH 2 .C0 2 Et [94°], and 

finally S< CH : ‘(5 -OHi . COaEt ( 2 39°), the ether 
of methyl-thiazyl-acetic acid [121°] (Steude, A. 
261, 36). The ether melting at 94° is converted 
by warming with water into the compound 
CH 3 .C0.S.CH i .C0.CH 2 .C0 2 Et (155° at 15 mm.), 
whence HJ30 4 forms an acid C tt H 8 S0 2 [168°] . 

THIO-ACETIC ACID C 2 H,SO i.e . CH 3 .CO.SH. 
Mol. w. 76. (93°). S.G. 12 1*074. Prepared by 
distilling acetic acid with P 2 S 4 (Kekul4, A . 90, 
311; Ulrich, A. 109, 272; Kekul6 a. Linne- 
mann, A. 123, 273). Obtained also from AcCl 
and KSH (Jacquemin a. Yosselmann, J. 1859, 
354), by heating lead acetate with Na 2 S 2 0„ 
(Frohde, Z. 1866, 543), and by the action of 
KSH on an alcoholic solution of PhSAc (Kekul6, 
Z . [2] 3, 196). Colourless liquid, turning yellow 
on keeping. Smells like acetic acid and H 2 S. 
Not solid at — 17°. M. sol. warm water, v. sol. al- 
cohol and ether. Violently attacked by fuming 
HNO,. PC1 5 yields AcCl, PSCl.,, and HC1. 
Its neutral solutions give pps. with AgN0 3 and 
HgCLj, which quickly turn black. Molten ZnCl* 
forms CMeiS g :CMe [225°], which may be crystal- 
lised from hot alcohol (Bongartz, B. 19, 2182). 
HC1 passed into a mixture of thio-acetic acid 
and benzoic aldehyde forms (CH r CO.S) 2 CHPh 
[148°], crystallising from hot ether in slender 
needles. 

Salts.— KA'. Crystals, v. sol. water and 
alcohol.— NaA' $aq.— BaA' 2 3aq. — SrA' 2 2aq.— 
CaA' 2 2aq. — PbA' 2 . Silky needles (from hot 
water or alcohol). Quickly decomposes, with 
separation of PbS. 

Methyl ether MeA'. (96°). Formed by 
heating AcBr with Me.,S at 100° (Cahours, BL 
25, 562; Wallach a. Bleibtreu, B . 12, 1062). 
Formed also from AcCl and Pb(SMe) 2 (Ober- 
meyer, B. 20, 2920). 

Ethyl ether EtA'. (116° i.V.). Formed 
from AcCl and NaSEfc (Saytzeff, Z. [2] 4, 642 J 
Beckmann, J.pr. [2] 17, 461). Formed also from 
PhOAo and NaSEt (SeiffeH, J. pr . [2J 31, 468). 
Colourless liquid, with alliaceous odour. Oxi- 
dised by AgMn0 4 to acetic acid and ethane sul- 
phonic acid. 

n-Propyl ether PrA'. (136°). 

Isopropyl ether PrA'. (126°). 

Isobutyl ether CH^PrA'. (149°). 

Anhydride v. Acetyl sulphide. 

Thio-acetic acid CH,.CS.OH. 

Amid e v, Thioacetamide. 

Aniliae CH 3 .CS.NHPh. [75°]. Formed 
from CH a .CCl:NPh and H 2 S (Leo, B. 10, 2134). 
Prepared by heating acetanilide with P 2 S 4 at 
100° (Hofmann, B. 11, 839 ; Jacobsen, B. 19, 
1071). Yellowish needles (from water). Sol. 
NaOHAq and reppd. by acids. On oxidation 
with alkaline K a FeCy„ it yields ethenyl-amido- 
phenyl mercaptan. Mel forms C^HgNSMel or 
(GH„.CS.NPhMe)HI [139°], which yields an 
aqueous solution from which AgNO* at once 
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jppts. Agl, and which is converted by AgCl into 
JO.HpNSMeOl, whence (CgH^NSMeClJ^PtC^ may 
be got (Bernthsen, A. 192, 56). NaOEt forma 
»CH8.C(SNa):NPh, whence Mel yields the ether 
CH„.C(SMe):NPh (245°) (Wallach a. Bleibtreu, 
B . 12, 1061 ; IB, 629), which iB decomposed by 
Mel at 100° into methyl thioacetate and methyl- 
aniline. NaOEt and EtBr yield the correspond- 
ing CH r G(SEt):NPh, a heavy oil, insol. alkalis, 
split up by warm HClAq into thioacetic ether 
and aniline. * Ethyl-iso-thioacetanilide * yields 
,(C 10 H l ,NS) 2 H 2 PtOl 6 . 

Methyl anilide CH a .CS.NMePh. [59°]. 
.(290°). Formed from AcNMePh and P 2 S 6 (Wal- 
lach, B. IS, 628). Monoclinic tables, v. sol. 
alcohol. 

o-Toluide CH fl .CS.NHC 7 H 7 . [68°]. Yields 
CH 8 .C(SEt):NC 6 H 4 Me (262°), an oil which reacts 
with bases forming amidines and EtSH. 

p-Toluide [132°]. Yields oily 
<CH 8 .C(SEt):NC 7 H 7 . (273°) (Wallach a. Wiisten, 
B . 16, 147). 

Xylidide OH 8 .CS.NHC B H 3 Me 2 . [80°] (G.); 
[95°] (Jacobsen). Formed by heating acetyl- 
xylidine with P 2 S 8 on the water-bath (Grudeman, 
B* 21, 2561). 

th Cumidide CH,.CS.NHC a H 2 Me 8 . [114°]. 
Prisms (Jacobsen a. Elley, B. 22, 907). 

(a)-N aphthalide CH 8 .CS.NHC I0 H 7 . [96°1. 
Tables. Formed from naphthyl-acetamidine 
and CS 2 (Bernthsen a. Trompetter, B. 11, 1760). 

(&)-N aphthalide. [146°]. Needles or plates 
(Jacobsen, B . 21, 2627). Oxidised by K^eCy. 

-to C, A<g >CMe [81°]. 


Tri-thio -ortho-acetic acid CH 8 .C(SH) 8 . 
Ethyl ether CH 3 .C(SEt) 8 . Formed from 
.mercaptan, CHClg, and NaOH at 100° (Laves, 

B. 25, 354). Brownish liquid. Oxidised by 
KMn0 4 and H 2 S0 4 to the trisulphone. 

Benzyl ethei CH a .C(SC 7 H 7 ) 8 . [46°]. 
Formed from benzyl mercaptan, CHCl f , and 
(2 p.c.) NaOHAq (Laves). Crystals, v. sol. 
CHC1 3 , m. sol. alcohol. 

THIO-ACETIC ALDEHYDE. On passing 
H 2 8 into an aqueous solution of aldehyde, crude 
thioacetic aldehyde separates as an oil, which 
solidifies at -8°, and then melts at -2°. This 
oil [V.D. 60 (H=»l)] is a mixture of thioacetic 
aldehyde and its polymerides, and may be repre- 
sented, in a state of vapour, as C 2 H 4 S + C„H 12 S 8 
-(Pinner, B. 4, 258 ; Klinger, B. 9, 1893 ; 10, 
1877 ; 11, 1023). On distillation, or on passing 
.HOI through the liquid, it is converted into the 
polymeric tri-thio-tri-acetic aldehyde. 

Tri-thio-tri-acetic aldehyde C y H,.,S s . Mol. 
w. 180. [46°]. V.D. 89*7 (calc. 90) (Hof- 
mann, B. 3, 589; Z . [2] 6, 699). Formed by 
passing RJ3 into an acid solution of aldehyde 
(Klinger ; cf. Weidenbusch, A. 66, 152 ; Crafts, 

C. B . 64, 1279). Formed also from paraldehyde 
and H 2 S. White needles, boI. alcohol and ether. 
Smells like garlic. AgN0 8 added to its alco- 
holic solution forms crystalline CyH^S^AgNOg. 
• Chlorine forms ethylidene chloride (Pinner, A . 

179,21). KMn0 4 oxidises it to CH 8 .CH(SO a H) 2 
and oxysulphides, including C fl H, 3 S 8 0 8 [217°], 
which crystallises from hot water in needles 
(Guareschi, A. 222, 301) Zinc permanganate 
rproduces C 0 H 12 S,O i; which does not melt below 


245°, CgHjjjSjOj [112°-116°], and C«H i4 S 8 0 4 
[228°-231°] (cf. Baumann, B. 26, 2074). 

(a) -Tri-thio-tri-acetic aldehyde C 8 H 12 S 8 ix. 

[102°]. (247°). V.D. 6 

(air ** 1). Formed by the long-continued action 
of H 2 S on a mixture of equal parts of water, oonc. 
HClAq andaldehyde. Long prisms (from acetone). 
Reduced by HI to Et 2 S 2 . Oxidised by KMn0 4 
to C d H, 2 S a 0 4 [284°] (S. 1 at 100°; *116 at 

20°), and 0.H 12 S,O, or C,H 4 <|g-%g;>S0 2 , 

which softens at 340° and is converted by 
Mel into CgH, 8 S 8 O fl [302°]. Yields crystalline 
C 6 H, 2 S a AgN0 8 and C„H 12 S 8 3AgN0 8 . 

(0) -Tri-thio-tri-acetic aldehyde C a H l2 S 8 . 
[126°]. (247°). V.D. 6*0. Formed by the ac- 
tion of AcCl or H 2 S0 4 on its (a) - isomeride. Pre- 
pared by passing H 2 S into a mixture of aldehyde 
(1 pt.) and alcohol previously saturated with 
HC1 (3 pts.) (Baumann a Fromm, B. 22, 2600 ; 
26, 2074). Long needles (from alcohol). Oxidised 
by KMn0 4 to the same sulphones as the (a)- 
isomeride. Reacts with Mel, yielding SMe 8 I. 
Distillation with Cu forms ^-butylene. Forms 
crystalline C^H^SaAgNOa andO B H l2 S 8 3AgN0 8 . 

( 7 )-Tri-thio-acetio aldehyde C a H,.,S 8 . [76°]. 
(242°). Formed, together with C 6 H 9 NS 8 , by 
boiling thialdine sulphocyanide with water 
(Marckwald, B. 19, 1827 ; 20, 2817). Needles 
(from alcohol), insol. water, v. sol. ether and 
CS.J. Volatile with steam. Sol. cone. H 2 S0 4 
and reppd. by water. When mixed with EtI 
(4 pts.) and left for some weeks it suddenly 
changes to a crystalline mass of the (8) -iso- 
meride. C a H 12 S 8 3AgN0 8 . Plates, v. sol. water. 
Yields Ag 2 S on boiling with alcohol. 

4 Di - thialdehyde thiocarbimide * 
C 5 H„NS 3 . [138°]. Formed as above. Needles, 
m. sol. ether. Yields C ft H 9 NS 3 AgN0 8 v. sol. 
water, and (C^HpNS^jfPtC^. 

Di-thio-acetic orthoaldehyde. Ethyl 
ether CH a .CH(SEt) 2 . Formed by passing HC1 
into a mixture of acetic aldehyde and EtSH 
(Baumann, B. 18, 884). Mobile oil. 

THIOACETIC ANHYbBIDE v . Acetyl sul- 

PHtDE. 

THI0- ACETONE *CH 8 .CS.CH 8 . A product 
of the action of H 2 S on acetone, and formed also 
when CMe 2 (SEt) 2 is heated above 160 J (Bau- 
mann a. Fromm, B . 22, 2592). Volatile oil, 
with very persistent and disagreeable smell. 
Unstable. 

Duplo-thioacetone C„H 12 S 2 i.e. 8<^®p>S. 

V.D. 5*08 (calc. 5T1). (184° cor.). Formed by 
heating acetone with P 2 S 8 at 126° ( Wislicenus, Z. 
[2] 5, 324; Autenrieth, B. 20, 375). Formed 
also by heating tri-thio -tri-acetone at 200° for 
some time (Fromm a. Baumann, B. 22, 1043). 
Oil. Its alcoholic solution gives a white pp. 
with HgCl*. Reduced by sodium-amalgam to 
isopropyl mercaptan (Spring, Bl. [2] 40, 69). 
Oxidised by a 5 p.c. solution of KMn0 4 to the 

disulphone S0 2 <C^p>S0 2 [220°-225°]. 
Tri-thio-tri-aoetone C 9 H 18 S 8 i.e. 

s<cm£s> 0M( * f 24 ° ] - < 180 ° at 16 mm.). 
Formed, together with Oi ? H m S 4 [171°], by pass- 
ing H 2 S into a cooled mixture of acetone and 
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* cone. HClAq (Fromm a. Baumann, B. 22, 1037, 
2597). Needles (from alcohol) ; insol. water, v. 
sol. alcohol and ether. Boils, with much de- 
composition, at 225°~230°. Gives a white pp. 
with HgGlj and a yellow pp. with lead acetate. 
Potassium permanganate and 11,80, yield the 

trisulphone SO,<0^|£*>OMe, [302°] and 

S <CMe!:S0 2 > CMea £208°]- 

Duplo-di-thio-acetone (Me 2 CS 2 ) 2 . [98°]. 

(o. 243°). Formed from acetone and yellow 
ammonium sulphide in the cold (Willgerodt, B. 
20, 2467). Dimetric crystals, a:c - 1: *868, insol. 
water. Partially decomposed on distillation. 

Di-thio-orthacetone. Di-ethyl ether 
CMe 2 (SEt) r Acetone-ethyl-mercaptol. (191°). 
Formed by passing dry HC1 into a mixture of 
acetone (1 pt.) and mercaptan (2 pts.) (Baumann, 
B. 18, 887). Liquid. 

Di-phenyl ether CMe 2 (SPh) 2 ; v. Di- 
phenyl-prop ylidene disulphide. 

THI0ACET0NURAMIC ACID v. Aoetonyl 

TH IOC ARB AMATE . 

THIO - ACETOPHENONE C 6 H 5 .CS.CH 3 . 
[119*5°]. Formed by the action of alcoholic 
ammonium sulphide on acetophenone (Engler, 
B. 11, 930). Colourless leaflets or needles, 
insol. water, si. sol. alcohol, v. sol. ether. May 
be sublimed. 

THIO-ACETYL-TOLUIDINE v. Toluide of 
Thio-acetic acid. 

THIO-ALLOPHANIC ACID. Ethyl ether 
C 4 H 8 N 2 S0 2 i.e . NH 2 .CO.NH.CO.SEt. [180°]. 
Formed by heating urea with Cl.CO.SEt at 
80°-90° (Peitzsch a. Salomon, J.pr. [2] 7,477). 
Pearly needles (from water), v. si. sol. cold 
water and alcohol. Aqueous NH a at 100° forms 
biuret and mercaptan. Boiling baryta-water 
gives allophanic acid and mercaptan. Aniline 
yields di-phenyl-biuret and mercaptan. 

Isoamyl ether NH2.CO.NH.CO.SCjH,,. 
[176°]. Needles (Schone, J. pr. [2] 32, 251). 
AcCl yields an acetyl derivative [85°]. 

Phenyl ether [218°] (Gattermann, A . 
244, 43). 

Isothio-allophanic ether NH 2 .G8.NH.C0 2 Et. 
[170°-175°]. Formed by the action of thio-urea on 
COCl.COaEt (Peitzsch, B. 7, 896). Prisms (from 
alcohol). 

Di-thio-allophanic ether NH 2 .CS.NH.CO.SEt. 
Formed from KSCy, alcohol, and HC1 (Blan- 
kenhorn, J. pr. [2] 16, 358). Pearly prisms, 
in sol. cold water, sol. hot ether. Alcoholic NH S 
at 150° forms thio-urea. Baryta-water yields 
mercaptan, C0 2 , and thio-urea. 

DI-THIO-AMMELIDE C*H 4 N 4 S 2 i.e . 
C 3 N 3 (NH 2 )(SH) 2 . 8. *3 at 100°. Formed by boil- 
ing pseudosulphocyanogen C,HN 8 S 3 with KSH or 
ammonium sulphide solution (Jamieson, A. 59, 
339 ; Ponomareff, J. R. 8, 222). Small needles, 
nearly insol. cold water, alcohol and ether, v. sol. 
aqueous ammonium sulphocyanide. Acid in re- 
action, decomposing carbonates. 

Reactions. — 1. Yields cyanuric acid when 
heated with HClAq.- 2. NH 3 Aq forms melamine 
C 8 H 8 N a by heating in a sealed tube. 

Salts.— NaHA'lJaq. Tables.— KHA"2aq. 
White prisms, v. e. sol. water and alcohol. — 
UgH^'^aq. - CaILA" 8 2aq. - BaH*A" 2 5aq.- 
:BaH*A" 2 6aq. Monoclinic crystals, si. sol. cold 


water.— SrH 2 A" 2 4aq.— AgHA". Flooculent pp., 
insol. water. 

Methyl ether CgN^NH^SMe)*. [200°]. 
Formed by heating C 3 N 3 (SMe) 3 with alcoholic 
NHj for five hours at 100° (Hofmann, B. 
18, 2756). Trimetric tables, v. bL sol. water, v. 
sol. alcohol. Boiling cone. HClAq forms MeSH, 
cyanuric acid, and NH„.— B'HAuCl*. Needles. 

Ethyl ether Etj^A". [112°]. Formed by 
heating tri-thio-cyanuric ether with alcohol NH* 
at 180° (Klason, J. pr. [2] 33, 298). Trimetrio 
prisms. Converted by acids into ammelide. 

Isoamyl ether (CjH,,)^". [82°]. 

Di - thio - methyl ammelide di - methyl 
ether Cy 3 (NHMe)(SMe) 2 . [175°]. Formed by 
heating Cy 8 (SMe) 8 with aqueous NMeH 2 (Hof- 
mann, B. 18, 2761). Needles or prisms (from 
dilute alcohol). 

THIO-AMMELINE C 3 H 4 N 6 S i.e. 

0 (SH) <n;c(nhJ> n - s - ,77 at 1000 < K ')- 

Formed by adding HC1 to an aqueous solution 
of dicyan-diamide and ammonium sulphooyanide 
at 100° (Bathke, B. 18, 3106 ; 20, 1059 ; 23, 
1675). Formed also from C 9 N g (NH 2 ) 2 Cl and KSH 
(Klason, J. pr. [2] 83, 296) and by heating 
if'-sulphocyanogen with cone NHj,Aq at 100° 
(Ponomareff, C. R . 80, 1384). Needles, si. sol. 
hot water, v. sol. acids and alkalis. Yields a 
canary -yellow pp. on boiling with ammoniaoal 
Cu S0 4 . Cone. HClAq at 130° yields cyanuric acid, 
H 2 S, and NH s . Ethylene bromide forms crystalline 
C 5 H 7 N a SHBr. Cone. NHjAq at 200° forms 
melamine. Boiling NaOHAq yields ammeline. 
Ammoniacal silver nitrate ppts. C»H 4 N 3 SAg and 
C,H 8 N 6 SAg 2 . Bromine added to a solution of 
thio-ammeline in HBrAq forms S 2 (C 8 N 8 (NH 2 ) 2 ) 2 , 
which dissolves in alkalis, and is split up by 
boiling with acids into ammeline, thio-ammeline, 
and S. 

S a 1 1 8.— B'HNOg. Needles.— B' 2 H 2 S0 4 8aq. 

— B' 2 H 2 C 2 0 4 aq. Needles, v. si. sol. cold water. 

Methyl ether MeA\ [268°]. Formed by 
heating tri-methyl tri-thiocyanurate for five 
hours with cone, alcoholic NH S at 160° (Hofmann, 
B. 18, 2757). Tables (from water). — B'jtHjPtGl*. 

Ethyl ether EtA'. [165°]. 

I so amyl ether CjH„A'. [178°]. 

Reference. - Tri-phenyl-thio-ammeline. 

THIO -ANILINE v. Di-amido-di-phenyl sul- 
phide. 

THI0ANIS0IC ACID (bo called) C lo H 14 S0 4 . 
Got by boiling anefchol with HNO, (S.G. 1*1), dis- 
tilling the product and shaking the fraction 215°- 
245° with cone. NaHSO s Aq and some alcohol 
(Stadeler a. Wachter, A. 116, 163). Crystalline 
(containing 2aq), v. e. sol. water, alcohol, and 
ether. — NH 4 A'aq. — NaA'aq. 8. 15 in the cold. — 
BaA' 2 3aq. 8. 8*5 in the cold.— CaA' 2 2aq. — 
MgA'j 5aq.— AgA'. Plates, m. sol. water. 

THIOKENZ AMIDE v. Amide of Thiobbnzoio 

ACID. 

(a)-THIO-BENZOIC ACID C tt H s .CO.SH. MoL 
w. 138. [c. 24°]. 

Formation.— 1. From BzCl and alcoholic 
K>S (Engelhardt a. Latschinoff, Z . [2] 4, 353). — 
2/ By boiling EtOBz, PhOBz, and BzjO with 
alcoholic KSH. 

Properties.— Yellow oil or white crystalline 
mass with unpleasant smell, volatile with steam. 
Decomposed by distillation. Y. sol. alcohol and 
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ether. Its solutions, when exposed to air, de- 
posit crystals of Bz 2 S 2 . Nitric acid also oxidises 
it to benzoyl disulphide. A neutral solution 
gives with CuS0 4 a greenish-yellow pp., turning 
bright red ; the pp. then containing Bz 2 S 2 . 

Salts. — KA'. Large prisms (from alcohol), 
v. sol. water. — NaA'. — BaA' 2 sraq. Laminae (from 
alcohol). — PbA' 2 . — AgA'. Yellowish-white pp. 

Methyl ether C fl H 5 .COSMe. (232°). 
Formed from Pb(SMe) 2 and BzCl (Obermeyer, B. 
20,2922). 

Ethyl ether EtA'. (243°). Formed by the 
action of BzCl on Pb(SEt) 2 in presence of ether 
(Tiitscheff, Peter sb. Acad . Bull . 5, 295), and got 
also by boiling AgA' and EtI, and from PhOBz 
and NaSEt (Seiffert, J. j pr. [2] 31, 471). Oil, 
with unpleasant smell, sol. alcohol and ether. 
Boiling alcoholic KOH forms KOBz and KSEt. 
Alcoholic KSH yields KSBz and KSEt. Oxidised 
by AgMn0 4 to benzoic and ethane sulphonic acids 
(Beckmann, J. pr. [2] 17, 464). 

Isoamyl ether C 5 H,,A'. (271°). 

Phenyl ether PhS.Bz. [66°]. Formed 
from phenyl mercaptan and BzCl (Schiller a. 
Otto, B. 9, 1635). Needles (from benzene). 

Di-nitro-phenyl ether CJE^NOJaA'. 
[113°]. Formed from (a)-chloro-m-di-nitro- 
benzene, alcoholic KSH, and BzCl (Willge- 
rodt, B. 18, 328). Needles (from alcohol). 

Benzyl ether C 7 H 7 A'. [39*5°]. Formed 

from benzyl mercaptan and BzCl (Otto a. Liiders, 
B . 13, 1285). Triclinio crystals, yielding 

PhCH,.SO,,H on oxidation. 

p -Toly l ether C 7 H 7 A\ [75°] (S. a. O.). 

Anhydride v. Benzoyl sulphide. 

(/31-Thio-benzoio acid C a H ft .CS.OH. Formed 
by boiling thiobenzoic aldehyde with nitric acid 
(S.G. 1*3) (Fleischer, A. 140, 234). Needles 
(containing *aq), sol. alcohol and benzene. More 
sol. hot water than benzoic acid. When heated 
strongly it blackens without melting. — BaA' 2 4aq. 
Small nodules, v. sol. water and ppd. by aloohol. 

Amide C B H ? .CS.NH 2 . Thiohenzamide. [116°]. 
Formed by passing H 2 S into an alcoholic solution 
of benzonitrile containing a little NH S , and 
heating on a water-bath (Cahours, C. B. 27, 329 ; 
Bernthsen, B. 10, 1241 ; A. 192, 49 ; Gabriel a. 
Heymann, B. 23, 157). Formed also by heating 
benzylamine (2 mols.) with S (1 mol.) at 180° 
(Wallach, A. 259, 304). Long needles (from hot 
water). Decomposed by HgO, yielding HgS and 
benzonitrile. Sodium-amalgam acting on its 
alcoholic solution forms amorphous thiobenzoic 
aldehyde, benzonitrile, benzylamine, and benzoic 
aldehyde. Iodine added to its alcoholic solution 
reacts with formation of di-benzenyl-azo-sulphim 

^Hs.C^^^C.CaHj, crystallising in long 

colourless needles [90°] converted by boiling 
HJSO* into a base G 14 H 14 N 2 [71°], which yields 
B'jjHgPtClg (Hofmann, B. 2, 645 ; B. 25, 1587 ; 
Wanstrat, B. 6, 335). Zinc and HC1 reduce thio- 
benzamide in alcoholic solution to benzylamine. 
Hydroxylamine forms C # H 4 .C(NOH).NH 2 . 
Ethylene bromide at 100° forms the compound 
CAfS.CfNHJCJHJ^HBr r233°] decomposed by 
boiling water into G 2 H,(SBz) 2 (Gabriel a. Hey- 
mann, B. 24, 783). Chloral (1 mol.) forms, on 
warming, a compound CJH^ClsNSO or 
C«H|.C8.NH.GH(OH).CCl a (?) crystallising in 


silky plates [104°], si. sol. water, v. sol. alcohol 
(Spica, G. 16, 182). 

Anilide G H H 5 .CS.NHPh or CJH 5 .G(SH) :NPh. 
Thiobenzamlide. [102°]. Formed by the action 
of P 2 S 5 (1 pt.) on benzanilide (2 pts.), and by 
heating phenyl-benzamidine or s-di-phenyl- 
benzamidine CPh(NPh)(NPhH) with H 2 S or with 
CS 3 (Bernthsen, B. 11, 503 ; A. 192, 81). Formed 
also by passing H 2 S into a solution of 
C fl H s .CCl:NPh in benzene (Leo, J3. 10, 2183), and 
from benzophenone oxim and P 2 S 5 (Dodge, A . 
264, 184). Obtained by heating benzyl-aniline 
(1 mol.) with S (2 at.) at 220° as long as H,S 
escapes (Wallach, A . 259, 801). Thin prisms 
(from EtOAc), nearly insol. boiling water, v. sol. 
alcohol and ether. Y. sol. KOHAq. Converted 
into benzanilide by heating with dry PbO or 
with aloobolic potash at 150°. Yields benzenyl- 
o-amido-phenyl -mercaptan on dry distillation, on 
heating with S, and also on treatment in alkaline 
solution with K^eCy*, (Jacobsen, B. 19, 1068). 
Hydroxylamine yields C w H v C(NOH).NHPii. 

o-Toluide CJHg-OS.NfiLO.H4Me [1:2]. [86°]. 
Formed by melting BzNHC fl H 4 Me with P 2 S s 
(Stieglitz, B. 22, 3160). Yellow, six-sided prisms 
(from benzene). Hydroxylamine in alcohol forms, 
on heating, C a H v C(NOH).NHC 7 H 7 [147°], crys- 
tallising in needles. 

p-Toluide. [129°]. Formed in like manner 
(Mhller, B. 22, 2405), and alBo by the action of 
H 2 S on C fl H 5 .CCl:NC 7 H 7 (Leo, B. 10, 2134 ; 
Pfitzinger a. Gattermann, B. 22, 1065), and by 
heating j>tolyl-benzamidine with CS 2 (Bernth- 
sen a. Trompetter, B. 11, 1759). Long yellow 
needles, insol. water, v. sol. alcohol, ether, and 
NaOHAq. 

Xylide Cja ft .CS.NHCja 8 Me 2 . [90°]. Formed 
by heating the benzoyl derivative of (4,2,1)- 
xylidine with P 2 S 5 (Gudeman, B. 21, 2552). 
Small needles (from alcohol). Oxidised by 

KjFeCy. to oily C a H 2 Me a <^g^>CPh. 

Di-phenyl-amide C a H 5 .CS.NPh 2 . [151°]. 
Triclinic crystals (Bernthsen, A. 192, 37). 

(a) Naphthalide v . vol. iii. p. 474. 

Di-thio-benzoic Acid C tf H v CS.SH. Formed 
by adding an alcoholic solution of K 2 S to- 
C a H 5 .CCl„ (Engelhardt a. Latschinoff, Z . [2] 
4, 455 ; Klinger, B. 15, 862). Heavy, red oil, v. 
sol. alcohol and ether. Its dilute ethereal solu- 
tion is crimson. Besinifies when exposed to air. 
— - PbA' 2 . Thin orange-red needles (from alcohol 
or xylene). — HgA'j. Golden plates (from alcohol). 
— AgA'. Brown pp., insol. water and benzene. 

References. — Oxy-thio-benzoio acid and 
Amido-thio-benzamide. 

(a)-THIO-BENZOIC ALDEHYDE C.H..CHS. 
Benzylidene sulphide. Formed by passing 
H 2 S into an alcoholic solution of benzoic 
aldehyde (Laurent, A. Ch. [3] 1, 292 ; Klinger, 
B. 9, 1895 ; 15, 863 ; Bdttinger, B. 12, 1056), 
or of hydrobenzamide (Cahours, G. R. 25, 457). 
White amorphous powder, softening at 85°, de- 
composed at a higher temperature. Insol. water 
and cold alcohol, v. e. sol. benzene and chloro- 
form. Does not combine with KHSO., or HCy. 
Potash-fusion yields benzyl mercaptan. On 
heating with copper it forms CuS and s-di-phenyl- 
ethylene. Alcoholio KSH on heating forma. 
Ph.CS.SK and di-benzyl disulphida. Thiogly- 
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oollio acid forms G 6 H g .0H(S.CH a .C0 2 H) a [124°] 
(Bongartz, B. 21 , 479). 

(£)-Thio-bensoio aldehyde (G g H s .GHS)x. 
[225°]. Formed from the (a)- isomeride by 
treatment with AcGl, EtI, or a little iodine in 
benzene (Klinger, B . 10, 1877). Prepared by 
passing H 2 S into a mixture of benzoic aldehyde 
and alcoholic HOI (Baumann a. Fromm, B. 22, 
2604). Needles. Crystallises from benzene as 
(GyBfgS^CflH*, and gives off its benzene at 130°- 
140°. V. sol. hot HOAc, m. sol. alcohol. On 
heating with copper-powder it yields CuS and 
di -phenyl-ethylene. An oily compound 
(OASJjjBLjS is formed, together with benzyl di- 
sulphide and di-thio-benzoic acid, by the action 
of alcoholic KSH on benzylidene chloride 
(Klinger, B . 15, 864). This compound yields 
benzoic acid on treatment with dilute HNO,. 

( 7 )-Thio-benzoic aldehyde C e H a CHS. [167°]. 
Occurs in the benzene mother-liquor in the pre- 
paration of the (#)• isomeride (B. a. F.). Small 
pointed needles, much more sol. benzene and 
chloroform than the (^-modification, si. sol. 
alcohol and ether. Its crystals do not contain 
benzene of crystallisation. By adding iodine to 
its solution in benzene it is changed to the 
(£)- isomeride. 

Thio-benzoic orthaldehyde C 8 H 5 .CH(SH) 2 . 

Methyl ether O fl H 5 .CH(SMe) 2 . Formed by 
passing HC1 into a mixture of benzoio aldehyde 
and MeSH (Bongartz, B. 21, 487). Oil. Oxi- 
dised by KMn0 4 to C 8 H v CH(S0 2 CH,) a [163°]. 

Ethyl ether C 6 H 5 .0H(SEt) r Oil (Bau- 
mann, B . 18, 885). 

p-Bromophenyl ether 
C tf H,.CH(SC a H 4 Br) 2 . [80°]. Silky needles (Bau- 
mann, B. 18, 885). 

Reference . — Nitro-thio-benzoig aldehyde. 

THIO-BENZOPHENONE C fl H 5 .CS.C fl H 5 . 
Formed by heating CSC1 2 (5g.) with benzene 
(25 g.) and A1C1, (9 g.) (Bergreen, B. 21, 337). 
Reddish-brown oil, v. sol. ether, benzene, and 
hot alcohol. Decomposed by distillation. Re- 
acts with hydroxylamine, forming PhgCrNOH 
and with phenyl-hydrazine, with production of 
CPh 2 :N 2 HPh. 

Thio - benzophenone (CSPh 2 ) x . [146*5°]. 
Formed from CCl 2 Ph 2 and K 2 S (Engler, B. 11, 
922). Small white needles. Converted by CrO,, 
and HOAo into benzophenone. Does not react 
with hydroxylamine or phenyl-hydrazine. 

THIO-BENZOYL-(«)-NAPHTHYLAMINE v. 
voL iii. p. 474. 

THIOBENZPINACONE C M ELS 2 t.e. 
CPh 2 (SH).OPh 2 (SH) or CPbiH.S.S.GPhgH. 
[151°]. Formed from benzophenone by the 
action of alcoholic ammonium sulphide (Engler, 
B . 11, 922) or P a S 6 (Japp a. Rosohen, C. J . 49, 
479), and, together with thiobenzophenone, by 
the action of KSH on O e H ft .CCL r C d H a (Behr, B. 
3, 970). Formed also by the aotion of alcoholic 
KSH on (C a H 4 ) 2 CHCl, and of P 2 S g on di-phenyl- 
carbinol. Slender needles (from alcohol), v. sol. 
CS 2 . In alcoholic solution it is converted by 
finely-divided copper into tetra-phenyl - ethane 
CHPh-.CHPh,. 

THIO-BIUEET C 2 H 6 N,OS. Formed by boil- 
ing carbimido-urea (‘ amidodicyanic acid ’) 
with ammonium sulphide (Wunderlich, B. 19, 
452). Needle* (containing aq). Sol. hot water 
and alkalis, v. si. sol. ether. Gives a white pp 
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with copper salts. By ammoniacal AgNO, it is 
converted back into carbimido-urea. 

THIO-BUTYRIC ACID C 4 H g SO i.e. 
0H,.CH 2 .CH a .C0.SH. (130°). Formed by dis- 
tilling butyric acid with P 2 S 5 (Ulrich, A. 109, 
280). Liquid with disgusting smell, v. si. sol. 
water, v. sol. alcohol. — PbA' 2 , Small crystals 
(from hot water). 

Thio-isobutyric acid. Methyl ether 
C g H 10 SO i.e. Pr.CO.SMe. (o. 142°). V.D. 57*5. 
Formed from Pb(SMe) a and isobutyryl chloride 
(Obermeyer, B. 20, 2922). Oil. 

THIO-ISOBUTYRIC ALDEHYDE PrOHS. 
(70°-90°). A produot of the aotion of S on 
isobutyrio aldehyde at 180° (Barbaglia, G . 18, 
85). Oil. 

(a)-THIO-CARBAMIC ACID NH a .GO.SH. 
This acid, set free by adding aoids to a solu- 
tion of its ammonium salt, splits up at onoe into 
COS and ammonia. The ammonium salt 
NRj.CO.SNH4 is prepared by passing gaseous 
COS into alcoholic NH a (Berthelot, J. 1868, 160) 
or into NH,Aq at 0° (Schmidt, B. 10, 191; 
Kretzsohmar, J.pr. [2] 7, 474). It forms colour- 
less crystals, v. e. sol. water, m. sol. aloohol, 
insol. ether. The dry salt becomes yellow in air, 
forming ammonium sulphocyanide. The dry 
salt forms thio-urea when heated in a sealed 
tube at 135°. Thio-urea is also formed when 
Pb(OH) a is added to its cold aqueous solution. 
HgO forms, in the cold, ammonium cyanate 
(Fleischer, B. 9, 488). Water at 100° forms 
NH 4 SH and (NH 4 )HC0 8 . FeCl, gives a red 
liquid, and finally a red pp. (Mulder, A. 168, 
228). 

Methyl ether NH,.CO.SMe. [c.98°]. 
Formed, together with a email quantity of the (j8)- 
isomeride, by adding HC1 to a solution of potas- 
sium sulphocyanide in boiling MeOH (Blanken- 
horn, J. pr . [2] 16, 375). Monoclinic prisms 
(from ether). Decomposed by alcoholic NH a 
into MeSH and urea. Aniline at 100° forms 
MeSH, s-di-phenyl-urea and NH 3 . 

Ethyl ether NH 2 .CO.SEt. [102°] (Pinner, 
B. 14, 1083); [108°] (F.). Formed in like 
manner (B.) and also by passing NR, into 
Cl.CO.SEt (Salomon, J. pr. [2] 7, 256) and by 
the action of EtBr on NH 2 .CO.SNH 4 (Fleischer, 
B. 9, 991). Plates, v. sol. hot water, alcohol, 
and ether. Decomposed at 150° into mercaptan 
and cyanuric acid. P 3 O a converts it into ethyl 
sulphocyanide. 

Isoamyl ether CO(NH 2 ).SC 5 H n . [107°]. 
From CO(SC 4 H n )Cl and NHj (Schdne, J.pr. [2] 
32, 247). Glittering plates (from ether). Sol. 
hot water, but decomposed by boiling water. 
Gives amorphous pps., insol. water, aloohol, and 
ether with AgNO,, HgC^ and PtCl 4 . 

Reactions .— Alcoholic NH, forms urea and 
amyl mercaptan. — 2. Alcoholic KOH form* 
K a CO„ NH, and amyl mercaptan. — 8. Heated 
with anilin* it forms NH„ HSC 4 H n , and di- 
phenyl-urea. 

(/3)-Thio-carbamio acid NH a .CS.OH. 

Methyl efksrNHg.C8.OMe. [43°]. Formed 
by the action of alcoholic NH, on MeO.GS.SMe 
or on MeO.CS.SEt (Salomon, J. pr . [2] 8, 116). 

Ethyl ether NH a .CS.OEt. Xanthogenamide . 
[88°]. Formed by the action of NH, on xantho- 
genic ether EtS.CS.OEt, on MeS.CS.OEt, and on 
(EtO.CS) a S a (Debus, A. 72, 1; 76,121 ; 82, 258; 

Y Y 
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Chancel, J. 1851, 518 ; Salomon a. Malntz, 
«T. pr. [2] 8, 114). Monoclinio prisms, si. sol. 
water, miscible with alcohol and ether. De- 
composed on distillation into mercaptan and 
cyanic acid. Boiling KOHAq resolves it into 
alcohol and potassium sulphocyanide. P 2 0 5 
forms ethyl sulphocyanide (Conrad, J. pr. [2] 
10, 84). Nitrous acid passed into water con- 
taining xanthogenamide in solution forms 
crystalline C a H 10 N 4 SO2. CuS0 4 followed by 
HClAq ppts. OaHjNOSCuClas a white crystalline 
powder, nearly insol. water, sol. hot alcohol. 
Compounds of CuCl with 2, 8, and 4 mols. of 
xanthogenamide may be obtained. KI added to 
a boiling alcoholic solution of (C.,H 7 NOS)3CuCl 
forms crystals of (C 8 H 7 NOS) 2 CuI and 
(C 8 H 7 NOS) a CuI. Compounds (CgH/NOSUCuSCy 
and C a H 7 NOSCuSOy may also beprepared (Debus) . 
Isovaleric aldehyde in presence of HC1 and alco- 
hol forms C 1 H 9 .CH(NH.CS.OEt) 2 [108°] (Bischoff, 
B. 7, 1083). j8 - Iodo - propionic acid forms 
NH 2 .C0.S.CH 2 .CH 2 .C0 2 H [147*5°], which yields 
CaA' 8aq, BaA' s 2aq, and Agjif' (Langlet, B. 24, 
3849). j8-Iodopropionic acid and Ao 2 0 yield 

sinapane piopionic acid CO<^® ^ 

[169°], v. sol. hot water, converted by HgO into 
the mercaptide of jB-thiolactic acid. 

Isobutyl ether NH 2 .CS.OCH 2 Pr. [36°]. 
Tables (from alcohol or ether) (Mylius, B. 5, 
976; Blankenhorn, cT.jpr. [2] 16, 380). 

Isoamyl ether NH3.CS.OC5H,,. Oil 
(Johnson, C. J. 5. 242). 

Di-thio-carbamio acid NH3.CS.SH. Mol. w. 
93. The ammonium salt NH 2 .CS.SNH 4 is 
formed by passing NH S (from 160 ptB. NH 4 C1) 
into 95 p.c. alcohol (600 pts.) containing CS 2 
(96 pts.) (Mulder a. Bettink, J. pr. 103, 178 ; 
cf. Zeise, A. 48, 95 ; Debus, A. 78, 26). It is 
also formed by heating (NH 4 ) 2 CS r On gradu- 
ally adding HClAq to a cooled cone, solution of 
the ammonium salt the free acid separates as 
colourless needles, v. sol. water, alcohol, and 
ether ; acid in reaction. An alcoholic solution of 
the acid gradually decomposes into CS 2 and the 
NH 4 salt. An aqueous solution of the acid de- 
composes on heating into H 2 S and HCyS. The 
di-thio-carbamates also split at 100° into H,S 
and sulphocyanides. An alcoholio solution of 
iodine decomposes NH 2 .CS.SNH 4 , forming 
EtNGS and EtNH 2 (Hofmann, Z. [2] 5, 671). 
Ammonio di-thio-carbamate treated with HC1 
and solution of I gives crystals of the bisulphide 
S 2 (CS.NH*) 2 (Klason, J. pr. [2] 36, 62). FeCl, 
added to a solution of the NH 4 salt gives a black 
pp. turned white by excess. AgNO s gives a 
yellow pp., turning black. A solution of alde- 
hyde forms carbothialdine NH 2 .CS.SN(C 2 H 4 ) 2 . 
Benzoio aldehyde, isovaleric aldehyde, and 
acrolein form analogous bodies. 

Salts . — NH 4 A\ Deliquescent lemon-yellow 
prisms. On heating with KOHAq fc forms KjS, 
KSCy, and NH 8 . — CuA' 2 . Yellow powder, insol. 
water.— PbA' 2 . White pp., blackening on boiling 
with water.—ZnA' 2 : white pp. 

Ethyl ether NH 2 .CS.SEt. Mol. w. 121. 
[42°]. Formed by passing H 2 S under pressure 
into ethyl sulphocyanide at 100° (Jeanjean, J. 
1866, 501 ; Salomon a. Conrad, J.pr» [2] 10, 29). 
Trimetrio crystals (from ether), insol. water, v. e. 
sol. aloohoL Alcoholio NH, or KOHAq in the 


cold forms mercaptan and ammonium sulpho- 
cyanide. 

Isopropyl ether NH2.C8.SPr. [97°]. 
Trimetric plates (Gerlich, A. 178, 82). 

Acetyl derivative of the ethyl ether 
NHAc.CS.SEt. [128°]. Formed by heating 
thio- acetic acid with ethyl sulphocyanide (Ohan- 
laroff, B. 15, 1987). Yellow needles (from alco- 
hol), v. sol. hot water. Decomposed by distilla- 
tion into thio-acetio acid and ethyl sulpho- 
cyanide. Boiling baryta-water forms meroaptan 
and acetio acid. Hot dilute HClAq forms 
NH3.CS.SEt. 

Isothiocarbamic ether v. Di-ethtl- (a) -thio- 
carbonate. Amide. 

THI0-CABB AMIDE v. Thio -urea. 

THI0CABBAMYL SULPHIDE CJEL 4 1X 9 B 9 i.e. 
(NH 2 .CS) 2 S (?) Very unstable oil, got by adding 
HC1 to its ammonium salt. Quickly decom- 
poses into CS 2 , sulphur, B^S, and ammonium 
sulphocyanide. The ammonium salt 
CjH^NHJjNjSg is a product of the action of 
CS 2 on alcoholic NH a in the cold (Zeise, B. J. 4, 
98; Hlasiwetz a. Kaohler, A. 166, 137). It 
forms colourless prisms, v. sol. water, m. sol. 
alcohol, si. sol. ether. The moiBt Balt slowly 
decomposes into HjS and ammonium sulpho- 
cyanide. The ouprio salt CuCjjHgNgS, is 
canary-yellow. 

Thiocarbamyl disulphide C 2 H 4 N 2 S 3 ix. 
(NH 2 .CS) 2 S 2 . Formed by the action of Cl on a 
solution of the ammonium salt of the preceding 
body, and on ammonium di-thio-carbamate 
(Debus, A. 73, 27). Pearly plates, v. sol. hot 
alcohol, insol. water. Decomposed by boiling 
water into CS 2 , ammonium sulphocyanide, 
and S. 

THIOCABBIMIDES. Mustard oils. Com- 
pounds RN:GS. Essential oil of mustard is 
allyl thiocarbimide. They are formed by the 
action of CSC1 2 on primary amines (Ratlike, 
A. 167, 218), and by the action of aqueous 
HgCl 2 on the dithiocarbamates RNH.CS.SNH^R 
obtained by heating primary amines with CS 2 and 
alcohol or ether (Hofmann, B. 1, 171 ; 2, 452 ; 
7, 811; 8, 106; Rudneff, J. B. 10, 188). 
Methyl sulphocyanide is partially converted into 
methyl thiocarbimide by heating at 180°. Allyl 
sulphocyanide changes to the mustard oil on 
boiling. Thiocarbimides are also got by distil- 
ling alkyl cyanates with P 2 S 5 (Michael a. Palmer, 
Am. 6, 258). The thiocarbimides are pungent 
oils. They are reduced by Zn and HClAq to 
amines and CELjS, whereas sulphocyanides yield 
HCy, mercaptans, and other products. Amines 
convert thiocarbimides into thio-ureas; thus 
aniline combines with phenyl thiocarbimide, 
forming s-di-phenyl-thio-urea. Alcoholic potash, 
or alcohol at 100° forms thio-carbamic ethers 
NHR.CS.OEt (Hofmann, B. 2, 117; Schiff, B. 
9, 1316). Water at 200°, or HClAq at 100°, 
forms amine, C0 2 , and H 2 S, while with sulpho- 
cyanides it yields EtjS, C0 2 , and NH*. Cone. 
H 2 S0 4 forms amine and COS. HNO a forms 
amine and CO ? ; whereas with the isomeric 
sulphocyanides it forms a sulphonic acid. Hy- 
droxylamine unites with thiocarbimides, forming 
oxy-thio-ureas NHR.CO.NH.OH (Tiemann, B. 
22, 1939). Chlorine unites with PhN:OS, form- 
ing unstable (PhNCS^Clj, whence boiling water 
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forms (PhNCS)jO [118°], crystallising ir yellow I 126, 269). Pungent yellow oil, with offensive 
needles (Helmers, B* 20, 786). odour. 


THIOCARBIMIDO-ACETIC ACID C 3 H 3 NS0 2 
t.e. 0H 2 (N:CS).C0 2 Hs Formed by boiling thio- 
hydantoin with HOLAq (Volhard, J. pr. [2] 9, 6), 
and by boiling isoamyl sulphocyano-acetate with 
fuming HOIAq (ClaSsson, B. 10, 1352 ; Heintz, 
A. 136, 232). Trimetric plates, y. e. sol. hot 
water. Oxidised by HNO s to H 2 S0 4 and oxalic 
acid. Weak acid. — BaA' 2 aq. Four-sided prisms, 
si. sol. cold water. Benzoic aldehyde and 
NaOHAq (1 mol.) react, forming the compound 
CHPh:C(C0 2 Na).S.C0.NH 2 , which crystallises 
with ljaq and is converted by HOI into 

NH.CO> C:CHPh C 242 °] (Andreasch, M. 10, 73). 

THIOCABBIMIDO-BENZOIC ACID v. m- 

Amido-benzoio acid. 

THIOCARBONIC ACID. 

Thiocarbonates v. vol. i. p. 703. The thio- 
carbonic ethers that have not been treated of in 
former articles are described below. 

Methyl thiocarbonates v. vol. iii. p. 399. 

Methyl iso-dithiooarbonate CO^SMe)^ 
<169°). Formed by warming methyl sulpho- 
cyanide with HUSO* (Schmitt a. Glutz, B. 1, 
166). 

Ethyl thiocarbonates v. vol. ii. p. 520. 

Ethylene thiocarbonates v. vol. ii. p. 493. 

Ethylene di-ethyl di-thio-di-carbonate 
C 2 H 4 (S.C0 2 Et) 2 . Formed by heating G 2 H 4 Br 2 
with KS.COjjEt in alcohol (Welde, /. pr. [2] 15, 
52). Thick oil, converted by alcoholic potash 
into C 2 H 4 (SH) 2 and KO.C0 2 Et. 

Isobutyl di-thio-carbonicacid CH,Fr.O.CS 2 H. 

Salts.— NaA'. Formed from C 4 H„ONa and 
CS 2 . Yellowish white needles, v. e. sol. water 
and alcohol.— KA'. Needles (from alcohol). 
S.G. if* 1-371 (Clarke, B. 11, 1505). Chlorine 
gas passed into its aqueous solution forms oily 
(CH 2 FrO.CS) 2 S 2 (Mylius, B. 5, 976). 

Ethyl ether EtA'. (228°). 

Isobutyl ether OH 2 Pr.O.CS.SCH 2 Pr. 

<249°). S.G. ^ 1-009 (Mylius, B. 5, 975). 

Isoamyl ether CHjPr.O.CS.SC.H.,. 

<265°-270°) (Mylius). 

Isoamyl di-thio-carbonic acid 
C s H u .O.CS.SH. Oil, with unpleasant smell. 

Salts. — KA'. Formed from fusel oil, KOH, 
and OS 2 (Balard, A. Ch. [3] 12, 307 ; Erdmann, 
J. pr. 31, 4 ; Desains, A. Ch. [3] 20, 505 ; John- 
son, C. J. 5, 142). Gives a lemon-yellow pp. 
with CuS0 4 .— PbA' 2 . Plates. Iodine forms oily 
(C 5 H,,O.CS) 2 S 2 . 

Di-isoamyl s-di-thio-carbonate CO(SC 5 H u ) 2 . 
(281°) (Schmitt a. Glutz). 

Cetyl di-thiocarbonate v. voL i. p. 728. 

Iso-butyl-tri-thio-carbonic acid C 4 H B S.CS 2 H. 
Formed from C 4 H fl SNa and CS 2 (Mylius, B. 6, 
316). The Na salt crystallises in yellow needles, v. 
sol. alcohol and ether. 

Isobutyl ether (C 4 H„S) 2 CS. (287°). Got 
by heating aqueous K 2 CS 3 with isobutyl iodide. 
Yellow oil with faint odour. 

Di-isoamyl-tri-tbiocarbonate (C fi H, , S) 2 CS. 
(247°). S.G. *88 (Husemaim, A. 126, 297). Oil, 
with unpleasant smell. 

Di-allyl tri-thio-carbonate (C 3 H 5 S) 2 CS. 
<170°-175°). S.G. *94. Formed from allyl 
iodide and NajCS, in the cold (Huaemann, A. 


THIOCARBONYL - ACETOACETIG ETHER 

CSiOAc.CO-jEt. [156°-162 0 J. Formed from thio- 
carbonyl chloride and aoetoaoetio ether (Ber- 
green, B. 21, 847). Yellow needles* sL sol. ether 
and ligroin. 

THIO - CARBONYL - DI-AMIDO-DI-BENZOIC 
ACID v. wir- A mido-benzoio aoid. 

THIOCARBONYL - BENZOYL - ACETIC 
ETHER CS:CBz.C0 2 Et. [164°]. Formed from 
CSC1 2 and benzoylaoetio ether (Bergreen, B . 21, 
351). Yellow needles, sol. alcohol-chloroform. 

THIO-CARBONYL CHLORIDE t>. Sulpho- 
chloride of Cakbon. 

Thio-carbonyl tetrachloride v. Peb-ohlobo- 

METHYL-MEBOAPTAN. 

THIO - CARBONYL - ETHYL -o - AMIDO- 
PHENOL OA< N ®‘>OS. [112°]. (above 

300°). Formed from ethyl-o-amido-phenol and 
CSC1 2 (Seidel, J. pr. [2] 42, 449, 457). Insol. 
water and dilute NaOHAq, m. sol. cola alcohol. 
HClAq at 170° forms ethyl-amido-phenol, CO,, 

and HjS. PCI, yields O.H,<o>CCl. 

THIO - CAHBONTL • METHYL . AMIDO- 
PHENOL CA< N ®f 6 >0S. [128°]. (above 

300°). Formed by the action of CSC1 2 on methyl- 
o-amido-phenol (Seidel, J. pr. [2] 42, 462). 
Needles, insol. water, si. sol. cold alcohoL 

THIO - CARBONYL - DI - (0) - NAPHTHYL - 

THIO - TJBEA C 10 H r N<^ N — >S. [162°]. 

Formed from di-(0) -naphthyl -tnio-urea and 
CSC1 2 in benzene (Freund a. Wolf, B. 25, 1466). 
Stellate groups of needles, m. sol. hot benzene. 
Melts at 152° with evolution of gas, forming a 
solid melting at 224°. 

THIO-CARBO N YL-DI-p-TOLYL-THIO-DREA 

C 7 H 7 .N:C<^q^^^>CS. [109°]. Formed from 

di-jp-tolyl-thio-urea [172°] and CSG1, in ether 
(Freund a. Wolf, B. 25, 1465). Yellowish needles, 
v. sol. hot alcohol and ether. Converted by HgO 
into carbonyl-di-tolyl-thio-urea [112°]. 

THIOCHRONIC ACID 0^8*0,, U. 
C fl (0H)(S0 4 H)(S0 8 H) 4 . Formed by adding tetra- 
chloro-quinone to a cone, solution of KgSO, 
(Hesse, A. 114, 313 ; Graebe, A. 146, 40). Yellow 
trimetric prisms, v. sol. hot water, insol. alcohol. 
Coloured brownish -red byFeCl,. Reduces AgNO,. 
Converted into hydroquinone disulphonio aoid 
by heating with water at 135°, or by boiling with 
HClAq. 

Euthiochronic acid CgH^O,,, i.e. 
C e (0H) 2 0 2 (S0 3 H) 2 . Di-oxy-quinone disulphomc 
acid. Formed by boiling thiochronio aoid with 
KOHAq. Deliquescent yellow needles, v. sol. 
water and alcohol. Reduoed by tin and HClAq 
to CASyOjo, which yields NajA'^aq and 
N 2 A ,/ 2aq, which are re-oxidised in aqueous solu- 
tion by air to euthiochronates. — Na 4 A lr aq (dried 
at 150°). — K 4 A lT 2aq. Minute lemon - yellow 
prisms, v. sol. water.— K 3 HA i,r aq. Small orange- 
red four-sided prisms.— Ba*A lT 4aq. O chr e- 
yellow pp. — Ag 4 A lv : amorphous pp. 

(a) - THIO - CINNAMIC ACID OH-SO **• 
C 6 H 6 CH:CH.CO.SH. Formed from cinn&moyl 
chloride and Pb(SEt)„ the resulting oily ethei 

Ii2 
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being boiled with alcoholic KSH (Engelhardt, Z. 
[2] 4, 859). — KA'. Crystalline. 

(0)-Thio-cinnamic aoid. Amid e G B H 7 S.NH 2 . 
[112°]. Formed by passing H 2 8 into a solution 
of cinnamic nitrile in alcoholic NH„ (Rossum,iL 
1866, 862 ; Eriiss, B. 17, 1768). Golden plates. 

(a)-THIO-CINNAMIC ALDEHYDE (C 9 H 8 S) 3 . 
{167°]. Formed by passing H 2 S into oil of 
cinnamon dissolved in alooholic HC1 (Baumann 
a Fromm, B. 24, 1452). Crystalline, v. e. sol. 
benzene, si. sol. alcohol. 

(£) -Thio -cinnamic aldehyde (C fl H 8 S) 3 . [213°]. 
Formed at the same time as the (a)-isomeride. 
Prisms, v. si. sol. cold benzene and alcohol. 

Thio - cinnamic orthaldehyde. Phenyl 
ether C fl H 5 CH:CH.GH(SPh) 2 . [81°]. Formed 
by passing dry HC1 into a mixture of cinnamio 
aldehyde and phenyl mercaptan (Baumann, B . 
18, 885). Needles (from ligroin). 

p-Bromo -phenyl ether 
CHPh:CH.CH(S.C 6 H 4 Br) 2 . [107°]. Needles (from 
alcohol or ether). 

Olycollyl ether 

CHPh:CH.CH(S.CH 2 .C0 2 H) 2 . [143°]. Formed 
from cinnamic aldehyde and thioglycollic acid 
(Bongartz, B. 21, 481). Plates (from water). 
Zinc-dust in alkaline solution converts it into 
CHPh:CH.CH 3 .8.CH r C0 2 H [77°], crystallising 
from dilute alcohol in plates. 

TRI-THIO-CITRIC ETHER CftOfCO.SEt),. 
Formed from tri-phenyl citrate and NaSEt in 
presence of ether (Seiffert, J. pr. [2] 31, 470). 
Oil, smelling like mercaptan. 

>CH:CH 

THIO-COUMARIN C a H 4 < | . [101°]. 

M) .CS 

Formed by heating equal parts of coumarin and 
P 2 S 3 at 120° ; the yield is 50 p.c. Also by heating 
o-coumario acid with P. 2 S V Long yellow needles, 
v. sol. alcohol, ether, and benzene ; insol. water. 
Sublimable. By heating with aqueous alcoholic 
EOH it is reconverted into coumarin. Unlike 
coumarin it readily reacts with hydroxylamine 
and with phenyl-hydrazine (Tiemann, B, 19, 
1661). 

THtO-GRESOL v . Tolyl mercaptan. 
THIO-CROCONIC ACID C a H 2 0 4 S, probably 

®^Kc[oh)*CO * Formed saturating a warm 

solution of potassium oroconate treated with 2 
mols. of HC1, with H 2 S.-— BaA" 2aq : brownish- 
fellow amorphous pp., v. sol. dilute HC1, which 
after some time changes to reddish-brown 
orystals with violet reflex, insol. dilute HC1 
/Nietzki a. Benkiser, B. 19, 299). 

THIO-CDMINIC ACID. Amide C 10 H 18 NS 
t.e. C 3 H 7 .C„H 4 .CS.NH 2 . Formed by passing H 2 S 
into a solution of ouminio nitrile in alcoholic 
NHg (Czumpelik, B. 2, 185). Needles, v. sol. 
hot alcohol. Converted in alcoholic solution by 
iodine into O^Ey^S [45°] crystallising in 
prisms (Wanstrat, B. 6, 822). * 

THIODICYANDIAMIDINE v. Guanyl THIO- 
UREA. 

THIOCYANIC ACID v . Sulphocyanic acid. 
THIOCYANO- v. Sulphocyano-. 

DI-THIO -CYANURIC ACID Oy 8 (SH) 2 (OH)aq. 
Preparation . — An alcoholic solution of KCyS 
Is mixed with the calculated quantity of HG1, 
Altered from KOI, and evaporated at 40°. The 
Residue is extracted with strong NH^Aq and 


BaCl 2 is added to the filtrate. The barium salt 
gradually separates in globular crystals (Klason, 
J. pr, [2] 33, 121). Yield, very small. 

Properties. — White scales (from hot water). 
Sol. NaOHAq. A solution of the potassium salt 
gives pps. with AgNO a , HgCl 2 , and Pb(OAc) 2 . 

Reactions. — 1. Gone. HC1 at 180° gives cyan- 
uric acid and H 2 S. — 2. Cold EMn0 4 Aq and hot 
HNOgAq form cyanuric acid.— 3. Iodine forms 
(HOCy 8 )J3 4 as a white crystalline powder. 

Salts. — KBLjA'". Silvery mass of micro- 
scopic prisms. — BaHA"'2aq. 

Tri-thio-oyanuric acid Cy a (SH) s . Formed 
by warming powdered 0 8 N 3 C1 3 (1 mol.) with cono. 
aqueous KSH (4 mols.) (Hofmann, B. 18, 2196 ; 
Klason, J. pr. [2] 38, 116). Minute prisms, when 
ppd. from dilute solutions; amorphous, from 
cone, solutions. Nearly insol. hot water, alcohol 
and ether. Not decomposed at 200°. FeCl 3 
gives no colour in solutions of the acid, but in 
cone, solutions of the K salt it gives a white pp. 
and a yellow solution. 

Reactions.— 1. HClAq at 130° gives cyanurio 
acid and R 2 S.— - 2. Alkaline KMn0 4 at 20° gives 
cyanuric aoid. — 3. Warm HNO„ forms cyanurio 
acid. — 4. At 360° it gives off CS 2 and some 
HCyS and leaves melem C 6 H„N 10 . 

Salt a.— K 3 A'"3aq.--K 3 H 9 A"' 4 6aq.— NaH 2 A"'. 
Crystals, v. sol. water. — BaHA'" 3aq. Yellow 
crystals, ppd. by addition of BaCl 2 and NH s Aq. — 
BaH 4 A'" 2 2aq. Prisms, m. sol. water. — SrHA'" 6aq. 
— CaHA'" 5aq. Prisms, m. sol. water. 

Methyl ether Me ; ,A'". [189°]. Got by 

heating methyl sulphocyanide with a few drops 
of HClAq at 100° (Hofmann, B. 13, 1351 ; 18, 2197, 
2755,2774; 19,2065). Hexagonal crystals. An 
alcoholic solution of ethylamine at 100° forms 
Oy,(NHEt) (SMe) 2 [114°] while at 140° it yielde 
Cy 8 (NHEt) 2 SMe [84°J. Alcoholic NH 3 forms, in 
like manner, Cy 3 (NH 2 )(SMe) 2 and Cy 8 (NR 2 ) 2 SMe. 

Ethyl ether Et s A'". [27°]. (350°). Formed 
from Cy 3 Cl 3 and NaSEt. Colourless tablets (from 
HOAc) converted by alcoholic NH 3 at 180° into 
Cy s (NH 2 )(SEt) 2 [112 c ] (crystallising in trimetric 
forms ; a:b:c=* *669:1: *391, v. sol. ether), accom- 
panied by Cy 3 (NH 2 ) 2 (SEt) [165°], which is insol. 
ether (Klason, J. pr. [2] 33, 298). 

Amyl ether (C 5 H n ) 3 A'". Oil. Yields 
Cy 3 (NH 2 )(SC ft H 11 ) 2 [82°] and Cy 8 (NH 2 ) 2 SC & H n 
[178°]. 

Phenyl ether Ph a A'". [97°]. Prisms (from 
HOAc). 

p-Tolyl ether (C 7 H 7 ),A'". [114°]. 

THIO -DI-ETHYL- ANILINE v . Tetra-ethyl- 

DI-AMIDO-DI-PHBNYL SULPHIDE. 

THIO-ETHYL-COUMAEIN 

[94°]. Formed by heating (o)-ethyl-coumarin 
with P 2 S 5 at 120° (Aldringen, B. 24, 3462). 
Yellowish-red plates, sol. alcohol. May be sub- 
limed. 

THIO-ETHYLENE GLYCOL v. Ethylene 

MERCAPTAN. 

THIO-FORMIC ACID H.CO.SH(?) [120°]. 
Formed by the action of ELjS on lead format* 
(Wdhler, A . 91, 125; Limpricht, A . 97, 361), 
but not from P 2 S a and formio aoid (Hurst, A. 
126, 68). Small transparent orystals (from 
alcohol) with alliaceous odour, insol. water. 
May be sublimed. According to Nicol (Pr. E. 
10 , 425) a solution of thioformio acid, got fromt 
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PbA' ? and H 2 S, rapidly decomposes, yielding 
formic acid. 

Salts. — H.GO.SK, Formed from OHCl 3 and 
alcoholic K 2 S (Niool, T. E. 29, 531). Needles, 
sol. water and alcohol, nearly insol. dilute alco- 
hol. AgN0 8 added to its aqueous solution forms 
a white pp., turning black on standing. HNO s 
yields S and formio acid. HgO also gives formic 
acid. — (H.CO.S) 2 Pb. 

Anilide H.CS.NHPh. Thioformanilide . 
[137°]. Formed from dry phenyl carbamine and 
ELjS (Hofmann, B. 10, 1095, 1238). Formed also 
by passing dry H 2 S over di-phenyl-formamidine 
NPh:CH.NHPh at 150° (Bernthsen, A. 192, 85). 
Prepared by warming formamidine (5 pts.) with 
P 2 S 5 (3 pts.), the yield being 60 p.o. of the theo- 
retical (Hofmann, B . 11, 338). Thin plates 
(from water), partially decomposed on distilla- 
tion into H 2 S and phenyl carbamine. Its solu- 
tion tastes bitter. Decomposed by hot KOHAq 
into aniline, HjS, and formic acid. Heated in a 
sealed tube at 180° it yields C 14 H 12 N 2 S [140°] v. 
pol. alcohol (Nicol, B . 15, 211). NaOEt and EtBr 
yield oily CH(SEt):NPh (c. 235°) (Wallach a. 
Wiisten, B. 16, 145). 

o-Toluide H.CS.NHC 7 H 7 [96°]. Got by 
heating formyl-toluide with P 2 S 6 (Senior, C. J. 
47, 762). 

p-Toluide. Yellow needles. 

Xylide HCS.NHC 6 H 8 Me 2 . [105°]. Small 
needles (from alcohol) (Gudeman, B. 21, 2549). 

Thio-orthoformio acid. Ethyl ether 
CH(SEt)„. Formed by boiling chloroform with 
aqueous NaSEt (Gabriel, B . 10, 186 ; Claesson, 
J.pr. [2] 15, 174). Oil, with nasty smell, partly 
decomposed on boiling. Oxidised by HNO s to 
ethane sulphonic acid. Fuming HClAq yields 
formic acid and mercaptan 

Benzyl ether CH(SC 7 H 7 ) t . [98°]. Formed 
from NaSC 7 H 7 and chloroform (Dennstedt, B . 
11, 2265). White crystals. 

Phenyl ether CH(SPh) 8 . [39*5°]. Tri- 
metric tables. Oxidised by potassium perman- 
ganate to PhS.CH^OjjPh^ [176°] (Laves, B. 23, 
1416 ; 25, 347). 

Reference . — Ohloroformio acid. 

THIO-FORMIC ALDEHYDES 

Thio-formic paraldehyde (OH 2 S) 3 . Methyl - 
me sulphide. Mol. w. 188. [216°]. V.D. 5*08 
(obs.). 

Formation.— 1. By heating Na 2 S with methyl- 
ene iodide (Husemann, A. 126, 293).— 2. By re- 
ducing CS 2 with Zn and HClAq (Girard, A. 100, 
306).— 8. By the action of HjS on formic alde- 
hyde or trioxymethylene. 

Preparation. — By saturating a mixture of 
formio aldehyde (2 vols.) and cono. HClAq 
(4 vols.) with H 2 S (Baumann, B. 23, 67). 

Properties. — Prisms, smelling like onions. 
Insol. oold water, si. sol. alcohol and ether, m. 
sol. benzene and GS^ May Be sublimed. Oxi- 
dised by EMn0 4 to a trisulphone and also 
C,H # S,O ft crystallising in colourless needles.— 
Forms : C s HaS 8 2AgNO s . — C 8 H fi S 8 AgN0 9 faq. — 
CAS.HgCl,.- (C 3 H a S 8 ) 8 2PtCl 2 . -(OftS^PtCl, 
(Hofmann, B . 2, 152 ; 3, 584 ; Girard, O. R. 70, 
625). 

Thio-formic orthaldehyde. 

Ethyl ether OH^SEt),. (184°) (C.); 
(180°) (F.). S.G. ^ *987. Formed from CH^L 
and NaSEt (Claesson, /• pr. [2] 15, 176). Liquid 


with unpleasant smell. Oxidised by HNO, to 
ethane sulphonic acid. KMn0 4 and tL,Q0 4 
yield CH^SOpOHJ* (Fromm, A. 253, 155). 

Thio-formic metaldehyde (GHjS),,. [176°]. 

Formed, as a white amorphous substance, on 
warming an aqueous or alcoholio solution of 
hexamethylene-amine saturated with H 2 S (Wohl, 
B. 19, 2344). Insol. most solvents, Decom- 
posed when neated above its melting-point. 

Di-thio-formio paraldehyde (G|H a S s O) 8 aq. 
Dithioglycerie aldehyde . [82°J. (180°~185°). 

Formed by passing H 2 S into a solution obtained 
by electrolysis of dilute glycerin (Renard, A. Oh. 
[5] 17, 307). Amorphous waxy mass, sol. warm 
water, insol. alcohol and ether. 

(a) -THIO-FURFUR ALDEHYDE (O ft H 4 SO) # . 
[128°]. Formed, together with the (j8)-isomeriae, 
by passing B^S into a solution of furfuraldehyde 
(10 g.) in alcohol (100 c.c.) and HClAq (20 c.c.) 
at -6° (Baumann a. Fromm, B. 24, 8598). 
Crystals, v. e. sol. alcohol and chloroform, insol. 

(i8j-Thio.furfuraldehyde (O a H 4 SO) 3 . [229°J. 
Needles, v. si. sol. alcohol, v. sol. chloroform. 

Thio-furfuraldehyde (C 4 H ft SO)» [n» 20 to 24]. 
Mol. w. (by Raoult’s method) 2182. Formed by 
mixing an alcoholio solution of furfuraldehyde 
with alcoholio ammonium sulphide (Cahours,^4. 
69,85 ; B.a.F.). White crystalline powder, softens 
at 80° and ig melted at 91°. Thiofurfuraldehyde 
is decomposed by warm aniline, yielding furfural- 
dehyde and H,S (Schiff, B. 19, 2153). 

THIO-GLYCERIN v. Glycerin. 

THI0-GLYC0L v. Ethylene mercaptan. 

THIO-GLYCOLLIC ACID OH 2 (SH).C0 2 H. 
Sulphydro-acetic add. 

Formation . — 1. By reducing the compound 
C1S0 2 .CHC1.C0C1 with tin and HClAq (Siemens, 
B. 6, 669).— 2. By adding CH.Ol.CO.H (1 mol.) 
to cone. KSHAq (2 mols.) (Claesson, A. 187, 
113). — 3. By the action of H 2 » on glyoxylio acid 
in presence of Ag 2 0 (Bdttinger, A. 198, 216). — 
4. By boiling thionydantoin with baryta- 
water (Andreasch, B. 12, 1385).— 5. Together 
with HSCy, by the decomposition of rhodanio 
acid C a H,NS 2 0 with baryta-water (Ginsberg a. 
Bondzynski, B. 19, 113). 

Properties.— Oil, miscible with water, alcohol, 
and etner. Decomposes when quickly heated. 
Very dilute FeCl s gives a fugitive indigo- blue 
colour, changed by a few drops of NH,Aq to dark 
red and then to violet. Excess of FeCl t oxidises 
it to di-sulphido-di-acetic acid S^CH^COaH)*, 
which is also readily formed by atmospherio 
oxidation of the alkaline solution. A solution of 
the K salt added to CuS0 4 gives a bluish-black 
pp. reduced by further addition of the K salt to 
the white cuprous salt Cu 8 (S.CH 2 .G0 2 H) ? HG1 
passed through a mixture of thioglyooluo acid 
and acetoacetic ether gives rise to crystalline 
C0 2 Et.0H 2 .CMe(S.CH 2 .C0 2 H) 2 [96°] (Bongartz, 
B. 21, 485). Acetyl-propionic acid forms, in 
like mannel, C0 2 H.CH 2 .CH 2 .CMe(S.CH 2 .C0 2 H) t 
[154°]. Aldehydes react, forming the compound 
CRH(S.CH 2 .C0 2 H) 2 , compounds which are pro* 
ducea either on standing, on wanning, or on treat- 
ment with ZnCLor dry HG1 (Bongartz, B.19, 1981 ; 
21, 479). Such compounds obtained by using 
acetic, benzoic, cinnamic, o-oxy-benzoie, and o- 9 
m-, and jp-nitro-benzoio aldehydes melt at 108°, 
124°, 146°, 148°, 128°, 180°, and 162° raspe* 
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fiyely. Thioglyooliio acid reacts with ketones 
In presence of ZnCl, or HC1, forming acids 
(XRR'(S.0H i .GO 2 H) 2 : such compounds obtained 
from acetone, acetophenone, and benzophenone 
melt at 135°, 139°, and 164° respectively. 

Salts, — KHA/'aq (from water). — KHA" 
(from alcohol). Decomposes KjOO,, forming 
CH 2 (SK).C0 2 K. — BaA" 3aq : crystalline pp. — 
Baii^A , : gummy.-CdA''.-Hg(S.CH 2 .C0 2 H) 2 . 
Needles or flat prisms, v. sol. hot water and 
alcohol. — Hg 2 (S.CH 2 .C0 2 ) 4 BaH 2 . Minute crys- 
tals.— Hg g (S.CH 2 .C0 2 ) 8 AlH 3 . — Hg 2 MnH*A" 4 . — 
HgPbA" 2 .— HgA". — PbA". — Bi(HA' '),. [c. 83°]. 
Yellow pp.-Cu^A".*. White pp. — Cu^aA'^. — 
Ag 2 A",-Ag 2 (NH 4 )A"(N0 8 ).-Ag 2 HgA'V 

Ethyl ether EtA'. Formed by boiling 
thioglyooliio acid with alcohol and a little 
HjSO, (Claesson, A. 187, 116). Oil with nasty 
smell. Slowly decomposed by boiling into HjS 
and S(CH 2 .C0 2 Et),. Alcoholic HgCl* ppts. 
CIHg.S.CHj.COrEt, converted by excess of the 
ether into Hg(S.CH 2 .C0 2 Et) 2 (Wislicenus, A . 
146,146). 

Ethyl deriv ative CH 2 (SEt).C0 2 H. 
Formed by mixing CH 2 Cl.C0 2 Et with NaSEt 
and alcohol (Claesson, B. 8, 120). Liquid, v. sol. 
alcohol and ether, m. sol. water. Decomposed 
by heat, but may be distilled with steam. — 
KA\— BaA 2 . — CaA' 2 . — MgA' 2 8aq. — ZnA' 2 2aq. 
— CdA',aq. [85°]. — GoA' 2 2aq. [90°].— NiA' 2 2aq. 
— CuA' 2 2aq. — AgA'aq. Crystalline pp. 

Ethyl ether of the ethyl derivative 
CH^SEtJ.COjjEt. (188°). S.G. ± 1*0469. Oil. 
Converted by EtI at 120° into crystalline 
CH 2 (8Et 2 I).C0 2 Et. 

Ethyl ether of the isoamyl deri- 
vative CH 2 (SO a H„).CO.Et. (230°). S.G. * 
*9797. OU. 

Phenyl derivative v. Phenyl-thio-gly- 
collxo ACID. 

Benzyl derivative CH 2 Ph.S.CH2.C0 2 H. 
[69°). Formed from CELjCl.CO^H and benzyl 
mercaptan (Gabriel, B. 12, 1641). Flat tables. 
Yields EtA' (275 o -290°) and the amide 
CH 2 Ph.S.CH 2 .GONH 2 [97°J crystallising in flat 
plates. 

Phenyl-phenyl derivative 
C a E 4 Ph.S.CH. r C0 2 H. [170°]. Crystals. 

A mide OH^SHJ.CO.NH,. A product of the 
passage of HjS through an alcoholic solution of 
chloro-acetamide containing a little NH 8 
(Schulze, Z. 1866, 73). Groups of small prisms. 

Ethyl derivative of the amide 
CHJSEt) .CONH 2 , [44°]. Formed from 
CHiSEtj.CO^t and ammonia. Thin prisms. 

Reference. — Nitboso-thio-gly oollic acid. 

THIO-GLYCOLLIC ORTHALLEHYDE. Ethyl 
derivative of the ether CH 2 (SEt).CH(OEt) 2 . 
(169°). Formed from CB^CLCH(OEt) 2 and 
NaSEt (Autenrieth, B. 24, 162). Volatile in 
steam. 

Phenyl derivative of the ethyl ether 
OH^SPhj.GHfOEt)*. (278°). Got in like manner. 

THIO-HYDANTOlC ACID U. 

NH 2 .0S.NH.CH Jr C0 2 H or 
NH 2 .C(NH).S.OH 8 .C0 2 H. Formed by heating 
sodium chloro-aoetate in aqueous solution with 
thio-urea (Maly, A . 189, 880). Crystalline 
powder, si. sol. water, v. sol. acids and alkalis. 
Decomposed by heat Converted into thio- 


hydantoln by warming with Na 2 C0 8 Aq or 
HClAo , 



Formation. — 1. By heating thio-urea with 
chloro-acetio acid or chloro-acetamide (Volhard, 

A. 166, 883 ; Mulder, B. 8, 1264; Maly, A. 168, 
133 ; B. 10, 1868 ; Claesson, B. 10, 1362).— 2. By 
heating thioglyooliio aoid (2 mols.) with cyan- 
amide (1 mol.) in aqueous solution (Andreasch, 

B. 13, 1421 ; M. 1, 442). 

Preparation. — Thio-urea (60 g.) dissolved in 
water (600 c.c.) is mixed with chloro-acetio aoid 
(62 g.) in water (50 c.c.), heated to 90°, cooled, 
and mixed with the calculated quantity of NaOH 
(Andreasch, M. 8, 414). 

Properties. — Long needles (from hot water), 
insol. aloohol and ether. Decomposes about 
200°. Since it cannot be desulphurised by HgO, 
Liebermann (A. 207, 132) suggests that it does 
not contain the group CS. 

Reactions. — 1. Chlorine passed into its cooled 
solution in HClAq forms thio-oxy-hydantoin 
(Kramps, B. 13, 788). — 2. Br forms di-bromo- 
thio-hydantoin. — 3. KC10 a and HOI yield 
C 8 H 3 KN 2 S0 5 , crystallising in monoclinio tables, 
S. 1*7 at 22° ; 23*3 at 100°, converted by nitrous 
acid into S0 8 H.CH 2 .C0 2 H, and by baryta-water 
into sulpho-acetio acid and urea (Andreasch, B. 
13, 1423 ; M. 4, 181), — 4. Baryta-water forms thio- 
glycollic acid and dicyandiamide. — 6. Boiling 
HClAq forms thiocarbimido-aoetic aoid. 

Salt s.— Ag 2 C 8 H 3 N 2 SO.— B' 2 H 2 S0 4 . Plates. 
— B'HN0 8 .-B'HC1.-B'H 2 C 2 0 4 aq. Prisms.— 
B'gBLjPtCla. — B'CgHjNjO,. Minute yellow needles. 

References. — Di-bromo- and Nitroso-thio 

HYDANTOIN. 

DI-THIO-HYDROQUINONE G tt H 4 (SH) 2 . [98°]. 
Formed by reducing benzene p-disulphonio 
chloride with tin and HClAq (Kdrner a. Mon- 
selise, Q. 6, 142). Formed also from 

(C tf H 4 (NH 2 )) 2 S 2 by diazotisation, treatment with 
potassium xanthate, and saponification of the 
product with alcoholic potash (Leuckart, J. pr. 
[2] 41, 205). Six-sided plates, slowly oxidised by 
air. 

THI0-ISATYDE v. Isatyde. 

THI0-LACTIC ACID CH 8 .CH(SH).G0 2 H. 
a -Sulphydro-propionic acid. 

Formation.— 1. From a-chloro-propionic acid 
and KHS (Schacht, A. 129, 1 ; Lov6n, J. pr. [2] 
29, 368).— 2. By the action of HjS on silver a- 
chloro -propionate or silver pyruvate (Bdttinger, 
A. 188,320; B. 9, 404, 804, 1061 ; 11,1561; 18, 
486). 

Preparation. — By saturating a solution of 
pyruvic acid with HjS, and adding oonc. HClAq 
and zinc (Lov6n). 

Properties.— Syrup, miscible with water, alco- 
hol, and ether. May be distilled in vacuo . Its 
odour is unpleasant. FeClg gives a transient 
indigo colour, and then oxidises it to sulphido- 
dipropionic aoid. CuS0 4 gives a violet solution ; 
a smaller quantity of CuS0 4 ppts. the cuprous 
salt. Cobalt acetate and air gives a brown 
colour. 

Salts.— BaA', (at 130°), Gummy mass. — 
Hg(S.CHMe.0O 8 HL. - HgfS.GHMe.OO.K), <raq, 
Hg(S.CHMe.COj) 2 Ba 2 Jaq. — AgS.CHMe.00^ 
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-Bi(S.CHMe.00 2 H) 8 . — Pt(S.CHMe.C0 2 H) 2 . — 
CuS.CHMe.OO f H. Yellow pp.— PbC 8 H 4 0 2 S. 

Ethyl ether EtA'. Oil. Yields 
CaS.CHMe.OOjEt as a yellowish powder. 

THIO-DILACTYLIC ACID v. Sulphido-di- 

PROPIONIC ACID. 

THIO-MALIG ACID G 4 H 6 S0 4 . Formed from 
bromo-succinic acid and aqueous KSH at 110° 
(Oarius, A . 129, 6). Deliquescent mass, oxidised 
by dilute HNO, to sulpho-succinic acid. — BaA". 
— Ag (2 A". Bulky pp., readily blackening. 

THIO-MESITOL v. Tri-methyl-phenyl mer- 
captan. 

THIO-DI-METHYL-ANILINE v. Tetra- 

METHYL-DI-AMIDO-DI-PHENYL SULPHIDE. 

THIO-METHYL-COTJMARILIC ETHER 

C 12 H, s SOj i.e. 0,H 4 < C Q e ^,C.00.SEt. [91°]. 

Formed from methyl-coumarilic ether and P 2 S 3 
(Hantzsch, B . 19, 2400). Yellow needles (from 
alcohol), v. sol. ether. 

THIO- (a) -METHYL-COTJM ARIN O 10 H 8 SO i.e. 

°. H 4<0-CS Ie - [1220] - Formed by heating 
(a)-methyl-coumarin with P 2 S 5 at 120° (Aldrin- 
gen, B. 24, 3460). Yellow needles, insol. water, 
v. sol. alcohol. Converted by alcoholic potash 
into (a)-methyl-coumarin. 

THIO - METHYL - DI - PHENYL - AMINE v. 

METHYL-IMIDO-DI-PHENYL SULPHIDE. 

THIO-METHYL-DRACIL C 3 H a N 2 SO i.e. 
OS«>OH( ? ). S. -064 at 21°. Formed 

by the action of alcoholic potash on the needles 
which separate after some days from a solution 
of thio-urea (1 mol.) and acetoacetic ether (1 mol.) 
in alcohol to whion a little HC1 has been added 
(Nencki a. Sieber, J. pr. [2] 25, 72 ; List, A. 236, 
1 ; Behrend, B. 19, 219). Plates, v. si. sol. ether. 
Decomposed at 280°. 

Reactions . — 1. The K salt reacts with EtI 
forming C 6 H ft N 2 SOEt [145°], and with Mel 
forming C 3 H 3 N 2 SOMe [220°], which yields 
C a H 7 AgN 2 SO. — 2. Chloro-acctic ether forms 
C^H^SOrCH^COJEt) [143°], whioh yields 
C s H 3 N 2 S0(CH 2 .C0 2 H) [204°]. — 2. Br forms 
methyl-uracil, and finally di-oxy-methyl-uraoil. Cl 
acts in like manner, forming C 5 H a Cl 2 N 2 0 8 . — 8. On 
warming with lead hydrate in strongly alkaline 
solution it is converted into methyl-uracil. 
Cone. HClAq at 150°, cone. NH # Aq at 150°, and 
Ao.0 at 185° also form methyl-uracil. 

Salts. - C a H 4 Ag 2 N 2 SO. — C 5 H 4 CuN 2 SO. 
— (C.H.N.SO)^. — C a H a N 2 NaSO 2aq. - 
C 4 H ft N 2 KSO 4aq. 

THIONAMIC ACID. H. Rose (P. S3, 235 ; 
42, 415) found that S0 2 and NH, combined in 
equal volumes, when dry NH* was mixed with 
excess of dry SO*, to form a yellowish white 
solid, which quickly decomposed in solution, or 
moist air, giving (NH 4 ) 2 S0 4 and ammonium salts 
of other sulphur oxyaci^s. Rose concluded that 
the substance was S0 2 .NH g from the fact that 
it was formed by combining equal volumes of the 
two gases ; if this empirical formula is accepted 
the compound maybe S0 2 .NH 2 .H or SO.OH.NH^ 
When dry S0 2 was mixed with excess of dry 
NH,, Rose found that 1 vol. S0 2 combined with 
2 vols. NH,; the product— an amorphous, white 
solid — may be S0 2 .NH r NH 4 or 8O.ONH4.NH*. 

M. If* P. M* 


TH ION AMIDE. By passing NH, into cooled 
S 2 C1 2 Sohiff (A. 102, 111) obtained a white solid 
which was decomposed by warm water to 
(NH 4 ) 2 SO a Aq. The solid contained NH^Cl ; 
Schiif regarded it as a mixture of this salt 
with SO(NH 2 ) 2 ; he did not attempt to separate 
the supposed thionamide from NH 4 C1. 

M. M. P. M. 

(a) -THIO -NAPHTHOIC ACID. 

Amide 0 lft H r 0S.NH 2 . [126°]. Formed 
from (a) -naphthoic nitrile and alcoholic ammo- 
nium sulphide at 80°-85° (Hofmann, B. 1, 40 ; 
Bamberger, B. 21, 54). Crystals, v. sol. alcohol. 

Tetrahydride of the amide 

o 55> 0 ° H »- C3 - NH ‘- Formed by digesting 
a solution of tetrahydride of (a)-naphthonitrile 
in alcoholic ammonia saturated with H,S for 
some days at 30°~40° (Bamberger a. Bordt, B, 
22 , 629). Dark-yellow oil. 

(fi)-Thio-naphtlioic acid. Amide 
C 10 H 7 .CSNH 2 . [149°]. Formed from (/5)-naph- 
thonitrile and ammonium sulphide at 35°~40° 
(Bamberger a. Bockmann, B. 20, 1115). Needles, 
v. sol. alcohol. Dissolves in hot water, being 
slowly converted into the nitrile. 

THIO-NAPHTHOL v. Naphthyl mercaptan. 

THIO-DI-NAPHTHYL -AMINE u. Imido-di. 

NAPHTHYL SULPHIDE. 

THIONATES. Salts of the thiowic acids 
(q. u., p. 698). Four series of thionates are 
known; a fifth probablv exists: M 2 S 2 O a »di- 
thionates ; M 2 R<,O a = trithionates ; M 2 S 4 O e « tetra- 
thionates ; M 2 S 3 O a == pentathionates ; and pro- 
bably M 2 S a O a = hexathionates. The thionates 
are formed by the action of alkalis on the liquid 
obtained by passing H 2 S into saturated SOgAq ; 
also by the oxidation of sulphites, thiosulphates, 
and mixtures of these, and in other reactions 
(cf. Thionic acids, p. 698). For general quali- 
tative reactions of thionates and thiosulphates v. 
Debus ( C . J. 53, 298). 

DITHIONATES, M* 2 S 2 O a , M"S 2 0„ and 
M m 2 (S 2 O a ) r (Hyposulphates.) The alkali salts 
are formed by the interaction of a dilute solu- 
tion of I in KIAq and dilute NaHSO^Aq (Spring 
a. Bourgeois, Bl. [2] 46, 151 ; Sokoloff a. Matt- 
scheffski, B. 14, 2058) ; also by the reaction of 
KMn0 4 Aq on thiosulphates in acetic acid solu- 
tion, or on sulphites or trithionates (Hdnig a. 
Zatzek, M. 4, 738 ; Fordos a. G61is, J. Ph. [8] 
36, 113). The Ba salt is formed by passing S0 2 
into water holding Mn0 2 in suspension, filtering, 
and adding BaOAq (for more details v. Dithionic 
acid, p. 698) ; most of the other dithionates 
are obtained by the interaction of BaS 2 0,Aq 
and sulphates ; several have been prepared by 
digesting H^aO^Aq with metallic hydroxides. 
The dithionates are sol. water; the salts of 
the alkali and alkaline earth metals are not 
readily decomposed either in solution or as 
solids ; solutions of most of the other salts are 
decomposecUby heat, giving off S0 2 (v. Kluss, A. 
246, 179, 284 ; Geuther, A. 226, 282). 

Dithionates give off SO, when heated to red- 
ness, leaving normal sulphates; thus M 2 S«O a 
= S0 2 + M 2 S0 4 ; this reaction is characteristic ; 
so also is the reaction of £LS0 4 Aq or HClAq 
with boiling solutions of dithionates, whereby 
BL,80 4 Aq is formed and SO a is given off, without 
separation of S. 
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Ammonium dithlonate (NHJjSA- Ob- 
tained by decomposing the Ba salt in solution by 
(NH 4 ) 2 S0 4 Aq, filtering and crystallising. S.G. 
1*704 (TopsoS, C. C. 4, 76). Kliiss (A. 246, 179, 
284) gives formula 2Am 1 >S s O s .aq f and says the 
salt crystallises in monoclinio needles. Very 
sol. water ; insol. alcohol. Aqueous solution 
may be boiled without change. Forms double 
salts with AmOl (Fock a. Kliiss, B. 24, 3017) ; 
also with the dithionates of Al, Od, Co, Cu, Fe, 
Mn, Ni, and Zn fK., l.c.). 

Barium dithlonate BaS A* 2aq. Formed by 
passing S0 2 into water at c. 0° holding ooarsely- 
powdered Mn0 2 in suspension, till the Mn0 2 is 
dissolved (Mn0 2 + SO, -f Aq = MnS0 4 Aq ; and 
also Mn0 2 + 2S0 2 + Aq = MnS 2 0 6 Aq) i , filtering if 
necessary, adding BaOAq to alkaline reaction 
(MnS 2 O a Aq + BaO.^H.^Aq * BaS AM + MnOjHA, 
filtering from Mn0 2 H 2 , evaporating, and reorystal- 
lising from water (cf. Stas, Chem. Proport. 117). 
White prisms; S.' 24*76 at 18°, 90-9 at 100°, 
100*6 at 102° « b.p. of saturated solution ; insol. 
alcohol. The crystals effloresce in air, losing 
2H/) ; a hydrate with 4H 2 0 is obtained by slow 
evaporation (v. Heeren, P. 7, 66 ; Gay-Lussac, 
A. Ch. [2] 10, 312; Baker, C. N. 36, 203 ; cf. 
Spring a. Bourgeois, Bl. [2] 46, 151. For crys- 
talline form v. Senarmont, J. 1857. 142 ; Ram- 
melsberg, P. 68, 296 ; von Lang, W. A. B. 45 
[2] 27). Schiff (A. 105, 239) described double 
salts with MgS 2 O a and Na 2 S 2 O a (cf. Kraut, A. 
118, 96); Bodlander (Chem. Zeit. 14, 1140) 
described a double salt with Rb 2 S 2 O a *> ana 
Kliiss (A. 246, 179,284) double salts with Ag 2 S 2 O fl 
and TL,S 2 O a * 

Many of the other dithionates are prepared 
from theBa salt. 

Potassium dithlonate KjSA* Prepared 
from a solution of the Ba salt by adding an 
equivalent quantity of KjS 0 4 in solution, warm- 
ing, filtering, and evaporating ; also by boiling 
KjSOjjAq with Mn0 2 filtering, and separating 
from K 2 S0 4 by fractional crystallisation (K 2 S0 4 
is much less sol. water than KfSA)* White, 
hexagonal crystals ; unchanged in air ; decrepi- 
tates when heated and then gives off S0 2 and 
leaves E^SO, ; S.G. 2*277 (TopsoB, Bl. [2] 19, 
246). The crystals rotate the plane of polarisa- 
tion of light ; an aqueous solution is optically 
inactive (Pape, P. 139, 224). S. c. 6 at ordinary 
temperature, o. 66 at 100°; insol. alcohol 
(Heeren, P. 7, 56). 

Sodium dithionate Na 2 S 2 0 6 . 2aq. Prepared 
similarly to the K shit. Also formed, accord- 
ing to Bunte (B. 7, 646), by heating Na.Et.SA 
for some time at 100° (Et 2 S 2 distils off). Large, 
lustrous, rhombic prisms; unchanged in air; 
S.G. 2*176 at 11° (Baker, C. N. 36, 203). S. 47*6 
at 16° ; 90 9 at 100° ; insol. alcohol. Solution 
is slowly reduced by sodium-amalgam to 
NasSOgAq (Spring, B. 7, 1161). Krau* (A. 117, 
97) described a hydrate with 6H 2 0. 

Dithionates of the following metals have 



P. 58, 298 ; (3) Kliiss, A. 246, 179, 284 ; (4) Top- 
soS, C. C . 4, 76 ; (5) Baker, O. N. 36, 203 ; (6) 
Piccard, J. pr. 86, 456. 

TRITHIONATES M x t S 3 O a and M n S A* The 
alkali salts are formed by digesting cone. 
MHSO a Aq with S at 50°-60° [6MHSO,Aq + 2S 
« 2M 2 S 8 O tJ Aq + M 2 S s 0 9 Aq + 3H 2 0)(Pelouze,A.Cfc. 
T3] 79, 85) ; also by heating dilute MHS0 8 Aq, 
or keeping the solution for a long time in a 
closed tube (Saint-Pierre, C. B. 62, 632) ; by 
passing S0 2 into M 2 S 2 O s Aq (2M 2 S 2 O s Aq + 3S0 2 
= 2M 2 S s O a Aq + S) ; by passing S0 2 into M 2 SAq 
(Ohancel a. Diacon, J. pr. 90, 35; Rathke, 
J. pr. 95, 11) ; by the interaction of I and 
a mixture of M 2 S0 3 and M 2 S 2 0 3 in solution 
(M 2 S0 3 Aq + M 2 S AAq + I 2 = M 2 S 3 O a Aq + 2MIAq) 
(Spring, B. 7, 1157) ; by the interaction of boil- 
ing water on AgKS 2 0 3 or HgNa 2 (S 2 0 3 ) 2 , whereby 
KgSaOaAq or Na 2 S 8 0 6 Aq is formed, along with 
Ag 2 S or HgS (Spring, l.c.) ; by reacting on 
M 2 SO,Aq with S 2 Cl 2 (Spring, B. 6, 1108) ; by de- 
composing M 2 S 2 0 3 Aq by a non-oxidising acid, 
e.g. by HgSC^ (Spring a. Levy, Bull, de VAcad. 
roy. de Beige , 42, 108) ; by heating (NH 4 ) 2 S0 4 
with P 2 S 5 , Spring (B. 7, 1158) obtained a little 
(NH 4 ) 2 S s O a , along with much (NH 4 ) 2 S 2 0 3 , some 
NH 4 polysulphides, and P compounds ; K 2 S 3 O a is 
also obtained from Wackenroder’s solution. 

The trithionates are soluble in water ; they 
very readily decompose ; heated with water 
they give off S0 2 , deposit S, and form sulphates 
in solution. Addition of excess of CuS0 4 Aq to 
solution of a trithionate causes ppn. of OuS and 
evolution of S0 2 (Spring, B. 6, 1108). 

Selenotbithionateb M 2 SeS 2 O a are described 
as dithio-triselenates under Selenates (p. 484). 

Potassium trithionate K^SA* A cone, solu- 
tion of K 2 S 2 0 8 is formed by dissolving the salt 
in 8 pts. water and 1 pt. alcohol till the alcohol 
separates from the aqueous solution; S0 2 is 
passed into this solution at 25°-80°, solid 
K 2 S A being added from time to time, till the 
liquid is yellow and smells of S0 2 ; the crystals 
that separate are dissolved in water at 60°-70°, 
the solution is filtered from S, mixed with eight 
times its volume of 84 p.c. alcohol, warmed 
gently, and allowed to crystallise (Plessy, A. Ch. 
[3] 20, 162; for other methods of preparation 
v . Langlois, A. Ch. [2] 79, 77 ; Rathke, J. 1864. 
164 ; Chancel a. Diacon, C. B. 56, 710). White 
rhombic needles (Baker, O. N. 36, 203). Very 
sol. water, insol. alcohol. Aqueous solution 
gives K,S0 4 Aq, S0 2 , and S when heated. Debus 
(C. J. 53, 813) found that KjSgOaAq slowly changes 
at the ordinary temperature, giving l^SC^Aq, 
K 2 S 4 O r Aq, and KjSAM without separation of 
S. According to C. a. D. (J.c.), KjSAAq inter- 
acts with KgSsAq to give only K 2 S 2 0aAq ; with 
H 2 S the produots are I^SC^Aq, K 2 S 2 0 3 Aq, and S 
(Debus, C . J. 53, 829). Sodium-amalgam reaots 
readily, producing KNaSA and KNaSO, (Spring, 
B.7,1161). 

The other trithionates that have been iso- 
lated are those of Ba (Kessler, P. 74, 253) ; 
Pb (K., lx. ; Chancel a. Diacon, O. B. 56, 710) ; 
Na (K., Z.c.; Rathke, J. pr. 95, 18; Villiers, C. 
B. 106, 1856) ; and Zn (Fordos a. G61is, A. Ch. 
[8] 22, 66). 

TETRATHIONATES M x 2 S 4 O fl and M*SA. 
The alkali salts are formed by triturating 
with 1, adding a little water and pouring into 
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alcohol (von Klobukoff, B. 18, 1869 ; Eliasberg, 

B. 19, 822 ; Fock a. Elites, B. 28, 2429) ; the 
Pb salt is formed by the prolonged interaction of 
I and PbS 2 0 8 , also by the interaction of H, 2 S0 4 Aq 
and a mixture of PbS 2 O g with Pb0 8 (Chancel a. 
Diacon, J. pr . 90, 55) ; tetrathionates are also 
formed, according to Spring a. Levy ( Bull . de 
VAcad . roy . de Beige , 42, 108), by the interaction 
of thiosulphates and ferrous or cuprous salts, 
KMn0 4 Aq, hypochlorites, or KCIO, dissolved in 
H 2 S0 4 Aq. EjS 4 O a is obtained by neutralising 
Wackenroder’s solution by KC^BL b 0 2 ( v . Debus, 

C. J. 58, 278 ; cf. Curtius a. Henkel, J*. pr. [2] 
87, 187). The tetrathionates are e. sol. water, 
but insol. alcohol ; aqueous solutions are gene- 
rally decomposed on evaporation. 

Potassium tetrathionate K 2 S 4 O a . Formed 
by adding I, little by little, to cone. KjSjOgAq till 
a permanent reddish-brown colour is produced, 
dissolving the crystals that separate in warm 
water, filtering from S, adding alcohol till the 
pp. that forms is re-dissolved, and allowing to 
crystallise (Kessler, P. 74, 258). Spontaneous 
decomposition of cone. JL^OjAq gives K^O,, 
and S (Debus, C. J. 53, 311). Perfectly dry 
K 2 S 4 O a can be kept unchanged in a dry atmo- 
sphere ; but in ordinary air, after a time, S0 2 is 
formed ; an aqueous solution of KjS 4 0 6 slowly 
changes to ICS 8 O s Aq, K 2 S 5 O u Aq, K 2 S0 4 Aq, and 
S0 2 (D., Z.c. ). BrAq reacts to form H 2 S0 4 Aq, S, 
and KBr ; but if the BrAq is added very gradu- 
ally the S that is formed combines with residual 
K 2 S 4 0 6 to form K 2 S 5 O a ; similarly, if a little K 2 S0 4 
is added to K^OgAq, and H 2 S is then passed 
in, K 2 S0 4 and S are formed, and the S combines 
with unchanged K 2 S 4 O a to form K^O,, ft)., l.c. 
p. 815). Sodium-amalgam forms KNaS 2 OgAq 
(Spring, B. 7, 1161). 

The other tetrathionates that have been iso- 
lated are those of Ba (Lewes, C. J. 89, 69; 
Fordos a. G61is, A. Ch. [8] 22, 66 ; Curtius a. 
Henkel, J. pr. [2] 37, 137) ; Od (Kessler, P. 74, 
253) ; Cu (Chancel a. Diacon, C. B. 56, 510) ; 
Fe (F. a. G.) ; Pb (K. ; 0. a. D.) ; Na (K. ; von 
Klobukoff, B. 18, 1869) ; Sr (K.) ; and Zn (F. 
a. G.). 

PENTATHIONATES M* 2 S s 0 a and M«S & O a . 
Wackenroder, in 1845 (A. 60, 189), asserted 
that the liquid formed by passing H 2 S into 
SOjjAq contained pentathionio acid H 2 S 5 O e ; 
other chemists confirmed his results, and pre- 
pared a few salts of the acid (t>. Lenoir, A. 62, 
253 ; Fordos a. G61is, A. Ch. [8] 22, 66 ; Kessler, 
P. 74, 257 ; Ludwig, Ar. Ph. [2] 85, 9'; Chancel 
a. Diacon, C. B. 66, 710). At a later time the 
existence of pentathionates was denied, chiefly 
by Spring (B. 12, 2254; 13, 924; 15, 2618), but 
upheld by Kessler (B. 13, 424; t>. also Takat- 
matsu a. Smith, B. 18, 1976). In 1881 Lewes 
(C. J. 89, 68) seemed to have isolated BaS 6 O s 
and K 2 S 5 O a , but Spring failed to confirm his re- 
sults. Shaw, however J(C. J 48, 357), repeated 
Lewes’s experiments, and obtained K*S 6 O a . In 
1888 Debus (C. J. 53, 278) made an elaborate 
investigation of Wackenroder’s solution, and 
prepared K 2 S 5 O a therefrom. Curtius a. Henkel 
(/. pr. [2] 37, 137) assert that Wackenroder’s 
solution contains acid tetrathionates, in which 
the ratio of S to Ba is greater than 4S:Ba, and 
that these have been mistaken for pentathionates. 
But Debus’s experiments seem to have settled 


the dispute in favour of the existence of penta- 
thionates. Ammoniacai AgNO^q gives very dis- 
tinct brown colouration, followed by a blaok pp. 
with pentathionates ; this reaction distinguishes 
them from salts of other S oxyaoids (v. Debus, 
Z.c., p. 297). 

Potassium pentathionate 2K a S 5 O a . 3aq. 
Debus (C. J. 53, 294) prepared this salt from 
Wackenroder' s solution ( v . p. 698) by adding 
16*66 g. KC 2 H 3 0 2 (previously fused) to 43 o.c. of 
the solution of S.G. 1*348 ; the KG^O, was 
dissolved in as little water as possible acidu- 
lated with a few drops of acetio aoid ; the solu- 
tion was placed in a large flat dish in a current 
of air until the liquid had evaporated ; the crys- 
talline residue (weighing 26 g.) was repeatedly 
pressed between filter-paper, and then dissolved 
in 50 c.c. water + 1 o.o. H 2 S0 4 , at 40° ; the minute 
quantity of S that separated (o. *005 g.) was 
filtered off, and the filtrate was allowed to crys- 
tallise in a flat dish. The crystals that sepa- 
rated (18*75 g.) were a mixture of E^.O, and 
K 2 S 5 O fl ; they were dried by placing them qn 
blotting paper, and the crystals of pentathionate 
were pioked out (5*75 g. were obtained), crystal- 
lised twice from water acidulated witn a little 
H 2 S0 4 Aq, and dried over H^SO^ The crystals 
of pentathionate form four-sided rhombic plates, 
or six-Bided star-like plates; those of tetya- 
thionate form six-sided prisms, with pyramids 
only on one end, and with the side on which 
they rest much developed. Lewes (C. J. 89, 75) 
described three salts : IC^Oa, K^Oa-HjO, and 
KaSjO^HgO ; Debus’s salt was 2K 2 S ft 0 a .8H 2 0. 
According to Fock a. Kluss (B. 23, 2428), this ig 
the only salt that exists (cf. D., Z.c., p. 297). The 
salt oan also be obtained by passing H 8 S into 
K 2 S 4 O a Aq acidulated with HjjSf^Aq (D., l.c., p. 
315). 

Crystals of 2K 2 S 4 O a .8H^O begin to decom- 
pose, when kept in a stoppered bottle, after a 
month or so, giving eventually a yellow, pulpy 
mass of K^Oa, S, and water ; the decomposi- 
tion is caused by water in the interstices of the 
crystals. By powdering finely, washing with 
dilute alcohol, and placing over H,S0 4 , Debus 
(Z.c. p. 295) kept the salt unchanged for two or 
three years. 2K 2 S 6 O a .8H s O dissolves in o. 2 
parts water, forming a clear, neutral solution, 
whioh soon decomposes with separation of S 
and formation of Ey^OjAq (D., Z.C., p. 811); 
addition of a drop of dilute KOHAq to the solu- 
tion causes separation of S (p. 291) ; HjS ppts. 
much S, and KjSgO,, and K,G 2 O g are formed in 
the solution (p. 828) ; S0 2 produces ELSjOgAq 
and KjSgOgAq (p. 332) ; the salt is insoluble in 
alcohol. 

Barium pentathionate BaS a O«. 8aq ; obtained 
by Lewes (C. J . 89, 68) by partially neutralising 
Wackenroder’s solution by BaOAq, crystallising 
over H^SOj, pouring off from BaS 4 O a , and again 
crystallising. 

Copper pentathionate CuS 5 O a 4aq ; obtained by 
Debus (Z.c., p. 800) in blue, prismatic crystals, 
by adding CufCjHyOJjAq to Wackenroder’s 
solution and allowing to evaporate. Debus 
probably obtained zinc pentathumate t but not 
in a pure state (Z.c., p. 299). 

HEXATHION ATE S. By adding EOAOJtq 
to the mother-liquor from K,S 4 O e and JLB.O* 
(v. supra), evaporating in a current of air, li* 
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solving in water with a little H 2 S0 4 Aq, allowing 
to evaporate in portions, and colleoting the 
erystals separately, Debus (0. J. 53,801) obtained 
a salt in which the ratio of S to O was almost 
6S:60, as required by potassium hexathionate. 

M. M. P. M. 

THIONESSAL v. Tetra-phe n yl- thiophene . 

THIONIC ACIDS. The acids where 

0 o< 2 , 3, 4, 5, and probably 6, are generally 
called thionio acids, and are distinguished as di-, 
tri <fro., thionio acid. The acids are known only 
in aqueous solutions ; most of these solutions 
readily oxidise to H 2 S0 4 Aq. Dithionio acid is 
produoed by the action of certain oxidisers on 
HjjSOgAq ; dithionates are formed by oxidising 
sulphites and thiosulphates ; trithionates are 
formed when mixtures of sulphites and thio- 
sulphates are oxidised, also when SOgAq inter- 
acts with alkali thiosulphates ; tetrathionates 
result by the action of certain oxidisers on thio- 
sulphates. These processes may be represented 
diagrammatically as follows (the actual re* 
actions are muoh more complex) : 

8 2H 2 S0 8 Aq + 0 - H,S 2 0 6 Aq + H 2 0 ; 

2M 2 S0,Aq + 0 = M 2 S 2 0 8 Aq + M 2 0 ; 

M 2 S 2 O s Aq + 30 = M 2 S 2 0gAq ; 

(3) MjSOgAq + M 2 S 2 03 Aq + 0 = M 2 S 8 0 6 Aq + M 2 0 ; 

2M 2 S 2 0 8 Aq + SSOjjAq = 2M 2 S 8 0 8 Aq + S ; 

(4) 2M 2 S 2 O g Aq + 0 = M 2 S 4 0 8 Aq + M 2 0. 

After passing HgS for a longtime into nearly 
saturated HgSOsAq, the solution contains 
HjSgOe, much H^O*, H 2 S 6 0 8 , and probably 
along with H 2 S0 4 , dissolved colloidal 
S, and a little S in suspension. This solution is 
known as Wackenroder's solution (Wackenroder, 
A . 60, 189 [1845]). It has been examined by 
many chemists ; a very thorough investigation 
was made by Debus in 1888 (G. J. 58, 278; 
where references will be found to other memoirs). 
The solution examined by Debus was prepared 
by passing a slow current of HgS into 480 c.c. 
nearly saturated S0 2 Aq at a little above 0° for 
two hours, keeping in a stoppered bottle for 
forty-eight hours at the ordinary temperature, 
assing in H 2 S for two hours, after forty-eight 
ours again passing in H 2 S, and repeating these 
treatments until the liquid no longer smelled of 
S0 2 after standing for a couple of hours at the 
ordinary temperature (about two weeks were re- 
quired before the action was completed). The 
liquid thus obtained contains a large quantity 
of S, partly as a hard brittle solid, partly as a 
soft and gummy mass, and partly in suspension 
in minute particles which pass through filter 
paper ; the liquid remains milky after filtration, 
and does not become clear on standing for two 
or three weeks (regarding the variety of S in 
solution, v. Sulphur, Allotropic forms of, p. 
608), Debus (Z.c., p. 848) thinks tnat the pro- 
duct of the direct interaction of S(XAq and 
H,SAq is H,S 4 0, (3S0 2 Aq+H 2 SAq - H 2 S,O e Aq) ; 
that part of this H 2 S 4 0 6 reacts with excess 
of SOjAq to form HgSuO^Aq and H 2 S 2 0 3 Aq 
(?H a 8 4 0<,Aq + H 2 SO„Aq * BLAO^Aq + H^AAq), 
and that part of the ELjSAAq reacting with 
H S 2 0*Aq forms HgSAAq 
(? HgSArAq + HgSgOgAq - H*S 4 0 6 Aq + HgSOgAq) 
(D., l.c. f p. 333) ; that the H. 2 S reacts with 
H x S 4 0 8 Aq to form H*0 and S, part of the S com- 
bining, as it iB formed, with HAOgAq to form 
UfiflJLq, H a S a O tt Aq and HgSgOgAq, and port 


remaining in solution as colloidal S. If HgS is 
passed into Wackenroder’s solution, more 
HAOj is formed ; and if the passage of HJ3 
is ' continued until all reaction ceases the 
thionio acids are decomposed, and the final 
products are S and H 2 0, so that the equation 
SO^Aq + 2H 2 SAq * 3S + 2HgOAq correctly repre- 
sents the interaction of SOgAq with H 2 SAq so 
far as the final products are concerned (v. D., Z.c., 
p. 851). 

Solutions of the thionic acids more or less 
rapidly decompose, the final products being 
H 2 S0 4 Aq, SOjjAq, and S ; oxidisers such as 
Cl or HNOgAq— in some cases air is sufficient — 
convert them into HjjS0 4 Aq ; reducers, such as 
Na amalgam, produce HgSgOgAq, sometimes 
also ELjSOaAq, and in some cases HgSAq. 
None of the acids has been isolated apart from 
water; salts of all are known (v. Thionates, 

р. 695). The acids are all dibasio. 

Regarding the constitution of the thionio 

acids v. Mendel6eff, B . 3, 870 ; Michaelis, A. 170, 
31 ; Spring, B. 6, 1108 ; Debus, C. J. 53, 351. 

Dithonio acid H 2 S 2 O a Aq. (Hyposulphurio 
acid.) A solution of this acid is formed by 
suspending coarsely-powdered Mn0 2 in water, 
and passing in S0 2 while the liquid is kept at 

с. 0°; filtering, adding BaOAq to alkaline re- 

action, and filtering from BaS0 4 and MnO.^H., ; 
evaporating, crystallising out BaS 2 0 6 . 2aq, and 
decomposing this salt in solution by the equiva- 
lent quantity of H 2 S0 4 Aq ; filtering from BaS0 4 , 
and evaporating in vacuo till a liquid of S.G. 
1*347 is obtained (Mn0 2 + 2S0 2 Aq = MnS 2 O fl Aq ; 
Mn0 2 + SOgAq « MnS0 4 Aq) (Spring a. Bourgeois, 
BZ. [2] 46, 151). If evaporation is continued 
beyond this concentration, H 2 S0 4 Aq and S0 2 
are formed ; the same decomposition occurs when 
HgSgOgAq is evaporated by heat. H 2 S 2 O fl Aq 
is reduced by Zn and HClAq to H 2 S0 8 Aq at 0 a 
(Otto, A . 147, 187); it is oxidised to H 2 S0 4 Aq 
by Cl, HNO., KC10 s and HC1 &c. ; it slowly 
oxidises in air (cf. Dithionates, p. 695). Thom- 
sen ( Th . 2, 259) gives the following heats of 
formation of H 2 S 2 O a Aq [S 2 ,0 5 ,Aq] = 211,080 ; 
[2S0 a ,0,Aq] ~ 68,920 ; [2S0*Aq,0] « 53,520 ; for 
the heat of oxidation of H 2 S 2 0 6 Aq to H 2 S0 4 Aq 
he gives (S,0 a Aq + 0*=2S0„Aq) [S a 0 5 Aq,0] 

= 73,740. 

Trithionio acid H 2 S 8 0 8 Aq. A dilute solu- 
tion of this acid is formed by decomposing 
K^OgAq by the equivalent quantity of 
HC10 4 Aq or H 2 SiF 6 Aq, and filtering from 
KC10 4 or KjSiFg (Langlois, C. B. 10, 461 ; 62, 
842 ; Kessler, P. 74, 250). The dilute solution 
cannot be evaporated, even in vacuo , without 
partial decomposition, with formation of SO, 
and S; when heated it rapidly changes to 
HgSO^q, SO, and S. The dilute solution is 
colourless and odourless, and has a sour and 
bitter taste (cf. Trithionates, p. 696). The K 
salt, from which the acid solution is obtained, 
may be prepared by dissolving K 2 B 2 0 9 in water 
containing one-eighth part of alcohol, adding the 
salt till the alcohol separates from the aqueous 
solution, passing in S0 2 , with addition from time 
to time of a little K^Oj, temperature being kept 
at 25°-80°, till the liquid is yellow and smells 
of S0 2 , setting aside till crystals separate, and 
re- crystallising from warm water (filtering from 
separated S) (Plessy, A. Oh. [3] 11, 182). 
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Tbtbathionio acid BLjS^OgAq. PbS 4 0 6 Aq is 
decomposed by the equivalent quantity of 
JSUSOAq (not by H,S, which reacts with 
H*S 4 O a ), ana the filtrate from PbS0 4 is concen- 
trated on the water-bath, and then m vacuo 
over HjSO* (Fordos a. G61is, C. R. 115, 920). 
PbS 4 O a may be prepared by pouring a solution of 
2 pts. Na 2 S 2 0 8 .6H 2 0 in much warm water into a 
dilute warm solution of 3 pts. lead acetate, and 
thoroughly washing the ppd. PbS,O s with warm 
water, adding water enough to partially dissolve 
the PbS 2 0 8 , then adding 1 pt. I, and letting 
stand for some days, with frequent shaking, 
filtering from PbL, evaporating and crys- 
tallising (2PbS,0 8 + 21 + Aq - PbS 4 0 6 Aq + Pbl,). 

H 2 S 4 O e Aq is colourless and odourless ; it has 
a sour taste. Dilute H 2 S 4 O a Aq may be boiled 
without change, but the cone, solution decom- 
poses to H,S0 4 Aq, S0 2 , and S. Dilute HClAq or 
H 2 S0 4 Aq does not interact with cold H,S 4 O fi Aq ; 
on warming H,S is given off ; HNOaAq or Cl 
rapidly oxidises H 2 S,O tt Aq to H,S0 4 Aq (cf. 
Tetrathionateb, p. 696). Thomsen (Th. 2, 
262) gives the following data for H.F. : — 
[S 4 ,0*,Aq] - 192,430 ; [2S0*,S 2 ,0,Aq] - 50,270 ; 

[2S0 2 Aq,S 2 ,0] = 34,870 ; [2S 2 0 2 Aq,0] » 53,490. 

Pentathionio aoid HoSjOgAq, and Hexa- 
thionio aged H,S a O a Aq. These acids very pro- 
bably exist in Wackenroder's solution (v. supra , 
p. 698), as salts of H,S ? O a , and probably also of 
HjSA* have been obtained from that solution ; 
solutions of the acids have not been isolated 
(v. Pentathionates, p. 697, and Hexathionates, 
p. 697). M. M. P. M. 

THIONIKE. Thegroup®— — PA>NH 

i.e. C ti H s (NH 2 )<^^C a H 3 :NH (Bernthsen a. 
Goske, B. 20, 931). 

THIOHOL 0 12 H,NS0 a i.«.9 H>(0H) PA>0. 

Formed by heating imido-di-phenyl sulphide 
with dilute H,S0 4 at 160°-160° (Bernthsen, A. 
230, 188). Brownish-red powder, which acquires 
green lustre on rubbing. Insol. cold water, sol. 
acids and alkalis, forming a violet solution. Yields 
di-oxy-imido-diphenyl sulphide (g. v.) on reduc- 
tion.— B',H,S0 4 . Green needles. — B'BaO (dried at 
100°). Plates with green lustre. — B'Ag 2 0 (dried 
at 100°). Brown amorphous pp. 

THIONOLIHE v. Oxy-amido-imido-diphenyl 

SULPHIDE. 

THIOHURIC ACID C 4 H a N 8 SO a i.e. 

°°<nilco> ch - NH-SO * h ‘ Formed fa y the 

simultaneous action of NH ? and SO, on alloxan 
in aqueous solution (Liebig a. Wohler, A. 26, 
268, 814, 881). Formed also by warming nitroso- 
barbiturio acid with ammonium sulphite (Baeyer, 
A . 127, 210). Crystalline mass of needles, v. sol. 
water. Decomposed by boiling water into uranil 
and EL,S0 4 . Deduces ammoniacal AgNO, to a 
mirror. — (NH 4 ),A"aq. Four-sided tables, si. sol. 
cold water. At 200° it yields (NH 4 ) 2 S0 4 and 
xanthinine (Finck, A. 132, 298). — (NHJHA". 
White needles. — CaA". Prisms.— Pb A" aq. 

THIOHYL-m-AMIDO-BENZOIC ACID 
80:N.G a H 4 .C0 2 H. 

Methyl ether MeA'. [57°]. (212° at 100 
nun.). Formed from methyl tn-amido-benzoate 


and SO Cl 2 (Michaelis, A . 274, 250). Yellow 
crystalline mass, v. sol. ether and benzene. 

Ethyl ether EtA'. Oil. 

THI0HYL -DIAMIDO- DI-PHEHYL-ETHYL- 
ENE CjjH 4 (0«H 4 .N:SO) 2 . [202°]. Formed from 
di-amido-stilbene and SOCL (Miohaelis, A. 274, 
265). Bed needles, m. sol. benzene and GHG1 8 . 

THIONYL-AMIDO-PHENOL. Ethyl de- 
rivative C a H 4 (OEt).N:SO. [82°]. (220° at 

200 mm.). Formed from ^-amido-phenetol and 
SOC1, (Michaelis, A . 274, 246). Light-yellow 
needles, v. sol. ether. Slowly decomposed by 
water. 

THIONYL-AMYLAMnnE SO:NC a H ir (87° at 
60 mm.). Formed from amylamine (103°) in 
ether and SOC1, (Michaelis, A. 274, 191). Oil, 
decomposed by water. 

THIONYL-ANHINE C a H 5 N:SO. (200°). S.G. 

1*236. Formed from anilmein benzene solution 
and SOC1, (Michaelis, B. 23, 3480 ; 24, 745). Liquid 
with peculiar odour, sol. alcohol. Converted by 
alkalis into aniline and sulphite. Chlorine forms 
tri-ohloro-aniline [78°]. Cone. HClAq also forms 
aniline and SO,. The compound C 6 H,Br # N:SO 
[75°] is formed from tri-bromo-aniline in benzene 
and SOC1,. The compounds [l:2]C a H 4 Cl.N:SO 
[~8°], [1:3] C a H 4 Cl.N:SO (233°) and [1:4] 
C a H 4 Cl.N:SO [36°] (287°) are formed in like 
manner, o-, m-, and p- Thionyl-bromo-anilines 
melt at 4°, 32°, and 61° respectively (Miohaelis, 
A. 274, 221). Thionyl-tetra-bromo-aniline melts 
at 78°. Thionyl-jp-iodo-aniline [54°] and [4:2:1] 
CaHjIjj.NiSO [74°] are also crystalline. 

Reference . — Nitro-thionyl-anilink. 

THIONYI BROMIDE S0Br 2 v. Sulphur oxy- 
BROMIDES, p. 617. 

THIONYL-ISOBXTTYLAMINE C^NSO i.e. 
CHMe 2 .CH,.N:SO. (116°). Formed from SOC1, 
and isobutylamine in ether (Miohaelis, A . 274, 
191). Liquid, with pleasant smell. 

THIONYL CHLORIDE SOC1, v . Sulphur 
OXYCHLORIDES, p. 617. 

THIONYL-CUMIDINE C a H 4 Pr.N:SO. (158°). 
Got from SOC1, and the cumidine obtained 
from isopropyl-benzene by nitration and reduc- 
tion (Michaelis, A. 274, 239). Oil, not decom- 
posed by boiling water. 

Thionyl-^-cumidine C a H,Me,.N:SO. [-10°]. 
(246°). Oil, v. sol. alcohol and ether. 

THIOHYL-ETHYLAMIHE EtN:SO. (73°). 
Formed by adding SOC1, to an ethereal solution 
of ethylamine oooled below 0° (Michaelis, B. 
24, 756). 

THI0NYL-MESIDI5E O^Me^iSO. 

[-11°]. (241°). S.G. ** 1*121. Volatile with 
steam (Michaelis, A. 274, 240). 

THIONYL-METHYLAMINE MeN;SO. (59°). 
Liquid (Michaelis, A . 274, 187). 

THIOHYL-METHYL-ANILINE 
SO(C a H 4 .NHMe),. [154°]. Formed from SOC1, 
and methyl-aniline in ethereal solution in pre- 
sence of A1C1, (Michaelis a. Godohaux, B. 23, 
3019). Colourless needles, v. sol. alcohol. 
Yields a nitrosamine SO(C a H 4 .NMe.NO) 2 . [171 0 ]. 

THIOHYL.(a)-EAPHTHYLAMIHE 
C 10 H r N:SO. [33°]. (226° at 100 mm.). Formed 
from (a)-naphthylamine in benzene and SOC1, 
(Miohaelis, A. 274, 253). Reddish yellow needles, 
slowly converted by water into naphthylamine 
sulphite. 
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Thionyl- (3) -naphthylamine [53°]. Needles. 1 
The thionyl derivative of bxozno- (3) -naphthyl- I 
amine [63°J melts at 118°. j 

THION YL-o-NITRO-ANILIN E C^ t S0 9 i.e. 
C # H 4 (N02).N:S0. [62°], the m- compound melts 
at 63°, while the p-isomeride melts at 70° 
(Michaelis, A. 274, 225). 

THIOJTYL-NITRO-MESIDINE C 9 H 10 N 2 SO 3 
t.e.0 tI HMe,(N0 2 ).N:S0. [77°]. Got from nitro- 
mesidine [74°] (Michaelis, A . 274, 241)* Light 
yellow needles, v. e. sol. benzene. 

Thionyl-di-nitro-mesidine. [127°]. Formed 
from di-nitro-mesidine [193°]. 

THI0NYL-NITBO-NAPHTHYLAMINE 
C, 0 H fl (NO 2 ).N:SO. Nitro-naphthylamines [191°] 
and [119°] yield thionyl derivatives melting at 
69° and 135° respectively (Michaelis, A. 274, 258). 

THION YL-NITBO-TOLTJ ID INE C 7 H 6 N 2 S0 3 
i.e. O^HgMefNOJ.NiSO. The compounds from 

(2.1.4) -nitro-toluidine [75°] and (3,1,4) -nitro- 
toluidine [114°] melt at 44° and 89° respectively 
(Michaelis, A. 274, 232). 

DI-THIONYL-PHENYLENE-DIAMINE 
C 6 H 4 (N:SO) 2 . The m - andp- compounds melt at 
44° and 116° respectively (Michaelis, A. 274,261). 

THIONYL-PHENYLETHYL-AMINE 
PhCH 2 .CH 2 .N:SO, (172° at 25 mm.). Liquid, 
decomposed by water into S0 2 and base. S0 2 
passed into its ethereal solution forms amorphous 
PhCH2.OH2.NH.SO2H, whence benzoic aldehyde 
yields PhCH 2 .CH. r N ( S0 2 H) .CHPh. OH [114°] 
(Michaelis, B. 26, 2167). 

THIONYL-PHENYL-HYDBAZINE v. Action 
of S0C1 2 on Phenyl-hydrazine. 

THIONYL-PHENYL-PBOPYLAMINE 
CH 2 Ph. CHo. CH 2 .N : SO . Formed from phenyl- 
propylamine hydrochloride and S0C1 2 (Michaelis 
a. Jacobi, B. 26, 2161). S0 2 passed into its 
ethereal solution forms the amorphous compound 
NH(S0 2 H).C„H B Ph, which reacts with benzoio 
aldehyde forming S0 2 H.N(CHPh.0H).0 a H fl Ph 
[106°]. 

THIONYL-PBOPYLAMINE PrN:SO. (104°). 
Smells like bleaching-powder (Michaelis, A. 274, 
190). 

THIONYL-TOLTIIDINE C fl H 4 Me.N.SO. 
Formed from toluidine and S0C1 2 . The 0- com- 
pound is liquid (184° at 100 mm.). The m- com- 
pound is liquid (220°). The p- isomeride [7°] 
(c.224°) may be crystallised by cooling (Michaelis 
a. Herz, B. 23, 3482; 24, 753; A. 274, 231). 
The thionyl derivatives of (3,1,4)- and (5,1,2)- 
bromo-toluidines melt at 47° and 50° respectively. 

THIO-ORCIN C 6 H;,Me(SH) 2 . [35°]. Formed 
by reducing C 6 H s Me(S0 2 Cl) 2 with tin andHClAq 
(Gabriel, B. 12, 1640).— PbC 7 H fl S 2 . 

THIONYL-XYLIDINE C e H s Me,N:SO. The 
(1,2,41- compound [~9°] (131° at 20 mm.), 

(1.3.4) - compound (238°), and (1,4,2)- isomeride 
[—8°] (119° in vacuo) are all oily (Michaelis, A. 
274, 237). Thionyl-fluoro-xylidin^ (144° at 45 
mm.) is also an oil. 

THIO-OXALIC ACID. Ethyl ether 
CJ a H :o SO, i.e. COgEtCO.SEt. (217° cor.). S.G.* 
1*145. Formed by the action of Cl.CO.CO.jEt on 
mercaptan (Morley a. Saint, C. J. 43, 400). 
Colourless liquid with faint odour like garlic. 
Decomposed by EOHAq into mercaptan, alcohol, 
and oxalate. Alcoholic KOH (1 mol.) forms 
EtSH and C0 2 Et.C0 2 K. Water slowly decom- 
poses it, forming oxalic acid, alcohol, and mer- 


captan. Dry NH. forms mercaptan and 
COjEt.CONIL. 

(j3)-Thio-oxalio acid NH2.CS.OO2H. The salt 
C 2 BLjKNSO ? is formed by the action of cold 
cone. KOHAq on the ethers. It crystallises in 
needles, v. sol. water and decomposed by evapo- 
rating. The free acid is unstable. 

Amide of the methyl ether 
NH 2 .CS.C0 2 Me. [86°]. Formed by passing dry 
H 2 S into Cy.C0 2 Me (Weddige, J. pr . [2] 7, 79 ; 
9, 133; 10, 193). Light-yellow crystals, sol. 
water, alcohol, and ether. 

Amide of the ethyl ether NH 2 .CS.C0 2 Et. 
Mol. w. 133. [64°]. Formed in like manner. 
Lemon-yellow crystals. Re-converted by boiling 
with alcohol and Pb(OH) 2 into cyanoformic 
ether. Methylamine and ethylamine form the 
crystalline compounds COJNHMeJ.CS.NHj and 
CO(NHEt).CS.NH 2 respectively. 

Amide of the isobutyl ether 
NHjj.CS.COjjCA. [58°]. Lemon-yellow crys- 
tals, si. sol. water. 

Di-amide CO(NH 2 ).CS.NH 2 . Formed from 
C0 2 Et.CS.NH 2 and alcoholic ammonia (Weddige, 
J. pr. [2] 9, 187). Lemon-yellow needles (from 
alcohol), si. sol. water. 

Di-thio-oxalic acid. Amide 
CS(NH 2 ).CS(NEy. Hydrogen rubeanidc. Mol.w. 
120. Formed, together with yellow Cy.CS.NH 2 , 
by combination of cyanogen with H 2 S (Wohler, 
P. 3, 177 ; VSlckel, A. 38, 315). Formed also by 
passing cyanogen into an alcoholic solution of 
NaSH and ppg. by HC1 (Wollner, J. pr. [2] 29, 
129 ; Ephraim, B. 22, 2305). Prepared by 
passing H*S into an ammoniacal solution of 
CuS0 4 which has been decolourised by KCy 
(Form&nck, B. 22, 2655). Small yellowish-red 
crystals, si. sol. water, sol. alcohol and ether. 
Dilute KOHAq forms oxalic acid, cone. KOHAq 
forms KOy and KCyS. Boiling HClAq forms 
oxalic acid. Mel and MeOH at 150° form 
SMegl. Alcoholic hydroxylamine hydrochloride 
(2 mols.) forms 0 2 (NH 2 ) 2 (NOH) 2 and H 2 S. 
Benzoic aldehyde, acting on a boiling solution, 
forms a compound [209°] which is apparently 

CHPh<|>C.C<^>OHPh (Ephraim, B. 24, 

1027). — PbC 2 H 2 N 2 S 2 : orange pp. (Wallach, B. 
13, 628). Yields PbS on boiling with water. 

Anilide CS(NHPh).OS(NHPh). [133°]. 
Formed from oxamlide by successive treatment 
with PC1 4 and H 3 S (Wallach, B. 13, 527). Golden 
plates. * 

Di- methyl -di- amide 
CS (NHMe) .C S (NHMe) . [140°]. Formed from 
thiocyanic acid, alcohol, and methylamine 
(Wallach, A. 262, 360). Yellow crystals, si. sol. 
alcohol. Converted by NaOEt and propyl 
chloride into C(NMe) (SC,H 7 ).C(NMe) (SC*H 7 ) 
(170°-175°). 

Bi-efApZ-dt-owidsCS(NHEt).OS(NHEt). 
[68°]. Formed in like manner. Yellowish-red 
crystals, insol. water. Converted by NaOEt and 
EtI into C(NEt)(SEt).C(NEt)(SEt) (126°-129°). 

Di-amyl~di»amide 

CS(NHC A H lo ).CS(NHO 5 H 10 ). [60°]. Formed 
from thiocyanic acid, alcohol, and amylamine 
(Wallach, A. 262, 362). Red prisms. 

Di-ben*yl»diamide 

CS(NH0H2Ph).CS(NHCH2Ph). [115°]. Formed 
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from thiocyanio acid, alcohol, and benzylamine. 
Yellowish-red orystals, si. sol. warm alcohol. 

Hexa-thio-ortho-oxalio acid. Ethyl ether 
C 2 (SEt) a . Formed from C 2 C1 B and NaSEt 
(Claesson, J. pr. [2] 15, 212). Heavy oil. 

THIO-OXY- v. Sulphydbo-. 

THIO-PARABANIC ACID. Methyl deri- 
vative v. Methyl-thio-parabanio acid. . 

Allyl derivative C 6 H a N 2 S0 2 i.e . 

^^N(C*H^j^^’ Oxalyl - thio - sinaminc . 

[90°]. Formed by warming the dicyanide of 
allyl-thio-urea with dilute RjSC^ (Maly, Z. 1869, 
260). Lemon-yellow needles, m. sol. cold water. 

THIOPHENE C 4 H 4 S i.e. (84° 

cor.). V.D. 3-0 (calc. 2-9). S.G.' ** 1-062 ; 

41-0884; V 1-0705 (R. Schift, B. 18, 1601). 
S.V. 84-9. R® 41-4 (Nasini a. Scala, G. 17, 70). 
H.C.p. 670,900 (Berthelot a. Matignon, C. B . Ill, 
10; Bl. [3] 4, 252). H.F.- 14900. Critical 
temperature 317° (Pawlewski, B. 21, 2141). 
Critical pressure 47*7 atmospheres. Occurs in 
coal-tar benzene to the extent of about *5 p.c. 
(Y. Meyer, B. 16, 1471). 

Formation. — 1. In small quantity bypassing 
acetylene through boiling sulphur (V. Meyer a. 
Sandmeyer, B. 16, 2176).-— 2. By heating suc- 
cinic anhydride with P 2 S 5 .-— 8. By heating sodium 
succinate with P 2 S 3 , the yield being 50 p.c. of 
the theoretical amount (Volhard a. Erdmann, 
B. 18, 454). It is not formed by heating 
s-di-bromo-succinic acid with P 2 S a or P 2 S, 
(Ossipoff, J. B . 20, 245).— 4. By heating ery- 
thrite with P 2 S 5 (Paal a. Tafel, B. 18, 688). — 
5. From its (a) -carboxylic acid, which is ob- 
tained by heating mucic acid with BaS (Paal a. 
Tafel, B. 18, 466).— 6. In small quantities by 
passing Et 2 S through a red-hot tube (Meyer, B. j 
18, 217). — 7. In small quantities by passing 
ethylene, coal-gas, or ligroin-vapour over heated 
iron pyrites.— 8. In small quantities by heating 
P 2 S 6 with crotonic acid, with n-butyrio acid, with 
paraldehyde, or with ether (Meyer). 

Isolation. — 20 pts. commercial ‘pure * benz- 
ene is shaken for four hours with 1 pt. of 
H 2 S0 4 . The acid is diluted with two or three 
times its weight of water and treated at once 
with steam. Nearly pure thiophene passes over. 
Yield, about 8J p.c. by volume of the H 2 S0 4 
used (Schulze, B. 18, 497). 

Properties. — Liquid with faint odour, not 
decomposed below 335°. Not solid at — 20°. 
Greatly resembles benzene. Oxidised by HN0 3 
with great violence. On shaking with isatin 
and H,jS0 4 it yields a blue colouring matter 
(indophenine). Not affected by boiling with 
sodium. Benzene that contains thiophene' gives 
a bright-blue colour to BLjS0 4 containing nitrous 
acid. Thiophene (10 g.) shaken with alcohol 
(100 g.), cold saturated HgCi 2 solution (1,000 g.), 
and NaOAc (70 g.) dissolved in water Vl30g.) 
forms a white pp. containing C 4 H ? (HgCl)S, ! 
which crystallises from alcohol in white plates j 
[183°], and G^fHgClhS, a white powder, insol. j 
alcohol (Volhard, A. 267, 172). The compound 
C 4 H a (HgCl)S is converted by AcOl into a-thienyl 
methyl ketone and by I into di-iodo-thiophene. j 
Thiophene combines with CHPh, and with di- j 
bromo-di-(j8) -naphthyl oxide (Liebermann, B. j 
26, 853). | 


Reactions . — 1. 


CC1 s .CH(0 4 H 8 S| 2 . ; 


Chloral and H 2 S0 4 yield 
2. BzOl and AlOl, form 
thienyl phenyl' ketone. — 3. Phmyl-glyoxyUc 
acid and H 2 S0 4 form C 12 H 8 NS0 2 , which dissolves 
in chloroform with crimson, and in BLS0 4 with 
purple colour.— 4. 01 and Br yield ohloro- and 
bromo- derivatives. — 5. H 2 S0 4 forms a brown 
solution containing a sulphonio acid, and slowly 
decomposes the thiophene, forming E^S, S0 9 
and an amorphous pp. — 6. H 2 SO. and KNO f 
form a compound called * nitroso-dithiophene * 

HO.N<$|*|>0 (7), ppd. by water as a dark 

insoluble powder (Liebermann, B. 20, 3231). — 
7. Passed with POlg through a red-hot tube it 
forms C^HsS.PClj (218°) which is decomposed by 
water into C 4 H 3 S.P(OH) 2 [70°] and is converted 
by Cl into C 4 H 3 S.PC1 4 , which is converted by S0 2 
into CftS.POCl* (259°) and by water into 
C 4 H 3 S.PO(OH) 2 [159°) (Sachs, B. 25, 1514).— 8. 
Diazobmzene chloride and AlCl a formB (/Bi- 
phenyl-thiophene [57°] (M6hlau a. Berger, B. 
26, 2001). 

References. — Amido-, Bbomo-, Di-bromo-di- 
NITRO-CHLORO-, TRI-CHLORO-NITRO-, IODO-, IODO- 
nitbo-, and Nitro- thiophene. 

THIOPHENE (a) -CARBOXYLIC ACID 

0.11,80, i.e. S<o[caEQ:CH- Thiophene '$•- 

carboxylic acid. [126*5°]. (260° cor.). H.F* 

85,400. H.C.p. 691,900 (Stohmann, J.pr. [2] 48, 
12). Formed by adding sodium-amalgam to a 
mixture of Cl.CO^Et with (a)-iodothiophene, with 
di-iodo-thiophene, or with di-bromo -thiophene 
(Nahnsen, B . 17, 2192 ; 18, 2304 ; Bonz, B . 18, 
2306). Formed also by heating muoio acid with 
BaS for 6 hours at 205°, the yield being 12 p.c. 
of the theoretical (Paal a. Tafel, B. 18, 466). 
Obtained by oxidation of ^-ethyl-thiophene 
(Schleicher, B. 18, 3017), of (a)-propyl-thiophene 
(Buffi, B. 20, 1740), of thienyl methyl ketone 
(Peter, B. 17, 2645; 18, 542), and of thienyl 
ethyl ketone (Ernst, B. 20, 618) with alkaline 
KMn0 4 . 

Properties.— Slender white needles (from 
water) or long flat needles (by sublimation), v. 
sol. hot water, si. sol. cold, v. e. sol. alcohol and 
ether, m. sol. chloroform, si. sol. ligroin. Gives 
a blue colour on wanning with isatin and H 2 S0 4 
(indophenine reaction). Yields thiophene on 
distilling with lime. Yields a di-bromo- deriva- 
tive [211°]. 

Salts.— BaA' 2 2aq. Small orystals. S. 22*19 
at 14*5°. — CaA'jj 3aq. S. 18*5 at 18-5°.— ZnA' f 
(dried). S. 14 at 15°. ~PbA' 2 (dried) *5 at 18*5°. 
— AgA': plates or needles. S. *196 at 11°. 

Ethyl ether EtA'. (218° cor.). S.G. ** 
1*1155. Liquid, smelling like benzoio ether. 

Chloride C 4 H a 8.COOL (190° uncor.). 
Liquid, smelling like benzoyl chloride. 

Amide tJ 4 H,S.CONH 2 . [174°] (Meyer, A. 
286, 210). Prisons, m. sol. ether. Phenyl thio- 
carbimide forms C 4 H 3 S.CO.NH.CO.NHPh. 
[206°] 

Anilide C 4 H a B.CONHPh. [140°]. Formed 
by the action of phenyl cyanate on thiophene in 
presence of A1C1, (Leuchart a. Schmidt, B, 18, 
2340). Iridescent plates. 

Amidoxim C 4 H,S.C(NOH).NH r [92°]. 
Formed by the action of hydroxy lamine on the 



702 


THIOPHENE CARBOXYLIC ACID. 


nitrile (Meyer, A. 236, 213). Long prisms (from 
benzene). 

Nitrile (192°) (D.); (200° cor.) (Peter. B. 18, 
648). Formed by distilling thienyl-glyoxylic 
acid with aqueous hydroxylamine (Douglas, B. 
25, 1311). 

Tetrahydride 8<^ ^° Q ^rVH; [51°]- 

H.F. 114,900. H.C.p. 700,400. Formed by re- 
ducingtheacid, in alkaline solution, with sodium- 
amalgam (Ernst, B . 19, 3278 ; 20, 618). Plates 
or needles (from ligroin), v. e. sol. water and 
alcohol, y. sol. ether. Volatile with steam. 
Much decomposed on distillation. Reduces 
ammoniacal AgNO s . Salts. — CaA' 2 3aq. Crys- 
talline, sol. water. — AgA'. M. sol. water. 
Methyl ether MeA'. (c. 206°). Ethyl 
sther EtA'. Liquid. 

Thiophene (0) -carboxylic acid 

B <CH:C*CO H* (y)'Thiophenic acid. (136°]. 
S. *44 at 17°. Formed by the action of alkaline 
KMn0 4 on (i8)-methyl-thiophene (Muhlert, B . 18, 
3003) or (/3) -ethyl-thiophene, the yield being 
about 8 p.c. (Damsky, J3. 19, 3284). Needles 
(from water), sol. ether, votatile with steam. 
•Gives the indophenine reaction. — CaA' 2 £aq. S. 
(of CaA' 2 ) 7*92 at 14*6°.— BaA' 2 (dried). S. 11-64 
^t 17°. — AgA'. Needles or plates, v. si. sol. Aq. 

Amide CAS.CONB,. [178°]. Converted 
by phenyl oyanate into C 4 H 8 S.CO.NH.CO.NHPh. 
[206°]. 

Thiophene ‘ a ’-carboxylic acid. [118°]. 
(268° cor.). This is a mixture of the (o)- and 
\&)- acids. It is got by saponifying the mixed 
nitrile which is formed by distilling a mixture of 
potassium thiophene (a) and (0) sulphonates with 
KCy (V. Meyer, B. 16, 2174; 18, 2316; Bonz, 
B. 18, 2308). Formed also by oxidising a mix- 
ture of (a) -methyl-thiophene (2 pts.) and (0) 
methyl-thiophene (3 pts.) and by slow evapora- 
tion of an aqueous solution of the mixed thio- 
phene carboxylic acids in the cold (Egli, B. 18, 
648 ; V. Meyer, B, 19, 2891 ; A. 236, 221). Vola- 
tile with steam. Can be separated into the (a)- 



XcM:cS<W r 270 °J- Formed by oxi- 
dising the corresponding di-methyl- thiophene 
with alkaline KMn0 4 (Griinewald, B. 20, 2586). 
Formed also by oxidising (0)-methyl-thienyl 
methyl ketone (Gerlaoh, A. 267, 153). Long 
needles (from water), v. e. sol. ether. Not vola- 
tile with steam. Besorcin at 200° forms a fluor- 
escein which exhibits yellowish-green fluor- 
escence in alkaline solution.— PbA''. — BaA". 
'Crystals, si. sol. cold water. — AgjA". White pp. 

Methyl ether Me-jA". [69-6°]. Plates. 

Thiophene dicarboxylie acid 

s<S!j;S- 

j Formation. — 1. By oxidati<yi by alkaline 
KMn0 4 of di-methyl-thiophene from coal tar i 
(Messinger, B. 18, 667), from (a)-ethyl-thienyl 
methyl ketone, from (a)-ethyl*thiophene (a)-carb- I 
-oxylic acid /Schleicher, B, 18, 8020), from 
methyl-thienyl methyl ketone (Demuth, B. 18, 
3026), and from (o) -methyl-thiophene carboxylic 
Acid (Levi, B. 19, 666).— -2. By saponifying its 
nitrile, which may be got by fusing potassinm 


! thiophene disulphonate with KGy (Jaekel, B. 19, 
191).— 8. By saponifying its ether which is got 
by the action of sodium-amalgam on a mixture 
of di-bromo-thiophene and CICOoEt (Bonz, B» 
18, 2306). 

Properties. — Crystalline powder, v. si. sol. 
cold water, sol. ether. Not melted at 800°. 
Does ngt give the fluorescein reaction. 

Salts. — BaA" aq. Crystalline, v. si. sol. 
cold water.— -CaA" 3aq.— Ag^" : white pp. 

Methyl ether Me^". [146°] (J.) ; [147°] 
(S.); [151°] (D.). White needles from aloohol. 

Ethyl ether Et*A". [47°] (J.) ; [62°] 

(S.). Long needles (from alcohol). 

Nitrile C 4 H 2 SCy 2 . [92°]. Crystals. 

Tetrahydride S<^(OOg.gH, [1620 

cor.]. Formed by reducing the acid in alkaline 
solution by sodium-amalgam (Ernst, J3. 19, 
3275). Plates, v. sol. water, sol. ether. Re- 
duces hot ammoniacal AgNO a . Hot cone. 
H 2 S0 4 evolves CO (1 mol.).— BaA" : scales.— 
Ag.^A" : white powder. — MejjA". Oil. 

Thiophene dicarboxylie acid 

S <C(CO^CH° 2H - Formed by oxidation ol 
the corresponding di-methyl-thiophene by alka- 
line KMn0 4 (Zelinsky, B . 20, 2022). Needles, 
si. sol. cold water. Decomposes and partially 
sublimes at 280°, v. sol. hot water. — Ag^A". 

Methyl ether Me^A". [121°]. Plates. 

Ethyl ether EtjA". [36°]. 

Thiophene tri- carboxylic acid C 4 SH(C0 2 H) 8 . 
Formed by oxidation of di-methyl-thienyl methyl 
ketone with KMn0 4 (Messinger, B. 18, 2302). 

Methyl ether Me 8 A'". [118°] Plates, v. 
boI. alcohol and ether. 

References. — Bromo- and Iodo- thiophene 
carboxylic acid and Nitro-thiophenio acid. 

THIOPHENE GREEN C^H^S. Theleuco- 
base C 4 SH 8 .CH(OH)(C # H 4 NMe 2 ) 2 isgot bv heating 
thiophenio aldehyde with di - methyl aniline, 
ZnCl 2 , and a little alcohol at 100° (Levi, B. 
20, 513). It crystallises in needles [93°], 
and is readily oxidised to thiophene green 
C 4 SH 8 .C(OH)(C a H 4 NMe 2 ) 2 , which is an oil and 
forms the salts (C^H^^aZnClj 2aq, B'ELjSO^ 
B' 2 3H 2 C 2 0 4 2aq, and B'2C e H 8 N 8 0 7 , crystallising 
in scales with coppery lustre. 

Leuco-thiophene green v. Tetba-methyd-di- 

AMIDO-DI-PHENYL-THIENYL- METHANE. 

THIOPHENE (a)-SULPHINIC ACID 
C^S.ISOaH. [67°]. Formed by the action of 
zinc-dust on an alcoholic solution of thiophene 
sulphonic chloride (Weitz, B. 17, 800). Needles, 
v. sol. water, alcohol, and ether. Gives the in- 
dophenine reaction. — BaA' 2 2aq. White plates, 
v. sol. water. — ZnA' 2 3aq. — AgA'. Crystalline pp. 

THIOPHENE ‘a’-SULPHONIC ACID 
C 4 H a S.S0 8 H. Formed by shaking thiophene 
(20 g.) dissolved in ligroin (2,000 o.c.) with 
H 2 S0 4 (300 c.c.) for 2 hours (V. Meyer a. Kreis, 
B. 16, 2172 ; Biedermann, B. 19, 1616). Deli- 
quescent mass. Yields thiophene on distillation. 
It is doubtless a mixture of the (a) and (0) acids. 
— NaA'aq.— -BaA' 2 3aq.— ■ 0aA' 2 .— • PbA'-aq. Very 
soluble powder. — AgA'Saq. Plates (Weitz, 23. 
17, 796). 

Ethyl ether EtA'. ‘ Oil. 

ChlorideC^S.BO^Ol [28°]. (above 200°). 
Oil or colourless crystals. 
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Amide 0 4 H 8 S.CONH 2 . [142°] (Langer, B. 
17, 1568). Needles (from water). — 
0 4 H 8 S.C0.NHAg. Pearly scales. 

Anilide C 4 H 8 S.OONHPh. [96°]. 

Thiophene (0)-sulphonio acid 
rH’OH 

S^sCH'CSOH* ^ orme d by the action of 
sodium-amalgam on di-bromo-thiophene (0)- 
sulphonic acid, which is got by sulphonation of 
di-bromo-thiophene (Langer, B. 17, 1567 ; 18, 
553). Obtained in like manner from iodo- 
thiophene sulphonic acid, and from tri-bromo- 
fchiophene sulphonic acid (Rosenberg, B. 18, 
1776). Crystalline solid, v. sol. water. Gives a 
blue colour with isatin and H 2 S0 4 . — BaA' 2 . 

Chloride C 4 H 8 S.S0 2 01. [43°]. Plates, v. 
sol. ether, insol. ligroin. 

Amide C 4 H 8 S.S0 2 NH 2 . [148°]. Tables. 
Thiophene disulphonic acid C 4 H 2 S(S0 3 H) 2 . 
Formed by reduction of di-bromo-thiophene 
* 0 ’ - di - sulphonic acid by sodium - amalgam 
(Langer, J3. 18, 554, 1114 ; Rosenberg, J9. 18, 
3030). Crystalline, v. sol. water.— BaA" 2|aq. 
Chloride C 4 H 2 S(S0 2 C1) 2 . [149°]. Scales. 
Amide C 4 H 2 S(S0 2 NH 2 ) 2 . [c.280°]. Needles. 
Thiophene disulphonic acid CjKjSfSOgH)^ 
Formed by reducing iodo-thiophene (a/3) -di- 
sulphonic acid with sodium -amalgam (Langer, 
B. 18, 560). 

Amide C 4 H 2 S(S0 2 NH 2 ) 2 . [142°]. Plates. 
Gives the indophenine reaction. 

Thiophene disulphonic acid C 4 H 2 S(S0 3 H) 2 . 
Formed from lead thiophene sulphonate and 
fuming BL;S0 4 (Jaekel, B. 19, 185, 1066). 
Crystalline, v. sol. water and alcohol. — K 2 A"aq: 
prisms, v. sol. water. — Na^A'^aq. Needles, v. 
sol. water.— BaA" 8aq. Flat prisms, si. sol. 
water. — CuA" 4aq. Blue needles. — Ag 2 A". 

Chloride C^H^SO-jCl)*. [77*5°]. Needles 
(from ether). 

Amide C 4 H 2 S(S0 2 NH 2 ) 2 . [211*5]. 
References — Di-bromo-, Iodo- and Nitbo- 

THIOPHENE SULPHONIC ACID. 

THIOPHENIC ACID v. Thiophene oabb- 

OXYLIG ACID. 

THIOPHENIC ALDEHYDE C 4 H 8 S.CHO. 
(198° cor.). S.G. ai 1*215. Formed by distilling 
(a)-thienyl-glyoxylic acid (Biedermann, B. 19, 
637, 1853). Formed also by the action of H 2 S 

on CHC1 <£q-'£q 2 (Hantzsch, B. 22, 2838). 

Oil, smelling like benzoic aldehyde. Oxidised 
by air to thiophene (a) -carboxylic acid. 

Oxim C 4 H 3 S.CH(NOH). Thiophene synal- 
doxim. [128°]. Needles (from ether). Con- 
verted by NaOHAq into thiophene carboxylic 
nitrile (Hantzsch, J9. 24, 47). Yields an acetyl- 
derivative [76°-80°]. NaOMe and Mel in MeOH 

yield C 1 SH„.CH<^ Me [120°], crystallising in 

tables ; converted by dilute H 2 S0 4 into the alde- 
hyde and (j 3 )-metbyl-hydroxylamine (Gold- 
schmidt a. Zanoli, B. 25, 2588). Phenyl cyanate 
in ether forms 0 4 SH 8 .CH:N0.C0.NHPh [ 70 % 
crystallising in needles. 

Oxim C 4 H,S.CH:NOH. Thiophene anti - 
aldoxim . Formed by the action of hydroxyl- 
amine hydrochloride, NaOHAq and Na 2 C0 8 on 
the aldehyde (Goldschmidt a. Zanoli, B. 25, 
2590). Converted by phenyl cyanate into 
O 4 8H,.CH:N0.C0.NHPh [X44°3 t whence NaOH 


forms C 4 SH 3 .CH:N.NHPh [46°]. o-Tolyl cyanate 
forms C 4 H 8 S.CH:NO.CO.NH.C 7 H 7 [66°]. 

Phenyl hy dr azide C 4 SH t .CH:N 8 HPh, 
[134*5°]. Needles (from alcohol). 

THIOPHENIC IMIDO-ETHYL ETHER 
C 4 H 3 S.C(OEfc):NH. The salt B'HCl is formed 
by the action of dry HC1 on the nitrile of 
thiophene oarboxylic acid (Douglas, B . 25, 1312). 
It is crystalline, and is converted by hydroxyl- 
amine into C 4 H 3 S.C(OEt) :N OH [67°]. 

THIOPHENINE is Amido-tbiophene. 

THIOPHENOL v Phenyl mercaptan. 

THI0PHENURIC ACID C^NSO,. [172°]. 
Excreted in the urine of rabbits after injection 
of sodium thiophene (a)-carboxylio acid (Jaff6 a. 
Levi, B . 21, 34581. Prisms, resembling hippurio 
acid (from water), v. si. sol. ether, v. sol. alcohol. 
Split up by boiling baryta-water into glycocoll 
and thiophene (a)-carboxylio acid.— BaA' 2 2aq. 
Needles, v. sol. water. — CaA' 2 Jcaq.-- AgA'. 

THI0-PHENYL-ACET1C ACID. Amide 
CjjH^CH^CS.NELj. [98°]. Formed by heating 
phenyl-acetamide (3 pts.) with P 2 S 5 (2 pts.), and 
also by allowing a solution of phenyl-acetonitrile 
m alcoholic ammonium sulphide to stand for some 
days (Bernthsen, B. 11, 603 ; A . 184, 292). Tri- 
metric crystals (from alcohol), decomposed on 
distillation into ELjS and C^Hs-GH^ON. 

Reactions . — 1. Boiling NH,Aq forms phenyl- 
acetamide.— 2. HgO forms phenyl-acetonitrile. — 
3. Zn and HClAq form phenyl - ethyl - amine 
(Colombo a.„ Spica, B. 8, 821). — 4. Benzoic 
aldehyde forms oily C^H^N.^ (?) — 5. Sodium- 
amalgam forms Ph.CH 2 .CH 2 NH 2 and a com- 
pound C-aH^NSj [108°]. — 6. Iodine added to a 
hot alcoholic solution forms C 18 H I4 N 2 S [42°]. — 
7. Mel forms (CH 2 Ph.C(NH).SMe)HI [139°], 
which gives rise to (C^jjNSjaHJPtCl*. — 8. EtI 
forms (C 10 H 1? NS)HI [116°], which is v. e. sol. 
water, and yields, on treatment with NaOHAq, 
the free base CHjPh.CfNHJ.SEt, which is an oil 
that quickly decomposes into mercaptan and 
phenyl-acetonitrile. The salts (C, 0 H 18 NS)HC1 
[c. 120°], B'jjKjPtCl* [below 130°], and B'HBr 
are crystalline. — 9. Aniline forms the compound 
CHoPh.C(NHJ:NPh. 

THIO - PHENYL - ALL0PHANI0 ACID v. 

Phenyl-thio-allophanio acid. 

THIO - DI - PHENYL- AMINE v . Imido-di- 

PHENYL SULPHIDE. 

THIO - PHENYL - CARBAMIC ACID v. 
Phenyl-thio-carbamic aoid. 

THIO - DI - PHENYL KETONE v. Thio- 

BENZOPHENONE. 

THIO - DI - PHENYL - METHYL - AMINE v. 

METHYL-IMIDO-DI-PHENYL SULPHIDE. 

DI-THIO-PHTHALIC ACID C 8 H ( (CO.SH) r 
The salt KjA" is formed by dissolving KSH 
(2 mols.) in an alcoholic solution of phenyl 
phthalate (1 mol.). The free acid splits up at 
once into H 2 S and thiophthalio anhydride 
(Schreder, ©. 7, 706). 

(a) - Di - tMo - isophthalic acid. The K salt, 
formed by the action of KSH on phenyl 
isophthalate, crystallises in yellow needles. 

Ethyl ether Et 2 A". Formed by adding 
water to the hydrochloride of CJHiCfNHJ.SEt), 
(Luckenbach, B . 17, 1435). Small needles. 

(0) - Di - thio • isophthalic acid. Amide 
C 6 H 4 (CSNH 2 ) r [200°]. Formed by heating 
isophthalic nitrile with alcoholic ammonium 
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sulphide (L.). Needles, sol. hot alcohol. Re- 
converted into the nitrile by lead acetate. Boil- 
ing KOHAq forms isophthalic acid. 

THIO PHTHALIC ANHYDRIDE OJELflO^U. 

C^C,<°Q>S. [114°]. (284°). Formed by the 

action of ESH on phthalyl chloride, Or on 
phenyl phthalate (Qraebe a. Zschokke, B. 17, 
1175). Formed also by the action of As 2 S 9 on 
phthalyl chloride (Rayman, Bl. [2] 47, 898). 
Plates, v. sol. hot alcohol, ether, and chloro- 
form, si. sol. water. Volatile with steam. Sol. al- 
kalis and converted by long boiling with alkalis 
into phthalic aoid. Ammonia forms phthalimide. 
Resorcin and HjSC^ give a thiofluoresoein, the 
alkaline solution of which is deep red with green 
fluorescence. 

THIO-PHTHALIDE C 4 H,<^q>S. [57°]. 

Formed by heating OgH4Oy.OH2.SCy with cone. 
HClAq for 5 hours at 180° (Day a. Gabriel, B. 
28, 2480). Thin needles (from dilute alcohol). 
THIO-PHTHALIMIDINE CANS i.e. 

or O t H 4 Oy.OH 2 SH. [62°]. 

Formed by warming o-cyano-benzyl sulpho- 
cyanide with H 2 S0 4 at 65° (Day a. Gabriel, B . 
23, 2481). Formed also by adding ESHAq to 
o-oyano-benzyl chloride in alcohol. Needles, 
which darken in air, v. sol. alcohol and ether. 
Boiling NaOHAq forms thiophthalide. ESH 
added to its alcoholic solution forms 0, 
crystallising from nitrobenzene in needles with 
green lustre. — JB'HCl. Needles. — B^HyPtCl,,. 
Orange - yellow prisms. — B'HI. Needles. — 
P i c r a t e : slender needles. 

THIOPHTHENE C^.S, i.e. gfcjfegg’ 

(225° cor.). Formed by distilling citric acid 
(1 pt.) with P 2 S 8 (2 pts.), adding NaOHAq, and 
distilling with steam (Biedermann a. Jacobson, 
B . 19, 2444). Oil, not solid at - 10°. Gives the 
indophenine reaction. — B'C 8 H 8 N 8 0 7 . [138°]. 
Yellow needles, v. sol. alcohol and benzene. 
Reference . — Tetra-bromo-thiophthene. 
THIOPHYLLINE C 7 H 8 N 4 0 2 . [264°]. Occurs, 
in small quantify, in extract of tea (Kossel, B . 
21, 2164). Crystals (containing aq), more sol. 
water and alcohol than theobromine, v. sol. 
NHjjAq. Forms salts with acids. On evapora- 
tion with chlorine-water it leaves a scarlet 
residue, turned violet by NH 8 Aq. — 0 7 H 7 AgN 4 0 2 . 
Amorphous, converted by Mel into caffeine 
C 7 H 7 MeN 4 0 2 [229°]. 

(a) - THIO-PROPIONIC ACID G 8 H 8 OS. 
Methyl ether CH s .0H 3 .00.SMe. (120°). 

VJO. 51*28. Formed from propionyl chloride 
and lead mercaptide in the oold (Obermeyer, 
B. 20, 2922). 

( £) -Thio -propion ic acid Et.OS.OH. The 
salt NaA'aq formed by boiling propionitrile with 
alooholio ammonium sulphide is crystalline 
(Dupr6, Bl. [2] 29, 304). 

Amide EtC(NH).SH. [42°]. Formed by 
heating propionamide (5 mols.) with P 2 S 4 (1 mol.) 
in benzene for a short time (Hubacher, A. 259, 
229). Yellowish plates, v. e. sol. benzene. 
THIO-ISOPROPYL-COUMARIN C 12 H 12 SO i.6. 

«W<ga W . [81°]. Formed by heating 
isopropyl-coumarin with PgS* at 120° (Aldringen, 


B. 24, 8463). Reddish-yellow needles, sol. hot 
aloohol, sL sol. ether. 

THIO - PRUSSIAMIC ACIDS. By heating 
ammonium sulphocyanide there is formed, be- 
sides thio-urea, dithiodiprussiamio acid O a H 7 N 9 Sij, 
a yellowish-white powder, si. sol. hot water; thio- 
diprussiamic acid C a H 8 N, 0 S, amorphous, m. sol. 
hot water ; and ammonium dithiotriprussiamate 
O 0 H I3 Nj 5 S 2 , which crystallises from water. The 
first aoid gives no colour with FeCl 8 , the two 
other bodies give a red colour. The lead salts 0 1 
these acids dissolve in hot water. 

THIOTETRAPYRIDINE, so called, 
O^Hj^SJ?). [155°]. Formed by heating niootinri 
(1 pt.) with sulphur (6 pts.) at 150° till the mass 
is chrome-green (Cahours a. Etard, Bl. [2] 84, 
452). Yellow prisms (from alcohol). — B'2HC1. — 
B'HHgCl # .— B'HjPtOi a : yellow amorphous pp. 
THIO - PYROCATECHIN v. Oxy-phenyl 

MERCAPTAN. 

THIO-PYROMTJCIC ACID. Amide 
O4H3O.CS.NH,. [127°]. Formed by passing H 2 S 
into a solution of furfuronitrile in alcohol-ether 
(Douglas, B. 25, 1814). Yellowish crystals, si. 
sol. cold water, v. sol. alcohol. 

THIO-PYRUVIC ACID. The compound 
(Ga^OjjSJCsH^a [87°J separates as a powder 
when HjS is passed into pyruvic acid (Bottinger, 
A. 188, 325). It is v. e. sol. water and is con- 
verted by boiling HIAq into CH 9 .CH(SH).00 2 H. 
Boiling water forms H.,S and thiopyruvio acid. 

DI-THIO-RESORCIN C 8 H 4 (SH) 2 . Mol.w. 142. 
[27°]. (243°). Formed by reducing the sulpho- 
chloride G 8 H 4 (S0 2 C1) 2 with tin and HClAq 
(Patschke, J. or. [2] 2, 418; Korner, G. 6, 140). 
Crystals, smelling like some geraniums. Pb(OAo)* 
added to its alcoholic solution ppts. orange 
Cg^SjPb, whence Mel forms O a H 4 (SMe) 2 (278°) 
(Obermeyer, B. 20, 2927). 

THI0-RTJF1C ACID C 10 H J4 S s O 4 . Formed by 
the action of CS 2 on a mixture of NaOEt and 
acetoacetio ether (Norton a. Oppenheim, B. 10, 
701). Pearly orange scales, nearly insol. water. 
— NaA': brick-red needles. — CaA' 2 : red needles. 
THIO SALICYLIC ACID v . Oxy-thio- 

BENZOIO ACID. 

THIOSIN AMINE v. Allyl-thio-urea. 
THI0-8UCCINIC ACID. Anhydride 

0A< \CS> 0 - • Sulphosuccinyl.' [81°]. (226°). 

Formed by adding succinyl chloride dissolved 
in benzene or CS 2 to an aqueous solution of 
Na 2 S. Got also by distilling succinic acid 
(100 g.) with P 2 S ft (100 g.) (Auger, A. Ch. [6] 
22, 333}. White crystals. Its aqueous solu- 
tion gives off HaS on heating. Phenyl* 
hydrazine forms C0 2 H.G 2 H 4 .C(SH):N.NHPb 

[120°] andC a H ) <^'^^>0 [216°], which on 

distillation changes to succinyl-phenyl-hydra* 
zine [155°]. Phenyl-hydrazine also produces 
0 2 H 4 (00.N 2 Bt 2 Ph) 2 [219°] (Zanetti, C . 0 . 1889, 
668). Sodium-amalgam forms 0 4 H 8 NaS0 2 , 
converted by phenyl-hydrazine acetate into 
00 2 H.0 2 H 4 .CH:N 2 HPh [c. 175°]. 

Di - thio - succinic acid C-jB^CO.SH),. 
The salt EjjA", got by boiling succinyl-phenol 
with ESH in alcohol, crystallises in minute 
needles, v. sol, water, alcohol, and ether 
(Weselsky, B. 2, 518). Its aqueous solution is 
decomposed by spontaneous evaporation. Acids* 
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split it up into H*S and thiosuooinio anhydride 
(v. supra). 

Ethyl ether 0*H 4 (C0.SEt) 2 . (271°). 

Formed from di-phenyl succinate (42 g.) and 
sodium mercaptide (30 g.) in dry ether in the 
cold (Seiffert, J, pr. [2] 31, 469). Oil, smelling 
of garlic. 

THXO-SUCCIKTOIC ACID 0 5 H s N„S0 8 . [211°]. 
Formed by heating succinic anhydride with thio- 
urea at 140° (Pike, B . 6, 1105). Yellowish powder, 
insol. alcohol and ether, si. sol. water and HOAo. 
Decomposed by alkalis into thio-urea and 
succinic acid. 

(a) - DI . THIO - TEREPHTHALIC ACID 

C 9 H (t S 2 0 2 i.c.0 fl H 4 (C0.SH) ? . Formed by the action 
of alcoholio KSH on di-phenyl terephthalate 
(Schreder, B . 7, 708). Amorphous, v. si. sol. 
alcohol. 

(0) - Di - thio - terephthalic acid. Amide 
C 4 H 4 (CS.NH 2 ) 2 . [263°]. Formed by heating 
terephthalic nitrile with alcoholio ammonium 
sulphide (Luokenbach, B. 17, 1430). Yellow 
amorphous powder, insol. alcohol. Boiling with 
lead acetate reproduces the nitrile. 

THIOSDLPHATES. Salts of the hypothetical 
thiosulphwric acid H 2 S 2 0 3 . These salts were 
called hyposulphites before the isolation of the 
true hyposulphites (M 2 S a 0 4 , p. 592). Na 2 S 2 0 8 . 5aq 
is still, however, commonly known as sodium 
hyposulphite. Thiosulphates are formed by 
boiling normal alkali sulphites in solution with 
S ; (M 2 90 8 Aq + S « M 2 S 2 0 8 Aq) ; caustic alkali 
solutions and milk of lime also give thiosulphates 
by boiling with S. Thiosulphates are pro- 
duced by the action of air, S0 2 , or K 2 Cr 2 0 7 Aq 
on the alkali and alkaline earth polys ulphides 
in solution (M 2 S fl Aq + 30 = M 2 S 2 0*Aq + 3S ; 
2M 2 S 5 Aq + 3SO.jAq = 2M 2 S 2 0gAq + 9S ; 

2M 2 S 4 Aq + 4M 2 Cr 2 0 7 Aq + H 2 0 
■» 5M 2 S 2 O a Aq + 4Cr 2 0 8 + 2MOHAq (Dopping, A , 
46, 172). Spring (B. 7, 1157) by heating 
(NH 4 ) 2 S0 4 with P 2 S 5 got a large quantity of 
(NH 4 ) 2 S 2 O s , along with (NH 4 ) 2 S*, and also some 
(NH 4 ) 2 9 8 0 4 , and P compounds ; and by the inter- 
action of H a S and S0 2 .NH 2 .0NH 4 he obtained 
(NH 4 ) 2 S 2 0,. A little H 2 S 2 0 3 Aq is said to be 
formed by the interaction of steam and molten 
S (Myers, A. 129, 351). 

The alkali salts, also the Oa and Sr salts, are 
readily soluble in water ; many of the others are 
insoluble or only slightly soluble; the insoluble 
salts are often obtained from solutions of the 
alkali salts by double decomposition. Thio- 
sulphates are decomposed by heating strongly ; 
alkali salts leave a mixture of Bulphate and 
sulphide ; other salts also give off H 2 S and S. 
Aqueous solutions of thiosulphates evolve H 2 8 
when boiled, forming sulphates, or sulphides 
if the metal of the thiosulphate is ppd. by ELjS. 

Aqueous solutions of thiosulphates are de 
composed by dilute mineral acids, with separa- 
tion of S and evolution of S0 2 . Salts of the acid 
used are formed, and H 2 S 2 0*Aq, which then de- 
composes to H 2 S0 8 Aq and S. This reaction has 
been studied by several chemists (v. Berthelot, 
C. B. 108, 971 ; Yaubel, B . 22, 1686, 2703 ; Vort- 
mann, B. 22, 2307 ; Foussereau, CM, 104, 1842). 
Colefax (0. J. 61, 176) in 1892 examined the 
interaction of Na^OgAq and acids; he found 
that when the products of the change are not 
removed the interaction stops before all the 

Von. IV. 


HjSaOjAq is decomposed, 0. determined the 
effects on the velocity and the limit of the re- 
action of concentration, increasing the relative 
mass of the acid used, the nature of the acid, 
temperature, and the presenoe of SO, in the 
solution before acidification (reference to older 
memoirs are given by 0.). 

Thiosulphates are converted into tetrathion- 
ates by the action of I ; oxidisers such as HNO s , 
KC10 a and HClAq, and KMn0 4 Aq produce sul- 
phates. According to Hdnig a. Zatzek (M. 4, 
738), KMn0 4 in solution in acetio acid produces 
dithionates. 

For the general qualitative reactions of thio- 
sulphates compared with those of thionatea v . 
Debus (C. J. 53, 298). 

Selenothiosulphates M 2 SeS0 3 are described 
as Thioselenates , under Selenates (p. 434). 

Constitution of thiosulphates . The formula 
S0 2 .0M.SM is generally adopted for the normal 
thiosulphates of monovalent metals (Odling, 
C. N. 29, 153 ; cf. Sohorlemmer, C. J . [2] 7, 
254 ; Williamson, C. J . [2] 7, 259). Some 
chemists, considering the resemblances between 
thiosulphates and sulphites, have suggested the 
^OM 

formula SO (v, Blomatrand, Die Chemie 
\O.SM 

der Jetztzeit [Heidelberg, 1869], 258 ; Buchanan, 
B. 3, 485 ; Michaelis, Q . 0. [5th ed.] 1, 7451. The 
formation of thiosulphates by boiling sulphites 
with S is readily represented by either formula, 
according as sulphites are regarded as SO a .OM.M 
or SO.OM.OM. As the balance of evidence is in 
favour of the formula S0 2 .0M.M, it is likely that 
the salts formed by adding S to the sulphites are 
S0 2 .0M.SM. The production of (NH 4 ) 2 S 2 0 8 by the 
interaction of (NH 4 ) 2 S0 4 and P 2 S 5 (Spring, B. 
7, 1158) also confirms the formula S0 2 .0M.SM, 
inasmuch as a thiosulphate is produced in this re* 
action from a sulphate (S0 2 .0NH 4 .0NH 4 giving 
SOj.ONH 4 .SNH 1 ). Spring’s synthesis of H 2 S 2 0» 
from S0 8 and H 2 9— for the actual reaction carried 
out, viz. formation of (NH,) 2 S 2 O a by first com- 
bining SO g and NH 8 , and then interacting with 
H 2 S, is equivalent to the synthesis of H 2 8 2 0, 

( v . S., l.c .) — is also in keeping with the formula 
SO r OM.SM. By warming EtBr with Na 2 S 2 O s Aq, 
Bunte ( B . 7, 646) obtained the salt EtNaS 2 0 3 . 
This salt is decomposed by dilute acids giving 
EtSH andSO„.OH.ONa ; when heated it gives off 
Et 2 S 2 and S0 2 , leaving Na 2 S0 4 . These reactions 
indicate that EtNaS 2 0 8 is S0 3 Na.EtS ; hence the 
formula of Na 2 S 2 0 8 is probably SO g Na.NaS. One 
of the Na atoms in Na 2 S 2 0, is then probably in 
direct union with an atom of S ; and as EtNaS^O* 
easily gives S0 2 .0H.0Na, along with EtSH, 
it is likely that the formula of this salt is 
S0 2 .0Na.SEt, and hence that the formula 
for Na 2 S 2 O s is S0 2 .0Na,SNa. The formula 
SO r OH.SH quakes possible the existence of two 
isomeric salts MM'S 2 0 8 , viz. S0 2 .0M.SM' and 
S0 2 .0M'.SM ; two such salts are known where 
M Na and M' = K. (v. Potassium thiosulphate, 

p. 706). 

Ammonium thiosulphate (NH 4 ) 2 S 2 O r Obtained 
by the interaction of (NH 4 ) 2 CO* and CaS 2 0sAq, 
filtering and evaporating (Rammelsberg, P. 56* 
298) ; white, rhombic, deliquescent leaflets, 
crystallising with xRfi, Fook a. Kluss (B. 
22 , 3099; 23 , 534) obtained the anhydroos 

ZZ 
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salt by moting on SO*Aq with (NHJ.S,, 
evaporating at a low temperature and finally 
over EL,S0 4 , and thoroughly drying between 
filter paper (c/. Arppe, A. 96, 118). The 
anhydrous salt is not deliquescent (F. a. K.). 
Double ealts are desoribed by F. a. K. (l.c.; 
also B. 28, 1768): (1) with CdS 2 O a ; (2) with 
MgS.O a ; ( 8 ) ^th EgSjO*, the salt obtained 
was S0 2 .0K.SNH« F. a. K. could not obtain 
SO r ONH 4 .SK ; (4) with Cu 2 S 2 O s and Ou.1^ also 
with Oujj^ and NH 4 I (Brun, 0. R. 114, 667) ; 
(6) with PbS 2 O a (Rammelsberg, P. 66, 808) ; 
(6) with HgS 2 0, (R., lx.). 

Barium thiosulphate BaS 2 0,.aq. A white 
pp. obtained by mixing Ba(C 2 H a 0 2 ) 2 Aq and 
NaJ3.0*M» and completing ppn. by alcohol; 
loses all water at 170°, at red heat gives 
BaS, BaSOg, BaS0 4 , and S (H. Bose, P. 21, 437 ; 
Rammelsberg, P. 66, 295). 

Double salts. (1) With OdS.O a (Fock a. 
KlfisB, B. 28, 1753) ; (2) with Cu 2 S.O a (Oohen, 
G. J. 51, 88) ; (8) with PbS 2 O a (Rammelsberg, 
P.66,808). 

Cadmium thiosulphate CdS 2 O a . 2aq (F. a. K., 
B. 23, 534) ; double salts with (1) Na^A, 
(2) KAO., (3) SrS 2 O g (F. a. K., B. 23, 1753 ; 
Vortmann a. Padberg, B. 22, 2637]. 

Calcium thiosulphate CaS 2 O s . oaq. Formed 
by mixing hot oono. solutions of Gad. and 
Na.S.0., evaporating under 60°, separating NaCI, 
which crystallises first, and allowing to cool 
(Kessler, P. 74, 282). Also obtained by heating 
OaSO. and S with water, or by boiling milk of 
lime with S, passing in SO., and crystallising 
below 60° (Hersohel, N . Ed. P. J. 1, 8, 296 ; 2, 
154). Forms large, clear, six-sided, triclinio 
prisms, that effloresce in air at 40° ; S. 100 at 
3° (H., lx.). Cone, solution gives OaSO. and S 
by heating above 60°. Rammelsberg (P. 66, 
808) describes a double salt with PbS 2 0.. 

Cobalt thiosulphate CoS 2 0,.6aq (Rammels- 
berg, P. 56, 898 ; Fook a. Kliiss, B. 22, 8810). 
A double salt with NaAOs is described by 
Vortmann a. Padberg (B. 22, 2637). 

Copper thiosulphates. According to von 
Hauer (TV. A. B. 18, 443) an acid cuprous salt 
CuJEIAO.),, te obtained, in microscopic, golden- 
yellow needles, by adding oono. GuS0 4 Aq to 
Na.S 2 O.Aq till the liquid is deep yellow, and gently 
warming, washing the pp. with water and alco- 
hol, and drying over H.S0 4 . Doub le salts of 
Ou.S.0, : (1) with BaS.0, (Oohen, C. J. 61, 38) ; 
(2) with K.s.0, (O., lx. ; Rammelsberg, P. 66, 
821) ; (8) with Ag.S.0, (O., lx.) ; (4) with Na.S.0. 
(Lena, A. 40, 99 ; Siewert, J. 1866. 257 ; Kessel, 
B. 10, 1677, 2000 ; Sohiitte, J. pr. 70, 249 ; Vort- 
mann, M . 9, 165). 

Iron thiosulphate. The ferrous salt 
FeS.O.. 5aq was obtained by Vortmann a. Pad- 
berg (B. 22, 2637) by rubbing BaS.O. with cone. 
FeS0 4 Aq (the salts being present jn the ratio 
of equal numbers of molecules), filtering from 
BaS0 4 , adding a mixture of alcohol and ether, 
and allowing the green, oily liquid that sepa- 
rated to stand for some days. Small green 
crystals; very sol. # water; solution is decom- 
posed by boiling, with separation of FeS. A 
double salt with Ka.8.0. is desoribed by 
V. a. P. (lx.). For aeoounts of former attempts 
to prepare pure ferrous thiosulphate v. Fordos 
a. G6Us (J.PK [8] 4, 888); Berthelot (A. OK 


[6] 2, 68) ; Vogel (J. pr. 8, 102} ; Koene (P. 68. 
245, 431) ; Rammelsberg (P. 66, 806). 

No ferric thiosulphate nss been isolated. 

Lead thiosulphate PbS 2 O g . Obtained by 
adding Na.S 2 0,Aq to Pb(NO a ).Aq, or 
Pb(0 2 H 8 0 2 ) 2 Aq, and washing the pp. with cold 
water. A white solid; very si. sol. water; soL solu- 
tions of alkali thiosulphates (v. Pape, «T. 1864. 
57 ; Letts, O. J. [2] 8, 424). For reaction with 
PC1 5 — giving PbOL,, HOI, SO., SOOl* POC1. and 
probably PS01 r -o. Buchanan (B. 8, 486). Ram- 
melsberg (P. 56, 308) has desoribed double 
salts with the thiosulphates of NH 4 , Ba, Oa, 
K (v. also Spring, B. 7, 1157), and Na (v. also 
Vortmann a. Padberg, B. 22, 2687). 

Lithium thiosulphate Li.S.0.. 3aq (v. Fook a. 
Kliiss, B. 22, 8096). 

Magnesium thiosulphate MgS.O r 6aq. By 
passing SO. into MgSAq till colourless, boiling 
MgSO. in SO.^Aq with S, or adding BaS.O.Aq to 
MgS0 4 Aq and filtering, a solution is obtained 
which on evaporation at a low temperature gives 
small, white, prismatic crystals of thiB salt. 
Loses 8H.0 at 170°, and gives off SO. and S at 
red heat, leaving MgS0 4 and MgO (Herschel, 
N. Ed. P. J. 1, 8, 296 ; 2, 164 ; Rammelsberg, 
P. 56, 803; Fock a. Kliiss, B. 22, 8310). 
Double salts (1) with (NH 4 ) 2 S.O„ (2) with 
K.S.O. are described by R. (l.c. ; v. also Kessler, 
P. 74, 256 ; also F. a. K., B. 23, 684). 

Manganese thiosulphate MnS.O,. 5aq. 
Formed similarly to FeS.O.. 6aq (Vortmann a. 
Padberg, B. 22, 2637). A double salt with 
Na.S.O s is described by V. a. P. (l.c.). 

Mercury thiosulphates. Neither the mer- 
curous nor the merourio salt has been isolated. 
Addition of a thiosulphate to solution of a mer- 
curous salt ppts. Hg.S ; with a mercuric salt, a 
oompound of HgS with the merourio salt em- 
ployed is said to be formed (Rammelsberg, P. 66, 
814). Double s alt s of mercurous thiosulphate 
with (1) (NH 4 ) 2 S 2 O a , (2) Cu.S.O t , (3) Na.S.O s are 
desoribed by Rammelsberg (lx.) ; and a double 
salt of mercuric thiosulphate with K.S.O a by 
Vortmann a. Padberg (B. 24, 1851). 

Nickel thiosulphate NiS 2 O r 6aq (Rammels- 
berg, P. 66, 809 ; Fook a. Elites, B. 22, 8810). 
For a double salt with Na.S.0. v. Vortmann 
a. Padberg (B. 22, 2637). 

Platinum thiosulphate. Not isolated ; but 
Schottlander (A. 140, 200) describes a double 
salt PtS.O..8Na 2 S.O t .10aq. 

Potassium thiosulphate K.S.O,. Obtained 
by boiling cono. K.SO. with excess of S ; or by 
adding hot K.Cr.O y Aq to hot K 2 S 6 Aq, little by 
little, waiting after each addition till the 
separated Or 2 O t is pure green in ooleur 
(2K.S s Aq + dKjCr.OyAq + H.0 
- 5K.S flM + 2KOHAq + 40r.0 J ; 
(D8pping, A. 46, 172 ; Kessler, P. 74, 274). In 
either case the filtered solution is evaporated to 
the orystallising point, and the crystals of 
K.S.0..ZH.0 are heated to o. 180°. By evapo- 
rating at 30°, thin, four-sided, deliquescent prisms 
are obtained of the hydrated salt 3K,S a O r H.0 
(Rammelsberg, P. 56, 296 ; Kessler, Le.; Fook a. 
Kliiss, B. 22, 3096). This hydrate is very sol. 
water, but insol. alcohol ; it loses all water at 
c. 180° ; heated more strongly it decomposes to 
K A and K.S0 4 (R., Le.). Other hydrates are 
desoribed by D. a. P«, lx. (v. also Flessy, A. OK 
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[8] 11, 182 ; F. a. K., IxX The final products o f 
the action of SO* on K^Bfi,Aq are KgS^O^Aq, 
K 8 S 4 O a Aq f and K*S 4 OgAq (Debus, 0. /. 53, 343). 

Double salts.— ( 1) with (NH 4 ) 2 S 2 O t (Fook 
a. Kliiss, B. 23, 534); the salt obtained was 
S0 2 .0K.SNH 4 , the isomeric salt S0 2 .0NH 4 .SK 
could not be isolated; (2) with Bi^SgOjJj (Carnot, 
C. B. 83, 838) ; (3) with CdS 2 0 3 (F. a. K., B. 23, 
534) ; (4) with 0u 2 S a 0 8 (Cohen, 0. J*. 51, 88) ; 
(5) with HgCy* (F. a. K., B. 24, 1351) ; (6) with 
HgS 2 0, (F. a. K., lx.) ; (7) withPbS 2 0 3 (Itammels- 
berg, P. 66, 308 ; Spring, B. 7, 1157) ; (8) with 
Ag 2 S 2 0 3 (Cohen, O. J. 51, 38 ; Schwioker, B. 22, 
1728, describes KAgS 2 0 3 .NH 8 ). (9) With Na 2 S 2 0 3 
two salts are obtained : (i.) SO r OK.NaS. 2aq, by 
the interaction of Am 2 S a Aq and NaKS0 3 .2aq; 
(ii.) S0 2 .SK.0Na. 2aq, by the interaction of 
Am 2 S 4 Aq and KNaS0 3 (v. Sulphites, p. 587) ; the 
first salt melts at o. 57° and has S. = 213*7 at 15°; 
heated with BtBr it gives SO a .OK.SEt ; the second 
salt melts at c. 62° and has S. = 105*3 at 15°, 
heated with BtBr it gives SOg.ONa.SEt (Schwioker, 
B . 22, 1728). 

Silver thiosulphate Ag 2 S 2 0 8 . This salt has 
probably not been isolated pure. On adding 
dilute AgN0 3 Aq to Kfifi^Aq a white pp. is 
formed, and is dissolved on shaking ; addition 
of more AgN0 3 Aq produces a greyish, floooulent 
pp., which is a mixture of Ag 2 S 2 0 3 and Ag 2 S. 
By treating this pp. with NHgAq, filtering from 
Ag 2 S, exactly neutralising the filtrate by 
HN0 3 Aq, and quickly drying the white flooculent 
pp. that formed between filter paper, Herschel 
(AT. Ed. P. J. 1, 26, 398 ; 2, 154) obtained fairly 
pure Ag 2 S 2 0 8 . A white powder ; slightly soluble 
water ; solution has a sweet taste ; decomposes 
readily to Ag 2 S and H 2 S0 4 Aq. 

Double salts. Ag.fi and A g salts generally 
dissolve readily in solutions of alkali thiosul- 
phates, forming double salts, either of the form 
2AgMS 2 0 3 .aq, or of the form Ag 2 M 4 (S 2 0 3 ) 3 . 2aq 
(Herschel, l.c.). (1) With (NH 4 ) 2 S 2 0 8 ; by adding 
excess of AgCl to (NHJgSgOjAq, and washing the 
white crystalline pp., 2Ag(NH 4 )S 2 0 3 .aq is ob- 
tained. Using less AgCl and ppg. the solution 
by alcohol produoes Ag 2 (NH 4 ) 4 (S a 0 3 ) 3 .2aq (EL, 
lx.). (2) With Na^S/V, addition of AgNO,Aq, 
drop by drop, with constant shaking, to 
Na,S 2 0 3 Aq, till a permanent pp. begins to form, 
followed by addition of alcohol, ppts. 
Ag 2 Na 4 (S 2 0 3 ) 3 .2aq ; the salt is washed with 
alcohol, and dried in vacuo (Lenz, A. 40, 94) ; 
when the mother-liquor from this salt is allowed 
to evaporate 2AgNaS 3 O r aq is deposited (Her- 
schel, lx. ; cf. Lenz, lx.). The second of these 
salts is much less soluble in water than the 
first ; it dissolves in NagSgO^q, with formation 
of AgaNa^SgOjh^aq. Both salts are decom- 
posed by boiling their aqueous solutions, 
with formation of Ag 2 S, (3) With KgS s O s *, two 
salts are known similar to the sodium salts. 
Sohwioker IB. 22, 1738) describes the oompound 
AgKSgOj.NH*. Herschel (l.c.) obtained double 
Balts with CaS 2 0 3 and with SrS 2 0 3 . 

Sodium thiosulphate Na 2 S 2 O r 5aq. 

Formation. — 1. By boiling NaJ30 g Aq with 
8. — 2. By passing SO* into solution of sodium 
polysulphides. — 3. By the action of SO* on soda 
waste suspended in water, whereby CaS 2 0,Aq is 
formed; followed by addition of Na^SO*, filtration 
from CaSO* and evaporation. 
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Preparation.— Na a SO r ®aq is dissolved in a 
little water, the solution is boiled with flowers of 
sulphur for a considerable time, and filtered ; 
the clear, colourless liquid is evaporated to 
the crystallising point, and the crystals that 
separate are purified by reorystallisation from 
water. 

Properties . — Large, white,monoolinic prisms ; 
S.G. 1*736 at 10° (Kopp, J. 8, 45 ; cf. Schiff, J. 
12, 41 ; Smith, Am. J. Pharm. 58, 148). Melts 
at 45° in the water of crystallisation (Kopp, «T. 
8, 45); at 48*5° (Tilden, O. J. 45, 268). The 
crystals' are dehydrated by keeping in vacuo 
over HJ30 4 , or by heating to 100°. S. 49*76 at 
0°, 69*44 at 20°, 104*16 at 40°, 192*3 at 60° 
(Bremers, P. 99, 50). An aqueouB solution of 
the salt is easily supersaturated; thus Schiff 
l A. 113, 350) dissolved 171 parts Na*S 2 0 3 , 6aq 
( « 108*9 parts Na 2 S 2 0 3 ) in 100 parts water at 
19*1°, and Krezners obtained a solution of 217*4 
parts Na 2 S 2 0, in 100 parts water at the ordinary 
temperature. According to Baumhauer (J. pr. 
104, 148), a supersaturated solution may be 
cooled to — 10° without crystallising ; addition 
of a crystal of the salt causes rapid crystallisa- 
tion, with the evolution of much heat (cf. Par- 
mentier a. Amat, O. B. 98, 735). Solution of 
Na 2 S 2 0 8 .5aqin water is accompanied by the dis- 
appearance of much heat; Rudorff (B. 2, 68) 
says that 110 parts Na 2 S 2 0 3 .5aq dissolving in 
100 parts water lower the temperature from 
10*7° to -8°, i.e. through 18*7°. Schiff (A. 118, 
350) gives the following data for S.G. and com- 
position of aqueous solutions of NaJ3 2 O r 6aq 
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1*1087 

20 

12*742 

1*2624 

45 

28*669 

1*1145 

21 

13*379 

1*2690 

46 

29*306 

1*1204 

22 

14*016 

1*2766 

47 

29*943 

1*1263 

23 

14*653 

1*2822 

48 

30*580 

1*1322 

24 

15*290 

1*2888 

49 

81*218 

1*1381 

25 

# 15*927 

1*2954 

50 

81*855 


Na a S 2 O s .5aq is iqsoL alcohol. 

According to Joohum (C. O. 1885. 642), a 
trihydrated salt Na*SgO r 3aq is obtained by 
adding alcohol to a saturated solution of the 
ordinary salt, removing the oily liquid that seps 
rates, and adding to it 98 p.o. aloohoL Accord* 
ing to Parmentier a. Amat (O. B. 98, 735), 
Na..S*O r 5aq is obtained crystallised in needles, 
melting at o. 82°, by placing a supersaturated 

s l2 
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solution of the ordinary salt in a freezing mixture 
in a closed vessel. 

Reactions . — 1. Beat decomposes Na 2 S 2 0 3 ; 
the change begins at c. 220° with separation of 
S, at c. 400° Na 2 S0 4 and Na 2 S 5 are formed, and 
at a higher temperature more S is given off, and 
Na 2 S0 4 and Na 2 S remain. — 2. Na^OjAq inter- 
acts with iodine in KIAq to form NalAq and 
Na^OeAq; according to Villiers (C. R. 108, 
402) some Na 2 S,0* is also formed. With a mix- 
ture of Na 2 SO a and Na 2 S 2 0 3 in solution I pro- 
duces NalAq, Na 2 S0 4 Aq andNa,S 4 O a Aq (Colefax, 
C. J. 61, 198, 1083). — 3. Na 2 S 2 0 8 is oxidised by 
potassium permanganate solution; in alkaline 
solutions the oxidation is complete to Na 2 S0 4 Aq 
according to H6nig a. Zatzek (M. 4, 738) ; Glaser 
( M . 6, 329) says that the oxidation is also com- 
plete in neutral solutions ; Luckow ( Fr. 32, 53) 
represents the oxidation, on boiling, either in 
neutral, acid, or alkaline solution as producing 
Na 2 S0 4 and Na 2 S 2 0„.— 4. Acids interact with 
NajjSjjOgAq, forming Na salts of the acids, and 
HjSjOgAq, which then decomposes to H 2 SO„Aq 
and S ; when the products are not removed from 
the solution the reaction stops before all the 
H 3 S 2 O s is decomposed (Colefax, C. J. 61, 176 ; 
and v . beginning of article Thiosulphates, p. 
705). 

Combinations. — 1. With water ( y . supra t 
Properties ).— 2. With various thiosulphates to 
form double salts. Double salts with CdS 2 O s , 
CoS 2 O a , FeS 2 O a , PbS 2 O a , MnS 2 O a , NiS 2 0 3 , 
T1. 2 S 2 0 3 , and ZnS 2 0 3 are described by Vortmann 
a. Padberg (B. 22, 2637) ; Fock a. Kliiss ( B . 23, 
1753) also describe that with CdS 2 0 3 . Rammels- 
berg (P. 56, 308) prepared salts with PbS 2 O a 
and Hg 2 S 2 O a . For a double salt with HgS^Oa v . 
Schwicker (B. 22, 1728). For the double salts 
with K 2 S 2 0 3 v. Potassium thiosulphate, double 
salts f No. (9) (p. 707), and for those with Ag 2 S 2 O s 
v . Silver thiosulphate, double salts , No. (2) 
(p. 707). Schottlander (A 140, 200) describes 
a double salt 3Na 2 S 2 0 a .PtS 2 0 8 . lOaq. 

8trontium thiosulphate SrS 2 O a . 6aq. Pre- 
pared like the Ba salt (Herschel, N. Ed. P. J. 1, 
26, 398 ; 2, 154 ; Kessler, P. 74, 274). Fock a. 
Kluss ( B . 22, 3310) describe a salt SrS 2 O a . aq. 

Thallium thiosulphate TL 2 S 3 0 8 . A white, 
crystalline pp., formed by adding Na 2 S 2 0 3 Aq to 
fairly cone. TIOHAq (Crookes, C. J. 17, 136; 
Hebberling, A. 134, 11). For a double salt 
with Na 2 S 2 0 8 v . Werther (J. pr. 92, 130) ; Vort- 
mann a. Padberg ( B . 22, 2637) ; also Jochum 
(C. C. 1885. 642). 

Zinc thiosulphate ZnS 2 O a . Prepared by 
double decomposition from ZnS0 4 Aq and 
BaS.PjAq (v. Rammelsberg, P. 56, 295 ; Fordos 
a. Gdlis, J. pr. 29, 291). For a compound with 
NH, v. R. (l.c.). For a double salt with 
NagS.,0, v. Vortmann a. Padberg (B. 22, 2687). 

M V M. P. M. 

THIOSULPHURIC ACID H,8,0 3 Aq. Thig 
acid almost certainly exists in tho liquid obtained 
by adding a dilute weak acid to dilute Na 2 S 2 0 8 Aq, 
the acid and Balt being mixed in equivalent 
quantities ; the H 2 S..O s Aq Boon begins to decom- 
pose to HJSOgAq and S. Landolt (B. 16, 2958) 
hae made an extensive investigation into the 
conditions and time of existence of H 2 8 2 O s in 
solution. Thomsen (Th. 2, 256) gives the thermal 
d*t»; [SO^Aq.S] - —9310 ; [SO*,S,Aq]« -1610. 


For the salts of H-SA v. Thiosulphates. 

M. M. P. M. 

THI0T0LENE v. Methyl- thiophene. 
THIO-o-TOLTTIC ACID. Amide 
OgHjMe.CS.NHj. [88°]. Formed from o-toluio 
nitrile (Gabriel a. Heymann, B. 24, 786). 

Thio-p-toluic acid. Amide. [168°]. Formed 
by passing H. 2 S into an alcoholio solution of 
p-toluic nitrile (Paterno a. Spica, B. 8, 441). 
Yellowish needles. Zinc and HClAq yield 
G fl H 4 Me.CH 2 NH 2 . 

THIO-TOLUIDINE v . Di-amido-di-toltl sul- 
phide. 

THIO-p- T0LYL - DI - PHENYL - DI - GD AN - 
IDINES v. Di-phenyl-di-guanido-di-tolyl sul- 
phide and Di-phenyl-di-carbimido-tetra-amido* 
tetra-tolyl disulphide. 

THI0-T0LYL-DI-PHENYL-THI0-TJREA v . 
Di-phenyl-di-thiouramido-di-tolyl sulphide. 
THIO-URAMIDO-BARBITURIC ACID 

C 5 H,N,SO a i.e. NH a .C(NH).S.OH<^;^®[>CO. 

Formed by the action of thio-urea on an aqueous 
solution of chloro-, bromo-, or di-bromo-barbi- 
turic acid (Mulder, B. 12, 2309 ; Trzcinski, B. 
16, 1057). Formed also by heating alloxan with 
thio-urea and alcoholic S0 2 at 100° (Nencki, B. 
4, 722 ; 5, 451). Slender needles, insol. water, 
sol. hot HClAq. Converted by boiling KOHAq 
into thio-dialuric acid C 4 H 4 N 2 S0 3 l^aq (?) which 
yields KA'aq. EL 2 S0 4 (£ pt.) at 150°-160° forms 
uro-sulphinic acid C a H 4 N 4 S0 2 . 

THIO-URAMIDO-BENZENE p-SULPHONIC 
ACID. The salt NH 2 .CS.NH.C tt H 4 .S0 3 K, formed 
by heating potassium sulphocyanide with amido- 
benzene p-sulphonic acid at 140°, crystallises 
from dilute alcohol in aggregates of thin needles 
(Pellizzari, A. 248, 156). 

m-THI0-URAMID0-BENZ0IC ACID 
NH 2 .CS.NH.C 6 H 4 .C0 2 H. [187°]. Formed from 
m-amido-benzoic acid and potassium sulpho- 
cyanide (Arzruni, B. 4, 406). Formed also by 
allowing a solution of m-oyanamido-benzoio 
acid in colourless ammonium sulphide to stand 
for 24 hours (Traube, B. 15, 2118). Needles. 
Converted by ammoniacal AgNO a into m- 
uramido- benzoic acid. Not coloured by FeCl 3 . 

p-THIO-URAMIDO-BENZYL-THIO-BREA 
NH 2 .CS.NH.C tJ H 4 .CH 2 .NH.CS.NH 2 . p-w-di-thi- 
uramido-toluene. [176°]. Formed by heating 
jp-amido-benzyl-amine hydrochloride (1 mol.) 
with potassium sulphocyanide (2 mols.) in 
aqueous solution (Amsel a. Hofmann, B. 19, 
1289). White needles. 

THIO-URAMIDO-BUTYRIC ACID. Anhy- 

dride [200°]. Fonned 

from a-bromo-w- butyric acid and thio-urea (An- 
dreasch, M. 8, 419). Needles, v. sol. hot water. 
Thio-uramido-iso-batyrie add. A nhy dride 

OjHjNjSO <.*. NH:0<®£^ e «. [242®]. 

Formed from bromo-isobutyric acid and thio- 
urea (Andreasch, M. 8, 410). Plates, si. soh 
water. Oxidised by HC1 and KC10 t to urea and 
ft-sulpho-iso-butyric acid. 

o-THIO TJR AMID O-C INN AMIC ACID 
NH 2 .GS.NH.C tf H 4 .CH:CH.C0 5i H. [236°-239 0 ]. 
Got by heating the sulphocyanide of o-amido- 
einnamio acid C a H 4 (NH a .HSCy)CH:CH.00 2 H 
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1152°] at 115° (Rothschild, B. 23, 8342). V. 
sol. hot HO Ac and NH,Aq. 

a-Thio-^-uramido-cinnamic acid C 10 H, 0 N 2 SO 2 
i.e. NH:C[NH 2 ).S.C(COJH):CHPh. Formed 
from benzoic aldehyde, thiohydantoin, and 
NaOHAq (Andreasoh, M. 8. 421). Needles (from 
alcohol), decomposed by alkalis. 

0-TmO-i//URAMIDO-FROPlONIC ACID 
NH:C(NH 2 ).S.CH 2 .CH r C0 2 H. Formed by heat- 
ing 0-iodo-propionic acid with thio-urea and 
water and a little NaOH (Andreasch, M. 6, 831). 
Small pyramids (containing 2aq), si. sol. cold 
water and cold alcohol. Decomposed by baryta 
into cyanamide and CH 2 (SH) .CHjj.COjH. KC10 a 
and HC1 yield /3-sulpho-propionic acid. 

wp-Dl-THlO-U it AMIDO-TOLU ENE v. Tmo- 

UBXMIDO-BENZYI,-THIO-UBEA. 

DI . p - THIO-URAMIDO - DI - TOLYL - o - SUL- 
PHIDE [2:1:4] S^HaMe.NH.CS.NH,),. Thio- 
p-tolyl-di-thiurea. [121°]. Formed by evapo- 
rating to dryness an aqueous solution of di-p- 
amido-di-tolyl sulphide, hydrochloride and 
ammonium sulphocyanide (Truhlar, B. 20, 669). 
White amorphous powder. Sol. alcohol and 
benzene, si. sol. ether. 

THIO-UREA CSN.,H 4 i.e. CS(NH 2 ) 2 or 
HS.C(NHJ:NH. Mol. w. 76. [170°]. S. 9 in 
the cold (Volhard, J. pr. [2] 9, 13). 

Formation .— 1. By heating dry ammonium 
sulphocyanide for two hours at 170°, cooling to 
100°, adding an equal weight of water at 80°, 
filtering, and allowing to crystallise (Emerson 
Reynolds, C . J. 22, 1; Claus, A. 179, 113; 
Smolka a. Friedreich, M. 10, 90). — 2. By the 
action of tin and HC1, or of HI, on persulpho- 
cyanio acid C 2 H 2 N 2 S 3 (Glutz, A. 154, 39). — 
3. By passing dry H 2 S into an ethereal solution 
of cyanamide (Baumann, B. 6, 1375).— 4. By 
allowing a solution of cyanamide, mixed with 
yellow ammonium sulphide, to stand for a day 
(Baumann, B. 8, 26).— 5. From cyanamide and 
thioacetic acid. — 6. Together with urea by the 
action of ammonia on COS (Berthelot, . C . R. 
94, 1069). 

Properties . — Silky trimetric needles, melting 
at 170°. After one fusion it melts at 149° 
(Pratorius, J . pr. [2] 21, 141). V. boI. water, 
nearly insol. alcohol and ether. Tastes bitter, 
not coloured by FeCl a . According to Armstrong 
(C. J, Proc. 8, 2), the molecule of thio-urea is 

CjSjN.H,. 

Reactions . — 1. Water at 140° forms ammo- 
nium sulphocyanide. Alcohol at 100° acts in 
like manner (Haller, BL [2] 45, 706). — 2. An 
alcoholic solution of nitrous ether quickly con- 
verts it into ammonium sulphocyanide. — 3. Pro- 
longed heating at 170° also oonverts it into 
ammonium sulphocyanide. At 180° it slowly 
forms guanidine sulphocyanide and ammonium 
tri-thio-carbonate. Nitrous acid gives off nitro- 
gen.— 4. KOH at 100° slowly forms NH* KSH, 
KjCO t , and a little KCyS. Alcoholic potash 
acts in like manner (Haller, C. R . 102, 974). 
H 2 S0 4 and HC1 act in the same way. — 5. Aqueous 
KMn0 4 forms urea and other products (Maly, 
M. 11, 277). — 6. Oxidising agents (e.g. BL/)* 
K 2 Cr 2 0 7 , KN0 2 , KMn0 4 , and iodine) form 
8 2 (C(NH 2 ):NH)* which has an insoluble ni- 
trate (Storch, AC 11, 452). — 7* Ammoniacal 
AgNO. forms urea and Ag 3 S.— 8. HgO, added to 
a cola aqueous solution, produces cyanamide. 


PbO acts in like manner. At 100° the pro- 
duct is dicyandiamide (Hofmann, 2?. 2, 605). — 
9. Acetoacetic ether reacts forming an ether 
C5 6 H 7 N 2 SO(OEt), which on saponification yields 

OS <Nh!cO e ^ CH ’ v - sl - so1 - water <Bebreiid, 

B. 19, 219).— 10. CCl 3 .COCl forms C t H,04N t S,O p 
crystallising in slender needles, m. sol. alcohol, 
sl. sol. water, v. sl. sol. ether ; converted by Rr 
into OClj.SOgBr (McGowan, C. J. 49, 191 ; 51, 
669; J. pr. [2] 36, 220). CC1 8 .S0 2 C1 added to 
an alcoholic solution of thio-urea forms the 
chloride C1 2 CSN 2 H 4 , which is ppd. on adding 
ether, while the filtrate contains the compound 
(CSN 2 H 4 ) 2 (CC1 3 .S0 2 ) 2 [125°], which iB more soL 
alcohol than water, and gives with Br a pp. of 
CClg.SO.^Br.— 11. CC1 3 .S<XNH 4 in alcohol forms 
flat prisms of (CSN 2 H 4 )CC1 3 S0 2 H [139°], m. sol. 
water and ether, v. sol. alcohol, converted by 
Br into CClg.SO.^Br (M‘Gowan, C . J. 51, 667 ; 
J. pr . [2] 36, 219). — 12. Chloro-acetone forms 
(NH 2 .CS.NH.CH 2 .CO.CH s )HC 1 [126°] (Paw- 
lewski, B. 21, 402).— 13. ClCO^t forms 
(NH 2 .CS.NH.C0 2 Et)HCl [117°].— 14. CK/31.0H 
gives CyEI^S, a white amorphous powder, insoh 
water, nearly insol. all usual menstrua, recon- 
verted into thio-urea by HClAq (von Hemmel- 
mayr, M. 12, 89).— 15. Di-bromo -succinic acid 
forms fumaric acid on heating (Nencki a. Sieber, 
J. pr. [2] 25, 74). — 16. A hot cone, solution of 
di-bromo-pyruvic acid forms ‘ sulphuvinurio 
acid * C 4 H 4 N 2 S0 2 , which crystallises with 2aq, 
reduces Fehling solution to Cu 2 0 in the cold, 
and to a copper mirror on warming, and yields 
the salts CaA' 2 , MgA' 2 , ZnA', HA'HCl, HA'HBr, 
and HA'HN0 3 aq (N. a. 8.). — 17. Bromo-pyruvic 
ether forms amido-thiazole carboxylic ether 

S <C(NHj:N COjEt [ 173 °J (Steude, A. 201, 80). — 
18. Bromo-acetoacetic ether gives ju-amido- 
thiazyl-aoetio ether 

[94°], which yields an acid [o. 130°], split up on 
fusion into C0 2 and amido-methyl-thiazole 
(Steude). a - Chloro - acetoacetic ether forms 
C 8 NSMe(NH.J.C0 2 Et [175°] (Ziiroher, A. 250, 
281).— 19. Thio-urea heated with an alcoholic 
solution of chloro-acetic acid and phenyl-hy- 
drazine forms 0 8 H 9 N 3 SO [175°] (Probst, J. pr. 
[2] 45, 416). — 20. Fusion with (B)-iodopropionic 
acid and a little water forms C 4 H g N 2 S0 2 [176°], 
which crystallises from water in needles (con- 
taining 2aq), sl. soL alcohol, insoL ether (An- 
dreasch, M. 6, 832).— 21. Di-chloro-acetic acid 
forms thiohydantoin. a-Bromo-propionic add 
forms methyl-thiohydantoin (206° unoor.) (Dixon, 

C. J: 63, 815). — 22. Aldehyde heated in a sealed 
tube with thio-urea forms CSN 2 H 2 (CHMe), 
which is sl. sol. ether and cold alcohol, and is 
decomposed by hot water (Reynolds, C. N. 24, 
87).— 23. StUcimc anhydride at 140° forms 
C 4 H 8 N 2 SO„ [211°J. — 24. Citraconic anhydride at 
130° forms C fl H 8 N 2 SO s [223°] (Pike, B. 6, 1104).— 
25. Acetyl-acetone and a small quantity of 
HClAq form CH 2 (CMe:N.CS.NH 2 ) 2 HCl [219°]. 
In presence of excess of HC1 the product 

is CH,<<S>CS [210°] (Evans, J. pr. [2) 
48, 603). 

Salts. — B'HNO* Crystalline. — B'HGl. 

Formed from the stannous double nhloride And 
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HJ9. Crystalline.— B'HL Tables.— B' 4 NH 4 C1. 
[154°]. Felted orystalline mass (Reynolds, 0. /. 
59,385).— B' 4 NH 4 I. [186°].— B'jftPtCJl,. Yellow 
prisms, v. sol. water and alcohol. Gan be dried 
at 100°. — B'^HPtOlj. Got when saturated solu- 
tions of thio-urea and PtCl 4 are mixed. Bark- 
red prisms, insol. water, alcohol and ether.— 
B'jjAuOl. Yellow monoolinic crystals, got by 
adding AuCl* to a saturated eolation of thio- 
urea — B'T1S0 4 . — B' 8 CuS0 4 . White silky needles. 
Got by mixing oonc. solutions of thio-urea and 
CuS0 4 .— B'^CuISOJ 2aq.— B'.CuCl. Colourless 
dimetric crystals, sol. water, but ppd. by HC1 
and KOI. Alkaline in reaction. Attacked by 
HaS with difficulty. Does not absorb 00 
(Rathke, B. 17, 301).— B^Cu^l* aq. Ppd. by 
adding CuCLjAq to aqueous thio-urea (Rathke, 

B. 14, 1779 ; 17, 301). Minute needles, insol. 
water.— BgCuCl. Flat needles. Formed by 
mixing the two preceding salts into which it is 
decomposed by water. — B'4HgO.— B' 2 (HgO) 8 3aq. 
Ppd. by adding neutral Hg(NO,) 2 to a dilute 
solution of thio-urea (Emerson Reynolds, A. 
150, 285; Kurnakoff, B. 24, 3956). Crystalline. 
Loses thio-urea on washing with water. — 
B'jHgCl*: large crystals, v. sol. water. — B'^HgCl, : 
minute needles, nearly insol. water (Claus, B. 9, 
227).— B'HgLj (Maly, B. 9, 173).— B'HgCyS. 
Needle 8 decomposed by heat into dicyandiamide, 
HCy, and HgS (Nencki, B. 6, SOSJ.-B'^PbCl*: 
needles (Claus, A. 179, 135).— B'PbfGyS),.— 
BjSnCl^. — B' 2 ZnCl^ : spherical groups of prismB 
(from water).— B' 2 CdS0 4 . — B' 8 SiBr 4 (Emerson 
Reynolds, C. J. 61, 202) . - B'gAg/) 4aq. Crystal- 
line.— B'AgNO, (K.). — B'^AgNO,. [141°]. Silky 
crystals, sol. hot alcohol (Emerson Reynolds, 

C. J . 61, 249). — B'jAgCl. [171°]. Needles, m. 
sol. hot alcohol.— B'^AgBr. [121°].— B' 2 AgL— 
B^gCy. [126°] . — B' 4 Ag 2 C ? 0 4 : needleB. 

Chloride (CSNEL^Cl,. Formed by pass- 
ing Cl into a cone, alcoholic solution of thio- 
urea (Claus, A. 179, 189). Formed also by the 
action of CC1,.S0 2 C1, and of IC1, IC1 8 , or P001 a 
on thio-urea (M Gowan, 0. J . 49, 191 ; J.pr. [2] 
83, 188). Small needles, v. sol. water, m. sol. 
alcohol, insol. ether. Decomposed by alkaliB, 
yielding oyanamide. Alcoholic KI removes chlor- 
ine, Betting thio-urea free. Dilute HNO t forms 
crystals of (CSN^HJ^NO,),, which is si. sol. 
water, insol. alcohol and ether. 

Bromide (CSNJHJgBr^ Formed by adding 
Br to an alcoholic or cold aqueous solution of 
thio-urea ; in aqueous solution excess of Br pro- 
duces urea (Claus, A. 179, 138; M‘Gowan, 
C. /. 51, 378 ; J. pr . [2] 36, 216). Crystals. 
Its aqueous solution deposits S when heated. 
Sodium-amalgam reproduces thio-urea. 

Iodide (GSNgHJ^. Formed from thio- 
urea, 1, and aloohol (M'Gowan, J, pr . [2] 33, 
192). Prisms. 

Methylo-iodid e (GSN^J&el. [117°]. 
Formed slowly by combination of thio-urea with 
Mel in the cold (Bemthsen a. Klinger, B. 11, 
493). Prisms, v. sol. water and alcohol. AgCl 
gives the chloride, which forms the platino- 
chloride (B'MeCl^tC^ aq. 

Ethylo-chloride B'EtCl. Crystals. 

Ethylo-bromide (CSN t BJEtBr. Hexa- 
gonal plates (dans a. Siegfried, A. 179, 145). 
Decomposes at 100°. 

B thy lo •iodides (OSNJHJEtt. Crystal- 


line. Gives with moist Ag s O a base. Boiling 
aqueous alkalis liberate mercaptan. — B' 2 Et,PtCi f 
(dried at 100°). Tables.— B'gEtL Needles (from 
alcohol) (Claus, B. 8, 41). 

Beneylo-chloride (GSN 2 H 4 )G 7 H,G1.[168 0 J. 
Formed from benzyl chloride and thio-urea. 
Yields unstable benzyl-thio-urea CSNjE^O^S, 
[72°], which decomposes at 100° into dioyan- 
diamide and benzyl mercaptan (Bemthsen a. 
Klinger, J3. 12, 574).— (CSN^C^ClJjPtOl^ 

Compound with oxalio ether 
(CSN 2 HJ 2 Et 2 C 2 0 4 . [150°]. Monoclinio crystals 
(Nencki, B, 7, 780). Decomposed by hot water. 

Compounds with amines 
(OSNjjH^NMeHJBr. [138°]. Formed from 
methylamine hydrobromide and thio-urea in 
alcohol (Reynolds, O. J . 69, 392). Felted 
crystals. — (CSN 2 H 4 ) # NEt 2 H 2 Br. [134°]. Formed 
by boiling thio-urea together with diethyl- 
amine hydro-bromide and absolute alcohol.— 
(CSNjjHJgNEt^HBr. — (GSN 2 H 4 ),NEt 4 I [185°]. 

Prisms.— (CSN,H 4 ) 2 NEt 4 Br [160°]. Rectangular 
prisms (Reynolds, C. J . 69, 388). 

Acetyl derivative CSN^HjAc. Mol. w. 
118. [165°]. Formed by heating thio-urea with 
Ac 2 0 (Nencki, B. 6, 598). Formed also from 
thio-acetio acid and cyanamide (Pratorius, J.pr, 
[2] 21, 147). Prisms (from hot water), v. sol. 
alcohol, m. sol. ether.— BH^PtCl*. Crystalline. 

Propionyl derivative (Freytag, J. pr. 
[2] 20, 381). 

Benzoyl derivative CSN^jBz. [170°]. 
Formed by warming thio-urea (2 mols.) with 
BzOl (1 mol.) (Pike, B. 6, 755). Got also from 
benzoyl sulphocyanide and NH^Aq (Miguel, BL 
[2] 25, 252). Needles (from alcohol) ; bL soL 
cold water. Tastes bitter. 

o-Oxy-benzoyl derivative 
NH 2 .OS.NH.CO.C a H 4 .OH. [182°]. S. (boiling 
alcohol) 7. Formed from salicyl thiocarbimide 
and aqueous NH* (Miguel, A. Ch. [5] 11, 804). 

THIO-^-URIC ACID v. Thio-uramido-barbi- 

TURIC ACID. 

THIO-VALERIC ALDEHYDE C ft H I0 S. (116°). 
Formed, together with C 4 H a Sj| [95^, by heating 
isovaleric aldehyde (23 pts.) with 8 (9 pts.) in 
sealed tubes at 250° for eight hours (Barbaglia, 
0. 11, 95 ; B. 17, 2654). Oil with penetrating 
odour like onions, sol. aloohol and ether. Does 
not combine with NaHSO r 

Isomeride C*H 10 S. [69°]. V.D. (H-l) 

60 76. Formed by passing H 2 S into a dilute 
aqueous solution of isovaleric aldehyde. Fibrous 
crystals (from ether), insoL water. 

THI0XENE v. Di-methyl-thiophbnb. 

THI0XYLEN0L v. Xylyl mercaptan. 

THI0XYL METHYL KETONE v. Di-methyl- 

THIENYL METHYL KETONE. 

THORIUM Th. (Thorinum.) At. w. 232. 
MoL w. unknown. Tne m.p. of Th has not been 
determined; it is certainly very high (Nilson, B, 
15, 2541). S.G. 11*1 at 17° (N., l.c. f p. 2548). 
SJS. *02787 (N., B. 16, 161). Crystallises in 
regular octahedral and hexagonal forms, iso- 
morphous with Si (Br5gger, Z, K. 7, 442 ; of. 
Nilson, B. 15, 2546 ; 16, 162 note). S.V.S. 20*9. 

Historical . — In 1818 Berzelius announced 
the discovery, pf the oxide of a new element 
in a rare Norwegian mineral ; to the metal of 
this oxide he gaVeithe name thorium ffnuxr 
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the Scandinavian god Thor), k tew years 
later Berzelius found that the substanoe he had 
supposed to be a new earth was really yttrium 
phosphate. In 1828, however, Berzelius isolated 
a new earth from another Norwegian mineral ; 
he named the new earth thoria, and the mineral 
from which it had been prepared he called 
thorite (P. 16, 386). In 1851 Bergemann dis- 
covered a new metal and oalled it donarium ; 
but this metal was shown to be identical with 
the thorium of Berzelius by Damour (0. R. 34, 
686), Berlin (P. 87, 608), and Bergemann him- 
self (P. 85, 558). In 1862 Bahr supposed he had 
found a new metal, which he called wasium , but 
soon afterwards he recognised that the metal was 
identical with thorium (P. 119, 572 ; 132, 227). 
The metal thorium was isolated by Berzelius in 
1828 (P. 16, 3851 ; it was also obtained by Chy- 
denius In 1861 (Bl. [2] 1, 130) ; and in a state 
of greater purity by Nilson in 1882 (B. 15, 2537). 

Occurrence . — Compounds of Th have been 
found only in very small quantities in a few 
localities. Thorite from L6v6n in Norway con- 
tains c. 59 p.c. ThO ? according to Berzelius ; an 
orange-coloured variety of this mineral, orangite % 
was found by Bergemann to contain 74 p.o. 
Th0 2 ; Nilson (B. 15, 2519) found from 50 to 
59 p.o. ThO* in different specimens of thorite . 
Small quantities of Th0 2 have been found in 
specimens of pyrochlore t monazite t 8amarskite t 
euxenite , gadolinite t and orthite. Several mine- 
rals containing Th have been discovered by Hid- 
den a. Mackintosh in North Carolina and Colo- 
rado ; one of these is a silicophosphate of Th, 
another a silicate of Th and Y, another a sili- 
cate of Th and U, and another is a uranate of 
Th, Pb, and Y (Am. S . [3] 36, 461 ; 38, 474). 

Formation. — 1. By reducing ThCl 4 or 
2ThCl 4 .KCl, by heating with K (Berzelius, P. 16, 
885). — 2. By reducing fused ThCl 4 , or 
2ThCl 4 .KCl, by means of Na (Chydenius, Bl. [2] 
1, 130 ; 6, 438 ; Nilson, B. 15, 2537). 

Preparation. — Powdered thorite is evapo- 
rated with HClAq to dryness; the residue is 
heated to render silica insoluble, and treated 
with water ; the solution is filtered and ppd. by 
H 2 S ; the filtrate from PbS is ppd. by NHjAq, 
and the pp. of crude ThO^jeH^O is thoroughly 
washed and dissolved in HClAq ; Th(C 2 0 4 ) 2 is 
ppd. from this solution by H,C 2 0 4 Aq, and the 
pp., after being thoroughly washed with boiling 
water, is decomposed by heating; the crude ThO, 
thus obtained is converted into Th(S0 4 ) 2 by 
treatment in a Pt basin with cone. H 2 S0 4 after 
being thoroughly moistened with water. The 
impure Tl^SOJ* thus obtained is freed from aoid 
and water by heating, and is dissolved in as 
little ice-cold water as possible (o. 5 parts are 
required), and the solution is heated to o. 20°, 
when ThfSO^H/) ppts. The Th(S0 4 ) ? .9H,0 
is dehydrated by heating ; the Th(S0 4 ) 5e is dis- 
solved in the minimum quantity of ice-oold 
water and the solution is heated to c. 20° ; the 
crystals of ThfSOJ^H./) that separate are de- 
hydrated, dissolved in ice-cold water, and the 
hydrated sulphate is ppd. by heating to 20°. 
This treatment is repeated a few times, when 
pure Th(S0 4 ) 4 .9BLj0 is obtained. This method 
of purifying orude sulphate of Th, whioh is given 
by Nilson (B. 15, 2521), depends on the great 
differenoes between the solubilities in water of 


Th(S0 4 ) s and Th(S0 4 ) a .9H 2 0 ; the former, when 

S ure, is soluble in 20*6 parts water at 0 6 , the 
ktter requires 88 parts water at 0°, and much 
more at 20°, for solution. The sulphates of the 
metals present in the orude Th(S0 4 ) s prepared 
as described are much more soluole in water at 
20° than Th(S0 4 ) 2 .9H !l 0. For other methods of 
preparing salts of Th from thorite v. Berzelius 
(lc.), Chydenius (lc.), Delafontaine ( Ar . So. [2] 
18, 843), and Cleve (Bl [2] 21, 115). 

To prepare Th from pure ThfSOJ^, Nilson 
(B. 15, 2538) dissolved the salt in water, ppd. by 
KOHAq and boiled, washed the ThO r a;H ? 6 
thoroughly, dissolved in HClAq and reppd. by 
KOHAq (to remove all traces of H 2 S0 4 ) ; he 
thoroughly washed the pp. by decantation, dis- 
solved it in HClAq, added KOI, in the ratio 
2ThCl 4 :KCl, evaporated to dryness in a Pt basin, 
and dried the residue by warming over a flame, 
stirring constantly, and then powdering and 
heating again. The dry double salt of Th01 4 
and KC1 was heated to redness in a stream of 
dry HC1 (prepared from cone. H a S0 4 and sub- 
limed NH 4 C1), HC1 was removed by a stream of 
H, and some of the salt was transferred to a 
cylinder of wrought iron (fitted with a lid which 
screwed on), in whioh a layer of dry NaCl had 
been placed ; pieoes of sodium were arranged over 
the Th-K salt in the cylinder, on these was placed 
another layer of the Th-K salt, and the cylinder 
was thus nearly filled with alternate layers of Na 
and the double salt ; the contents of the cylinder 
were pressed together by a piston which fitted 
into the cylinder, sufficient dry NaCl was added 
to fill the cylinder, the lid was screwed on, and 
the apparatus was heated to full redness for 
about fifteen minutes ; after oooling, the contents 
of the apparatus were treated with cold water, 
whereby chlorides were dissolved and the excess 
of sodium was converted into NaOH and dis- 
solved (the action is apt to be explosive) ; the 
thorium was washed with water, then with alco- 
hol, and finally with ether, and dried at 100°. 

The yield of thorium by this method is almost 
equal to that calculated from the equation. For 
a detailed description of the iron oylinder used 
for reduction v. Nilson a. Pettersson, W. 4, 654 
(on the preparation of Be). 

Properties.— Prepared as described, Th forma 
a greyish -white, glistening powder ; the powder 
consists of small, thin, six-sided, crystalline leaf- 
lets ; the larger crystals are as white and lustrous 
as silver, the smaller are grey and less lustrous. 
The crystals are somewhat brittle. S.G. at 17° 
11*1 to 11*23 ; the latter number referring to the 
well-crystallised metal (Nilson, B. 15, 2543 ; 16, 
160). S.H. (0° to 100°) *02787, hence at. heat 
«6*4 (N., B. 16, 1611. Crystallises in combina- 
tions of regular octanedra and hexahedra ; iso- 
morphous with Si (N., l.o.; and note , p. 162). 
S.V.S. 20*9. The emission-spectrum of Th has 
been mi^ped by Thal6n (DHermin. dee Longueurs 
d'Onde de$ Raise Mdtalliques [Upsala, 1868]) ; 
the most marked lines are three in the indigo ; 
4393, 4382, and 4281. Soret (Ar. Sc. [2] 66; 
69 ; [8] 4, 94) found that Th01 4 Aq cuts off al- 
most the whole of the ultra-violet part of the 
spectrum. 

Th is unchanged in air up to 100°- 120°; 
when heated to a higher temperature it bums to 
ThO a with production of muoh white light Th 
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4b readily oxidised by beating in 0 ; on this ac- 
count some of the metal is oxidised in the pro- 
cess of preparation if the lid of the cylinder does 
not fit tightly. Nilson’s experiments (B. 15, 
2541) show that Th does not melt at the full 
beat of a wind-furnace. Th does not react with 
water ; it combines directly with 01, Br, I and 
S. The metal is slowly acted on by H 2 S0 4 or 
HNO„ rapidly by HClAq or aqua regia ; alkali 
solutions do not seem to react. 

The at. w. of Th has been determined : (1) by 
analysing Th(SO and hydrates of this salt (Ber- 
zelius, P. 16, 398 [1829] ; Ohydenius, P. 119, 43 
[1861] ; Delafontaine, Ar. Sc . 18, 343 [1863] ; 
Hermann, J. pr . 93, 114 [1864] ; Oleve, Bl. [2] 
21, 116 [1874] ; Nilson, B. 15, 2527 [1882] ; Kriiss 
a. Nilson, B. 20, 1665 [1887]) ; (2) by analyses of 
the double Th-K sulphate (Berzelius, lx .) ; (3) by 
analyses of the acetate, oxalate, and formate of 
Th (Ohydenius, l.c .) ; (4) by determining S.H. of 
Th (Nilson, B. 16, 158 [1883]) ; (5) by finding 
V.D. of ThCl 4 (Kriiss a. Nilson, B. 20, 1666 
[1887]). The mol. w. of Th is not known. 

Th is distinctly metallic in its chemical re- 
lations ; the only oxide that has been isolated 
with certainty, Th0 2 , is basic, forming salts 
ThX, (X«S0 4 , 2NO„ <fec.). There are indica- 
tions of the existence of a higher oxide (? Th 2 0 7 ), 
Thorium forms the last member of the even -series 
family of Group IV. in the periodic classification 
of the elements. The members of this family are 
C, Ti, Zr, Ce, — , Th. The four elements Ti, 
Zr, Ce, and Th closely resemble one another in 
their chemical properties ; they are also similar 
to the odd-series family of Group IV., namely, 
8i, Ge, Sn, — , Pb. For a general account of 
Group IV. (and more especially of C and Si) v. 
Carbon group op elements (vol. i. p. 682) ; for 
a description of the even-series family (Ti, Zr, 
Ce, Th) v. Titanium group op elements (this 
vol. p. 749) ; and for the odd-series family (Ge, 
Sn, Pb ; Si being described in vol. i. p. 652) v . 
Tin group op elements (this vol. p. 735). 

The atom of thorium is tetravalent in the 
gaseous molecule ThCl 4 . 

Reactions and Combinations (Nilson, B. 15, 
2541). — 1. Heated in air, oxidation begins at 
c. 120°, and at much below red heat the metal 
burns brilliantly to Th0 2 . — 2. Heated in a stream 
of oxygen, the metal bums to Th0 2 , with the 
production of dazzling white light.— 3. Th 
burns to ThX 4 when heated in chlorine , in 
bromine vapour, or in vapour of iodine. — 
4. When heated with sulphur part of the S 
volatilises, and when the temperature is above 
the b.p. of S combination oocurs with production 
of muoh light, ThS 2 being formed.— 5. Accord- 
ing to Troost fO. R . 116, 1227), Th combines 
with carbon, wnen ThO« is mixed with C and 
heated in €0, in the eleotrio arc (v. Carbide , 
infra). — 6. Water does not react with Th at 
any temperature, so far as experiments have 
been tried. Nilson (lx.) gives no 'details, but 
says 1 Thorium is not cnanged by water under 
any conditions.*-— 7. Sulphuric acid reacts slowly 
with Th ; when dilute, the acid evolves H ; when 
cone, and hot, SO„ is given off. — 8. The action of 
nitric acid is slight ; the dilute warm aoid aots 
very gradually; cone, acid is almost without 
action. — 9. Hydrochloric acid rapidly dissolves j 
Th, forming Thd^and giving off H ; the action | 


is most complete with cone. aoid. — 10. Aqua 
regia dissolves Th easily. — 11. Alkaline solu- 
tions seem not to react with Th. 

Detection and Estimation. — Salts of Th are 
colourless when the aoid is colourless. Alkalis, 
and also (NH 4 ) 2 SAq, ppt. gelatinous, white 
Th0 2 .2H 2 0, insoluble in excess of the precipitant; 
alkali carbonates form a white pp. soluble in 
excess ; solution in (NH 4 ) 2 CO g Aq becomes turbid 
at 60°, but goes clear on cooling ; saturation of 
a solution of a salt of Th with K 2 S0 4 forms 
white Th(S0 4 ) 2 .K 2 S0 4 .2H 2 0, insoluble in 
K 2 S0 4 Aq, but soluble in water ; K 4 FeCy 8 Aq ppts. 
white ThFeCy fl ; oxalic acid and alkali oxalates 
ppt. white amorphous Th(C t OJ v insoluble in 
dilute acids, soluble in solutions of alkali oxa- 
lates or N^.OjHgOa, especially on warming. 

Th is generally estimated by ppn. as 
ThO^HjO or Th(G 2 0 4 ) 2 , and subsequent conver- 
sion into Th0 2 by heating. 

Thorium, bromide of. The gummy, white 
mass obtained by Berzelius (P. 16, 385), by eva- 
porating a solution of Th0 2 .2BL*0 in HBrAq, was 
probably ThBr 4 . The hydrated salt ThBr 4 . lOaq 
seems to have been obtained, from ThO„. 2aq, by 
Jannasch, Locke, a. Lesinsky (Zeit. /. anorg. 
Chemie, 5, 283). 

Thorium, carbide of. By heating an intimate 
mixture of Th0 2 and O in the electric arc, in an 
atmosphere of C0 2 , Troost ( C . R. 116, 1227) ob- 
tained a hard, brittle solid, containing from 8*2 
to 9*5 p.o. C, and therefore approximating to the 
formula ThC 2 (which requires 9*38 p.o. C). S.G. 
10*15 at 16° ; scratches glasB slightly ; decom- 
poses cold water, giving off H and strongly smell- 
ing hydrocarbons ; gradually decomposes in moist 
air ; burns rapidly and brilliantly when heated 
to redness. 

Thorium, chloride of, ThCl 4 . Mol. w. 373*5- 
V.D. 172*2 at 1050°-1270° (Kruss a. Nilson, B. 
20, 1671). This compound is formed by heating 
a mixture of Th0 2 and C in a stream of dry 
Cl ; the ThCl 4 sublimes in white needles. 
Kriiss a. Nilson (B. 20, 1675) prepared pure 
ThCl 4 by heating Th to incipient redness in a 
stream of dry, air-free HC1; then raising the 
temperature to full redness, in order to sublime 
a little FeCl 2 , formed from the iron in the thorium 
used ; and finally subliming the ThCl 4 at an in- 
cipient white heat. (For details of the apparatus 
used v. Nilson a. Pettersson, *7. pr. [2] 33, 1 [on 
preparation of BeClJ). 

ThCl 4 crystallises in lustrous, white needles ; 
moderately hygroscopic, but remains some hours 
in the air before deliquescing (K. a. N., l.c.). 
Does not volatilise at c. 420° (Ohydenius, P. 
119, 43). The V.D. found by K. a. N. at tempe- 
ratures from 1050° to 1270° shows that the for- 
mula ThCl 4 is molecular. K. a. N. got the value 
142 for V.D. at 1400°, showing that dissociation 
had begun. Troost ( C . R. 101, 360) obtained 
values for V.D. of Th01 4 at o. 950° considerably 
lower than those of K. a. N. It is likely that 
his specimen was not pure, or that the apparatus 
used contained traces of O sufficient to oause 
decomposition to Th0 2 and 01 (K. a. N., lx., p. 
1674). 

Hydrated thorium chloride ThCl 4 . 811*0 was 
obtained by Oleve in thin, white prisms, by con- 
centrating a solution of ThO r 2H^O in HClAq, 
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allowing to crystallise, and drying over ELS0 4 
<BZ. [2] 21, 116). 

Double salts, — ThCl t oombines with potas- 
sium chloride to form 2ThCl 4l K01.18H,0 ; ob- 
tained by mixing very cone, solutions of the 
constituents. Forms small, white crystals; v. 
sol. water, also sol. alcohol; dehydrated by 
heating in HOI (Oleve, Bl. [2] 21, 116). By 
heating a dry mixture of Th01 4 and NH 4 C1 in 
HOI, Chydenius (Bl. [2] 1, 130 ; 6, 438) obtained 
a compound with ammonium chloride , which, 
when crystallised from water in vacuo, had the 
composition ThCl 4 .8NH 4 C1.8H 2 0 ; loses GH 2 0 at 
100°. Oleve (Z.cJ prepared a oompound with 
platinic chloride ThCl 4 .PtCl 4 .12H 2 0 ; and Nilson 
(Z.c.) a oompound with platinous chloride 
2ThCl 4 .3PtCl 2 .24H 2 0. 

Thorium, ferrocyanide of, ThFeCy 4 .4H 2 0. 
A white powder ; prepared by adding K 4 FeCy 6 Aq 
to solution of a salt of Th (Oleve, Bl. [2] 21, 
116). 

Thorium, fluoride of, ThF 4 .4H 2 0. Obtained 
by adding HFAq to ThCl 4 Aq; the gelatinous 
pp. becomes powdery after a time (Chydenius, 
Bl. [2] 1, 180 ; 6, 433). Loses H 2 0 at 100°, and 
2H 2 0 at 140°-200°; heated to redness gives 
ThO a and HF. Berzelius (P. 16, 386) obtained 
a heavy white powder by heating ThO^H/) 
with HFAq. Oombines with potassium fluor- 
ide ; Chydenius (Z.c.) obtained two salts, 

(1) ThF 4 .KF by mixing Th01 4 Aq with KHF.^Aq, 

(2) ThF 4 .2KF.4H 2 0 by boiling Th0 2 .2H 2 0 with 
cone. KHF 2 Aq and HFAq. The isolation of a 
third salt, 7ThF 4 .8KF.6H 2 0, is doubtful. 

Thorium, hydride of. By heating ThO ? with 
exoess of Mg powder, in a stream of H, Winkler 
(B. 24, 885) obtained a grey powder, which gave 
off H with dilute HClAq, and burnt when heated 
in O. Analyses of this powder gave 72-86 p.c. 
Th, -50 p.c. H, 17-57 p.c. Mg, and 9*07 p.c. O. 
Supposing the Th0 2 , Mg, and H interacted in 
accordance with the equation Th0 2 +2Mg + 2H 
= ThH 2 + 2MgO, then, from the quantities of 
Th0 2 and Mg used, the product would give on 
analysis 73*77 p.c. Th, -63 p.c. H, 15*45 p.c. Mg, 
and 10*15 p.c. O. From these data Winkler 
concluded that a hydride, ThH 2 , was formed in 
the reaction. 

Thorium, hydroxides of, v. Oxides and hy- 
drated oxides (infra). 

Thorium, iodide of. The white gummy mass, 
crystallising after a time, obtained by Chydenius 
(Bl. [2J 1, 130 ; 6, 433) by evaporating a solu- 
tion of Th0 2 .2H 2 0 in HIAq, was probably Thl 4 . 
The substanoe goes brown in the light. 

Thorium, nitride of. By heating Th0 2 or 
ThCl 4 in NH„, also by heating ThCl 4 and NH 4 C1 
in HC1, Chydenius (l.c.) obtained a small quan- 
tity of what he supposed to be either a nitride 
of Th or a oompound of the metal with N and 
H. 

Thorium, oxides and hydrated oxides of. 
Besides the oxide ThO, a peroxide, probably 
Th 2 0 7 , is said to exist. 

Thorium dioxide ThO r (Thoria.) Mol. w. 
not known. Obtained by ppg. a salt of Th by 
alkali, (NH 4 ) 2 SAq, or KCNAq, drying, and 
strongly heating ; also by decomposing Th(C 2 0 4 ) 2 
by heat. A fine, white powder. S.G. 10*22 at 
17° {Nilson, B. 16, 2536). S.V.S. 25*87. S.H. 
(0° to 100’) *0548 (N. a. Pettersson, B. 13 , 1459 ). 


By heating ThO s with borax in a porcelain oven, 
Nordenskjold obtained the oxide in miorosoopio 
crystals isomorphous with Sn0 2 and ZrO a (P. 
150, 219). Th0 2 has not been fused ; it is not 
reduced by heating with O, but when mixed with 
C and heated in 01 the chloride ThC^ is ob- 
tained. Th0 2 does not react with molten alkalis. 
It is scarcely acted on by acids; warm oone. 
I^SO^ however, converts it into ThfSOJ,. 

Hydrates of thorium dioxide. The dihy- 
drate Th0 2 .2H 2 0 ( « Th0 4 H 4 , thorium hydroxide) 
is obtained by ppg. a solution of a salt of Th by 
an alkali, (NH 4 ) 2 SAq, or KCNAq, washing, and 
drying at 100°. It forms a hard, white solid. 
Th0 2 .2S 2 0 oombines with C0 2 in the air; it 
dissolves in acids, forming salts ThKj, where X 
«=S0 4 , 2NO g , &c. Another hydrate, 4Th0 2 .H 2 0 
(«Th 4 0 7 (0H) 2 , thorium metahydroxide) is ob- 
tained, according to Oleve (Bl. [2] 21, 116), by 
heating ThO a (obtained by decomposition of 
Th(C 2 0 4 ) 2 ) with exoess of HNO*Aq or HOlAq at 
100° till the acid is driven off, adding water, and 
then ppg. the opalescent solution so obtained by 
NHjAq, washing, and drying at 100°. This hy- 
drate is said to be insoluble in dilute acids. 

Thorium peroxide Th 2 0 7 . An oxide with 
this composition is said to be produced by add- 
ing HgOgAq and NH 3 Aq to a solution of a salt 
of Th (Cleve, Bl. [2] 43, 53 ; Lecoq de Boisbau- 
dran, G. B. 100, 605). 

Thorium, oxysulphide of. By strongly heat- 
ing Th0 2 , obtained from ThO^BLjO, in CS 2 
vapour, Chydenius (Bl. [2] 1, 130; 6, 433) ob- 
tained a solid substance to which he gave the 
formula 2Th0 2 .ThS 2 » ThjO^ According to 
Kriiss a. Volk ( Zeit.f '. anorg. Chemie , 5, 75 ; 6,49), 
the compound obtained by heating ThO a in CS 2 
is ThOS, and the same compound is formed by 
heating 2ThCl 4 .KCl in H 2 S. 

Thorium, phosphide of. By heating Th in 
vapour of P, Berzelius (P. 16, 885) obtained a 
dark grey, metal-like, lustrous solid, which was 
changed to Th phosphate by heating in air. 

Thorium, platinocyanide of, 
Th(PtCy 4 ) 2 .16H 2 0. Yellow-green, orthorhombic 
prisms (Oleve, Bl. [2] 21, 116). 

Thorium, salts of. All the normal compounds 
which have been isolated by replacing H of 
acids by Th belong to the class ThX^ where 
X = 2N0 3 , 2IO„, S0 3 , S0 4 , §P0 4 , &o. ; basic Balts 
also exist. The chief salts of oxyaoids are 
borate , carbonate , chlorate , chromate , iodate and 
periodate , molybdate , nitrate , oxalate , phos- 
phates, selenate and selenites , silicates , sulphate 
and sulphite^ and tartrate. 

Thorium, silicofluoride of. By treating 
Th0 2 .2H 2 0 with H 2 8iF.Aq, Cleve (Bl. [2J 21, 
116) obtained a semi-transparent, crystalline 
solid, probably Th(SiF 4 ) 2 ; insol. in exoess of 
H 2 SiF 4 ; over H 2 S0 4 gave off HF and SiF 4 . 

Thorityn, sulphide of, ThS 2 . Obtained by 
heating Th with S ; excess of S sublimes, ana 
when the temperature passes the b.p. of S the 
elements combine with evolution of heat and 
light (Nilson, B. 15, 2542 ; cf. Berzelius, P. 16, 
885). Also formed by heating Th0 2 , obtained 
from Th(C 8 0 4 ) 2 , to white heat in vapour of OS, 
(Chydenius, Bl. [2] 1, 130; 6, 433); but, ac- 
cording to Kriiss a. Volk (l.cX the oompound 
thus formed is ThOS. A black powder. Burns 
when heated in air, giving off SO, and leaving 
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ThO*. Not acted on by HClAg or HNO,Aq; 
aqua regia dissolves the compound, forming 
Th(80 4 ) r Molten KOH forms KJ3 and ThO* ; 
heating in 01 produces ThGl 4 . 

Thorium, sulphooyanide of. The salt 
p Tb{SCy)Jis obtained, as a visoid mass, by eva- 
porating a solution of ThO^BgO in HSONAq. 
A solution of the compound gives a pp. with 
HgCy*, said to be Th(0H) a SCy.HgCy 2 .H 2 0 ; and 
the filtrate is said to give crystals of 
Th(OH) (SCy) r 3HgCy 2 .12H a O (Gleve, Bl [2] 21, 
116). M. M. P. M. 

TH1J JIG ENIN G, 4 H 12 O y or C^H^O,.. Occurs 
in small quantity in Frondes Thuja , the green 

S arts of Thuja occidentals (Rochleder a. Kawa- 
er, Site . W. 29, 10). Minute needles, v. si. sol. 
water, soL alcohol. NR, colours its alcoholic 
solution green. AcOl forms resinous C 14 H n Ac0 7 . 

THUJIN 0*11*0,2. Occurs in the green 
branches of Thuja ocddentalis (Rochleder a. 
Kawalier, Sits. W. 29, 10). Minute lemon-yellow 
four-sided tables, sol. alcohol. Tastes bitter. 
Its alcoholic solution is coloured yellow by 
alkalis, is turned reddish-brown by air, gives a 
yellow pp. with lead acetate, and gives a dark- 
green colour with FeCL,. Reduces ammoniac al 
AgNO r Boiling dilute R 2 S0 4 turns it first 
green, then yellow, and splits it up into sugar 
and thujetin. Boiling baryta-water hydrolyses 
it in like manner. 

Thujetin 0*0*0,,. Yellow solid, nearly 
insol. water, sol. alcohol and ether. Not altered 
by dilute HOI or RJ30 4 . Its alcoholic solution 
is turned a splendid bluish-green colour by 
NH a Aq. Gives, in alcoholic solution, a red pp. 
with lead acetate, and a black colour with FeCl s , 
Boiling baryta- water converts it into thujetio 
acid Cja^O,,, which crystallises in minute 
lemon-yellow needles, sol. alcohol and ppd. by 
water. 

(j9)-THUJ0L is Tanacetone. 

THTJJONE C 10 H 1B O. (212°). S.G. 12 -9265. 
Occurs, together with the terpene 0 JO H„ and 
liBvorotatory fenohone, in the essential oil of 
thuja obtained by distilling the ends of the 
branches and the leaves of Thuja occidentals 
with water (Sohweizer, A . 51, 898; Jahns, 
Ar. Ph. 221, 748 ; Wallach, A. 272, 109). Yields 
an oxim. 

Reactions.— 1. When heated with ammonium 
formate it yields a formyl derivative which on 
saponification gives rise to ‘thujoneamine * 
0, 0 H l7 .NH t (199°), which forms the salts 
B'-HJPtCl* and B'HCl. Thujone-amine hydro- 
chloride decomposes on distillation into NH 4 C1 
and thujene O^H,, (c. 173°), S.G. 12 *84. — 2. 
KMnO, forms two * thujaketonio aoids.’ — 8. 
Br forms C l9 H.,Br t 0 [122°] (Wallach, A . 275, 
179). 

(a)-Thujaketonie acid O )0 H„O, ue< 
CH 3 .00.C,H ir C0 2 H. [76°]. S. c. 2-5 at 100°. 
Transparent plates. Yields an oxfcn [o. 186°]. 

(B ) -Thuj ake tonic acid OjHj^OO.C^.CO^H. 
[79*]. 8. 1*48 at 100°. Small matted needles. 
On distillation it yields methyl heptyl ketone 
(186°) S.G. H *854, which gives cumene di- 
hydride C f H 14 on heating with ZnCl* at 100° 
(Wallaoh, A. 275, 166). Forms an oxim [106°] 
which crystallises in needles.— AgA’ : v. sL sol. 
oold water. 


THULIUM. This name was given by Gleve 
in 1879 to the metal of a new earth which he 
announced to be present in specimens of gado- 
Unite (0. R. 89, 478). The name thulium was 
derived from Thule, the old name for Scandi- 
navia. The presenoe of the new earth was more 
or less confirmed by the work of Nilson (B. 18, 
1433), and of Soret (C. R. 89, 251). In 1880 
Gleve said he had isolated thuXia , and described 
it as a white earth, giving an emission spectrum 
characterised by two bright lines 5896 and 5306, 
‘and forming solutions of salts which showed 
two absorption bands 6840 and 4645. To this 
earth Gleve assigned the formula Tm^O,, and he 
determined the maximum value of the atomic 
weight of the supposed element to be Tm ■* 170*7. 
In 1888 Kriiss a. Nilson declared that thulium 
consists of two distinct elements (B. 21, 1681). 

The absolute homogeneity of thulia has been 
by no means established (v. Metals, rare, voL 
iii. p. 245). M. M. P. M. 

THYME OIL. The essential oil from garden 
thyme, Thymus vulgaris , contains lfflvorota- 
tory thymene C I0 H ld (160°-165°), thymol 
C io H ]4 0 and a little cymene (Lallemand, A. 102, 
119; A. Gh. [3] 49, 155). The oil from wild 
thyme, Thymus serpyllum , contains cymene, 
thymol, carvacrol, and a phenol coloured violet 
by FeCl, (Jahns, Ar . Ph. [3] 16, 277; Febre, 
O . R. 92, 1290 ; Buri, Ar. Ph. [3] 12, 485). 

THY MO- ACRYLIC ACID v . Oxy-oymyl- 

ACRYLIO ACI D. 

THYM0HYDB.0QTJIN0NE v. Hydrothymo* 

QUINONE. 

THYMOL C 10 H I4 O i.e. O tt H,MePr.OH [5:2:11. 
Mol. w. 150. Y.D. 75*8 (calc. 75) (Eykman, B. 
22, 2757). [49*5°] (Reissert, B. 23, 2242). (282°). 
S.G. § *9941. O.E. (0°-10°) *00085. S. *3. 
S.Y. 188*9 (Pinette, A. 243, 46) ; 189*3 (Ram- 
say). Roo = 76*56 (Nasini a. Bernheimer, G. 
15,93). H.F.p. (liquid) 69,250 ; (solid) - 8768. 
Occurs in essential oil of thyme (Doven, A. 64, 
374; Lallemand, A. Oh. [3] 49, 148; A. 102, 
119), of horsemint, Monar da punctata (Arppe, A. 
58, 42), of Ptychotis ajowan (Stenhouse a. 
Haines, A. 98, 307; R. Muller, B. 2, ISO) of 
Monarda Didyma, of Ammi Gopticum (Buri, 
Ar. Ph. [3] 12, 485), and in the oil from wild 
thyme (Jahns, B. 15, 819). 

Formation . — By boiling diazo-w-oymene with 
water (Widman, B. 15, 170 ; 19, 245). 

Preparation.— By extracting oil of thyme 
with NaOHAq, ppg. by HC1, and recrystallising 
from HOAc. 

Properties . — Plates (from aloohol), ▼. sol. 
alcohol, ether, and HOAc, v. si. sol. water. Has 
a slight odour of thyme and a peppery taste. 
When solid it is slightly heavier than water, 
when liquid it is lighter. Not ppd. by adding 
water to its alooholio solution. Not dissolved 
by NHfAq, but absorbs NH,, becoming liquid, 
but re-solidifying after the NH, has escaped. 
Sol. KOHAq. FeCl, does not colour its aqueous 
solution. Bromine- water only gives a milkiness. 
An aqueous solution (1 vol.) warmed first with 
HOAc (4 vol.) and then with RJ90 4 (1 vol.) is 
coloured reddish- violet, the solution showing 
two absorption bands at E and D (Wolff, Fr. 22, 
96). KOHAq followed by I in HI gives oh 
warming a fugitive red tint (Itallie, Fr. 29, 295). 

Estimation : Messinger, B. 28, 2754. 
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Reactions. — 1. Decomposed by distilling 
with P,O g into propylene and m-cresol.— 2. P 2 S 4 
yields cymene (Fittioa, B. 6, 938 ; A . 172, 305). 
8. Oxidised by chromic add to thymoquinone. — 
4. PC1 4 yields chloro-cymene. — 5. Potash* 
fusion yields several oxy-aoids (Barth, B . 11, 
567, 1571). — 6. Iodine and potash yield a red 
amorphous pp. [110°] converted by heat or by 
boiling water into a yellow body [165°] (Messin- 
ger a. Vortmann, B. 22, 2316).— 7. Boiling 
POOl, (1 mol.) acting on thymol (1 mol.) forms 
liquid 0 )4 H !g 0.P0Cl, (280°-285°) which is con- 
verted by water into liquid C 10 H 13 O.PO(OH) 2 , 
which yields BaA/'4aq and is decomposed by 
heat into thymol and HPO, (Discalzo, G. 15, 
279). — 8. Boiling POCl„ acting on thymol (2 
mols.) forms (O.oH^O^OCl (330°~340° at 320 
mmi a liquid which is converted by water into 
(C, 0 H 13 O) 2 PO.OH, which is insol. water and 
yields NaA' [74°] (Kreysler, B. 18, 1705) and 
BaA', 5aq. S. *197 at 21°.— 9. PC1 5 (1 mol.) 
acting on thymol (4 mols.) forms (C, 0 H„O),PO 
[59°] crystallising from alcohol in prisms (E. a. 
L.).— 10. SiCl 4 forms Si(OC l0 H lg ) 4 [48°] (450°) 
crystallising from CHOI, in prisms (Hertkorn, 
B. 18, 1693).— >11. C1.CO.NH, reacts forming 
C 4 H 3 MePr.O.CO.NH.CO.NH 2 [190°] (Gatter- 
mann, A. 244, 44).— 12. O a H 4 (NMe 2 )(NH 2 ) [1:4] 

fonns indothymol C 6 H,(NMe 2 ).N<^« HiMePr 

[69*5°] crystallising in needles, insol. water and 
alkalis, forming a blue solution in alcohol, a 
violet in ether, and a green in HOAo. HClAq 
decomposes indothymol into thymoquinone, di- 
methyl-aniline, and NH, (Bayrac, Bl . [3] 7, 97). 
13. Chloral forms C 10 H 14 OC 2 HCl,O [180 o -184*) 
(Mazzara, G. 13, 272). — 14. Chloral , conc.HjSO*, 
and HOAo yield CCl 3 .CH(C I0 H l2 .OH) 2 (Jager, 
B. 7, 1197). — 15. Dilute H 2 S0 4 gradually added 
to a mixture of benzoic aldehyde (1 mol.) and 
thymol (2 mols.) forms C e H 5 .CH(C, 0 H, 2 .OH) 2 
[146°] which is sol, alkalis and yields a 
diacetyl derivative [126°] (Bussanofl, B. 22, 
1948). — 16. OOOl, passed into an aqueouB solu- 
tion of O l0 H IB ONa forms di- thy my 1 carbonate 
(C, 0 H l8 O),CO which crystallises from alcohol in 
needles [48°] (above 360°) and yields o-oxy- 
benzoio acid when heated with NaOPh at 180° 
(Richter, J. j pr. [2] 27, 505). According to 
Bender (B. 19, 22681, di-thymyl carbonate, pre- 
pared by heating tnymyl ethyl carbonate at 
800°, melts at 60°. CO 01, also forms, aB a by- 
product, C 10 H lg O.GOCl, whioh is converted by 
ammonia into O 10 H ls O.CO.NH, [181°]. — 17. 
01.00,Et acting in the cold upon O 10 H„ONa 
forms OwHuO.OO.OEt (c. 261°), an oil which 
yields o-oxy-benzoio acid, PhOEt, and thymol 
when heated with NaOPh (Richter). — 18. Treat- 
ment with OlOHa.OOaH and NaOHAq produces 
O^.O.CH* CO,H [148°] which yields BaA', 2aq, 
PbA'„ AgA', oily EtA' (290°), and an amide [97°] 
(Saarbach, J.pr. [2] 21, 159 ; Spica, G . 10,342). 
19. a- Chloropropiomc acid and KOHAq yield 
Gi 4 H ia O.GHMe.GO s H [48°] (Scichilone, G. 12, 
50). — 20. Thymol (10 g.) mixed with H*S0 4 
(70 g.) containing nitrous aoid gives thymol- 
ohroin O^HmNjO,, a dark-violet amorphous body 
which dissolves m alcohol, ether, OHC1,, and 
benzene, forming red solutions with pale-green 
fluorescence. Alkalis turn its alcoholic solutions 
bine. Sublimes at 140°, giving off violet vapours. 


Yields brown amorphous G 44 H 48 Ao 4 N a 0 4 (Brunner 
a. Chuit, B. 21, 252; cf. Liebermann, B. 7, 
1100). — 21. By heating with ammonium-zinc 
chloride it is converted into thymylamine 
C jo H„NH 2 and di-thymylamine (Q l? H lg ) a NH. — 
22. Cyanuric chloride converts sodium thymol 
into (CjoH^aCsNaOj, [151°] a yellow crystalline 
powder, insol. water, si. sol. alcohol (Otto, B. 
20, 2239).— 23. Aqueous KOH and K,S 2 0- form 
C] 0 H, 3 O.SO 2 .OK, whioh crystallises from alcohol 
in slender silky threads (Heymann a. K5nigs, 
B. 19, 3307). It is oxidised by alkaline KMn0 4 
to oxycuminio aoid O u H a Pr(OH).C0 2 H [4:3:1]. 

Salts. — 0 IO H, g ONa. Crystalline. Its 
aqueous solution is ppd. by HgCl 2 and AgNO,. — 
C 10 H 13 O.Hg.HgNO 3 .—C 10 H l3 O.Hg.HgOAc (Merck, 
G. P. 48539; Pharm. Zeit. 1889, 625).— 
(C 10 H, s O).>Hg 2 O (Lallemand) . — (C 10 H, 3 0) 3 A1. De- 
composed by heat into propylene and 
(C u H 4 Me.O)aAl, the m-cresylate then splitting 
up into alumina, m-cresol, di-m-tolyl oxide, and 
a body O la H 14 0 [200°] S. (alcohol) *17 at 20°; 1 
at 78°; B. (benzene) *93 at 21° ; S.G. -805 ; VJ>. 
208*8, crystallising in pearly plates (Gladstone a. 
Tribe, C.J. 89,9; 41, 11). 

Acetyl derivative C 10 H ls OAc. (245°). 
S.G. £ 1*009. 

Benzoyl derivative C 10 H, s OBz. [32°]. 
H JF. 90,480 (Stohmann, J. pr. [2] 36, 9). 

Methyl ether C J0 H 13 OMe. (216° cor.). 
S.G. g *9531. O.E. (0°-10°) *00083. S.V. 214*3 
(Pinette, A. 248, 47). H.F.p. 61,429 [O.O, 
- 94,000 ; H,,0 » 69,000] (Stohmann, J . pr . [2] 
35, 26). Formed from thymol, KOH, and Mel 
(Engelhardt a. Latsohinoff, Z . [2] 5, 48). 

Ethyl ether C 10 H I8 OEt. (227°) (Pinette; ct 
Jungfleisch, Bl. [2] 4, 17). S.G. g *9334. G.E. 
(0°-10°) *00089. S.Y.240. H.F.p. 68,858 (Stoh- 
mann). Yields the ethyl derivative of oxy- 
terephthalio acid on oxidation (Paterao a. 
Canzoneri, G . 9, 460). Decomposes at 360°- 
400° into thymol and ethylene (Bamberger, B. 19, 
1820). 

Propyl ether G, 0 H, g OPr. (243°). S.G. g 
•9276. C.E. (0°-10°) *00088. S.V. 265*5. 

Butyl ether O 10 H, g OO 4 H 9 . (258°). S.G. g 
•9230. O.E. (0°-10°) *00085. S.V. 289*2. 

Isoamyl ether O 10 H lg OC 6 H n . (238°-243°) 
(E. a. L.). Oil. 

Heptyl ether C l0 R„OO,BL lh . (807°). S.G. g 
*9097. O.E. (0°-10°) *00082. S.V. 368*7. 

Octyl ether C 10 H I3 OG 8 H I7 . (320°). S.G. g 
•9026. O.E. (0°~10°) *00075. S.V. 895*6 (Pinette), 

Ethylene ether (O I0 H 18 O) 2 O,H 4 . [99°), 

Plates (from ether) (Patemo, G. 5, 13). 

Nitroso-thymol v. Oxim of Thymoquinone. 

Dithymol v. Di-oxy-dicymyl. 

References . — Amido -, Bbomo-amidO', Bbomo- 
nitbo-, Tbi-chlobo-, Iodo-, Iodo-amedo-, and 
Nitbo-thymol. 

D I- THY MOL- ETHANE v. Di-oxy-di-cymyl- 
■THANE. 

THYMOL DIGARB OX YUC ALDEHYDE 

0 I2 H 14 0 8 U. OgHMePr(OH) (CHO),. [80°]. 
Formed as a by-product in the preparation of 
thymotic acid by the action of ohloroform and 
NaOH on thymol (Kobek, B. 16, 2104). Needle*. 
Gives a red colour with FeCl^ 

THYMOL (a)-STTLPHONIC ACID 
0 8 H 2 MePr(0H).S0 g H. [92°] (Stebbins, Am. S, 
111). Formed from thymol by the action of 
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fi 2 S0 4 or C1.S0 2 .0H at 50° (Engelhardt a. 
Latschinoff, Z . 1869, 44; 1871, 261). Pearly 
plates (containing aq), v. e. sol. water. FeCl s 
colours neutral solutions dark-violet. Yields 
thymoquinone on oxidation. 

Salts.— KA' 2$aq. Efflorescent tables, v. 
e. sol. water.— NaA' 2Jaq. [167°]. — NH 4 A' 2aq. 
[172°].— CaA' 2 2aq. [167°].— BaA' 2 4aq. Prisms, 
decomposing at 100°. — PbA' a 4aq. 

Benzoyl derivative C, 0 H 12 (OBz).SO 3 H. 
— KA' 2aq.— CaA' 2 4aq. — BaA' 2 6aq — PbA' 2 6aq. 

Ethyl derivative C 10 H l2 (OEt)SO 3 H. 
Formed from the K salt, KOH, and EtI. — KA'. 
Thin plates. — BaA' 2 3aq. Plates, si. sol. hot Aq. 

Isoamyl derivative C 10 H l2 (OC ft H M ).SO 3 H. 
— KA!. Needles, v. sol. water. - BaA' 2 3aq. 

Thymol (j3) -sulphonic acid C, 0 H, 2 (OH).SO 3 H. 
Formed in small quantity by the action of H 2 S0 4 
on thymol. — KA' aq. Plates, si. sol. cold water. 
Coloured violet-blue by FeCl s . 

Thymol (7) -sulphonic acid C 10 H 12 (OH)BO 3 H. 
Formed by heating thymol with fuming H 2 S0 4 
at 100° (E. a. L.).— KA'aq. Granular, v. sol. 
water. — BaA' 2 3aq. Tufts of needles, more soluble 
than the (a)-isomeride. Not decomposed at 
120°. 

Benzoyl derivative C I0 H, 2 (QBz).SO 3 H. — 
KA' 8aq. Flat needles, si. sol. cold water. 

Ethyl derivative GjoH^OEthSOjjH.— 
KA'. Flat needles.— BaA' 2 3aq. Six-sided tables. 

Thymol-sulphonic acid 

Ethyl derivative C s H 2 MePr(OEt)SO a H 
[1:4:8:6J. Formed by boiling diazo-cymene- 
sulphonicacid with absolute alcohol.— BaA/ 2 8aq: 
white plates, boI. hot water, si. sol. cold (Widman, 
B. 19, 247). 

Thymol sulphonic acid. Methyl deriva- 
tive C 10 H l2 (OMe).SO s H. Formed, together with 
an isomeride, by suiphonation of the methyl 
ether of thymol (E. a. L. ; Paterno a. Pisati, B. 
8, 440).— KA' : large tables.— BaA' 2 3aq. Nodules, 
v. sol. hot water. S. 3*94 at 26°. 

Thymol disulphonic acid C lo H u (OH)(SO a H) 2 . 
Formed by sulphonating thymol. — KjA" l^aq. 
Efflorescent needles (from alcohol), v. e. sol. 
water. 

References. — Amido-, Bromo-, and Iodo- 
Thymol sulphonic acid. 

THYMOQUINONE C 10 H lt O t i.e. C ti H 2 MePr0 2 
[2;6;4:1]. Mol. w. 164. [45*6°]. (232°). 

Formed by oxidation of thymol (Lallemand, J \ 
1864, 692), of the methyl ether of thymol 
(Paterno, B. 8, 440), of cymenol (Carstanjen, 
I. pr. [2] 8, 68 ; 16, 410), of di-oxy-di-cymyl- 
ethane (Steiner, B. 11, 289), of carvacrol p - 
sulphonic acid (Claus, J. pr . [2] 89, 356), and of 
amido-thymol (Andersen, J. pr. [2] 23, 172; 
Armstrong, B. 10, 297 ; Liebermann a. Ilinski, 
B. 18, 3194). Yellow crystals, with pungent 
odour, v. si. sol. water, v. sol. alcohol and ether. 
Reduced by S0 2 to hydrothymoquinone K 2 S0 3 
at 60° forms crystalline C 10 H, 3 O 5 SK. Phenyl 
cyanate forms C 10 H 12 O:NO.CO.NHPh [132°], 
orystallising in large yellow needles (Gold- 
schmidt a. Strauss, B. 22, 3106). 

Oxim C„H 2 MePrO(NOH) or 
C fl H 2 MePr(OH)(NO). Nitroso - thymol. [162°]. 
Formed by the action of nitrous acid on thymol 
(B. Sohiff, B. 8, 1600; Widmann, B. 16, 170; 
Liebermann, B. 18, 3194). Formed also by the 
action of hydroxylamine hydrochloride on 


thymoquinone (Goldschmidt a. Schmid, B. 17, 
2061). Slender monoclinic needles, a:b:o 
= 1*987:1:1*8941 ; 0-94° 57' (Panebianco, G. 
10, 78) ; si. sol. hot water. Its alkaline solution 
is red. Oxidised by alkaline K 3 FeCy 6 to nitro- 
thymol. Reduced by tin and HC1 to amido- 
thymol (Liebermann, B. 10, 77). Does not react 
with S0 2 (Schmidt, J.pr. [2] 44, 521). Fuming 
HOI forms di-chloro-thymoquinone and chloro- 
amido-thymol (Sutkowski, B. 19, 2316). KOH 
andBzCl form C 10 H 12 O(NOBz) [110°]. Hydroxyl- 
amine (3 mols.) in strongly alkaline solution 
forms, in 48 hours, a white substanoe which, if 
ppd. by HOAc, immediately dissolved in dilute 
NaOH, treated with an equal weight of a phenol, 
and exposed to the air, gives a deep-blue colour 
or pp. turned red by adds (Kehrmann a. Mas- 
singer, B. 23, 2818, 3557). 

Di-oxim O 10 H h N 2 O 2 i.e. C 10 H, 2 (NOH) 2 . 
Formed by boiling an alcoholio solution of 
nitroso-thymol (1 mol.) with hydroxylamine 
hydrochloride (2 mols.) and partially -neutralis- 
ing with alkali from time to time. Yellowish- 
white granules, decomposing at 235° without 
melting. Insol. water and NH 3 Aq, sol. KOHAq. 

Chlorimide C a H 2 MePr<^Qj. Formed 

by adding a solution of bleaching powder to a 
cold acidified solution of the hydrochloride of 
2>-amido-thymol (Andresen, J. pr. [2J 23, 169). 
Pungent oil, volatilising even at 15°. Decom- 
poses at 160°-170°. Volatile with steam. De- 
composed by cone. HClAq into chloro-amido- 
thymol and mono- and di- chloro-thymoquinone. 
Cone. HBrAq behaves in a precisely similar way. 
Alcohol at 140° converts the chlorimide into thy- 
moquinone. Cone, aqueous S0 2 reduces it in a few 
days to hydro-thymoquinone. Reduced by tin 
and HC1 to p -amido-thymol, considerable quan- 
tities of hydrothymoquinone being formed at the 
same time. 

Polymeride [201°]. Formed by the action of 
daylight on thymoquinone (Armstrong, B. 10, 
297 ; Liebermann, B. 10, 2177 ; 18, 3193). Silky 
yellow needles (from alcohol), insol. ether. 
Changes to thymoquinone on distillation. Not 
attacked by S0 2 at 180°, but reduced by HI and 
P, or in alcoholio solution, by Zn and HClAq to 
hy drothymoq uinone. 

Phenyl hydrazide[ 249°]. Insol. benzene. 

Oxim (C, 0 H I3 NO 2 ) x . [263°]. Crystalline, 
insol. water. Reduced by tin and HC1 to amido- 
hydrothymoquinone. 

Dioxim (C, 0 H 14 N 2 O 2 )a:. [c. 290°]. Powder. 
May be reduced to di-amido-cymene. 

References . — Di - amido-, Bbomo-, Ghlobo-, 
Iodo-, and Oxv- thymoquinone. 

o-THYMOTIC ACID 0 M H I4 0 3 i.e. 
C 6 H 2 Me(C 3 H 7 )(OH).CO a H[6:3:2;l]. Mol. w. 194. 
[123°]. Formed by the action of 00 2 upon 
heated sodium-thymol (Kolbe a. Lautemann, A . 
116, 205 ; Kobek, B. 16, 2101). Silky crystals, 
v. sol. alcohol, ether, and benzene, almost insol. 
cold water. Volatile with steam. Gives a deep- 
blue colour with FeCl s . Yields thymol when 
distilled with baryta. P01 ft acting on the Na 
salt forms thymotide C,,H 12 0 2 [187°], which 
is reconverted into thymotic acid by potash 
fusion (Naquet, Bl. 4, 92). 

©-Thymotic acid C n H, 4 O a ix . 
G t H s Me(C 8 H 7 )(OH).C0 2 H[6:3:4:l]* [157°J 
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Formed by heating thymol with aqueous NaOH 
and C01 4 (Kobek). White plates, v. sol. alcohol, 
ether, and benzene, insol. cold water. Not 
coloured by FeCl s . 

Methyl derivative 

O a H,Me(C 8 H 7 )(OMe).C0 2 H. [187°]. Silky 
needles (from dilute alcohol). — AgA': pp. 

n-THYMOTIC ALCOHOL C,.H 16 0 2 i.e. 
O e H 2 Me(C 3 H 7 )(OH).OH 2 OH. [120°-130°]. Formed 
by reducing thymofcic aldehyde with sodium- 
amalgam (Kobek, B. 16, 2098). Amorphous 
powder, v. sol. alcohol and ether, insol. water. 

p-THYMOTIC ALDEHYDE 0 n H 14 0 2 i.e. 
C^Me^H^OHJCHO^SA:!]. [133°]. 

Formed, together with C 6 HMe(C 3 H 7 )(OH)(CHO) 2 
[6:8:4:5:13 [80°], by heating thymol with chloro- 
form and NaOHAq (Kobek, B . 16, 2096). Silky 
needles, v. sol. alcohol, si. sol. hot water. On 
heating with aniline it yields the oompound 
C a H 2 Me(C 8 H 7 ) fOH) .CH:NPh [142°] orystallising 
in yellow needles. 

Methyl derivative 

C a H 2 Me(C 8 H 7 )(OMe).CHO. (278°). Formed by 
methylation of the aldehyde. Oil, yielding an 
anilide CT a H 2 Me(0 8 H 7 )(0Me).CH:NPh [80°] crys- 
tallising in transparent tables. 

THYMYLAMINEC.oH.sNH^. (230°). Formed, 
together with di-thymylamine, by heating thymol 
with ammoniacal ZnBr 2 or ZnCLj and NH 4 Br 
or NH 4 C1 at 350°- 360°, the yield being 
26 p.c. (Lloyd, J3. 20, 1260). Colourless oil. — 
ByayPtCl* : yellow needles. 

Acetyl derivative C l0 H, s NAc. [112°]. 

iBomeride v. Gabvaorylamine. 

Di-thymyl-amine (0 JO H 18 ) 2 NH. (340°-345°). 
Formed as above, the yield being 25 p.c. Oil. 
Its solution in P 2 S0 4 is coloured blue by nitrites 
or nitrates.— B' 2 H 2 PtCl a . 

Acetyl derivative (C, 0 H 13 ) 2 NAc. [78°]. 

THYMYL CYANUBIC ACID v. Cyanic aoed. 

THYMYL MERCAPTAN C I0 H 13 SH. Thio - 
thymol . (231°). S.G. *989. Formed by heat- 
ing thymol with P 2 S 8 (Fittica, A. 172, 325 ; 
Bechler, J. pr. [2] 8, 167). Liquid with pungent 
odour. Oxidised by HNO g to sulpho-toluic acid. 
— Hg(SO lo H 13 ) 2 . Greenish rhombohedra [78°]. 
— PbA' 2 : golden needles (from alcohol). 

THYMYL PHOSPHATE (C 10 H 13 ) 3 PO 4 . [69°]. 
Formed by heating thymol with POCl 8 , the yield 
being 76 p.c. of the theoretical amount (Kreysler, 
B * 18, 1706). Colourless needles. 

THYMYL SILICATE (C 10 H 18 ) 4 SiO 4 . [48°]. 

(o. 450°). Formed by heating thymol with 
SiCl 4 , the yield being 70 p.c. of the theoretical 
amount (Hertkom, B. 18, 1692). 

TIGLIC ACID G 8 H g 0 2 i,e. CH 8 .CH:CMe.C0 2 H. 
Methyl-crotonic acid . Mol. w. 100. [65°]. 

(199° i.V.) (Kopp, A.196,84). Occurs as a glyceryl 
ether in croton oil (Geuther a.Frohlich, Z. 1870, 
649 ; Sohmidt a. Berendes, A, 191, 94 ; B. 10, 
835 ; At*. Ph. [3] 13, 213), and as isoamyl ether 
in Roman oil of chamomile (Kabig, A. 195, 
101 ). 

Formation . — 1. By the action of heat or of 
cone. H 2 S0 4 on angelio acid (Dema^ay, B. 9, 
1933). — 2. By reducing the dibromide of angelio 
acid with sodium-amalgam (Schmidt, A. 208, 
253).— 3. From CEtMe(OH).C0 2 Et (derived from 
oxalic ether, EtI, Mel, and Zzt) by treatment 
with PCI, and saponification of the product 


(Frankland a. Duppa, A. 136, 9). — 4. By distil- 
ling CH 3 .CH(OH).CHMe.C0 2 H(Rohrbeck, A. 188, 
235), or by neating it with HIAq (Riicker, A. 
201, 61). — 5. By reducing methyl-acetoacetic 
ether with sodium-amalgam and heating the re- 
sulting CH 3 .CH(0H).CHMe.C0 2 H at 200° (Wis- 
licenus, A. 250, 243).— 6. By heating veratrine 
with alcoholic potash (Wright a. Luff, G. /. 38, 
847). — 7. By heating veratrine with cono.H01Aq 
(Ahrens, B. 23, 2704). 

Properties. — Triclinio plates, v. sol. hot 
water, aloohol, and ether. Smells like ben- 
zoic acid. Volatile with steam. Not attacked 
by sodium-amalgam. Forms with isovaleric 
acid the double salts CaA'(C 8 BL0 2 )4Aaq and 
AgA'C 5 H 8 0 2 . 

Reactions. — 1. Yields acetic aldehyde and 
acid on oxidation with KMn0 4 (Beilstein a. 
Wiegand, B. 17, 2261; Kondakoff, J. R . 20, 
523). — 2. Potash-fusion giveB propionic and 
acetio acids. — 3. Fuming HI forms an iodo- 
valeric acid [87°] (Schmidt, B . 12, 252).— 4. HI 
and P yield CEtMeH.CO^H. — 6. Bromine forma 
C 8 H 8 Br 2 0 2 [88°] (Piickert, A. 250, 240 ; Wis- 
licenus, A. 272, 21; 274, 99).— 6. HOC1 forms a 
mixture of CH 3 .CH(OH).CClMe.C0 2 H [112°] 
and CH 3 .CHCl.CMe(0H).C0 2 H [75°] (Melikoff, 
Bl. [2] 47, 166). 

Salt s. — KA\— CaA'„ 3aq. S. (of OaA',) 6*4 
at 17°.— BaA' 2 4aq. S. (of BaA' 2 ) 18*5 at 16°.— 
AgA'. 

Ethyl ether EtA'. (155°). S.G. S *942. 

Isoamyl ether G 8 H n A'. (205°). 

Reference. — Chloro-tiglic acid. 

TIGLIC ALDEHYDE C 8 H 8 0. Guaiol. (118°). 
V.D. 2*92. Formed by distillation of gum 
guaiacum (Deville, G. R . 17, 1143 ; 19, 134 ; 
VOlckel, A. 89, 346; Herzig, M. 3, 118). Formed 
also by heating acetic aldehyde (1 mol.) with 
propionic aldehyde (1 mol.) and aqueous (28 p.o.) 
NaOAo for 30 hours at 100° (Lieben a. Zeisel, 
M. 7, 63). Pungent oil, miscible with alcohol 
and ether. Oxidised by air to tiglic acid. Alka- 
line sodium nitroprusside gives a violet-red 
colour destroyed by HOAc (Von Bitto, A. 267, 
376). Br forms di-bromo- valeric aldehyde. Iron 
and dilute (60 p.c.) acetic acid reduce it to 
valeric aldehyde (91°), an inactive amyl alcohol 
CHMeEt.CH 2 OH (129°) and tiglic alcohol C 8 H l0 O 
(c. 130°). Reacts with phenyl-hydrazine, and 
combines with NaHSO g . CrO, forms acetic acid 
(Gilm, A. 106, 379). Aqueous S0 2 at 0° forms 
oxy-pentane disulphonio aoid (Haymann, M. 9, 
1055). 

TIGLYL ALCOHOL v. Pentenyl alcohol. 

TIN Sn. At. w. 118*8 (v. mfra). Mol. w. 
not known with certainty (v. infra). Melts at 
231*68° (Callendar a. Griffiths, C. N. 63, 1) ; for 
other data, giving m.p. from 220° to 235°, v. Car- 
nelley’s Melting and Boiling-point Tables (2, 12). 
Boils between the m.p.s of Ni and Fe, i.e. be- 
tween 1450° and 1600° (Carnelley a. Williams, 
O. J. 35, 566). S.G. c. 7*3 (determinations vary 
from c. 7 0 to o. 7*5) (v. Clarke’s Table of Specific 
Gravities [2nd ed.] 6). The so-called allotropio 
variety of tin seems to have S.G. from 6*8 to 6*1 
(v. Schertel, J. pr. [2] 19, 322). S.H. (0°-100°> 
*0559; so-called allotropio tin has S.H. *0546 
(0°-100°) (Bunsen, P. 141, 1) ; S.H. liquid titt 
(250°-350°) * *0687 (Person, A. Oh. [3] 24, 129). 
O.E. (linear, 0°-100°) *00002296 (Matthiessen, 
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Pr. 15, 220 *, v. also Kopp, A . 81, 1 ; Fizeau, C. B. 
68, 1125). T.O. 15*2 (Ag«*100) (Wiedemann, 
P. M. [4] 19, 243). E.O. (Hg at 0° - 1) at 15° - 
$•828 (Kirohoff a. Hausemann, W. 13, 406) ; at 
0°« 8*726, at 100°«6*091 (Lorenz, W. 18, 422). 
Heat of fusion (for 1 kilo, tin) — 14,252 (Person, 
A . Chi [3] 24, 129). For spectrum of tin v. 
Thaldn (A. Ch . [4] 18, 237) ; Salet (O. J. [2] 9, 
1147) ; also Hartley a. Adeney ( T . 1884 [i.] 113). 

Historical.— Tin was known long before the 
Christian era. Pliny distinguished plumbum 
album or eandidum from plumbum nigrum ; in 
the fourth century ▲. d. the former of these sub- 
stances began to be called stannum , from which 
word the symbol Sn is derived. 

Occurrence. — Tin has been found in Siberia 
and in South Australia. Tinstone or cassiterite t 
consisting essentially of SnO^, is found in con- 
siderable quantities, both in veins and in alluvial 
deposits, in many parts of the world. Tin pyrites , 
containing SnS 2 with Ou^S, FeS, and ZnS, is 
found in small quantities in various tin veins. 
Small quantities of Sn0 2 occur in various lithia - 
micas (Sandberger, J. M. 1878. 291, 657). Accord- 
ing to Lockyer (Pr. 27, 279), there are indica- 
tions of the occurrence of tin in the sun. 

Formation. — 1. By ppn. from solution of 
SnCl* in HClAq by tin ; or by tin and iron simul- 
taneously, with a little Fe 2 O s to neutralise excess 
of acid (Sohultze, B. 28,974). — 2. By electrolysis 
of SnClj in dilute HClAq.— 8. By reduction of 
finOj by heating with C. 

Preparation. — Tinstone is cleansed by agita- 
tion with water; it is then sorted, stamped 
or rolled to a certain fineness, and washed. The 
washed ore is calcined in reverberatory calciners 
to remove sulphur from the sulphides of Fe 
that are present in most tin ores ; the calcined 
ore is exposed to the air for some days to insure 
the oxidation of any sulphides that remain in 
the ore to sulphates, and it is then washed in 
water, whereby sulphates of Fe, Ou, Ac., dissolve 
and the tin oxide sinks to the bottom of the 
vessels. The tin oxide is then separated into 
lighter and heavier parts by agitation with 
water ; the heavier parts are mixed with oharcoal 
or anthracite, some lime or fluorspar is added as 
a flux, and the mixture is smelted in a rever- 
beratory furnace. The product of the smelting 
is purified by melting, when the tin runs off, 
leaving the less fusible foreign metals behind ; 
this purified tin is again melted, the molten 
mass is stirred with billets of green wood for 
some hours, and is then allowed to partially 
solidify by cooling, when the metal separates 
into different strata, which are ladled into 
moulds ; the upper stratum is the purest and the 
undermost is the least pure. Sometimes the 
smelting is conducted in a blast furnace. For 
details v. Tin in Dictionaby or Applied 
■Chemistby, vol. iii. p. 884. 

Commercial tin generally oontaihs small 
quantities of As, Cu, Fe, and Pb, and occasionally 
traces of Sb, Bi, Mn, Mo, W.andZn. To prepare 
pure tin, the purest commercial metal is granu- 
lated and dissolved in cone. HClAq; a little 
water is very slowly poured into the liquid so 
as to form two layers, and a plate of tin is placed 
in the liquid so that part of it is in the upper 
Hess cone.) and part in the under (more oonc.) 
layer. A slight electric current is thus produced. 


and crystals of pure tin are deposited on the 
plate (Hiller, A. 85, 253). 

Pure tin was prepared by Bongartz a. Classen 
(B. 21, 2903) by heating the purest commercial 
tin (Banca tin) in dry Cl and so forming SnCl 4 , 
distilling fractionally, and collecting that which 
passed over at 120°, adding to the SnCl* about 
four times its volume of water, and then crys- 
tallised Na^ until the pp. of SnS 2 that formed 
was dissolved, then adding NaOHAq about equal 
to half the quantity of N&J3 used, allowing to 
stand for some days, drawing off the clear, 
almost perfectly colourless liquid into a Pt basin, 
and passing an electrio current through this 
alkaline liquid, washing the ppd. tin with water, 
then with absolute alcohol, and drying at 100°. 
The current was arranged so that it produced o. 
2 to 3 c.o. detonating gas per minute from water ; 
c. 2 to 3 g. tin were obtained in 24 hours. 

Properties. — Pure tin is a silver- white metal ; 
the commercial metal generally haB a slightly 
yellowish tinge. It is unchanged in pure air ; 
but it tarnishes in the air of large towns from 
formation of a film of sulphide. Tin is one of 
the least tenacious metals; a wire 1*6 nun. dia- 
meter breaks with a weight of c. 14 kilos. Tin 
may be hammered into plates o. *0254 mm. 
thick ; the malleability varies much with tem- 
perature, at 200° the metal is so brittle that it 
crumbles when hammered. Tin readily crystal- 
lises ; by fusing, allowing to cool partially, and 
pouring out the still fluid metal/* fair-sized crys- 
tals are obtained. Crystals are formed by de- 
positing tin by electrolysis. Stolba U. 1873. 

I 282) covers the outside of a Pt basin, all except 
a small portion, with wax, plaoes the unwaxed 
; surface of the basin on a plate of amalgamated 
zinc in a larger porcelain basin, fills the Pt 
basin with a dilute and not very acid solution of 
| SnClp and the poroelain basin with water oon- 
i taining o. ^ part of HClAq ; crystals of tin de- 
posit on the bottom of the Pt basin. The forms of 
the crystals of tin are probably rhombio and 
quadratic (von Foullon, J. M. 1885 (11) Ref. 266). 
According to Frankenheim (P. 40, 456), the crys- 
tals belong to the regular system ; Miller (B. J . 
24, 138) obtained quadratic prisms by separating 
tin by electrolysis. If a piece of tin is brushed 
over with warm, dilute aqua regia , or with a 
mixture of warm dilute H,S0 4 Aq and HNO*Aq, 
the surface becomes covered with a fretwork of 
crystals, from the facets of which light is un- 
equally reflected, and the surface appears like 
watered silk. When a bar of tin is bent a 
crackling sound may be heard due to the crys- 
tals in the inner parts of the bar breaking against 
one another. When warmed, tin has a charac- 
teristic smell. 

By exposure for some time to a very low 
temperature (o. —39°) tin crumbles to a grey 
powder (v. Fritzsohe, B. 2, 112, 540) ; S.G. c. 
6*8 to 6*1 (v. Schertel, /. pr. [2] 19, 322). Tin 
which had been kept for 800 to 400 years was 
found by Schertel {l.c.) to have become reddish- 
grey, and so brittle that it was crushed by pres- 
sure between the finger-nails ; by immersion in 
boiling water the metal beoame more ooherent 
and lighter in colour, and the S.G. increased to 
7*3 (of. Oudemanns, P. M. [5] 4 , 470). 

Tin ^remains lustrous in pure air at the 
ordinary temperature, and also in water; a 
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greyish -white film of SnO s forms on the surface 
of tin kept molten in the air; when heated to 
whiteness in air the metal bams brightly to 
SnO*. Tin dissolves in Q01Aq t forming SnOl, 
eolation ; dilate H^SO^Aq has only a slight ac- 
tion, oono. hot H2SO4 produces SnS0 4 and SO*; 
dilate HN0 3 Aq dissolves tin, with formation of 
Sn(NO a )*Aq and NH 4 NO,Aq, oono. HNO, trans- 
forms the metal into SnO r Tin dissolves in 
hot oono. NaOHAq, forming Na^nO, solution 
and giving oft H. 

When haloid compounds of tin are volati- 
lised in a stream of H and the gas is ignited, the 
dame shows two cones ; the inner cone is blue 
with SnOL,, green with SnBr 2 , and yellow with 
Snip and gives a continuous spectrum; the 
outer cone is carmine-red, and gives a spectrum 
with two characteristic lines (Salet, 0 . /. [21 9, 
1147). 

Tin is metallic physioally, and in most of its 
chemical relations. The oxide SnO, interacts 
towards several acids as a basio oxide, forming 
salts SnX, (X - S0 4 , Ac.) ; but with oono. KOHAq 
or NaOHAq this oxide reacts as an acidic oxide, 
forming salts M 2 SnO„. Tin is the third member 
of the odd-series family of Group IV. in the 
periodio classification of the elements; it is 
closely allied to Ge and Pb, and less closely to 
Si ; it shows very marked analogies with Ti, Zr, 
Ce, and Th, which (with C) form the even-series 
family of Group IV. For details of the chemical 
relations of tin v . Tin group op elements, this 
vol. p. 785. 

The atom of tin is divalent in the gaseous 
molecule Sn01„ and tetravalent in the gaseous 
molecule SnCl 4 . 

Supposed allotropic form of tin. The grey 
brittle powder formed by the action of great 
cold on tin, and also found in some very old 
specimens of the metal, is sometimes regarded 
as an allotropic variety of tin ( v . supra). All 
the specimens of tin, however, whioh have been 
observed to undergo this change have contained 
Bmall quantities of impurities ; until the change 
has been effected with pure tin, and has been 
proved to occur without any change of mass, the 
existence oi an allotropic variety of tin cannot 
be said to be established. According to von 
Foullon (J. M. 1885 [I] Ref. 266) there are three 
varieties of tin ; (1) rhombic, S.G. 6-52 to 6-56 ; 

(2) quadratic, S.G. 7*196 ; (3) grey brittle tin, 

B. G. 5-781 to 5-809. 

Atomic weight of tin. The at. w. has been 
determined (1) by oxidising Sn to SnO, by HNO, 
(Gay-Lussac, A. Ch. [2] 80, 168 [1812] ; Berze- 
lius, P. 8, 184 [1812] ; Mulder, A. 72, 212 [1849]; 
Vla&nderen, B. J. 1858. 188 [1858]; Dumas, 
A. Ch. [3] 55, 134 [1859] ; van der Plaats, O. R. 
100, 52 [1885]; Bongartz a. Classen, B. 21, 
2900 [1888]) ; (2) by ppg. Cl from SnCl, by 
AgNO,Aq (Dumas, A. Ch. [3] 55, 156 [1859]) ; 

(3) by electrolysing SnCl 4 .2NH 4 Cl and SnCl 4 .2ECl 
(B. a. C., lx. [1888]) ; (4) by eleotrolysing SnBr 4 
(B. a. C., lx.) ; (5) by reducing SnO, in H. (v. d. 
P., lx. [1885]) ; (6) by determining S.H. of Sn 
(Bunsen, P. 141, 1 [1870]) ; (7) by determining 
V.D. of, and analysing, SnGl, and Sn01 4 . The 
older determinations gave values from 115 9 to 
117*8. The results of the determinations of B. a. 

C. are summarised by them (lx*, p. 2909) as 
follows : — 


Number of 
experi- 
ments 

— — - 1 

Method 

At. weight 

! Difl.be. 
tween min. 
end max. 
found 

11 

oxidation of Bn 
to SnO t 

118*7606 

i 

•469 

16 

eleotrolysis of 
SnCl 4 .2NH 4 Cl 

118*8098 

•928 

10 

eleotrolysis of 
SnCl 4 .2KCl 

118*7975 

•168 

10 

electrolysis of 
SnBr 4 

118*7809 

•144 

; 


B. a. C. regard the second and third methods as 
the most trustworthy ; in the oxidation of Sn to 
SnO, the Pt vessel was also slightly acted on, 
and there was the possibility of a very Bmall loss 
in dissolving SnBr 4 in the last method. The 
mean of the results obtained by the electrolysis 
of the two double ohlorides is 118 8 (O » 15*96). 

Molecular weight of tin. As the V.D. of tin 
I has not been determined the moleoul&r weight is 
not known. Bamsay determined the depression 
of the vapour pressure of Hg caused by dissolving 
tin therein; assuming that equal volumes of 
dilute solutions contain equal numbers of mole- 
cules of the dissolved bodies, and that the 
mol. w. of liquid Hg is 200, the results obtained 
by B. gave the mol. w. of tin as 117*4 in one 
experiment and 149*5° in another. 

Reactions and Combinations. — 1 . When tin 
is heated in air or oxygen , a film is formed on 
the surface, containing both SnO and SnO f ; 
when heated to whiteness tin burns brightly, 
forming Sn0 2 (v. Emich, M. 14, 845).— 2. 
Heated in chlorine , bromine , or iodine, the 
compounds SnX 2 and SnX 4 are formed, ac- 
cording to whether there is excess of tin or 
halogen. — 3. Tin combines with sulphur ,' 
and with selenion , to form SnS and SnSe, when 
heated with these elements. — 4. Tin probably 
combines with phosphorus when heated in 
vapour of that element.— 5. Tin forms alloys 
with many metals ( v . Tin, allots op, p. 720).— 
6. Water is decomposed by tin at a full red 
heat with formation of SnO and H.— 7. Sul- 
phydric add has a slight action on tin, in moist 
air, forming a film of SnS. — 8. Hydrochloric 
acid dissolves the metal, forming solution of 
SnGl* and giving off H ; the reaction prooeeds 
more rapidly with warm cone. HOlAq.— 9. Pure 
cone . nitric acid , S.G. 0. 1*55, has no action on tin. 
When the acid is diluted the products of the 
reaotion vary with the concentration and the 
temperature; according to Walker (O. /. 63, 
845), both Sn(NO,), and Sn(NOJ 4 are formed, the 
quantity of Sn(NO,) 4 increasing as concentration 
increases at a fixed temperature ; with very 
dilute aoid an increase of temperature causes 
only a, qjight increase in the quantity of the 
stannic salt, but the effect of temperature 
is very marked with more oono. aoid ; the pro- 
portion of stannous to stannic salt formed is 
only slightly affected by changing the relative 
masses of tin and acid ; when a fairly oono. 
solution of tin in HNO,Aq is heated, hydrated 
stannio nitrates, varying in composition, are 
deposited (e. also Montemartini, Q. 22, 384, 897, 
426 ; abstract in O. J. 62, 1402 ; v. also Hay, 
O. N. 23, 298; Scott, O. N. 28, 822). Pure 
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HNO a dilated sufficiently to start the reaction 
produces chiefly Sn0 2 .zH 2 0 (v. Hydrated stannic 
oxide, under Tin oxides and hydrated oxides, 
p. 725). When tin dissolves in HNOjAq, 
NH 4 NO a is formed ; the gases evolved are NO, 
N*0, and N (v. Ackworth a. Armstrong, 0. «T. 
82, 84). — 10. A mixture of nitric and sulphuric 
acids , or nitric and hydrochloric adds , produces 
NH 2 OH along with NH, (Divers, G. /. 43, 443 ; 
D. a. Shimidzu, C. J . 47, 597 ; cf Hydroxyl- 
amine, vol. ii. p. 734). With certain propor- 
tions of HNO,Aq ana H 2 S0 4 Aq, Bassett (G. N. 
63, 172) obtained Sn(N0 8 ) 2 in solution, and 
almost pure N 2 0. — 11. Dilute sulphuric acid 
reacts slowly when warmed with tin, forming 
SnS0 4 if the tin is kept in excess, and chiefly 
Sn(S0 4 ) 4 if the acid is in excess, and giving off 
H. Cone . sulphuric acid reacts to form SnS0 4 , 
or Sn(S0 4 ) 2 , according to the proportion of tin 
to acid, and evolves H 2 S or S0 2 , or both, accord- 
ing to the concentration of the acid and the 
temperature ; with pure hot H 2 S0 4 , S0 2 is given 
off, and S separates (v. Calvert a. Johnson, C. J '. 
[2] 4, 435 ; also Pattison Muir a. Robbs, C. N. 
46, 69).— 12. Aqua regia dissolves tin, forming 
SnCl 4 . — 13. Tin reacts with mercuric chloride 
and bromide, when heated with these compounds, 
forming SnCl 2 , or SnBr 2 , and Hg.— 14. With 
sulphurous chloride , SnC^ is formed, with pro- 
duction of much heat (Wohler, A . 73, 374). — 
15. Tin dissolves in warm oonc. caustic potash , 
or soda , solution, forming M 2 Sn0 3 and giving off 
H.— 16. Fusion with nitre forms K 2 Sn0 8 . 

Detection and Estimation. — H 2 S ppts. dark 
brown SnS from slightly acidified solutions of 
stannous salts ; the pp. is soluble in warm yellow 
ammonium sulphide, forming (NH 4 ) 2 SnS,Aq,from 
which acids ppt. yellow SnS 2 . AuCl 8 Aq pro- 
duces a purple pp., a compound of Sn, Au, and 
O (v. Purple of Cassius , under Tin oxides and 
hydrated oxides, p. 727). H 2 S ppts. yellow 
SnS 2 from acidified solutions of stannic salts ; 
the ppt. dissolves in warm yellow ammonium 
sulphide, and acids re-ppt. SnS 2 from this 
solution. Tin is generally estimated as Sn0 2 . 

Tin, alloys of. Tin forms alloys with many 
metals. For a general account of the properties 
of different classes of tin alloys, v. Dictionary 
op Applied Chemistry, vol. iii. p. 837. For 
alloys of tin with antimony , v. Karmarsch 
(D. P. . T. 123, 267) ; Kestner (East. Archiv , 19, 
424) ; Johnson (Chem. Gazette , 1855. 180) ; 
Chaudet (A, Ch . [2] 3, 376) ; with bismuth and 
lead , and with bismuth , cadmium and lead , v. 
vol. i. p. 511 ; with cadmium , v. vol. i. p. 655 ; 
with cadmium and gold , v. Heycock a. Neville 
0 . /. 59, 936) ; with copper , v. vol. ii. p. 254 
also Dictionary op Applied Chemistry, vol. iii. 
p. 838) ; with copper and lead , v . vol. iii. p. 125 
(also French, S. C. L 8, 36) ; with iridium , 
platinum , and rhodium , v. Deville p. Debray 
(G. B . 81, 839) ; with iron , v. vol. iii. p. 53 (also 
Headden, Am. S. [3] 44, 464) ; with gold, v . Laurie 
(P. M. [5] 33, 94) ; with lead , v. vol. iii. p. 125 ; with 
lead and zinc , v. vol. iii. p. 125 (also Wright a. 
Thompson, Pr. 45, 461 ; 48, 25) ; with mercury , 
v. infra ; with platinum , v. voL iv. p. 288; 
with, aitoer, v. W. a. T. (Pr. 48, 25) ; with sodium , 
t>. Bailey (G. N. 65, 18). Tin alloys with 
vine in all proportions ; the alloys are harder 
than tin, but softer than sine ; they are less 


malleable than tin. Many varieties of bronse 
are alloys of tin with zinc and copper (v, Rud- 
berg, P. 18, 240). Amalgams of tin are readily 
formed by immersing tin in Hg ;the action is more 
rapid if the Hg is warmed (v. BSttger, J. pr. 1, 
305 ; Joule, Chem . Gazette , 1850. 339, also C. J. 
16, 384 ; Kupffer, A. Ch. [2] 40, 293). 

Tin, bromides of. Tin oombines with Br to 
form two compounds, SnBr* and SnBr 4 . The 
V.D. of the latter has been determined, and the 
formula SnBr 4 is molecular ; from the analogy 
of the chlorides it is probable that the formula 
SnBr f is molecular also. Watts a. Bell (G. J. 
33, 442) obtained both SnBr 2 and SnBr 4 by heat- 
ing SnO a in Br vapour mixed with CO. 

Stannous bromide SnBr 2 . (Dibromide of 
tin.) Obtained by Balard (A. Ch. [2] 32, 337) ; 
more fully examined by Rajraan a. Preis (A. 
223, 323), Prepared by heating tin in HBr gas, 
allowing the oily liquid so obtained to cool, 
dissolving the crystals that form in dilute 
HBrAq, and purifying the solid that separates 
by distilling it in a stream of N. A crystalline, 
slightly yellow, transparent solid; melts at 
215*5° to a transparent liquid, which solidifies at 
215°. S.G. 5*117 at 17° Carnelley a. WiUiams 
(G. J. 35, 563) say that SnBr 2 boils between 617° 
and 634°. Partly decomposed by water, with 
separation of an oxybromide of tin (R. a. P., 
l.c.). By crystallising a solution of tin m warm 
cone. HBrAq, R. a. P. (l.c.) obtained the hydrate 
SnBr^ieHjO (x^l or 2), in colourless needles. 
By cooling a mixture of NH 4 C1 and solution of 
tin in warm cone. HBrAq, the compound 
SnBr 2 .2NH 4 Cl.H 2 0 was obtained in large rhombic, 
porcelain-like crystals (R. a. P., l.c.). 

Stannic bromide SnBr 4 . (Tetrabromide of 
tin.) Mol. w. 437*8. Melts at 30° (Carnelley a. 
O’Shea, C. J. 83, 55), at 33° (Ragman a. Preis, 
A. 223, 323). Boils at o. 201° (0. a. O’S., l.c.), 
at 203*3° (R. a. P., l.c.). S.G. 3*349 (R. a. P., 
lx.). V.D. at 228°-260° = 227-230 (0. a. O’S., 
l.c.). Prepared by passing vapour of Br over 

melted tin in a tube shaped thus 

the tin being at 6 and the Br at a . The tin 
burns in the Br vapour ; the produot is dis- 
tilled backwards and forwards from b to c until 
the distillate is quite colourless. On cooling 
the liquid solidifies to colourless crystals of 
SnBr 4 (C. a. O’S., l.c.). R. a. P. (l.c.) prepared 
SnBr 4 by heating tin with Br, ana crystallising 
from SnCl 4 or SnBr 8 Cl. SnBr 4 forms white 
crystals, which are slowly decomposed in the 
air; according to R. a. P. (l.c.) the crystals 
deliquesce to a clear liquid, which when placed 
over R 2 S0 4 deposits crystals of the hydrate 
SnBr 4 .4H 2 0. SnBr 4 is soluble in oold water; 
after some hours SnOj.xHp is deposited ; boil- 
ing hastens this change ; addition of HNO s Aq 
to hot SnBr 4 Aq ppts. all the tin as Sn0 2 .a;H,0, 
with evolution of a little Br (C. a. O’S., l.c.). 
R. a. P. (l.c.) found that SnBr 4 absorbs NH,; on 
heating some NH, was given off, and a yellow 
sublimate of SnBr 4 .2NH s was obtained. Accord- 
ing to Nickl£s (C. B. 52, 869), SnBr 4 oombines 
with ether to form SnBr 4 .Et 2 0. 

Stannibromhydric acid RjSnBvrH./). 
(Bromostannic add. Hydrobromostannic acid.y 
This compound was obtained by Seubert (B. 20, 
194) by adding 74*1 parts HBrAq (50 p.o. HBr^ 
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to 100 parts SnBr 4 (i.e. in the ratio 2HBr;SnBr 4 ). 
A yellow liquid was formed which solidified after 
a time to a mass of yellow, needle-shaped crys- 
tals; the small quantity of mother-liquor was 
removed by melting and allowing to solidify par- 
tially. It is doubtful whether the acid crys- 
tallises with 7 or 9ELjO. The acid forms amber- 
yellow needles, probably triclinio; it is very 
deliquescent ; fumes in air, giving off HBr. By 
adding Na^O* to HjSnBr^Aq, and allowing to 
evaporate, Seubert (Lc.) obtained sodium stanni- 
bromide , Na 2 SnBr 8 .6H 2 0, in yellow needles. 
Several other stannibromides are described by 
Ragman a. Preis (A. 223, 323) ; their compo- 
sition is MSnBr 6 .®H 2 0, where M = {NH 4 ) 2 , Ba, 
Ca, Fe, Mg, Mn, Ni, Na 2 , Sr, and a? is 6, 8, or 10. 

Tin, bromochlorides of. Rayman a. Preis 
(A. 223, 323) obtained a compound to which 
they gave the formula 8nBr 3 Cl by heating tin in 
Br that contained some Cl, and repeatedly dis- 
tilling. The compound is a liquid boiling be- 
tween 181° and 190°. It dissolves SnBr 4 , which 
crystallises out unchanged. By adding Br to excess 
of SnCl 2 Ladenburg (A. Supplbd. 8, 60) obtained 
indications of the formation of bromochlorides, 
probably SnBr a Cl and SnBrCl,. 

Tin, chlorides of. Tin and Cl combine to 
form two compounds, SnCL^ and SnCl 4 . Both 
formula are moleoular. 

Stannous chloride SnCl. 2 . ( Dichloride of 
tin. Tin-salt.) Mol. w. 189*54 ; perhaps 379*08 
( =» SdljCIJ in the liquid state ( v . infra). Melts 
at 249*3° (Garnelley a. Williams, C. J. 35, 63). 
Boils between 617° and 628° (C. a. W., lx.) ; at 
606° (Biltz a. Meyer, Z. P. C. 2, 184). V.D. v. 
infra. H.F. (Sn, CP] = 80,790 ; [Sn,CP,Aq] 
-81,140; [Sn,Cl 2 ,2H 2 0] = 86,520 ( Th . 3, 327). 

Preparation. — 1. By heating a mixture of 
equal parts tin filings and HgCl 2 ; Hg sublimes 
and leaves SnGl*. — 2. By heating tin in HC1 
gas.— 8. By dissolving tin in warm, fairly cone. 
HClAq, evaporating to the crystallising point, 
drying the crystals of SnCl r 2R 2 0 that separate, 
heating them in a capacious crucible so long as 
gases are given off, pouring the liquid into a small 
crucible, pounding when cold, and distilling from 
a retort ; the first portions of the distillate are 
said to be pure SnGl* (Capitaine, J.Ph. 25, 552). 

Properties.— A semi-transparent, white solid ; 
melts at c. 250° and boils at incipient redness 
(v. supra). Heated to bright redness, out of air, 
some Sn01 4 is given off, then SnCl,. Heated in 
air gives SnC^ and Sn0 2 . SnCL* dissolves in a 
little water; the solution is decomposed by muoh 
dilution, with separation of a hydrated oxy- 
chloride SnCl 2 .SnO. 2 HaO. According to Michael 
a. Kraft (A. Ch. [3] 41, 471), 1,000 c.c. saturated 
SnClgAq contains, at 16°, 1,333 g. SnCL* and 
494 g. water, and the S.Q*. is 1*827. Gerlach 
(D. P. J . 186, 131) gives the following data for 
a solution of the hydrate SnCl^HjO 


P.C. 

S.GK 

P.o. 

8Q. 

8nCl,.2H,0 

of solution 

Bn01 # .2H a O 

of solution 

5 

1*0331 

45 

1*3850 

10 

1*0684 

50 

1*4451 

15 

1*1050 

55 

1*5106 

20 

1*1442 

60 

1*5823 

25 

1*1855 

65 

1*6698 

30 

1*2300 

70 

1*7452 

05 1*2779 

40 1*8298 1 

VoL.1V. 

75 

1*8899 


An aqueous solution of SnCl 2 generally becomes 
turbid from ppn. of Sn^OCl,; digestion with 
tin and a little HClAq dissolves the pp. ; addi- 
tion of tartaric acid, or NH 4 C1, stops the solution 
from becoming turbid, the former by dissolving 
the oxychloride, the latter by forming a double 
salt SnCl 2 .2NH 4 Cl, which is very soluble in water. 

Mallet (C. J. 35, 524) obtained a semi-trans- 
parent, jelly-like solid from an aqueous solution 
of SnCLj which had stood in a loosely closed 
bottle for a year or two ; the solid dried to a 
substance like gum arabic ; it reddened litmus ; 
the composition of the substance was SnO^HCl. 
Mallet writes the formula as SnO.OH.Cl, and 
suggests the name chlor-stannic acid. 

Molecular weight of stannous chloride. The 
V.D. of the gas obtained by heating SnCl 2 has 
been determined repeatedly. The following 
table presents the results : — 


Calculated 
for SnCl* 

94*7 

Calculated fox 
Sd,C1 4 

189*4 

Temp., and Observers 


103*7 ?temp. 

Rieth, B. 3, 668 11870]. 


185*9 

at 619° 

V. a. C. Meyer, 


189*2 

„ 697° 

• B. 12, 1195 


104*5 

„ 800°, 

[1879]. 


104*5 

„ 800° 

Meyer a. Ziib- 

96*5 


„ 880° 

• lin, B. 13, 

90*1 


„ 970°, 

i 811 [1880]. 


123*7 

„ 639° \ 



123*7 

„ 676° 

Biltz a. 


122*9 

„ 699° 

Meyer, Z. 


119*5 

„ 760° 

1* P.C. 2,184 


111*4 

„ 790° 

[1888]. 


102*7 

ii H13°J 



From their determinations, Biltz a. Meyer con- 
cluded that molecules of the composition Sn 2 Cl 4 
do not exist in the gaseous state, and that the 
mol. w. of the gas comes to a constant value, 
corresponding with the formula SnCL,, only at 
a temperature very much above the b.p. of the 
liquid (SnCls boils at 606°). In some of the earlier 
determinations at 0 . 800° partial decomposition 
occurred, with production of Cl. The results, 
taken as a whole, seem to be explained by 
assuming that the molecules of the liquid, near 
to the b.p., have the composition Sn 2 Cl 4 , that 
some of these are dissociated to 2SnCl 2 at c. 30° 
above the b.p., and that this process of disso- 
ciation continues slowly, and is not completed at 
even 50 0° above the b.p. 

Reactions . — 1, Heated strongly in air t SnCl 4 
is given off, and Sn0 2 remains. Heated to its 
b.p. in a retort, SnCL* and SnCl 4 distil, and the 
oxychloride Sn^OCl^ remains (Capitaine, J. Ph. 
25, 552). — 2. When sulphur is added to molten 
SnCl 2 the products are SnCl 4 and SnS ; with 
selenion the products are SnCl 4 and SnSe 
(Schneider, Jg. 127, 624). — 8. Many salts are re- 
duced by SnCL^Aq, either to lower salts or to 
metals. Au, Hg* and Ag are ppd. from solutions 
of their salts ; ferric and manganio salts are re- 
duced to ferrous and manganous salts ; CuCl 2 Aq 
to Cu 2 Cl2.—4. The higher oxides of Bi, Cr, Pb, 
Mo, W, <fec., are reduced to the lower oxides of 
these metals. — 6. Arsemous oxide is reduced to 
As by a considerable excess of SnCljAq. — 6. Ac** 
oording to Bdttger (Polytech. Notizbl. 35, 96), a 
mixture of 2 pts. SnCl s rubbed with 1 pt. 
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potassium chlorate gets hot, and produces an 
oxychloride of tin, KC10 4 , oxide of chlorine, 
and HjO. For reactions with water v. supra , 
Properties ; also infra , Combinations , No. 1. 

Combinations. — 1. With water to form the hy- 
drate SnCl 2 .2H 2 0. This compound is prepared by 
dissolving tin in warm cone. HClAq and evapo- 
rating to the crystallising point, in contact with 
tin to prevent formation of SnCl 4 . SnCl^HjO, 
commonly kfiown by the name of tin-salty forms 
large white, monoclinic crystals (Marignac, J. 
1856. 894) ; melts at c. 37*7° ; S.G. 2*71 at 15-5° 
^solid), 2*588 at 37*7° (liquid) (Penny, C. J . 4, 
239). H.F. [Sn,Cl a ,2H 2 0] « 86,520 (Th. 3, 327). 
When gradually heated to 100 °, most of the 
water is removed; when rapidly heated, 11,0 
and HC1 are given off and Sn 2 OCl 2 remains, which 
gives off SnCl 2 when more strongly heated. 
SnCl 2 .2R 2 0 decomposes slowly on exposure to 
the air, forming Sn 2 OCl 2 and SnCl 4 . — 2. With 
ammonia, forming SnCl 2 .NH 3 .— 3. According to 
Engel (C. E . 106, 1398), a compound of SnCl 2 
with hydrogen chloride is formed by passing 
HC1 gas over SnCl 2 .2H 2 0 at 0° ; the liquid thus 
formed solidifies at 27°, forming crystals of 
SnCl 2 .HC1.3H 2 0, which melt at 40°. — 4. With 
chlorides of the alkali and alkaline earth metals % 
to form M Cl 2 . SnCl 2 .#H 2 0 , where M - (NH 4 ) 2 , K 2 , 
Ba, or Sr ( v . Marignac, C, E. 55, 650 ; Rammels- 
berg, Krystall. Chemie , 211; Richardson, Am. 
14, 89). Poggiale (C. E. 20, 1180) described a 
salt SnCl 2 . 4 NH 4 Cl. 3 H 2 O. Richardson (Z.c.) ob- 
tained SnCl 2 .KCl.H 2 0 as well as SnCl 2 . 2 KC 1 . 2 H 2 0 . 
These double salts are perhaps best regarded as 
starmochloridesy derived from the acid HSnCl a 
(t>. Combinations , No. 8 ) and the hypothetical 
acid H 2 SnCl 4 . 

Stannic chloride SnCl 4 . (Tetrachloride of 
tin.) Mol. w. 260*28. Boils at 113*9° at 760 mm. 
(Thorpe, <7. J. 37, 372) ; at 114*1° at 760 mm. 
(Young, C. J . 69, 912). Solidifies at -33° 

(Besson, O. JR. 109, 940). S.G. % 2-27875; 

1*97813 at b.p. (Thorpe, Z.c.). V.D. 133*1 at 
124° (Dumas, A. Ch . [2] 33, 385). S.H. *1402 
(10°-15°) (Regnault, A. Ch. [3] 9, 332). Heat 
of vaporisation = 30,530 (gram-units for 1 kilo.) 
(Andrews, C. J. 1, 27). H.F. [Sn,Cl 4 ] = 127,250 ; 
[Sn,Cl<,Aq] - 157,170; [SnCP.Cl 2 ] - 46,460; 
[SnCPAq.CP] * 76,030 (Th. 8, 327). C.E. (cubical, 
0°-100°) *00130244 (Thorpe, l.c.). S.Y. 131*07 
(Thorpe, lx . ; for S.Y. from 0° to 280° v. Young, 
C. J. 59, 933, 935). For vapour pressures from 
= 10° to 319° v. Young (Z.c., p. 927). Critical 
temperature = 818*7° ; critical pressure - 28080 
mm. (Y., Z.c., p. 928). 

Formation. — 1. By heating tin in excess of 
Cl. — 2. By heating 1 pt. tin filings intimately 
mixed with 4 or 5 pts. HgCl 2 .— 3. By heating a 
mixture of Sn(S0 4 ) 4 and NaCl.— 4. By passing 
vapour of CC1 4 over heated Sn0 2 (W a tts a. Bell, 
C. J. 33, 442).— 5. By adding fuming sulphuric 
acid to tin, and then passing $n HC1 gas and 
distilling (Heumann a. KSchlin, B. 15, 416). 

Preparation . — Dry Cl is led over tin filings 
heated in a retort connected with a dry fiask, 
which .is kept oold ; the distillate is distilled 
from tin filings, and then repeatedly redistilled 
in a current of dry CO*. A solution of SnCl 4 is 
obtained by passing Cl into SnCl^Aq until no 
pp. is produced with HgCl^Aq, or by dis- 


solving tin in dilute HClAq containing a little 
HNO a . 

Properties —k thin, mobile, colourless, fum- 
ing, very corrosive liquid. Solidifies at -83° 
to small white crystals (Besson, O. E. 109, 940). 
SnCl 4 dissolves crystalline S, also P, I, Br, CS 2 ,<ftc. 
(Girardin,C. E. 51, 1057). SnCl 4 does not oonduot 
electricity, even at its b.p. ; addition of absolute 
alcohol forms crystals, probably (SnCl 4 .5EtOH), 
which conduct when dissolved; ether behaves 
similarly to alcohol (Ooldridge, P. M. [6] 29, 
383, 480). SnCl 4 withdraws moisture from the 
air, probably forming SnCl 4 .3H. 2 0 (v. infra , 
Hydrates of stannic chloride). SnCl 4 dissolves 
in water, with production of heat [SnCl 4 ,Aq] 
= 29,920 (Th. 3, 327), and considerable contrac- 
tion of volume (v. also Eeact/ionSy No. 1). Gerlach 
(D. P. J. 178, 49) gives the following table : — 


Pcntge. 

SnOl. 

S.G. 

SnCl 4 Aq 

i 

1 Vol. of 100 pts. 
by wt. of solu- 
tion ; vol. of 100 
pts. water =100 

Vol. of mixture 
of Sn01 4 and 
water ; vol of 
sum of consti- 
tuents = 100 

o i 

1000 

100*00 

100*00 

10 

1*082 

92*42 

97*82 

20 

1*174 

85*18 

95*76 

30 

1*279 

78*19 

93*72 

40 

1*404 

71*12 

91*42 

50 

1*556 

64*26 

88*78 

60 

1*743 

57*37 

85*81 

70 

1*973 

50*68 

82*63 

100 

2*234 

44*76 

1 100*00 


Hydrates of stannic chloride. - Yarious hy- 
drates have been isolated: (1) SnCl 4 .3H 2 0, by 
exposing SnCl 4 to air (Casselmann, A. 83, 272) ; 
alBo by adding 18 pts. water to 260 pts. SnCl 4 , 
when | of the SnCl 4 remains unchanged, and § 
forms the hydrate, which sinks in the excess of 
SnCl 4 (Gerlach, D. P. J. 178, 49) ; also by dis- 
solving 260 pts. SnCl 4 in 54 pts. water, and letting 
the solution cool to 60° (G., Z.c.) ; (2) SnCl 4 .2H 2 0, 
by keeping the trihydrate in vacuo (Scbeurer- 
Kestner, C. E. 50, 50) ; also by drying the 
pentahydrate over H 2 S0 4 (Lewy, A. Ch. [3] 16, 
303) ; (3) SnCl 4 .5H 2 0, by dissolving SnCl 4 com- 
pletely in water and evaporating (G., Z.c. ; L., 
Z.c.) ; (4) SnCl 4 .8H 2 0, by strongly cooling dilute 
SnCl 4 Aq (G., Z.c.) ; (5) SnCl 4 .9H 2 0, obtained by 
NOllner (z. [2] 1, 445) by treating SnClgAq with 
aqua regia , and exposing the solution to a winter 
temperature. Gerlach (Z.c.) gives a table (v. next 
page), showing the S.G. and percentage composi- 
tion of solutions of the pentahydrate. 

Eeactions — 1. With water : SnCl 4 dissolves 
in water ( v . supra) with production of muoh 
heat. Yignon (O. E. 108, 1049 ; 109, 872) found 
that ELjSnOj, ppd. from freshly prepared SnCl 4 Aq, 
from SnCl 4 Aq after keeping, and from SnCl 4 Aq 
after heating, showed markedly different heats 
of neutralisation by potash. He concluded that 
SnCl 4 Aq oontains HClAq and H 2 SnOgAq, and 
that the H 2 SnO s in solution gradually poly- 
merises. Dilute SnCl 4 Aq gradually decomposes, 
giving HClAq and Sn0 2 .a:H 2 0 (Casselmann, A. 
83, 272). Heating in a sealed tube with a little 
water is said to give Sn0 2 .— 2. With oonc. mtric 
acid SnCl 4 forms Sn0 2 .a:H 2 0.— *8. Dry hydrogen 
sulphide forms white orystals of SnCl 4 .5H*S, 
which gives off H,S and HOI when heated, and 
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Pontge, 

SuCMHaO 

6.G. of solu- 
tion at 15° 

Pontge. 

Sn01*.5H,0 

8.G. of solu- 
tion at 15° 

0 

1000 

48 

1*347 

1 

1-006 

49 

1*357 

2 

1*012 

50 

1*3661 

3 

1*018 

51 

1*376 

4 

1*024 

52 

1*386 

6 

1*0298 

53 

1*396 

6 

1*036 

54 

1*406 

7 

1042 

55 

1*4154 

8 

1*048 

56 

1*426 

9 

1*053 

57 

1*437 

10 

1*0593 

58 

1*447 

11 

1*066 

59 

1*458 

12 

1*072 

60 

1*4684 

13 

1*078 

61 

1*480 

14 

1*084 

62 

1*491 

15 

1*0905 

63 

1*503 

16 

1-097 

64 

1*514 

17 

1*104 

65 

1*5255 

18 

1*110 

66 

1*538 

19 

1*117 

67 

1*550 

20 

% 1*1236 

68 

1*563 

21 

1*130 

69 

1*575 

22 

1*137 

70 

1*5873 

23 

1*144 

71 

1*601 

24 

1*151 

72 

1*614 

25 

1*1581 

73 

1*627 

26 

1*165 

74 

1*641 

27 

1*173 

75 

1*6643 

28 

1*180 

76 

1*669 

29 

i 1*187 

77 

1*683 

30 

1*1947 

78 

1*698 

31 

1 1*202 

79 

1*712 

32 

' 1*210 

80 

1*7271 

33 

1*218 

81 

1*743 

34 

1*226 

82 

1*759 

35 

1*2338 

83 

1*775 

36 

1*242 

84 

1*791 

37 

1*250 

85 

1*8067 

38 

1*259 

86 

1*824 

39 

1*267 

87 

1*842 

40 

1*2755 

88 

1*859 

41 

1*284 

89 

1*876 

42 

1*293 

90 

1*8939 

43 

1*302 

91 

1*913 

44 

1*310 

92 

1*932 

45 

1*3193 

93 

1*950 

46 

1*329 

94 

1*969 

47 

1*338 

95 

1*9881 


leaves SnS 2 (Coldridge, P. M. [5] 29, 383, 480).— 
4. Sn01 4 dissolves stannous oxide , forming SnCl 2 
and a solution of Sn0 2 .H 2 0 in excess of SnCl 4 
(Scheurer-Kestner, C. R. 60, 50). 

Combinations. — 1. With hydrogen chloride. 
By passing dry HC1 over SnCl 4 .5H 2 0, then satu- 
rating the liquid so formed with dry HC1 at 28°, 
and cooling to 0°, Engel (C. R. 103, 213) ob- 
tained white crystalline leaflets of the compound 
SnOl4.2HOl.6HaO, melting at c. 20°, and giving 
off HOI when more strongly heated. The same 
compound was prepared by Seubert (B. 20, 793) 
by adding to SnCl 4 such a quantity of cone. 
HOLAq that the ratio of water in the acid was to 
the SnCl 4 as 6H 3 0:SnCl 4 (100 pts. SnCl 4 require 
62*15 pts. of 33 p.c. HClAq), and after a little pass- 
ing in c. 8 pts. dry HOI ; the whole then solidified 
to a arystalline mass, melting at 19*2°. This 


compound is best called stannichlorhydric 
acid ; it has also been called cMorostcmnic acid 
(Mallet gave the name chlor-stanwic acid to 
SnO.OH.Cl, v. Stannous chlobide, Properties , p. 
721), and hydrochlorostannic acid . Chassevant 
(A. Ch. [6] 30, 5) has described a compound 
SnCl4.HCl.3H2O. —2. With several metallic chlor- 
ides. The double salts of SnCl 4 and alkali and 
alkaline earth chlorides have the composition 
MSnCl fl .aH 2 0, where M = (NHJ* K 2 , Na 2 , Ba, Ca, 
Mg, or Sr ; these salts are best named stanni - 
chlorides (for details, v. Bolley, A. 39, 101 ; Lewy, 
J. pr. 37, 479 ; Bammelsberg, Krystall. chemie ; 
Wittstein, R. P. 64, 7 ; TopsoS, W. A. B . 69 [2] 
261 ; Morel, C. O. 1891 [1] 492 ; Chassevant, 
A. Ch. [6] 30, 5). Oleve (Bl. [2] 31, 195)ob- 
tained double salts of the form »SnCl 4 .2MCl 8 .firH 2 0, 
where M = Ce, Di, La, or Y, x « 2 and 6, and e had 
large values (from 18 to 45).— 3. With certain non * 
metallic chlorides ; the compound SnCl 4 .2SCl 4 is 
said to be obtained by the interaction of Cl and 
SnS (H. Bose, P. 44, 320 ; Casselmann, P. 42, 
517) ; the compound SnCl 4 .PCl 5 was obtained 
by Casselmann (l.c.) by heating a mixture of 
SnCl 4 .2SCl 4 and PC1 3 in a stream of HC1. — 
4. With certain nonmetallic oxychlorides : (1) 
SnCl 4 .POCl 3 , formed by the reaction of POCl„ and 
SnCl 4 (Casselmann, A. 91, 248; 98, 213); (2) 
SnCl 4 .2SeOCl 2 , by combining the constituent 
compounds (Weber, B. B. 1865. 154) ; (3) 
SnCl 4 2NOC1, by passing the dry vapour from 
aqua regia over SnCl 4 (Hampe, A. 126, 43), also 
by subliming SnCl 4 .N 2 0 3 formed by the action 
of N 2 0 and N0 2 on SnCl 4 (Weber a. Hampe, P. 
118, 471). — 5. With hydrogen sulphide to form 
SnCl 4 .5H2S ; decomposed by heating to SnS 2 , 
H 2 S, and HC1 (Coldridge, P. M. [5] 29, 883),— 

6. With hydrogen cyanide , to form crystals that 
are decomposed in moist air (Klein, A. 74, 85). 

7. With ammonia , to form SnCl 4 .2NH 3 according 
to H. Bose (P. 24, 163), to form SnCl 4 .4NH, 
according to Grouvelle a. Persoz (4. Ch. [2] 44, 
322). — 8. With phosphorus trihydride % to form 
3SnCl 4 .2PH 3 (H. Bose, P. 24, 159) ; heated to 
100° in C0 2 there are formed HC1 and Sn^Gl*, 
according to Mahn (/. Z. 5, 160). — 9. With cer- 
tain nonmetallic oxides : (1) witn S0 3 to form a 
Bolid [? composition] (H. Rose, P. 44, 320) ; (2) 
with NO a compound is formed, according to Kuhl- 
mann (A. 39,319), but no action occurs according 
to Hampe (A. 126, 43) ; (3) with N 2 0 8 to form 
SnCl 4 .N 2 0„ produced by passing N0 2 and N a O 
over SnCl 4 (Hampe, l.c.).— 10. With ethylic alco * 
hoi , to form SnCl 4 .5EtOH (Coldridge, P. M. [6] 
29, 383, 480). — 11. With amylic alcohol t to form 
SnCl 4 .2C 5 H,,(OH) (Bauer a. Klein, Z. [2] 4, 870), 
12. With ether , to form Sn01,.2Et. 2 0 (Coldridge, 
l.c.). — 13. With various nitriles , forming crys- 
tallisable compounds (Lewy, C. R. 21, 371). 

Tin, chloro^romides of; v. Tin bromochlob- 
TDES, p. 721. 

Tin, chloro-ioiide of; v. Tin xodochlobxde, 
p. 724. 

Tin, chlorotulphide of ; v. Tin tsioohlobxds, 
p. 733). 

Tin, ferricyauides of; v. vol. ii. p. 340. 

Tin, ferrocyanidee of; v. vol. ii. p. 337. 

Tin, fluorides of. Only one fluoride, SnF* had 
been isolated; double salts of stannio fluoride 
(SnEJ are known* 
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Stannous fluoride SnFj. (Difluoride of 
tin.) Formed, in small opaque, lustrous, prisms, 
by dissolving SnO^H^O in HFAq, and eva- 
porating ; heated in air it forms the oxyfluoride 
SnOF 2 ( » SnF 4 .Sn0 2 ) (Marignac, Ann . M. [5] 15, 
221 ; Fremy, A. Ch. [3] 47, 37). By dissolving 
freshly ppd. Sn0.irH 2 0 in solutions of alkali 
fluorides acidified by HFAq, Wagner (B. 19, 
896) obtained stanno fluorides of the form 
a?SnF 2 .2MF.yH 2 0, where £ = 1 and 3, y = l and 2, 
and M was NH 4 , K, and Na. 

Stannic fluoride. This compound has not 
been isolated ; a solution of Sn0 2 .a;H/) in HFAq 
coagulates when heated, but does not yield any 
definite compound ; when evaporated in air HF 
is given off, and an oxyfluoride, SnOF 2 , is depo- 
sited (Marignao, l.c.). 

Stanni fluorides. A series of these salts, 
MSnF e .sH 2 6, where M - one atom of a divalent 
metal or two atoms of a monovalent metal, has 
been obtained by Marignac (Ann. M. [5] 15, 
221). The salts are isomorphous with the 
corresponding silicofluorides and titanifluorides ; 
they are generally obtained by saturating the 
stannates with HFAq and evaporating, some are 
formed by double decomposition from the Pb or 
Ag salt. The following salts have been obtained : 
MSnF r xH,0 ; M « NH 4 , Ba, Cd x ~ 6, Ca x - 2, 
Cu 05«=4, Pb z*=3, Lia;-2, Mg® = 6, Mna;-6, 
Ni x m 6, K x ~ 1, Ag x - 4, Na, Sr x = 2, Zn x - 6. 

Tin, haloid compounds of. Tin and the 
halogens combine to form two series of com- 
pounds, SnXj and SnX 4 (SnF 4 has not been 
isolated). The V.D.s of SnCl 2 , SnCl 4 , and SnBr 4 
have been determined; it is probable that the 
simplest formula in every case is molecular. 
One or two compounds of the forms SnXX' 
and SnXX 3 ' are known, where X and X' are 
different halogens. A few oxyhaloid com- 
pounds are known, and probably also one or 
two thiohaloid compounds. The compounds 
SnBr 4 and SnCl 4 combine with HBr and HC1 
respectively, forming acids H 2 SnBr 6 and H 2 SnCl 6 , 
from which series of salts, stannibromides and 
stannichlorides, are derived ; stannifluorides are 
also known. An acid HSnCl, has also been 
isolated, and a few stannochlorides— M^nCla 
and M^SnGl* — are known, as also some stanno- 
iodides. 

Tin, hydrosulphide of. The compound 
SnS 8 H 2 , which has probably been isolated, may 
be called hydrosulphide of tin (v. Tin, thio- 
ACIDS AND SALTS OF, p. 733). 

Tin, hydroxides of, v. Tin oxides and hy- 
drated oxides, p. 725 ; also Tin oxyacids and 
salts, p. 727. 

Tin, hydroxyl chloride of, SnO.OH.Cl, v. 
Chlor-stannic acid , under Stannous chloride, 
Properties , p. 721. 

Tin, iodides of. Two compounds are formed 
by combining tin and I; they r eorrespond in 
composition with the two bromides and the two 
Chlorides. The VJD.s of the iodides have not 
been determined, but the simplest formulas are 
probably molecular. 

Stannous iodide Snl 2 . (Di-iodide of tin.) 
Formula probably molecular. 

Preparation . — 1. Tin and I are heated to- 
gether in the ratio 8n:2I (1 pt. tin to 2-14 
ptB. I) ; the brown crystalline solid so formed j 
(a mixture of SnI, and Snl 4 ) is mixed with tin 


filings and heated, when orange-red Snl 4 sub 
limes, and Snl 2 remains as a red crystalline 
solid mixed with particles of tin, which are 
easily separated (Henry, T. 1845. 363). — 2, Cone. 
KIAq is added to warm cone. SnClgAq ; the 
yellow crystalline pp. is dried and melted, out of 
contact with air, and a red crystalline mass of 
Snl 2 is formed on cooling (Boullay, A. Ch. [2] 
34, 372).— 3. Tin foil is heated for some hours 
with fairly cone. HIAq in a sealed tube at 120°- 
150° (Wdhler a. Diinhaupt, A. 86, 374) ; Snl 2 
separates, on cooling, in shining yellow-red 
prisms. 

Properties and Reactions. — A red, crystalline 
solid. Melts at 316° (Camelley a. Williams, 
C. J. 35, 564). Slightly soluble in cold, more 
soluble in hot, water, without decomposition 
(Boullay, l.c .). According to Personne ( C . R. 
54, 216), Sn^ is decomposed by a large quantity 
of water, forming HIAq and several oxyiodides 
(q. v.). Snl 2 is soluble in SnCLjAq. When 
heated out of contact with air, SnL* melts with- 
out decomposition, but when heated in the air 
it is decomposed to an oxyiodide, which remains 
in the vessel, and Snl 4 , which subKmes. 

Combinations.— 1. With stannous chloride 
to form SnI r SnCl 2 (i>. Iodochloride , infra).— 2. 
With stannous oxide to form several oxyiodides 
(q. v.). — 3. With ammonia , probably forming 
SnL^NH., (Bammelsberg, P. 48, 169). — i. With 
alkali iodides and with iodides of the alkaline 
earth metals to form stanno-iodides ; these 
salts have the composition M 2 SnI 4 .a;H 2 0 and 
MSnI 8 .a;H 2 0, corresponding with the stanno- 
chlorides ( v . Stannous chloride, Combinations , 
p.722); M « NH 4 , K, Na, also |Ba and |Sr. The 
j stanno-iodides are formed by mixing solutions 
of the constitutent salts, or by adding SnC^Aq 
to excess of the alkaline iodide in solution ; the 
salts must be crystallised from alcohol, as they 
are decomposed by water, forming stannous oxy- 
iodides ( v . Boullay, l.c. ; Personne, l.c.). 

Stannic iodide Snl 4 . (Tetra-iodide of tin.) 
Formula probably molecular. This compound 
is probably formed by heating tin with 4-2 pts. 
I, and subliming from the product (Henry, T. 
1845. 363). Schneider (P. 127, 624) recommends 
to add 6 pts. CS 2 to 1 pt. tin filings, and then 
to add gradually, cooling frequently, 4 pts. I, 
and to allow the yellow liquid to evaporate. 

Snl 4 crystallises in orange-red octahedra; 
melts at 146°, sublimes at 180°, and boils at 295° 
Personne, C. R. 54, 216). S.G. 4*696 at 11° 
Bodeker, . Die Beziehungen zmschen Dichten 
u. Zusammensetzung bei festen u. liquiden 
Stoffen [Leipzig, I860]). Solubility in CS 2 at 
15° « 145 (Schneider, l.c.) ; it is also soluble in 
CHOI,, EtOH, EtjO, and OJEi 6 . Decomposed by 
water to Sn0 2 .zH 2 0 and HIAq. Combines with 
ammonia to form SnI 4 .zNH 8 , where x « 8, 4, and 
6 (Personne, l.c.), also * 8 (Bammelsberg, P. 48, 
169). Snl 4 is said not to combine with alkali 
iodides. 

Tin, iodochloride of, SnICI (»SnI 8 .SnCl 2 ). 
According to Henry ( T . 1845, 363) the addition 
of I to cone, SnCl 2 Aq causes ppn. of Snip and 
on evaporating the mother-liquor (which con- 
tains SnCl,, SnCl 4 , and SnI,) straw-yellow crys- 
tals are deposited that have the composition 
SnlpSnCL. The orystals are decomposed by 
water, with separation of Snip 
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Tin, iodosulphide of, v. Tin thio-iodide, p. 
733. 

Tin, oxides and hydrated oxides of. Two 

oxides have been isolated, SnO and Sn0 2 ; 
various compounds of these oxides with H, 2 0 
seem to exist, but their composition readily 
vndergoes ohange with variation of temperature. 
Both oxides interact with acids to form corre- 
sponding salts, SnX 2 and SnX 4 , where X = N0 8 , 
£S0 4 , JP0 4 , &c. Some of the hydrates of Sn0 2 
also react as weak acids, especially SnO r H z O 
( = H 2 Sn0 8 ), from which is derived a series of 
stannates MSnO a , M = Na 2 , Ca, Pb, &c. ; and 
aSnO^aH/) ( = £cH 2 SnO s ), x probably =5, from 
which a series of metastannates , xMSnO s is de- 
rived. Stannic and metastannic acids and salts 
derived from them are described under the 
heading Tin oxyacids and salts and derivatives 
thereof (p. 727). The oxides SnO and Sn0 2 
are described in this section of the article 
Tin, and a brief account is also given of the ex- 
periments on the hydrates of these oxides other 
than stannic and metastannic acids. 

When tin is strongly heated in air or oxygen 
a film forms*on the surface consisting of SnO 
and Sn0 2 ; at a full red heat, or incipient white 
heat, tin burns to Sn0 2 . According to Vignon 
(C. It. 107, 734), tin ppd. by zinc from neutral 
SnCljAq or SnCl 4 Aq oxidises easily in air ; after 
being exposed to the air for some days it con- 
tains from 20 to 33 p.c. SnO. Emich (M. 14, 
345) found that the surface of tin that was kept 
molten in the air became covered with crystal- 
line nodules of Sn0 2 . 

Stannous oxide SnO. (Protoxide of tin.) 
Mol. w. not known. 

Formation . — 1. By heating finely-divided tin 
in the air ; the metal becomes covered with a 
film of SnO (Vignon, C. B. 108, 96). Also by ex- 
posing tin ppd. by zinc from SnCL 2 Aq or SnCl 4 Aq 
to the air at ordinary temperatures (V., G. B. 
107, 734).— 2. By dehydrating Sn0.xH 2 0, ppd. 
from SnCi^Aq by alkali carbonates, either by 
heating in a stream of C0 2 , or by boiling with 
water containing a little KOH. — 3. By dissolving 
Sn0.a;HjO in cold KOHAq, and allowing the 
solution to stand in the air (Ditte, A. Ch. [5] 27, 
145). — 4. By heating SnC 2 0 4 in a tube of hard 
glass without free access of air (Liebig, A. 95, 
116).— 5. By ppg. a stannous salt by KCNAq, 
and boiling the pp. for some days with KCNAq 
(Varenne, C. B. 89, 360). 

Preparation.— SnCLjAq is ppd. by Na 2 C0 3 Aq, 
the white pp. of SnO.H 2 0 is thoroughly washed 
with cold water, and is then boiled with water 
containing a little KOHAq or NaOHAq (less 
than sufficient to dissolve the pp.), when the 
SnO-adELjO is gradually dehydrated, and small 
black, lustrous crystals of SnO are obtained 
(Fremy, A. Ch . [3] 12, 460).— 2. Tin is dissolved 
in warm HClAq, the solution is evaporated, in 
contact with tin, until it solidifies to SnC^ on 
cooling ; 7 parts, or rather more, Na 2 C0 8 .10H 2 0 
are than added for each part of SnCL 2 in the 
basin, and the liquid thus formed is heated with 
constant stirring until it becomes black, and is 
then allowed to cool; the brownish-black powder, 
SnO, thus obtained is thoroughly washed with 
cold water, and dried at 100° (Sandall, J \ pr. 14, 
254).— & A solution of SnCl, is ppd. by a slight 
exoess of KOHAq in the cold, the pp. is 


thoroughly washed and dissolved in cold KOHAq 
(c. 1 part KOH in 10 parts Kfl ) ; the solution, 
which should be saturated with SnO.aH/), is 
allowed to stand in the air, when SnO is gradu- 
ally ppd. as small, blue-black, shining crystals 
(Ditte, A. Ch. [5] 27, 145). 

Properties arid Beactions . — Prepared by any 
of the methods described above, SnO forms small, 
black, lustrous, regular crystals (for crystalline 
form v. Nordenskjold, P. 114, 612). S.G. 6-1 (N., 
lx.) ; 6*6 at 0° (Berzelius ; Ditte, A. Ch. [5] 27, 
145). 

According to Fremy (A. Ch. [3] 12, 460), 
another modification of SnO is obtained by heat- 
ing the black crystals (prepared by the first 
process given above) to 258° ; the crystals are 
said to swell up and change into soft, olive-green 
laminae, without any change in weight. 

By evaporating very dilute NH 4 ClAq, hold- 
ing SnO.ccHjjO in suspension, until NH 4 C1 began 
to crystallise, Fremy (A. Ch. [3] 12, 460) obtained 
a cinnabar-red powder, which he took to be a 
third form of SnO. Both (A. 60, 214) obtained 
red, crystalline SnO by digesting SnO.xH.p, at 
66°, with a solution of SnO.£cH 2 0 in acetic acid ; 
the solution containing a little free acetic acid, 
and having S.G. 1'06. 

For the S.G. and appearance of SnO prepared 
in various ways v. also Ditte (l.c.). 

SnO is unchanged in air at ordinary tempera- 
tures. According to Ditte (A. Ch. [5] 27, 146), 
SnO that separates from an alkaline solution is 
unchanged at 300°-310° ; when heated to red- 
ness it is partly decomposed to Sn, and Sn0 2 
which combines with unchanged SnO to give 
2SnO.SnO r SnO is readily converted into SnO a 
by heating with oxidising agents ; the change 
is effected by heating to 500° in NO (Sabatier 
a. Senderens, C . B. 114, 1429). SnO dissolves 
in acids to form stannous salts, SnX 2 , X-NO gl 
£S0 4 , JP0 4 , &c. ; it is not acted on by NH s Aq; 
boiled with fairly cone. KOHAq or NaOHAq it 
gives a solution of an alkali stannate (M 2 SnO t ) 
and tin ; heated in Cl forms SnCl 4 and Sn0 2 ; 
mixed with S and strongly heated, SnS 2 and SQ 2 
are produced; SnO is reduced to tin by heat- 
ing to redness in H or with C. 

Hydrated stannous oxide. The white pp. 
formed by adding an alkali carbonate to solu- 
tion of a stannous salt, washing with air-free 
cold water, and drying at a temperature not 
above 80°, is said to have the composition 
2Sn0.H 2 0 * Sil/^OH)^ According to Ditte 
(A. Ch. [5] 27, 145) the pp. formed by adding 
KOHAq or NaOHAq to SnCl 2 Aq, washing 
thoroughly, and drying in vaetto at 14° is 
Sn0.2H 2 0( = SnOjH^HjO). Stannous hydroxide 
is a yellowish white amorphous powder. It is 
dehydrated, to SnO, by heating in C0 2 ; also by 
the action of boiling water containing a little 
KOH, or atrafce ofHCl, or acetic acid — HNO,Aq 
and H 2 S0 4 Aq form stannous salts ; also by boil- 
ing with NH 4 C1A? (Ditte, l.c.). The hydroxide 
is gradually oxidised by exposure to air to 
Sn0 2 .aH 2 0. Boiled with cone. KOHAq it gives 
K^SnOgAq and tin. Many metallic salts are re- 
duced, to lower salts or to the metals, by the 
action of Sn0.azH 2 0 (for details of the interac- 
tion with CuO in presence of alkali v. Lenasen. 
/. pr. 89, 90). 

Stannic oxd>* SnO f . (Dioxide of tin.) Mol* 
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Hr. unknown ; probably at least Sn^O*, (v. Car- 
nelley a. Walker, C. J. 53, 92). 

Occurrence. — Tinstone is more or less pure 
Sn0 2 ; the percentage of the oxide varies from 
o. 85 to c. 99, the other constituents are generally 
Si0 2 , and oxides of Al, Fe, and Mn. Tin- 
stone crystallises in quadratic forms. Crystal- 
line Sn0 2 has been found in the fused slag from 
a furnace used for casting gun-metal (Abel, C. J . 
10, 119). 

Formation. — 1. By exposing molten tin to 
the action of the air (Emich, M. 14, 345). — 
2. By heating to c. 600° Sn0 2 .a>R 2 0 formed by 
the interaction of tin and HNOgAq, or of alkalis 
and stannio salts, or of alkali stannates and 
dilute acids.— 3. By strongly heating SnO or 
SnO.®H a O. — 4. By passing a mixture of vapour 
of SnCl 4 and steam through a red-hot tube. — 
6. By heating SnC 2 0 4 , in small quantities, in 
contact with the air (Vogel, C. C. 1855. 413).-— 
6. By passing a little C0 2 into a dilute solution 
of an alkali stannate (Ditte, A. Ch. [G] 30, 282). 

Preparation. — A. Crystalline stannic 
oxide. — 1. Molten tin is kept in contact with 
the air until the surface becomes covered with 
crystalline nodules of Sn0 2 (Emich, M. 14, 345). 
2. A stream of C0 2 is passed through SnCl 4 , and 
then through a red-hot porcelain tube through 
which a current of steam is passed at the same 
time (Daubr6e, C. R. 29, 227).— 3. Amorphous 
Sn0 2 is strongly heated in a rapid current of dry 
HC1 (Deville,C. R. 53, 161).— 4. SnC 2 0 4 is strongly 
heated, in small quantities at a time, in an open 
porcelain or silver dish (Vogel, C. C. 1855. 413). 

B. Amorphous stannic oxide. — 5. The 
hydrated stannic oxide obtained by ppg. a stan- 
nic salt by an alkali, decomposing an alkali 
stannate solution by dilute acid, or by treating 
tin with HN0 8 Aq, is thoroughly washed and 
dried, and then heated to c. 630°, at which tem- 
perature dehydration is complete (Carnelley a. 
Walker, C. J. 53, 83). 

Properties.— Crystalline stannic oxide is a 
hard, lustrous, white solid. It is dimorphous. 
Prepared by heating the amorphous oxide in HC1 
gas, Sn0 2 crystallises in quadratic forms iso- 
morphous with tinstone and anatase (Ti0 2 ) 
(Daubr6e, C . R . 29, 227) ; prepared by decompo- 
sing vapour of SnCl 4 by steam, it crystallises in 
trimetrio prisms isomorphous with brookite 
(Ti0 2 ). S.G. of crystalline Sn0 2 »6*7 to 6*85 
(Playfair a. Joule, C. J. 1, 187 ; Mallet, J. 3, 
705; Bergemann, J. 10, 661; Daubr6e, C. R. 
29, 227). The crystals obtained by long con- 
tinued heating molten tin in air had S.G. 
7*0096 at 4° (Emick, M. 14, 345). Crystalline 
Sn0 2 is hard enough to scratcn glass. The 
amorphous oxide has S.G. 6*6 to 6-9 (P. a. J., l.c. ; 
Herapath, P. M. 64, 821 ; Boullay, A. Ch. [2] 
48, 266). It is a hard, yellowish- white powder. 
Sn0 2 has not been fused. It is noV acted on by 
acids (but v. Reactions , No. (>). Fusion with 
KOH or NaOH forms M 2 SnO s which dissolves in 
water. The product of fusion with KHS0 4 dis- 
solves in water, but addition of more water ppts. 
all the tin as SnO^adELp. 

Mallet (C. J. 35, 524) obtained a compound 
SnO r HCl, to which he gave the formula 
SnO.OH.Cl, and the name chlor-stannic acid , 
by keeping SnCl* for a year or two in a loosely 
olosedbottle. 


Reactions. — 1. Fusion with sulphur produces 
SnS 2 and S0 2 . — 2. When strongly heated in 
chlorine SnCl 4 is formed.— 8. SnO, is reduced to 
tin by heating to a high temperature in hydro - 
gen , or with potassium , sodium , or carbon , or in 
carbonic oxide. — 4. Fusion with caustic potash or 
caustic soda forms alkali stannate (M 2 SnG 3 ), 
which dissolves in water.— 5. Heating with phos- 
phorus trichloride to 160° forms SnCl 2 , SnCl 4 , and 
P 2 0 5 (Michaelis, J. Z . 6, 239; 7, 110). -6. Ac- 
cording to Ditte (C. R. 104, 172), Sn0 2 dissolves 
very slowly in hot sulphuric acid (1 acid to 8 
water), and on concentrating till not more than 3 
or 4 vols. water are present to 1 vol. H 2 S0 4 crys- 
tals of Sn0 2 .2H 2 S0 4 separate. 

Hydrated stannic oxide. Carnelley a. Walker 
(C. J. 53, 60, 68, 83) examined the dehydrating 
action of heat on 8n0 2 .ccH 2 0, obtained by de- 
composing Na 2 SnOgAq by cold dilute HClAq 
and drying the pp. in the air for five months. 
The pp. lost less and less weight for each in- 
crease of c. 10° from 50° to c. 110°, at which 
temperature rather less water was present than 
corresponded with the formula Sn0 2 .H 2 0, the 
loss of weight for each rise of 10° foas then ap- 
proximately constant up to c. 360°, at which 
temperature the composition was nearly that re- 
quired by the formula 3Sn0 2 .K 2 0; at a little 
above 360° the solid changed colour from brown 
to pale yellow, and at the same time lost weight 
at a rate nearly three* times as great as during 
the previous rise of 100° ; after changing colour 
the solid had the composition 7Sn0 2 .2H 2 0 ; the 
loss of weight, per 10° increase, then decreased 
very much for the next 30° or 40°, and after 
that dehydration continued irregularly until at 
630°-635° the oxide Sn0 2 remained. From these 
results, considered with results obtained by the 
same method for other hydrated oxides, C. a. W. 
concluded that probably a large number of hy- 
drates of Sn0 2 exists, but that none of these is 
stable through more than a very small range of 
temperature. The results of J. van Bemmelen (B. 
13, 1466) on the dehydration by heat of stannio 
hydrates, obtained by oxidising tin by HN0 3 Aq, 
and by decomposing SnCl 4 Aq by CaCO s , and on 
the rehydration of the products obtained by heat, 
by placing them in air more or less saturated with 
moisture, at different temperatures, show that 
the quantity of water of hydration varies with 
variations in temperature, in the molecular 
states of the solids, and in the moistness of the 
surrounding air. Not only does the quantity of 
water of hydration vary with variations in the 
molecular state of the hydrates, but the firmness 
or looseness wherewith the water is held also 
varies much as the molecular condition varies. 
According to J. van B. the loosely held water is 
given up in dry air ; and when the product is 
placed in moist air water is taken up until a state 
of equilibrium is attained wherein as many 
molecules of water are taken up as are lost in 
the unit of time. 

The following compositions have been given 
to different hydrates of Sn0 2 . 

I. Hydrates obtained by decomposing soluble 
stannates by dilute acids ; (1) SSnO^HjO, by 
drying in a stream of dry air (Fremy, A. Ch. 
[8] 12, 463) ; (2) SnO^HgO, by drying in the 
air at the ordinary temperature (Weber, P. 122, 
858); (8) SnCXjJHjO, by drying in vacuo (Fremy* 
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lx .) ; (4) 8Sn0 2 .2H 2 0, by drying at 140° (Fremy, 
lx.); to theg© should probably be added (5) 
7Sn0 2 .2RA by drying at o. 865° (Camelley a. 
Walker, lx.). 

II. Hydrates obtained by oxidising tin 
by HN0 3 Aq : (6) 5SnO 2 .10H 2 O, by drying 

at the ordinary temperature (Fremy, Lc .) ; 
(7) 6Sn02.6H 2 0, by drying at the ordinary tem- 
perature (Thomson, Ann. Phil. 1817. 149), by 
drying over H^0 4 (Weber, lx.), by drying in 
vacuo , or at 100° (Fremy, lx.) ; (8) 5Sn0 2 .4H 2 0, 
by drying at 130° (Fremy, lx.) ; (9) 5Sn0 2 .3H 2 0, 
by drying at 160° (Fremy, lx .) ; (10) 2Sn0 2 .H 2 0, 
by drying at 55° (Thomson, l.c.). 

The hydrates obtained by decomposing stan- 
nates by dilute acids, or by ppg. stannic salts by 
CaCO s or BaC0 3 , differ in properties from the 
hydrates obtained by oxidising tin by HN0 3 Aq ; 
the former are generally distinguished as stannic 
hydrates , and the latter as metastannic hy- 
drates. The stannio hydrates, dried in air, form 
hard, semi-transparent lumps, like gum arabic; 
Boluble in the stronger acids, forming stannic 
salts SnX 4 , where X = N0 3 , £S0 4 , &o. ; soluble 
in alkali solutions, forming stannates M^SnO,, 
(v. Stannates, under Tin oxyacids, and salts 
and derivatives thereof, infra). Metastan- 
nic hydrates are white solids (? crystalline) 
that do not dissolve in HNO*Aq, or H 2 S0 4 Aq 
(v. infra) . These hydrates interact with HClAq , 
and the product is soluble in water but insoluble 
in cone. HClAq ; according to Weber (P. 122, 
358), the solution gives SnCl 4 .3SnO t .5KA when 
evaporated over H 2 S0 4 ; by prolonged boiling, 
with fresh additions of water, all the tin in the 
solution is ppd. as metastannic hydrate (Fremy, 
A. Ch. [3] 12, 463 ; 23, 393). Metastannic hy- 
drates dissolve in KOHAq and NaOHAq, forming 
metastannates M 2 H 8 Sn 5 0, 5 (t>. Metastannates , 
under Tin oxyacids, and salts and derivatives 
THEREOF, p. 730). 

According to Ditte ( C.B . 104, 172), both stan- 
nic and metastannic hydrates dissolve in warm 
ELjSOjAq (1 part acid and 8 parts water), and on 
concentrating till not more than 3 to 4 vols. 
water are present to 1 vol. H.,S0 4 the solution 
deposits white crystals of Sn0 2 .2H 2 S0 4 : these 
crystals are very deliquescent ; they are decom- 
posed by water ; if so much water is added that 
not more than 43 g. ELjSC^ are present in 1,000 
c.o. of the liquid, a pp. of SnO^zH^O is formed. 
By dissolving stannic or metastannic hydrate in 
warm H 2 8e0 4 Aq, and concentrating, D. (lx.) ob- 
tained crystals of Sn0 2 .2H 2 Se0 4 . 

For further details of reactions of stannic 
and metastannic hydrates v. Tin oxyacids, and 
salts and derivatives thereof (infra). 

Oxides of tin other than stannous and 
stannic oxides. Oxides which are most simply 
regarded as arSnO.^SnO* seem to exist. 

According to Fuchs ( J.pr . 5, 318), a greyish - 
white, slimy solid, having the composition 
Sn0.Sn0g(-Sn 2 0 8 ), is obtained by diffusing 
freshly ppd. Fe*O r ®H s O in SnCljAq free from 
acid, and boiling 

(2SnO*Aq + FeA - SnO.SnO, + 2FeCl 2 Aq). 
This Oxide is said to dissolve completely in 
NHjAq, and also in HClAq. 

By digesting Sn0 2 ^cH 2 0, ppd. by alkali from 
SnCl 4 Aq, with SnCLAq, Schiff (A. 120, 53) ob- 
tained an orange-yellow solid, to which he gave 


W, 

the composition SnO.6SnOj.5HP ; by digesting 
SnO r «R 2 0, formed by oxidising tin with 
HNOjAq, with SnCtt 2 Aq Schiff (lx.) obtained a 
yellow powder, said by him to be SnO.6SnO3.9HA 
or when dried at 85° to be Sn0.6Sn0,.4H 2 0 (»* 
also Tschermak, C. 0. 1862. 805). 

PURPLE OF CASSIUS. A purple-oolou red 
solid is obtained by adding solution of a stannous 
salt to dilute AuCl 3 Aq ; this solid has been ex- 
amined by many chemists, who have generally 
assigned to it formula* which represent it as a 
compound of Sn0 2 , sometimes of SnO.Sn0 2 » and 
AuO. According to the most recent investiga- 
tions the composition varies according to the 
conditions of preparation, and all that can be 
said with certainty is that the purple solid is a 
compound of tin, gold, and oxygen (v. Buisson, 
J. Ph. 16, 629 ; Bohlen, Ar. Ph. 57, 277 ; 
Capaun, J. j or. 22, 153: Fuchs, J.pr. 5, 318; 
Wachter, A. 68, 116 ; Figuier, Ph. C. 1844. 724 ; 
Debray, C. R. 100, 1035 ; Muller, J. pr. [2] 30, 
252; and, for a bibliography (to 1866), Fischer, 
D. P. J. 182, 39). 

Tin oxyacids, and Balts and derivatives 
thereof. Some of the hydrates of Sn0 2 interact 
with alkalis to produce salts wherein tin forms 
part of the acidic radicle ; compounds are also 
known the acidic radicles whereof contain tin in 
combination with other negative elements be- 
sides oxygen, or tin in combination with both 
metallic and nonmetallio elements. 

The reactions of the hydrates of Sn0 2 ppd. 
from solutions of stannates by dilute cold acids, 
or ppd. from stannic salts by alkalis, are dis- 
tinctly different from the reactions of the hy- 
drates of Sn0 2 obtained by oxidising tin by 
HNO s Aq, or by ppn. by dilute acids from solu- 
tions of another class of salts which have the 
same composition as stannates, except that they 
always contain H and O in the ratio 2H:0 in 
addition to the constituents of stannates. It 
is therefore usual to distinguish the acidic 
hydrates of Sn0 2 as starmic and metastannic 
acids \ to the former is given the composition 
H 2 SnO s ( = Sn0 2 .H 2 0), and to the latter the 
composition H, 0 Sn ft O u ( « 5Sn0,.5H 2 0). Neither 
of these formula is to be regarded as more than 
an attempt to connect the differences in the 
chemical behaviour of two compounds having 
identical percentage compositions (if the HjO in 
one class is omitted) with differences in the 
complexities of their interacting atomic aggre- 
gates; the molecular weight of neither com- 
pound is known. It is, indeed, doubtful whether 
a compound with the composition aH 2 Sn0 8 can 
exist apart from other hydrates of the composi- 
tion 2/Sn0 2 .2H 2 0 ; it is certain that the composi- 
tion of the hydrates of Sn0 2 varies with very 
small variations of temperature, by whatever 
methods these hydrates are prepared (v. p. 726, 

HYDRATEn STANNIC OXIDE). 

That the hydrates of SnO„ obtained respec- 
tively by ppg«solutionof stannates by dilute acids 
and by oxidising tin by HNO,Aq, differed in their 
reactions, was noticed by Berzelius in 1811 (v. 
Lehrbuch [5th ed.] 2, 596). Berzelius regarded 
these compounds as hydrates of two different 
modifications of stannio oxide; he called the 

obtained* 3 by ppg. solutions of stannates Stannio 
oxide, and designated it as aSnO s ; the other 
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■oxide he called metastannic oxide , and desig- 
nated it as 6Sn0 2 . Gmelin called the hydrate 
Irom stannates ordinary stannic acid, and the 
•other hydrate abnormal stannic acid. 

Stannic acid HjSnO,. 

Preparation . — By adding cold dilute HClAq 
to an aqueous solution of KjSnO a , prepared by 
fusing Sn0 2 with KOH, or by heating tin with 
KOH and KNO, (v. Potassium stannatb, p. 780), 
a gelatinous pp. is obtained which, when washed 
and dried in vacuo , has the composition 
SnO r H./) » ELjSnOj, (Fremy, A. Ch. [3] 12, 463). 
The same hydrate is formed, according to F. 
(Z.c.), by adding CaCO s or BaCO s to excess of 
SnGl 4 Aq, washing, and drying in vacuo . (For 
details regarding the results obtained by dif- 
ferent chemists who have examined the com- 
positions of the stannic hydrates, v . Hydrated 
stannic oxide, p. 726). Graham ( T . 1861. 213) 
obtained colloidal stannic acid (no analyses are 
given) by dissolving Sn0 2 .zHoO ppd. from a 
stannic salt (? by alkali from SnCl 4 Aq) in 
SnCljAq, and dialysing until all the Cl had 
passed into the dialysate. Colloidal forms of 
stannic acid are also obtained (1) by dialysing a 
solution of the ppd. acid in HClAq or in an 
alkali ; (2) by the action of C0 2 , or of air, on an 
alkaline solution of the ppd. acid (J. van Bem- 
melen, R. T. C . 7, 87 ; abstract in 0. J . 54, 
1160 [1888] ; the results of experiments on the 
dehydration of the colloidal acid are given). 

Properties and Reactions . — A gelatinous, 
amorphous solid, drying (in air or in vacuo) to 
hard, semi-transparent lumps, like gum-arabic. 
Reddens litmus paper. Vignon ( C . R. 108, 1049) 
found that the heat of neutralisation, by KOHAq, 
of stannic acid formed by ppg. SnCl 4 Aq by 
KOHAq, decreased when the ppd. acid was 
kept in contact with water for some days, and 
decreased more rapidly when the acid was heated 
with water in a sealed tube for some hours. 
J. van Bemmelen (J. pr. [2] 23, 324) found that 
when stannic acid is shaken with solutions of 
HOI, or H,S0 4 ,or with solutions of certain salts, 
such as KOI or K 2 S0 4 , a definite number of 
molecules of the acid or salt is taken up by the 
stannic acid so as to form a loose combination 
therewith ; and that the number of molecules 
thus absorbed varies with the proportion be- 
tween the quantities of stannic acid and the 
acid or salt in the solution used, and also with 
the concentration of the solution used. The loose 
compounds thus formed are called absorption- 
compounds by J. van B. Dissolves in the stronger 
acids (HNO„, H 2 S0 4 , HG1, Ac.). According to 
Ditte ( C . R. 104, 172), when a solution of stannic 
acid in warm H 2 S0 4 Aq (1 part acid to 8 parts 
water) is evaporated until not more than 8 to 4 
vol8. water are present to 1 vol. H 2 S0 4 , and 
allowed to cool, it yields white deliquescent crys- 
tals of Sn0 2 .2BLjS0 4 ; and a solution of str,nmc acid 
In warm H 2 Se0 4 Aq yields a similar crystalline 
compound Sn0 2 .2H 2 Se0 4 . Dissolv3s in excess 
of caustic alkali solutions, forming stannates 
(q. v. p. 730) MjSnO*. According to J. van. B. 
(T.c.) colloidal stannic acid does not form any 
compound when shaken with dilute cold KOHAq, 
but only complex molecular aggregates, the com- 
position of which varies considerably with 
temperature and concentration. Stannic acid, 
dried at the ordinary temperature by pressure, la 


gradually changed to metastannic acid by heat \ 
the ohange begins at o. 55° (J. van B., lx.; v. 
also infra , Change of stannic to metastannic 
acid , and vice versd). For other reactions of 
stannic acid v. infra , Distinctions between 
stannic and metastannic acids . 

Metastannic acid H 10 Sn 5 O 15 . 

Preparation . — Tin, in thin pieoes or granu- 
lated, is heated with HNO s Aq, S.G. c. 1‘35, until 
the metal is converted into a greyish- white powder, 
which is washed with dilute HNO^Aq, and then 
with water, and dried. The solid is said to have 
the composition H, 0 Sn 6 O, 5 ( = 6Sn0 2 .5H 2 0) when 
dried in vaxuo ^Fremy, A. Oh. [3] 12, 463), when 
dried over ^864 (Weber, P. 122, 858), or when 
dried at the ordinary temperature (Thomson, 
Ann. Phil . 1817. 149). For details of the re- 
sults obtained by different chemists who have 
examined the compositions of the metastannic 
hydrates v. Hydrated stannic oxide (p. 726) ; 
v. also J. van Bemmelen, R. T.*C. 7, 87 (abstract 
in C. J. 54, 1160 [1888]). It should be noted that 
the empirical formula assigned to metastannic 
aoid dried in vacuo (Fremy), or dried over 
H 2 S0 4 (Weber), is the same as that assigned to 
stannic acid dried in vacuo (Fremy) ; this for- 
mula is SnO r H 2 0. The different reactions of 
the two compounds show that if both have the 
same empirical formula one must be an iso- 
meride or a polymeride of the other. Metastannic 
acid is also obtained by decomposing an aque- 
ous solution of the sodium salt (v. p. 730, 
Metastannates) by boiling. Graham (T. 1861. 
213) obtained colloidal metastannic acid by add- 
ing a little HClAq to the acid obtained by the 
action of HNO,Aq on tin, dissolving the solid so 
formed in water, and dialysing. Yignon (C. R. 
108, 1049) found that the heat of neutralisation 
of metastannic acid by KOHAq decreased when 
the acid was dried at 110°, and decreased very 
considerably when the acid was heated with 
water, for some hours, at 250° in a sealed tube. 

Properties and Reactions . — A white powder. 
Insol. in nitric acid. Contact with cone. HClAq 
for a short time produces a compound (accord- 
ing to J. van Bemmelen, R. T. C. 7, 87 ; abstract 
in C. J . 54, 1160 [1888], no definite compound 
is formed, but only complex molecular aggregates 
of metastannic acid and HC1) which dissolves 
in water, but is insol. in HClAq. According to 
Barfoed (J. pr . 101, 368), the compound with 
HC1 is quite insol. in HClAq S.G. IT, and may 
be purified by washing with acid of that concen- 
tration. The solution of this substance in water 
gives off HC1 and H 2 0, with a very little SnCl 4 , 
when distilled ; and metastannic acid separates 
out (Fremy, A . Ch. [3] 12, 463 ; 23, 893 ; H. 
Rose, A. 68, 272). Evaporation of the aqueous 
solution over H 2 S0 4 is said to give an oxychloride 
3SnO2.SnOl4.6H3O (Weber, P. 123, 358). Meta- 
stannic hydrate dissolves in cone. HClAq 
after prolonged boiling, forming SnCl 4 solution 
(LSwenthal, J. pr. 77, 821). Barfoed (f.c.) says 
that cone. HClAq gradually converts recently 
ppd. and moist metastannic acid into stannic 
acid, and that the quantity of metastannic acid 
thus changed increases with the quantity of 
oono. HClAq, the time of oontaot, and the tem- 
perature. J. van Bemmelen (J. pr . [2] 23, 324) 
found that metastannic acid forms absorption 
compounds with HOI, HsSOj, KOI, KjSO,, Ac* 
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(«/. Stannic acid, Properties, p. 728). For 
other reactions of the solution in water of the 
product of the action of HClAq on metastannio 
acid v . infra, Distinctions between stannic and 
metastannic acids. According to Ditte (C. B. 
104, 172), metastannic acid dissolves in warm 
H^SO^Aq (1 pt. acid to 8 pts. water), forming a 
solution which gives crystals of Sn0 2 .2HjS0 4 
when evaporated until not more than 3 to 4 
vols. water are present for one vol. H 2 S0 4 ; the 
crystals are decomposed by water, with ppn. 
of SnO r jrH 2 0 (? metastannic hydrate), when suffi- 
cient water is added to insure that not more than 
43 g. H2S0 4 are present in 1,000 c.c. of the liquid. 
A similar compound was obtained with selenio 
acid, viz. Sn0 2 .2H 2 Se0 4 (D., l.c.). Allen (C. J. 
25, 274) found that metastannic acid dissolved 
in boiling cone. H 2 S0 4 , forming Sn(S0 4 ) 2 solution ; 
by pouring this solution into water some of the 
tin was ppd., after a time, as Btannic acid, but 
on boiling the whole of the tin came down as 
metastannio acid. Metastannio acid is said to 
dissolve slowly in fairly dilute cold KOHAq or 
NaOHAq ; addition of cone. KOHAq or NaOHAq 
is said toeppt. K or Na metastannate ; when the 
solution in KOHAq or NaOHAq stands in the 
air metastannic acid gradually deposits. Ac- 
cording to J. van Bemmelen (l.c.), colloidal meta- 
stannio acid does not form any definite com- 
pound with KOH when shaken with KOHAq of 
different concentrations. By fusing metastan- 
nic acid with KHS0 4 or NaHS0 4 , Allen (C. J. 
25, 274) obtained a product which dissolved par- 
tially in water ; the aqueous solution gave a pp. 
of metastannio acid on boiling. 

Distinctions between stannic and metastan- 
nic acids (v. Fremy, A. Ch. [3] 12, 462; 23, 
393 ; H. Bose, P. 75, 1 ; 105, 561 ; LSwenthal, 
J. pr . 77, 321 ; Barfoed, J. pr. 101, 368 ; J. van 
Bemmelen, B. T. C. 7, 87 ; abstract in C. J. 54, 
1160 [1888]). — Stannic acid is soluble in dilute 
HNOjA-q, H 2 S0 4 Aq, or HClAq ; metastannic acid 
is insol. in these acids. Cold cone. HClAq dissolves 
stannic acid, and the solution gives the reactions 
of SnCl 4 ; cold cone. HClAq forms a compound 
(? molecular aggregates) with metastannic acid, 
which is insol. HClAq of S.G. 1*1, or greater 
S.G., but dissolves in cold water. 

The following reactions apply to solutions of 
stannic acid in HClAq on the one hand, and to 
solutions in water of the substance formed by 
the action of HClAq on metastannio acid on 
the other hand. Stannic acid solution, if cone., 
does not become turbid on boiling; long con- 
tinued boiling, with additions of water, ppts. all 
the acid. Metastannic acid solution, even when 
cone., goes turbid on boiling; long-continued 
boiling, accompanied by dilution, ppts. all the 
acid. Stannic acid solution, when distilled, gives 
off HjjO, with a little HC1 and SnCl 4 ; and a 
little stannic acid separates. According to Bar- 
foed (J. pr. 101, 368), when a solution of stannic 
acid in HClAq S.G. 1-1 is distilled, the whole of 
the tin passes over as SnCl 4 . Metastannio acid 
solution, when distilled, gives off H 2 0, with some 
HC1 and a very little SnCl 4 , and the meta- acid 
separates in the retort. Addition of tartaric acid 
to the stannic solution, followed by gradual ad- 
dition of NQtAq, excess of NH,Aq being avoided, 
produces no pp. Treatment of the metastannio 
solution with tartaric acid and NH,Aq (not in 


excess) ppts. the meta- acid. SnCl^Aq gives no 
pp. with the stannic solution ; SnOLjAq gives a 
yellowish pp. (? Sn0.6Sn0 2 .9H 2 0) with the meta- 
stannio solution. Addition of dilute H 2 S0 4 Aq 
to the stannic solution produoes no pp., unless 
the stannic solution is very much diluted. Dilute 
H 2 S0 4 Aq produces a pp. even in very dilute 
metastannic solution ; by washing this pp. with 
hot water, metastannio acid remains (of. Ditto's 
experiments are described under both Stannic 
acid and Metastannio aotd, pp. 728, 729). The 
stannic solution is not ppd. by cone. HClAq. 
The metastannic solution, if nearly neutral, is 
ppd. by cone. HClAq. Addition of K 4 FeCy 6 Aq 
to the stannio solution, in tho ratio K 4 FeCy«:Sn 
present, ppts. all the tin as SnFeCy g . To 
ppt. all the tin from the metastannic solution, 
the K 4 FeCy e Aq must be added in o. the ratio 
19K 4 FeCy fl :Sn present ; the pp. is not SnFeGy,, 
it is said by some observers to be metastannic 
aoid ; J. van B. (lx.) calls it an absorption com- 
pound of metastannio aoid and K 4 FeCy„. The 
stannic solution gives no pp. with excess of fairly 
cone. NaOHAq. The metastannio solution is 
completely ppd., as sodium metastannate, by ex- 
cess of fairly cone. NaOHAq. 

Change of stannic to metastannic add and 
vice versd. A solution of stannio acid in HClAq 
gradually changes to metastannic acid ; the 
change is the more rapid and complete the more 
dilute the solution (H. Bose, lx. ; Barfoed, lx .) ; 
by boiling for some time with repeated additions 
of water the whole of the stannic acid mky be 
converted into metastannic acid. A very cone, 
solution of stannic acid in HClAq remains un- 
changed (c/. reaction of meta- acid with cone. 
HClAq, infra). According to Lowenthal (l.c.), 
the change from stannic to metastannic acid is 
stopped by addition of tartario aoid, even when 
the solution of stannic acid in HClAq is dilute ; 
the amount of change to the meta- acid may be 
determined (according to L., lx.) by finding the 
quantity of K 4 FeCy 6 Aq required to completely 
ppt. the tin in solution. Barfoed (l.c.) says the 
best way to measure the amount of change is to 
add excess of fairly cone. NaOHAq, which ppts. 
all the meta* acid (as a sodium salt) but none of 
the stannio acid. . '' 

Stannio aoid is converted into the meta- acid 
by heat (H. Bose, l.c.). J. van Bemmelen (l.c.) 
found that stannio acid dried by pressure at the 
ordinary temperature is completely soluble in 
cone. HClAq, but that by heating to c. 55°, or by 
heating with water to below 100°, some meta- 
stannic acid is formed which is insoluble in cone. 
HClAq. 

A solution of stannio acid in excess of 
KOHAq gradually deposits metastannate of K 
on exposure to air, with formation of K 2 CO*Aq. 

Metastannic acid is gradually changed to 
stannic arid, according to Barfoed (lx.), by con- 
tact with oonc. HClAq ; the quantity of stannio 
acid produced increases with the quantity of 
HClAq used, the time of contact, and the tem- 
perature. 

Stannic acid is said to be obtained from the 
meta- acid by fusing the latter with a large exoess 
of KOH, dissolving in water, and ppg. by oold 
dilute HClAq (H. Bose, lx. ; Fremy, lx.). 

Oxyacids or Tin otheb than Stannic and 
Mbxabtakkxc. (1) H 2 Sn 2 0 7 . Spring (Bl. [8] 1, 
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180) obtained a colloidal solid, drying at 100° 
to a white mass with the composition BLjSn/)^ 
by adding excess of Ba0 2 .xR/) to a solution of 
SnCl 2 in HClAq, and dialysing the turbid liquid 
until BaCl 2 ceased to pass into the dialysate. S. 
regarded the new compound as an acid of the 
hypothetical perstannic oxide SnO„ analogous 
to OeO g , Ti0 3 , and (?) Zn0 8 . (2) H 4 Sn 2 O a and 
H^Sn 3 0 9 . The empirical formula of both these 
hydrates of stannic oxide is Sn0 2 .R 2 0. Accord- 
ing to Musculus (C. B. 65, 961), the hydrates 
differ somewhat in properties both from stannic 
and metastannio acids; they are said to be 
formed by keeping stannic acid under water, 
and to form K salts, KH 3 Sn. 2 O d and KH 5 Sn 8 0„. 

Stannates, M x a SnO, and M IX SnO g . The 
alkali stannates are obtained by dissolving stan- 
nic acid in MOHAq (M*NH 4# K, or Na), and 
evaporating over B^SC^ ; the stannates of the 
alkaline earth metals may be obtained by the 
interactions of solutions of the alkali stannates 
with MOJHj or MCO g (M-Ba, Ca, Sr). 

Ammonium stannate. A salt, said to have 
the composition (NH^SnO^SnO^oH/), is ob- 
tained, as a yellowish jelly, by evaporating a 
solution of stannic acid in NHgAq over BLjS 0 4 
(Moberg, J. pr. 28, 230). When K^SnO^Aq is 
added to NH 4 ClAq, stannic acid is ppd. accord- 
ing to Ditto ( G . R. 96, 701). 

Barium stannate. The normal salt 
BaSn0 g .6K 2 0 is said to be obtained by adding 
BaClsAq to KjSnO s Aq ; it is described as a heavy, 
white powder (Moberg, Z.C.). By adding K 2 SnO s Aq 
to excess of BaCljAq, Ditto (l.c.) obtained a basic 
salt BaSnO g .BaO.10H 2 O as lustrous leaflets. 

Calcium stannate. Ditto (lx.) obtained the 
normal salt CaSn0 s .5R 2 0, in white crystals, by 
adding K^SnOjAq to excess of CaCLjAq, washing, 
and drying at 100°. By heating for some hours 
a mixture of stannic acid and CaCLjAq, with a 
little CaO, D. obtained CaSnO s in regular crys- 
tals. 

Potassium stannate K 2 Sn0 8 .a;H 2 0. Pre- 
pared by dissolving stannic acid in KOHAq, or 
by fusing Sn0 2 or metastannio acid with excess 
of KOH for some time and dissolving in water, 
and evaporating over ELjS 0 4 ; transparent, 
•rhombic prisms ; orystallising with 4H 2 0 (Fremy, 
A. Ch. [3] 23, 393), with 3H 2 0 (Moberg, lx.). 
Marignac (Ann. M. [3] 15, 277) obtained the salt, 
in rhombohedral crystals, by gradually heating 
3 pts. metastannio acid with 8 pts. KOH till the 
mixture boiled, allowing to cool, dissolving in 
water, filtering, and evaporating. Ordway (Am. 
8 . [2] 40, 173) prepared the pure salt by adding 
an equal volume of absolute alcohol to a solution 
of the commercial salt (v. infra), repeatedly treat- 
ing the syrupy layer that separated with alcohol, 
drying the pasty mass so obtained by pressure, 
dissolving in water, evaporating in vacuo , and 
washing the crystals with alcohol. K* stannate 
dissolves easily in water; O. (l.c.) gives S. at 
10° • 106*6, and at 20° — 110*5; solution reacts 
alkaline. Insoluble in alcohol. By adding a 
dilute acid solution sufficient to neutralise J of 
the alkali, a white flocculent pp. of K meta- 
stannate is said to be produced (O., lx.) ; excess 
pf cold dilute acid ppts. stannic acid. 
KgSnOg.zH^O is dehydrated at a red heat. 

Commercial stannate of potash solution is pre- 
pared (I) by fusing tinstone with £,8, KOH, or 


KNO a and dissolving in water; (2) by boiling 
tinstone with KOHAq; (3) by fusing tin with 
KNO s and K/JO,, or boiling the metal with 
KOHAq containing KNO, and KOI (v. Haeffely, 
D. P. J. 144, 66; Vaughan, B. 5, 396; and 
Dictionary of Applied Chemistry, vol. iii. pp. 
843-4). 

Sodium stannate Na 2 Sn0 a .xH 2 0. Prepared 
similarly to the K salt. Crystallises in hexa- 
gonal plates with 3H 2 0 (M., lx . ; O., l.c.). Ma- 
rignao (lx.) obtained rhombohedral crystal I. 
Jonas (C. 6. 1865. 607) obtained rhombio crys- 
tals of Na2Sn0 s .9H 2 0 by recrystallising the com- 
mercial salt. Haeffely (D. P. J . 144, 66) obtained 
crystals of Na, 2 Sn0 8 .3H 2 0 by heating an aqueous 
solution of S.G. 1*3 ; on allowing to cool again 
the crystals dissolved, the S.G. became 1*35, and 
after a time crystals of Na 2 Sn0 8 .8H 2 0 were 
deposited. Scheurer-Kestner (Bl. [2] 8, 839) ob- 
tained crystals of the composition Na. 2 SnO 8 .10H 2 O 
by evaporating a dilute solution of the ordinary 
salt, free from excess of NaOH, at a low tem- 
perature. Na 2 Sn0 g .3H 2 0 is more soluble in cold 
than in hot water ; O. (lx.) gives S. at 0° = 67*4, 
and at 20° - 613. Insoluble in alcohol. Ac- 
cording to H. (l.c.), an aqueous solution of the 
octohydrate gives a crystalline pp. of Na meta- 
stannate when heated, or when left at the 
ordinary temperature for some weeks. Com- 
mercial stannate of soda solution is prepared 
similarly to the solution of the potash salt (v. 
supra). 

Strontium stannate. A basic salt 
2SrSnO3.SrO.lOR/) was obtained by Ditto 
(G. R. 96,701), in lustrous octahedra, by adding 
KjjSnOgAq to excess of SrCLjAq. 

Metastannates. Only alkali metastannates 
have been prepared. The empirical formula of 
these salts is M 2 0.5Sn0 2 .4H 2 0 ; as they are de- 
composed by removing water, the formula is 
generally written as M 2 H 8 Sn fl 0 15 (cf. Mktastan- 
nic acid, p. 728). Metastannic acid dissolves 
slowly in KOHAq or NaOHAq ; on adding cone. 
MOHAq the salts are ppd. The salts are better 
obtained by adding cone. MOHAq to a solution 
in water of the substance obtained by the inter- 
action of metastannio acid and oonc. HClAq 
(Barfoed, J. pr. 101, 368). Dilute acid solutions 
ppt. metastannio acid from solutions of meta- 
stannates. Metastannates heated with excess 
of MOH give stannates. For more details re- 
garding MgHgSn^O^ (M-K or Na) v. Fremy (A. 
Ch. [3] 23, 393) ; Weber (P. 122, 358) ; Haeffely 
(D. P. J. 144, 66). 

ABSENIO-STANNATES. A compound 
Na2O.2AS2O3.6SnO2.5H2O was obtained by 
Haeffely (D. P. J. 140, 290) by adding excess of 
HNOgAq to a boiling solution of Na 2 Sn0 8 and 
Na3As0 4 , and treating the gelatinous pp. with 
excess of NaOHAq. 

OXALO-STANNATES. The compound 
2KHC2O4.SnO2.6HjO was obtained, in lustrous 
leaflets, by Pochard (O. B. 116, 1513) by dis- 
solving stannic acid in hot KHC 2 0 4 Aq and 
allowing to cool. 

PLATINO-STANNATES. Compounds of 
SnO and Sn0 2 with PtO g , derived from the acids 
H 2 Sn 2 Pt 2 O fl and (v. Platino-btan- 

nateb, this vol. p. 285). 

PLATINO-SELENO-STANNATES v. this 
vol. p. 285. 
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SILICO-STANNATES. Bourgeois (Bl. [2] 47, 
897) obtained the salt Ca0.Si0 2 .Sn0 2 in mono- 
clinic, lustrous crystals, by fusing Si0 2 and 
Sn0 2 with excess of CaCl 2 , and extracting with 
water. 

In connection with stannic and metastannic 
acids and their derivatives, v, Chlor-stannic 
acid , under Stannous chloride (p. 721) ; Tin, 
OXIDES AND HYDRATED OXIDES OP (p. 725) ; and 
Tin, thio-acids and salts op (p. 735). 

Tin, oxybromides of. By adding pieces of 
tin to the mother-liquor from BaSnBr 6 (v. 
Stamvibronvides, under Stannic bromide, p. 720). 
Rayman a. Preis (A. 223, 323) obtained colour- 
less, prismatic crystals to which they gave the 
formula Sn 8 OBr # .12HjO ; and from the mother- 
liquor from this compound fine, colourless 
needles of Sn 8 0 2 Br 8 .10H 2 0 separated after a 
time. 

Tin, oxychlorides of. According to Ditte 
(A. Ch . [5] 27, 145), when SnO.ccHp, obtained 
by ppg. a stannous salt by NHjAq, is boiled with 
water containing a trace of SnC^, a gelatinous 
oxychloride is obtained having the composition 
(«Sn0.SnCl 2 .6H ? 01; and when 
this compound is boiled with a little more dilute 
SnCLfAq another oxychloride, Sn a 0 3 Cl 4 .6H 2 0 
( =» 38nO.2SnOl2.6H2O) is formed in small, 
white, pearly tablets. 

The oxychloride SnOCLj is obtained, accord- 
ing to Scheurer-Kestner ( A . Ch. [3] 47, 1), by 
evaporating SnCl,Aq at 60° to 60°; also by 
heating 100 pts. SnCl 2 .2H 2 0, dissolved in 50 pts. 
water, with HNO,Aq containing 16 pts N 2 O a . 

'An oxychloride is also formed by treating 
metastannic acid with cone. HClAq, pouring off 
the excess of acid, dissolving in water, and 
evaporating over H2S0 4 and CaO ; to this 
oxychloride, which is an amorphous, white 
sohd, Weber (P. 122, 858) gave the formula 
Sn 4 0 # Cl 4 .6H20 ( « 3Sn0 2 .SnCl 4 .5H 2 0). Tscher- 
mak (W. A. B. 44, 2) obtained a crystalline oxy- 
chloride Sn 8 O g Cl J4 ( = 4Sn0 2 .3SnGl 4 .SnCl 2 ) by 
dissolving moist metastannic acid in hot cone. 
SnOlxAq containing HC1. 

Mallet (G. J. 35, 524) obtained a semi-trans- 
parent, jelly-like solid from SnCl 2 Aq which had 
been kept in a loosely-stoppered bottle for a year 
or two; to this solid he gave the formula 
Sn0 2 .HCl ( ■= SnO.OH.Cl). 

Tin, oxyfluoride of. When SnF 2 is heated in 
air it is said to form the oxyfluoride SnOF 2 
( = Sn02.SnF 4 ) (Fremy, A. Ch. [3] 47, 37; 

Marignac, Ann. M. [5] 16, 221). 

Tin, oxyiodidei of. According to Personne 
(G. R. 64, 216), various oxyiodides are formed 
by decomposing Sn^ by much water; P. 
analysed four compounds, to which he assigned 
the compositions SnaO.^ (~2Sn0.9nI>), Sn z OI 2 
-SnO.Sn^), Sn,OI 4 (-SnO^Snl^and Sn 4 OI 8 
«Sn0.3SnI 2 ). 

Tin, phosphides of. By heating finely 
divided tin in vapour of P, Schrdtter (W. A. B. 
1849. 301) obtained a silver-white, brittle solid 
to whioh he gave the formula SnP ; S.G. 6*56 ; 
easily acted on by HClAq, but not by HNO s Aq. 
Other crystalline solids have been obtained by 
heating tin and P together, but their composi- 
tions are not determined with certainty (v. 
Pelletier, 8. 66, 106 ; Berthier, A. Ch. [2] 33, 
180 ; H. Bose, P. 24, 326; Liipke, C. C. 1890 


I [ii.] 643). Natanson a. Vortmann (B. 9, 1469) 
obtained a phosphide of tin by heating glacial 
[ phosphoric acid with C and tin ; HClAq gave ofl 
PH, and left SnP. 

Tin, salts of. Tin forms two classes of 
salts by replacing the H of acids ; the stannous 
salts SnX 2 , and the stannic salts SnX 4 (X = C10 if 
NO,, |CO„ £S0 4 , £P 4 0, <feo.). The chief salts of 
oxyacids are the following: (1) Stannous 
salts : antimonate , arsenate , borate , carbonate, 
chlorate , chromate , iodate , nitrate , phosphates , 
phosphite , sulphates, and sulphite. (2) Stannic 
salts: antimonate , arsenate , br ornate, chlorate , 
iodate , molybdate , nitrate, phosphates, phosphite, 
selenate, selenite, sulphates, and tungstates (o* 
Nitrates, Sulphates, &o.). 

Tin, Belenides of. Tin and Se form two 
compounds, SnSe and SnSe 2 . The former can 
be prepared by the direct union of the elements ; 
the latter does not seem to be obtained by this 
method. Both Belenides dissolve in alkali 
solutions, and in solutions of alkali sulphides. 

Stannous selenide SnSe. (Tin mono • 
selenide or protoselenide.) Mol. w. unknown. 
Obtained by melting together Se and tin (Ber- 
zelius ; Welsmann, A. 116, 122). With excess of 
Se the disulphide SnSe 2 was said to be formed 
(Little, A. 112, 213), but this was probably a 
mistake (Schneider, P. 127, 624). Also formed 
by adding powdered Se to molten SnCl 2 , heating 
till SnCl 4 is volatilised, and allowing to cool, 
when SnSe crystallises ; excess of SnCl* is 
removed by washing with dilute HClAq (Schnei- 
der, l.c.). Steel-grey, lustrous prisms; probably 
isomorphous with SnS ; S.G. 5*24 at 15° (S., l.c.). 
Also obtained, as a black powder, by passing 
HjSe into SnCl 2 Aq, washing, and drying at 100°. 
SnSe prepared by ppn. is soluble in alkali solu- 
tion ; the crystals prepared by heating Se with 
SnCl 2 are insoluble, even in boiling alkali solu- 
tions. Both crystalline and amorphous SnSe 
are soluble in solutions of alkali sulphides or 
selenides. SnSe is insoluble in HClAq ; oxidised 
by HNOgAq to Sn0 2 .:rH,0, HSeO,, and HjjSe0 4 . 
Heated with I, forms Snl 4 and SnSe 2 ; or, with an 
excess of I, Snl 4 and Se ; reacts similarly with 
Br. SnSe is not reduced by heating in H. 
Heated in air it is gradually oxidised to SnO, 
and Se0 2 (S., l.c.). According to Ditte (G. JR. 96, 
1790), SnSe can be sublimed in a stream of H 
at a red heat ; D. says S.G. is 6*179 at 0°. 

Stannic selenide SnSe 2 . (Tin diselenide .) 
Mol. w. unknown. Not formed by heating to- 
gether tin and Se, as excess of Se over that re- 
quired to form SnSe sublimes *, Little’s statement 
that SnSej is formed by directly combining tin 
and Se by heat (A. 112, 213) is probably wrong 
(Schneider, P. 127, 624). Prepared by rubbing 
5 pts. I and 8 to 10 pts. crystallised SnLj (the Snl* 
is used to enable the I to be thoroughly powdered), 
adding 4 pts. powdered SnSe, then sufficient 
CS 2 to form a pasty mass (stirring constantly), 
and then adding more CS 2 to dissolve 8nl 2 , 
and washing with CS 2 , when SnSe 2 remains 
as a dark, red-brown, indistinctly crystalline 
powder, which becomes darker when dried 
at 100° (Schneider, l.c.). S.G. 4*86. Accord- 
ing to Welsmann (A. 116, 122), SnSe 2 is ob- 
tained, as a dark reddish-brown powder, by 
passing H^Se into SnCl 4 Aq; heated in H, 
this powder gives off Se and leaves SnSe. 
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SoBe? is not acted on by water, or by dilute 
acids; it is slowly attacked by cono. boiling 
HGlAq ; aqua regia, or con c. HNOjAq, oxidises 
it to Sn0 2 , BLSe0 4 and H 2 Se0 4 ; it dissolves in 
hot cone. HgSO*, and when the olive-green solu- 
tion is poured into water Se separates and 
Sn(S0 4 ) 2 remains dissolved. SnSe 2 is easily 
soluble in caustic alkali solutions, including 
NH*Aq, forming blood-red liquids. Heated 
with I, in the ratio SnSe 2 :4I, Snl 4 and Se are 
formed ;Br reacts similarly to I (Schneider, l.c.). 

Tin, silicides of. No definite compound 
has been isolated. Substances which seem to be 
of the nature of alloys are formed by heating to- 
gether tin and Si ; treatment with HGlAq dis- 
solves tin from these bodies, and separates Si 
along with Si0 2 (v. Winkler, J.pr. 91, 193). 

Tin, silicofluoride. According to Berzelius 
(Lehrbuch [5th ed.] 3, 767), the salt SnSiF 8 
separates (? from solution of SnO.zELO in 
HgSiFfAq) in prismatic crystals, which are 
readily crystallised from water. 

Tin, sulphides of. Two sulphides of tin 
are known, SnS and SnS 2 : the former is readily 
obtained by heating tin and S ; the latter by 
heating tin with an excess of S and some sub- 
stance ( e.g . NH 4 01) which readily volatilises, 
and so removes heat, which would else drive off 
the S above that required to form SnS. Both 
sulphides are also formed by ppn. by H 2 S from 
corresponding salts in solution. Both sulphides 
dissolve in solutions of alkali polysulphides, 
forming thiostannates , M 2 SnS s . 

Stannous sulphide SnS. ( Tin monosulphide 
or protosulphide.) Mol. w. unknown. 

Preparation . — X. Finely divided tin is heated 
with c. equal parts of S ; the product is pow- 
dered, and repeatedly heated with S in a closed 
vessel. Ditte ( G . R. 96, 1790) recommends to 
sublime the SnS thus prepared, by heating to 
redness in a porcelain tube in a stream of H. — 
2. H 2 S is passed into a solution of a stannous 
salt until the liquid smells strongly of H 2 S ; the 
brownish black pp. of amorphous SnS is washed 
and dried, and is then added, little by little, to 
molten SnCl 2 as long as it is dissolved thereby ; 
after cooling, SnCl 2 is dissolved out by dilute 
HGlAq, and any dark-brown powder that is pre- 
sent is washed away from the heavier, greyish, 
lustrous, crystalline particles of SnS (Schneider, 
P. 95,167). 

Properties . — A dark, lead-grey, crystalline 
solid; S.G. 4*85° (Karsten, S. 05, 394), 5*27 
(Boullay, A. Ch. [2] 43, 266). Ditte (lx.) de- 
scribes SnS, after sublimation in H, as crystalli- 
sing in thin, lustrous squares with an angle of c. 
90° ; with a grey-blue, metal-like lustre ; soft and 
friable; S.G. 5*0802 at 0°. Crystalline SnS 
melts at a red heat ; it expands considerably on 
cooling (Ditte, l.c.). Prepared by ppn. SnS is a 
brownish-black, amorphous solid. * 

Reactions. — 1. SnS, prepared by heating 
together tin and S, may be sublimed un hydrogen 
at a red heat (Ditte, C. R. 96, 1790) ; but con- 
tinued heating in H is said to reduce it to tin, 
HjjS being given off. — 2. Heated in air SnS is 
gradually converted into SnO a and SO,.— 3. Re- 
acts with chlorine , even at the ordinary tempera- 
ture, to form Sn01 4 and SnCl 4 .2SCl 4 » (SnS 2 Cl 12 ) 
(H. Bose, P. 47, 617). — 4. Fusion with potassium 
cyanide produces tin and EONS. — 6. SnS dis- 


solves gradually in boiling hydrochloric acid, 
forming SnC^ solution and giving off H,S (for 
details of interaction with HGlAq of different 
concentration, and with HOI gaB, v. Ditte, C. R. 
97,42). — 6. Gradually oxidised to Sn0 2 by heating 
with nitric add. — 7. Dissolves in solutions of 
alkali polysulphides , forming alkali thiostannates 
M 2 SnS 3 . — 8. SnS is generally Baid to be nearly 
insoluble in solutions of alkali monosulphides 
(M 2 S). According to Ditte (C. R. 94, 1419, 1470), 
SnS is not acted on by K 2 8Aq at the ordinary 
temperature if the concentration of the solution 
does not exceed 20K 2 S:100H 2 0; but a more cone, 
solution of K,SAq, out of contact with air, gradu- 
ally converts the SnS into a grey, spongy mass of 
tin ; and still more cone. K 2 SAq dissolves this, 
forming K 2 SnS s Aq and giving off H : if air is 
admitted the reactions are more complex. 

Stannic sulphide SnS 2 . ( Tin disulphide.) 

Mol. w. not known. 

Preparation. — 1. By saturating SnCl 4 Aq con- 
taining a little HClAq with HJ3, wanning, again 
saturating with H 2 S, warming gently for some 
hours, collecting the pp., washing with dilute 
H 2 SAq, drying, and heating to above 109? out of 
contact with air. Pure SnS 2 can scarcely be 
prepared in this way ; there seems to be always 
some Sn0 2 .ccH 2 0 present in the pp. (Kuhn, A. 
84, 110; Barfoed, J. pr. 101, 368).— 2. By 
passing the mixed vapours of SnCl 4 and ELS 
through a red-hot porcelain tube, or by passing 
H 2 S into SnCl 4 and heating the white crystals of 
SnCl 4 .5H 2 S so obtained (Coldridge, P. M. [5] 29, 
383). — 3. A mixture of finely-divided tin and S, 
or of SnS and S, with some substance that 
gradually volatilises and so removes heat, is 
slowly heated to redness in a glass retort, or a 
loosely covered flask, imbedded in sand ; the vola- 
tile substance gradually passes off, then the 
excess of S is volatilised and the SnS 2 remains, 
partly on the sides and partly on the bottom of 
the vessel. If tin is heated with S only, the 
heat produced in the reaction is so great that 
the SnS 2 formed is resolved into SnS and S. 
Various mixtures have been employed by dif- 
ferent chemists ; the following give good results : 
(1) equal parts sifted tin-filings, S, and NH 4 C1 
(Pelletier) ; (2) 4 parts tin-filings, 3 parts S, 2 
parts NH 4 C1 (Woulfe) ; (3) a pulverised amalgam 
of 12 parts tin and 6 parts Hg, with 7 parts S, 
and 6 parts NH 4 C1 (W.) ; (4) 5 parts SnS and 
8 parts HgGla (W.). 

References. — Pelletier (Crell's Chem. Ann. 
1797 [1] 46) ; Woulffe {ibid. 1, 149); Bullion {ibid. 
1793 [1] 89) ; Proust (Gehlen's Joum. f. Chem. 
und Phys. 1, 250). 

According to Gmelin {Handbuch[5 thed.] 3,75) 
if NH 4 C1 is heated with tin and S there is formed 
a compound of NH 4 C1 and SnCl 2 , which then inter- 
acts with the S, forming SnS 2 (?2Sn +8NH 4 C1 
- 2(2NH 4 Cl.SnCl ,) + 2H 2 + 4NH, ; 
2(2NH 4 Cl.Sn0y+2S 
= SnS 2 + 2NH 4 Cl.SnCl 4 + 2NH 4 C1). 

Properties.— Prepared by sublimation, SnS 2 
is a soft golden -yellow, lustrous, crystalline solid ; 
S.G. 4*6 (Karsten, S. 65, 394), 4*42 (Boullay, 
A. Ch. [2] 43, 266). Crystalline SnS, is known 
as mosaic gold (v. Dictionary of Applied 
Chemistby, vol. iii. p. 845). 

Reactions and Combinations.— rl. Heated in 
a closed vessel gives SnS and S, and a sublimate 
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of finS*. — 2. Seated in avr Sn0 2 and S0 2 are 
formed.— *8. Chlorine liquefies SnS 2 , on cooling 
yellow crystals of SnCi 4 .2SCl 4 are formed (H. 
Rose, P. 42, 617). — 4. The compound 
SnS^ 4 ( <* SnSLj.SIJ is said to be formed by 
heating SnS 2 with iodine in a stream of C0 2 
(Schneider, J, pr. 79, 419 ; v. also Tin, thio- 
iodide, infra). According to Schneider (Z.c.) 
a boiling alcoholic solution of 1 does not act on 
SnS 2 prepared by sublimation, but with amor- 
phous SnS 2 prepared by ppn. it gives SnS.^. — 
6. Amorphous* but not crystalline, SnS 2 is 
slowly decomposed by boiling cone, hydrochloric 
acid , H 2 S being given off and SnCl 4 solution 
formed.— 6. The amorphous sulphide is slowly 
oxidised by hot nitric acid ; aqua regia oxidises 
both amorphous and crystalline SnS 2 to Sn0 2 and 
H 2 S0 4 Aq. — 7. Fusion with lead monoxide produces 
a mixture of sulphides and oxides of tin and 
lead ; with excess of PbO, S0 2 is given off and 
lead remains.— 8. SnS 2 was said by Dumas (8, 
66, 409) to combine with stannic chloiide , form- 
ing SnS 2 .2SnCl 4 ; the compound being produced 
by the interaction of SnCl 4 and E^S. According 
to Coldlidge (P. M, [6] 29, 888) this compound 
does not exist, the product of the reaction 
being SnCl 4 .6R 2 S.— 9. SnS 2 dissolves in alkali 
sulphide solutions , forming thiostannates 
(q. v, t infra) , M 2 SnS s . — 10. In alkali solu- 
tions SnS 2 dissolves, probably forming stan- 
nates and thiostannates (?3SnS 2 + 6KOHAq 
* KjSnOfrAq + 2K 2 SnS g Aq + 311,0). 

Tin Sbsquisulphide. Berzelius (Lehrbuch 
[6th ed.] 2, 600) gave the formula SiijSg to a 
greyish-yellow, lustrous solid obtained by heat- 
ing a mixture of 3 parts SnS and 1 part S in a 
retort ; the substance was almost certainly a 
mixture of SnS and SnS 2 . 

Tin, sulphochlorides of ; v . Tin thio- 
chloetdeb, infra. 

Tin, sulpho-iodide of; v, Tin thio-iodide, 
infra. 

Tin, sulphocyanide of ; v. vol. ii. p. 362. 

Tin, telluride of, SnTe. A grey, lustrous, 
metal-like, crystalline solid ; S.G. 6-478 at 0° ; 
obtained by heating together tin and Te, and 
slowly subliming in a stream of H (Ditte, C. H, 
96, 1790). 

Tin, thio-acids and salts of. It is doubtful 
whether a thio- acid of tin has been isolated with 
certainty; a few salts derived from the acid 
ELjSnSj have been obtained. 

Thiostannic acid. (Sulphostannic acid.) 
Kuhn (A. 84, 110) obtained an olive-brown pp. 
by adding HOlAq or H.CyBgO.jAq to a cone, 
solution of Na 2 SnS,.Na 2 S.12H 2 0 (v, infra) ; after 
washing, and drying at 100°, the pp. was a leaden- 
grey, lustrous solid having the composition 
HtSnSg. Storch (M, 10, 256), repeating Kuhn’s 
experiments, always obtained brown pps., which 
did not contain more S than required by the ratio 
Sn:S «• 1:2*19. S. concluded that the pps. were 
mixtures of H^SnSj and SnS 2 . By adding dilute 
oxalic acid solution to solution of Na^nS, 
{prepared by saturating Na 2 SnO*Aq with H,S) 
in quantity just sufficient to combine with 
the Na present, S. (l.c.) obtained a deep- 
yellow liquid which remained clear for hours ; 
after removing the H,S by a current of air S. 
found that the liquid contained tin and S in the 
paticr fln:8S ; he, concluded that KjSnS, was pre- 


sent in the liquid. -The liquid was decolourised 
by NHgAq, KOHAq, Na*CO,Aq, (NH 4 ) ? CO,Aq, 
and NH 4 CLAq ; strong acids gave hrowxush pps. 
containing rather more S than required by the 
formula SnSjj. 

Thiostannates (Kiihn, l.c. ; HSring, HirzeVs 
Zeit.filr Pharm. 1851. No. 8). The alkali salts 
are obtained by dissolving SnS 2 in alkali sulphide 
solutions, M 2 SAq; the alkaline earth salts are 
formed by double decomposition from the alkali 
salts. 

Potassium thiostannate KjSnSg.lOHgO. 
Obtained by dissolving SnS 2 in KjSAq, and add- 
ing alcohol, when the salt separates as a dark 
brown heavy oil ; all H 2 0 is given off at 100°. 

Sodium thiostannates. The normal salt 
Na 2 SnS 3 .2H 2 0 is obtained, in yellow, glassy, re- 
gular crystals, by adding tin, little by little, 
to molten Na^, treating the fused mass with 
water, and evaporating at a low tempera- 
ture. A solution of SnS and S in Na. 2 SAq de- 
posits oolourless, monoclinio crystals of the 
basic salt , which, when dried over R 2 S0 4 , 
has the composition Na 2 SnS 8 .Na 2 S.12H 2 0. The 
stronger acids (HC1, H 2 S0 4 , CHCL 2 .C0 2 H) ppt. 
SnS 2 at once from Na 2 SnS 8 Aq ; but weak acids 
(HsP0 4 , H 2 C 2 0 4 , CH 2 C1.C0 2 H, & c .) form brown- 
yellow solutions from which red-brown pps. 
separate more or less slowly (Storoh, M. 10, 255). 
Kuhn (l.c.) gives the reactions of the two Na 
thiostannate^ with solutions of several metallio 
salts ; many of the pps. were doubtless thio- 
stannates of the metals employed. 

PLATINO-THIOSTANNATES. Schneider 
(Z, [2] 6, 629 ; 6, 270, 613) obtained salts to 
which he gave the composition MgPtjSnS, 

( = M 2 S.3PtS.SnS 2 ), where M = K or Na, by 
fusing SnS 2 , Pt, M 2 CO s , and S, and lixiviating 
with water. 

Tin, thiochlorides of. A compound SnS 2 01 12 
( = SnCl 4 .2SCl 4 ) is said to be formed, along with 
SnCl 4 , by the interaction of Cl and SnS or SnS 3 
(H. Rose, P.42, 517). Dumas(S. 66, 409) described 
a compound Sn 2 S 2 Cl 4 ( - SnS r SnCl 4 ) as obtained 
by passing HjS into SnCl 4 ; but according to Cold- 
ridge (P. M. [5] 29, 383) this compound is not 
formed. C. (l.c.) says that the passage of BL 2 S 
into SnCl 4 produces white crystals of SnCl 4 .5H 2 S, 
which are decomposed by heat, giving off HG1 
and H 2 S, and leaving SnS 2 . 

Tin, thio-iodide of. By melting together 
crystalline SnS 2 and I, in the ratio SnS 2 :4I, 
allowing the liquid to cool, and either heating 
in a stream of C0 2 , or dissolving in CS 2 ana 
crystallising, Schneider (J, pr, 79, 419) obtained 
brown, lustrous crystals of SnS^, ( - SnSIgBL). 
This thio-iodide is dissolved unchanged by CS, 
or CHClj ; alcohol separates S ; water, or a solu- 
tion of a caustio alkali, produces SnS 2 , S, and 
HIAq (or MIAq) ; HClAq or HNO*Aq decom- 
poses it, with separation of S. The compound 
SnSyl, is also produced by the interaction of a 
solution 8t I in CS 2 and ppd., dried SnS* 
(S. f IcX M. M. P. M. 

TIN ORGANIC COMPOUNDS. 

Stannic methide SnMe 4 . (78°). S.G. i 
1*313. Y.D. 6*00 (calc. 6*16). Got by heating 
an alloy of tin and sodium (14 p.c.) with Mel 
(J pt.) at 100 3 -120° (Ladenburg, A. Suppl. 8, 
74; cf. Cahours, A. Ul, 236; 114, 872). Oil, 
with ethereal odour. Reduces alcoholic AgNO* 
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Stannic tri-methylo-iodide SnMe 3 I. (170°). to sunlight or by heating with EtI at 150° (Frank* 
8.G. ^ 2*143. Formed by the action of I on land, 4 . 85, 329 ; Lowig, A. 84, 308 ; Cahours 
BnMe 4 . Oil. Yields crystalline SnMe 3 OH and a. Riche, A. 84, 833). Needles (from alcohol), 
the salts (SnMe 3 ) 2 S0 4 , SnMe a .O.CO.H, and si. sol. cold water. May be sublimed. Alcoholio 
SnMe,.OAc. Forms the compounds SnMe 3 OEt NH S forms SnEtp, which is an amorphous 
(Ladenburg, B. 8, 358) and SnMe 3 I2NH 3 (Ca- powder, insol. water, converted by acids into the 
hours, A . 122, 56). following salts : SnEt/lL*. [85°]. (220°), form- 

Stannic di-methylo-di-iodide SnMejIj. [30°]. ing trimetrio crystals; a:5:c« *839:1: *943. — 
(228°). S.G. 2-872. Formed by heating SnEt 2 C1.0H : plates. — SnEt^Br 2 (233°). V.D. 
tinfoil with Mel at 150° (C.). Monoclinic crys- 11-6 (calc. 11*7). — SnEt^NO^. — SnEt^Oy. — 
tals (from ether-alcohol). Converted by ammo- SnEt 2 (SCy) 2 . — SnEtjS. — SnEtaSC^. — CryB- 
nia into amorphous SnMe 2 0, which is insol. tals. SnEt^OAc)^ — SnEt 2 C 2 0 4 . — Formate 
water, but dissolves in acids forming the follow- SnEt 2 (CH0 2 ) 2 . 

ing crystalline salts : SnMe 2 Cl 2 [90°] (189°), Stannic ethylo-trimethide SnEtMe,. fl25°- 
forming trimetric crystals ; a:b:c - *834:1: *941. — 128°). Formed from SnMe 3 I andZnEI^ (Canours, 
SnMe 2 PtCl„ 7aq, forming trimetric crystals; 4.122,59). Oil; converted by I into EtI and 
a:b:c=* *888:1: *977. — SuMe^Br,*. (209°). — SnMeJ. 

SnMe 2 S0 4 , forming monoclinic crystals (Hjort- Stannic di-ethylo-di-methide SnEtJMe^ 

dahl, C. B. 88, 584). (145°). S.G. 2 1-260. Y.D. 6*84 (calc. 7*14). 

Stannic ethide SnEt 4 . Mol. w. 234. (181 c ). Formed from SnEt^ and ZnMe 2 (Frankland, 4. 
6.G. 1-187. Formed from SnEt.^ and 111, 50; Morgunoff, 4. 144, 157). Oil. 

EtI (Buckton, 4. 109, 218 ; 112, 223 ; Frank- Stannic methylo-tri-ethide SnMeEt*. (163°). 
land, 4. Ill, 44). Formed also, together with V.D. 6-72 (calc. 6*65). Formed from SnEtjI and 
tin ana ZnEtCl, by adding fused SnCl 2 to ZnMe 2 in the cold (C.). Heavy oil. 
cooled ZnEt 2 and then distilling (Frankland a. Stannic tetrapropylide SnPr 4 . (224 r ). S.G. 

Lawrance, G. /. 35, 134). Prepared by heating 1-179. Formed from SnPr 3 I and ZnPr 2 

powdered tin with EtI and the zinc-copper (Cahours, G. B. 76, 133). Pungent oil. 
couple ; and also by heating ZnEtl with pow- Stannic tripropylo-iodide SnPr 3 I. (261°). 

dered tin at 160° (Letts a. Collie, C. J. Proc. 2, S.G. ^ 1*692. Formed from PrI and an alloy 
166). Oil. Has no action at 180° on Al, Na, of Na and tin (Cahours a. Demar^ay, C. B. 88, 
or Mg. Slowly absorbs sulphur diq^ide, forming 725,1112). Oil, converted by moist Ag 2 0 into 
crystalline S0 2 (0SnEt 3 ) 2 , insol. ether and an oil crystalline SnEt 3 0H. 

SnEta.SOgEt, sol. ether. Hot cone. HClAq forms Stannic di-propylo-di-iodide SnPrjIj. (272°). 

ethane and SnEt 3 Cl. Iodine forms SnEt 3 I and Formed from tin and PrI. Oil. Converted by 
IEt. alkalis into amorphous SnPr 2 0, insol. water, 

Stannous ethide SnEt 2 . S.G. 1*558. which yields SnPr 2 Cl 2 [81°]. 

Formed by adding zinc to a wafm solution of Stannic tri-isopropylo-iodide SnPr B I. (257°). 
SnEt 2 CL 2 (Frankland). Oil. Decomposed at Got in like manner. 

150° into SnEt 4 and tin. Br forms SnEt^r... Stannic di-isopropylo-di-iodide SnPr 2 I 2 . 

Dis tannic hexa-ethide Sn ><2 Et a . (265°~27b°). (267°). Yields SnPr.C^ [57°]. 

S.G. 1-412. VJ>. 14*8 (calc. 14*7). Got by Stannic tri - isobutylo - iodide Sn(C 4 H 9 ) 3 I. 

distilling SnEt s I with sodium (Ladenburg, 4. (285°). S.G. — 1*540. Formed from CHjPrl 

Suppl. 8, 66 ; B. 3, 647). Pungent oil. I forms and a 9 p.c. alloy of Na in tin (Cahours a. De- 
SnEt 3 I. Cone. HClAq forms SnEtjCl* ethane, mar^ay, C. B. 89, 68). Pungent oil, converted 
and hydrogen. by KOH into Sn(C 4 H B )„OH (313°). 

Stannic tri-ethylo-iodide SnEtjI. (231°). Stannic di-isobutylo-di-iodide Sn(C 4 H„) 2 I 2 . 

S.G. 1*833. Formed by the action of EtI (290°-295°). Formed by heating tinfoil with 
on an alloy'of tin and sodium (Ladenburg, 4. isobutyl iodide at 125°. Liquid, converted by 
Suppl. 8, 60 ; B. 3, 353, 647 ; c/. Lowig, 4. 84, alkalis into amorphous Sn(C,H„) 2 0, and by HC1 
308). Liquid. Combines with NH S (2 mols.). into Sn(C 4 H fl ) 2 Cl 2 [c. 6°] (261°). 

On distilling with KOHAq it yields SnEt s OH Stannic tetra-isoamylide Sn(C 4 H„) 4 . Formed 
crystallising from ether in prisms [43°] (271°) from isoamyl iodide and an alloy of Na (1 pt.) 
converted by heat into oily (SnEt 3 ) 2 0, which re- and tin (6 pts.) (Grimm, 4. 92, 383). Liquid, 
combines with water forming the hydroxide. Stannic tri-isoamylo-iodide Sn(C 5 H„) 3 I. 

NaOEt converts the iodide into SnEt a OEt (191°) (304°). Accompanies the preceding compound 

fi.G. * 1*263, which is at once changed by (C. a. D.). Converted by potash into oily 
water into the hydroxide. The hydroxide Sn(C a H,,) 3 OH (337°). 

SnEt 3 OH is sol. water, strongly alkaline, ab- Stannic tetraphenylide SnPh 4 . [226°]. 
sorbs CO a from the air, and is converted by (over 420°). Formed by heating bromo-benzene 
acids into the salts :—SnEt,Cl. [o. 0°]. (209°). with a tin-sodium alloy and acetic ether (Polis, 
S.G. s 1*428. — (SnEtJsPtCl*. — SnEt s I tCl 5 . — B. 22, 2915). Colourless prisms, insol. ligroln, 
SnEtJBr. (223°) (Cahours). — SnEt a Cy. — v. si. sol. alcohol, v. sol. boiling benzene. 
SnEt B CyO. — SnEt 3 NO s . — (SnEt 8 ) 2 S0 4 . 1 Hexa- Stannic tri-phenylo-chloride SnPh s Cl. [105 0 ]. 

gonal prisms terminated by pyramids (Hjort- Formed by the action of NaN0 2 on a solution of 
dahl). — (SnEta) 2 S. — SnEtaSH. — (SnEtgJHjPO^ SnPhjCl, in HOAc, the yield being 86 p.c. of 
— SnEt 3 .OAc. — SnEt 3 OBz. — (SnEt 3 ) 2 CO r — that represented by the equation 3SnPh 2 CI s 
(SnEt,) 2 C 2 0 4 aq. — Formate (SnEtJCHO^ — -2SnPh 3 Cl + SnCl 4 (Aronheim, B. 12, 609). 
Butyrate (SnEt 3 )C 4 H 7 0 2 . — Tartrates Converted by potash into SnPh 3 OH ljaq [118°]. 
{SnE^O^O* aq. — (SnEt 3 )HC 4 H 4 0 6 aq. Stannio di-phenylo-dichloride SnPhjCL. 

Stannic di-ethylo-di-iodide SnEtglg. [44*6°]. [42°]. (835°). Prepared by boiling HgPh, with 
{246°). Formed from tin and EtI by exposure SnCl 4 and ligroin (Aronheim, & 10, 2228 ; 
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il, 2285; A. 194, 145). Triclinio prisms; 
o:6:c« *588:1:1*067 ; a = 62° 47'; /3 = 76° 48'; 
7«94° 3'. Sol. alcohol and ligroin, miscible 
with ether. Converted by means of water into 
SnPh 2 C1.0H, an amorphous insoluble powder 
[187°]. Potash forms SnPh 2 0. Ether, alcohol, 
and sodium-amalgam form SnPh 2 (OEt) 2 [124°]. 

Stannic di-phenylo-di-bromide Sn I’h^Br^ 
[o. 88°]. (230° at 42 mm.). Formed from 
SnPh 4 and Br (PoliB), and from the oxide and 
HBr (A.). 

Stannic di-phenylo-chloro-bromide 

SnPh-^rCl [39°]. Crystalline. Formed from 
SnPh 2 Cl(OH) and HBr. 

Stannic di-phenylo-chloro-iodide SnPh 2 ClI. 
[69°]. Yellow monoclinio crystals (from ether), 
decomposed by water. 

TIN GROUP OF ELEMENTS. Group IV. in 
the periodic classification of the elements con- 
tains the following members : — 

Even series 2 4 6 8 10 12 

C Ti Zr Ce — Th 

Odd series 3 5 7 9 11 

Si Ge Sn — Pb 

Subdividing this group in accordance with 
the chemical similarities of the elements we get 
the following families : — 

Carbon family : C and Si. 

Titanium family : Ti, Zr, Ce, — , Th. 

Tin family : Ge, Sn, — , Pb. 

The carbon family is considered in the ar- 
ticle Carbon group of elements (vol. i. p. 682) ; 
and that article also gives a sketch of the chemi- 
cal relations of all the members of the group. 
The elements of the titanium family are con- 
sidered under the heading Titanium group of 
elements (this vol., p. 749). The tm family is 
considered in the present article. 

Ge occurs in small quantities, as sulphide, 
in a very few rare minerals. Tin and lead are 
found native in not very large quantities. The 
chief ore of tin is tinstone, which contains Sn0 2 ; 
SnS 2 is also found in tin pyrites ; and various 
micas contain more or less Sn0 2 . Oalena } con- 
taining PbS, is the chief ore of lead ; sulphate, 
carbonate, phosphate, &c., are also found in con- 
siderable quantities. Ge is obtained by heating 
its ore with Na 2 CO s and S, dissolving in water, 
decomposing NagS by H 2 S0 4 Aq, ppg. Ag (Ag 2 S is 
a constituent of the ore) by HClAq, then ppg. 
GeS 2 by BL^S, oxidising the GeS 2 to Ge0 2 by 
HNO*, and reducing the Ge0 2 by heating in H 
or with C. Tin is obtained by calcining tin- 
stone , washing, and reducing the Sn0 2 by heat- 
ing with 0. To obtain lead, galena is roasted 
in such a quantity of air that it is partially oxi- 
dised, both PbO and PbS0 4 being formed ; by 
then heating out of contact with much air the 
PbS, PbO, and PbS0 4 interact to form S0 2 and 
lead. Tin and lead have been known from very 
early times. Ge was isolated in 1885. 

The table on page 736 presents some of the 
principal physical and chemical properties of the 
tin elements. 

General formulae and characters of com - 
pounds . Oxides : — MO, M0 2 ; also Pb 3 0 4 and 
Pb f 0 3 : various hydrates of most of these oxides 
are known. Sulphides : — MS, MS 2 ( ? PbS 2 ). 
Haloid compounds; — MX 2 and MX 4 . 
Acids:— ELMX*, where M»Ge or Sn, and 
X * either Br, Cl, F, or I ; also H^bl,; H^nO, 


and Hjj.HflSnjOu ; ?H 2 SnS r Salts : — MX, 2 and 
MX 4 , where M=»Sn or Pb and X = NO s , £S0 4 , 
£P0 4 , &c. Salts containing M in the 
acidio radiole: — R^MX*, where M 
- Ge, Sn, (?Pb), and X is a halogen ; R^MO*, 
where M = Sn, or Pb ; also R x 2 PbO a ; also 
R^.HgSn^Op ; also R l 2 SnS 8 . 

The oxides MO are basic ; they react with 
acids to form salts MX 2 , X-NO s , $S0 4 , IP0 4 , Ac. 
(no salts of GeO have yet been isolated). PbO 
also dissolves in molten KOH, forming KgPbO*. 
The oxides M0 2 , where M»Sn or Pb, are 
both basic and acidic ; they react with some 
acids to form salts MX 4 ; several of these salts 
have been isolated when M = Sn, very few when 
M = Pb: they also react with molten KOH or 
NaOH (SnO^scR/) also with MOHAq) to form 
salts K 2 (orNa.,)M0 3 ; when M = Sn two classes of 
salts are known, stannates M 2 Sn0 3 , and meta - 
stannates, probably M2.H 8 Sn 4 0, 5 . Ge0 2 dissolves 
in acids, also in molten KOH or K 2 C0 3 , but the 
products of these reactions have not yet been 
examined. Pb 3 0 4 reacts with dilute strong acids 
to form Pb0 2 , and PbX 2 which dissolves ; with 
glacial acetic acid Pb 3 0 4 forms Pb(C 2 H s 0 2 ) 2 and 
Pb(C 2 H a 0 2 ) 4 . Pb 2 0 3 probably reacts with dilute 
strong acids to give Pb0 2 and a salt of PbO. The 
hydrates of MO and M0 2 react similarly to the 
oxides. Some of the hydrates SnO^ccHjO are 
acidio ; one class of these is probably poly- 
meric with the other. There are indications of 
the existence of an oxide M0 3 in the case of tin ; 
this oxide seems to be acidic. 

The sulphides of Ge have not been much 
investigated ; GeS 2 dissolves in alkali sulphide 
solutions, and is probably acidic. GeS has been 
gasified and V.D. determined. The sulphides of 
tin are both basic and acidic ; with hot cone. 
HClAq they give SnC^ and SnCl 4 respectively ; 
both dissolve in alkali sulphide solutions to form 
thiostannates M 2 SnS 3 . PbS is basic ; with acids 
it gives salts PbX 2 , and H 2 S ; there are indications 
of the existence of a higher sulphide, perhaps 
PbS 2 , which will probably form thioplumbates 
with the sulphides of strongly positive metals. 

The haloid compounds MXj (none isolated 
yet when M « Ge) may be formed by the direct 
union of the elements, and by the other usual 
methods. SnCl 2 and PbCl 2 have been gasified, 
and the formulas are molecular; molecules of 
the composition SiigCl* probably exist, but are 
decomposed at c. the boiling-point of the com- 
pound. Several salts are known of the form 
M 2 SnX 4 , where X=»Br, 01, F, or I; and an acid 
HSnCl 3 .xH 2 0 and some salts MSnl* are also said 
to exist. H 2 PbI 4 and salts M 2 PbI 4 have been 
isolated; and also several salts coming under 
the general formula zPbX^yNH^l, where X » Br 
or Cl. The haloid compounds MX 4 have been 
gasified, and V.D.s determined, when M * Ge and 
X = Cl or <, and when M » Sn and X - Br or Cl. 
PbCl 4 has not been isolated with certainty, but 
salts of the ‘form MjPbCl,, are known, and also 
some salts ®PbCl 4 .yNH 4 CL The acids H 2 GeF«, 
H 2 SnBr 6 , and R 2 SnCl fl have been obtained, and 
also salts derived from these acids ; salts M 2 SnF, 
and MjPbCla are also known. GeHCl, has been 
isolated. Many oxyhaloid compounds z.MO.^/MX* 
and £MO*.yMX 4 are known. 

The oxyacids of tin, H,SnO„ and (probably) 
H 2 .H s Sn A O m are to be classed with the weak 
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Germanium. 


Atomic 

weights. 


Melting - 
points . 
(approx.). 
Boiling- 

points. 
(approx.). 
Spec, grave. 

(approx.). 
Spec, heats * 
Atom, wts. 
Spec . gravs , 
(approx.). 
Occurrence 
and 

preparation. 


Physical 

properties. 


Chemical 
properties . 


One or more compounds of each element have been gasified. Specific heats have 
also been determined directly. There is some evidence in favour of the con- 
clusion that the moleoules of tin and lead, in solution in Hg, are monatomio. 
900° I 232° I 330° 


1,450°-1,600° 


1,450°-1,600° 


Double sulphide of Ge and 
Ag occurs as a rare min- 
eral. Ge0 2 also found in 
some specimens of eux- 
enite , with oxides of Nb, 
Ta, and Y. 

Prepared by reducing Ge0 2 
by H or C. 


Greyish white, lustrous, 
very brittle. Crystallises 
in regular octahedra. 

Melts at c. 900°; slightly 
volatilised at 1,360° in N 
or H. 


Unchanged in air at ordi- 
nary temperature; oxi- 
dised to Ge0 2 when 
heated in fine division. 
Combines readily with 
Br, Cl, and I when heated, 
forming GeX 4 . Heated 
inHClgas forms GeHCl,. 
Dissolves in HaSO^q. 
No salts have yet been 
isolated by replacing H 
of oxyacids by Ge. Ge0 2 
dissolves in fused KOH 
or KjCO,. HaGePgAq 
and salts of this acid are 
known. 


Metal found in small quan- Small quantities of lead 
tities. Sn0 2 occurs in found. Chief ore con- 
tolerable quantities tains PbS ; widely dis- 
widely distributed. 


Prepared by reduoing Sn0 2 
by C. 


[ Silver- white, lustrous, mal- 
leable, but malleability 

| varies with temperature ; 
tenacity very small. Crys- 
tallises very easily in 
rhombio and quadratic 
forms. 

Melts easily (at 232°), and 
boils between 1,460° and 
1,600°. 

Unchanged in pure air at 
ordinary temperature. 
Heated in air gives SnO 
and Sn0 2 . Heated in 
Br, Cl, or I forms SnX 2 
and SnX 4 . Heated with 
S forms SnS and SnS 2 ; 
also forms SnSe and 
SnSe 2 . Reacts with 
acids forming two series 
of salts, SnX 2 and SnX 4 , 
X«NO s ,*S0 4 , JP0 4 , &o . 
Cone. HN0 8 produces 
SnOjurH^O. SnO is basic; 
SnO^H^ both basic 
and acidic, with strong 
acids forms salts SnX 4 , 
and with caustio alkalis 
forms stannates M 2 SnO s . 
SnS 2 forms thio-stan- 
nates M 2 SnS s with al- 
kali sulphides. Stan- 
ni fluorides M^SnFg 
are known; the acids 
H v SnCl a and HaSnBr* 
have been isolated. 

Mol. w. perhaps same ae 
at. w* in solution in Hg. 
Valency of atom varies 
from 2 in SnCl* gas to 4 
in SnCl 4 gas. • 


tributed in considerable 
quantities. 

Prepared by interaction of 
PbS, PbO, and PbS0 4 ; 
also by reducing PbO by 
C. 

White, with tinge of blue ; 
lustrous ; very malleable 
and ductile ; tenacity 
very small; very soft. 
Crystallises easily in 
regular ootahedra. 

Melts easily (at 330°), but 
at higher temperature 
than tin, and boils be- 
tween 1,450° and 1,600°. 

Tarnishes in air, film of 
oxide (? Pb 2 0) forming 
on surface. Melted in 
air forms PbO and Pb 8 0 4 . 
Combines with halogens 
to form PbX 2 ;PbCl 4 also 
probably isolated. Com- 
bines with S and Se, 
forming PbS and PbSe ; 
PbS.zS also probably 
exists. Reacts with acids 
forming salts PbX,, X- 
NO s , |S0 4 , $P0 4 , &c» 
PbO is basic ; Pb0 2 
feebly basic and feebly 
aoidic ; Pb(CJK 3 0 2 ) 4 

has been isolated, and 
probably PbCl 4 ; with 
molten KOH, PbO, forma 
KjjPbOj. No thioplum- 
bates isolated. No acid 
HgPbF., or saltB thereof, 
isolated ; but 
3KF.HF.PbF 4 probably 
exists. 

Mol. w. perhaps same as 
at. w. in solution in Hg. 
Atom is divalent in gase- 
ous molecule PbOl* and 
tetravalent in gaseous 
molecule PbMe 4 . 
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acids ; the one is probably a polymeride of the 
other. The salts of these acids show very dis- 
tinct differences : the acids themselves interact 
with strong acids to form salts containing tin in 
the positive radicles. Of acids containing tin 
and halogens the following have (probably) been 
isolated : HSnGl*, H*SnBr 8 , and H*SnCl a . 
H*GeF g is known, and H*PbI 4 is Baid to exist. 
It is doubtful whether thiostannic add H*SnS s 
has been obtained pure, but salts of this acid 
have been isolated. 

The salts of oxyadds containing these metals 
in the negative radicles are M*Sn0 8 and 
M 2 .H 8 Sn 5 0. 8 , M*PbO* and MgPbO,. These salts 
are generally easily decomposed. Oxyacids and 
salts of oxyacids of Ge have yet to be searched 
for. 

Salts derived from oxyacids by replacing H 
by M are known when M * Sn or Pb ; no Ge 
salts of oxyacids have yet been isolated. The 
tin salts belong to two classes, SnX* and SnX 4 , 
where X = N0 8 , 4S0 4 , |P0 4 , &c . ; both classes of 
salts readily undergo decomposition and show a 
general tendency to separate off SnO or SnO*. 
Almost alii the lead salts belong to the class 
PbX* ; they are more definite and less ready to 
split off oxide or decompose to basic salts than 
the corresponding salts of tin. Pb(G 2 H 8 0 2 ) 4 is 
the only lead salt of an oxyacid of the class 
PbX 4 that has been certainly isolated ; it is 
decomposed by the least trace of moisture, 
giving a pp. of PbO*. 

The elements of the tin family are distinctly 
metallic in their physical properties, and in most 
of their chemical properties also ; they exhibit, 
however, non-metallic characters in their highest 
salt-forming oxides, MO*, which are acidic towards 
strong bases, while they also react as basic oxides 
towards several acids. The tin elements are less 
chemically metallic, on the whole, than the mem- 
bers of the even-series, or titanium family, of 
Group IV.; the two distinctly non-metallic 
elements of the group are the first member of 
the even series —carbon, and the first member 
of the odd series— silicon. 

In considering the chemical analogies of the 
tin elements, the position of the members of the 
family in their respective series should be looked 
to (v. table in vol. iii. p. 811). Ge comes in 
series 6 ; it is preceded by Ga, Zn, and Cu, and 
succeeded by As, Se, and Br: tin oomes in 
series 7 ; it is preceded by In, Od, and Ag, and 
succeeded by Sb, Te, and I: lead comes in 
series 11 ; it is preceded by Tl, Hg, and Au, and 
succeeded by Bi and two unknown elements. 
The highest salt-forming oxides of the elements 
preceding and succeeding the tin elements in 
the series are : series 5, GuO, ZnO, Ga*0 3 ; 
GeO*; As 2 0 & , SeO*, — ; series 5, Ag a O, OdO, 
In*O t ; BnO*; Sb*0 4 , TeO„ 71*0 7 — series 11, 
Au*0, HgO, Tl*O g ; PbO*; Bi*0 5 , — ■ “• The 
preceding oxides GteO* are, on the whole, more 
basic than the oxides preceding SnO* or Pb0 2 ; 
and the oxides succeeding GeO* are on the whole 
more acidic than the oxides succeeding SnO* or 
PbO*. Hence we should expect the three oxides, 
GeO*, SnO*, and PbO* to be about equally acidic 
and equally basio; SnO*, perhaps, being the 
most acidic of the three. Looking at the posi- 
tion of the tin elements in the general periodio 
system, we nuy express the relationship of these 

Vo**. IV. 


odd-series elements to the first member of the 
odd series of their group (Si) by the following 
statements; (1) Pb:Si - T1:A1 = Hg:Mg = Au:Na 
*» Bi:P. — (2) Sn:Si = In:Al ** Cd:Mg - Ag:Na 
«Sb:P. — (8) Ge:Si * Ga:Al - Zn:Mg ® Cu:Na 
«As:P. On the whole, Bi is more unlike P 
than Tl is unlike Al, Hg is unlike Mg, or Au is 
unlike Na; Sb is more unlike P than In is 
unlike Al, Gd is unlike Mg, or Ag is unlike Na ; 
and As is more unlike P than Ga is unlike Al, 
Zn is unlike Mg, or Gu is unlike Na. Hence the 
differences between Pb and Si, tin and Si, and 
Ge and Si, respectively, will be very decided. If 
the relations expressed in the preceding state- 
ments are worked out in detail, they show that 
the differences between Pb and Si will be more 
marked than those between tin and Si, and still 
more marked than those’ between Ge and 
Si ; but at the same time there will not be any 
very great differences between these three pairs 
of differences. Lead, then, will on the whole be 
the most metallic, and Ge the least metallic, 
of the tin elements. But the three elements 
will resemble each other closely in so far as their 
general positive or negative character is con- 
cerned. Then, considering the resemblances and 
differences between consecutive pairs of elements 
in (1) series 3 and 5 (i.e. Si and Ge series), and 

(2) series 5 and 7 (i.e. Ge and tin series), and 

(3) series 7 and 11 (i.e. tin and lead series), it 
is evident that Ge and Si will be more alike than 
Ge and tin, and that Ge and tin will more 
closely resemble one another than tin and lead. 
Hence, on the whole, we may expect that Ge 
will form several compounds wherein the ele- 
ment acts distinctly as a non-metal ; it is pos- 
sible that GeH 4 may be isolated (GeHCl„ exists). 
Ge will form volatilisable organic compounds; 
GeO* will probably be found to be di- or tri- 
morphous. 

In connection with this article v. Carbon 
group op elements, vol. i. p. 682 ; and Titanium 
GROUP OP ELEMENTS, this Vol. p. 749. 

M. M. P. M. 

TITANATES, and derivatives of t v. p. 747. 

TITANIC ACIDS v. p. 746. 

TIT ANIFLU OBHYDBIC ACID H*TiF g v. 
Titanic fluoride, Combinations , No. 1, p. 742. 

TITANIFLTJ OBIDES M*TiF g v. Titanic 

fluoride, Combinations , No. 2, p. 742. 

TITANIUM:. At. w. 47*9. Mol. w. not 
known. Has not been fused. S.G. 8*6888 
(K. Hofmann, B . 26, 1026) ; some older deter- 
minations gave S.G. c. 6*3 ( v . Fritz, M . 1892. 
772 ; Wilson, Pr. 82, 467 [1881]). S.H. 0° to 
100° *1136, 0° to 211° *1288,0° to 301° -I486, 0° 
to 440° *162 (Nilson a. Pettersson, Z. P. C. 1, 34) ; 
Fritz (M. 1892. 772) gives *18. S.V.S. 18*4. 

Historical . — In 1791 Gregor found indica- 
tions of a#new element in a Cornish ironsand 
called menaccawite , from the village near which 
it was found «( CrelVs Arm. 1791 [1] 40, 108). 
The element was called menachin by Kirwan. 
In 1796 Klaproth found a compound of a new 
element in a mineral known as * r other Schoerl 
su Boinik in Hung am? and called the element 
titanium (derived from Titan), In 1797 K. 
recognised that the chief constituent of the 
Hungarian mineral was the same as the charac- 
teristic constituent of menaccanite examined by 
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Gregor (K., Beitr&ge *ur Kentniss der Mineral- 
kbrper). The element was isolated for the first 
time by Berzelius in 1824 (P. 4, 8). 

Occurrence.— Ti never occurs native. The 
chief ore of Ti is more or less pure Ti0 2 , which 
occurs in different crystalline forms as rutile 
and anatase (tetragonal) and brookite (rhombic). 
Various minerals contain TiO ? , oombined with 
Si0 2 and alkaline earths, e.g. titanite or sphene 
and ferrotitanite ; compounds of titanates and 
niobates are found in some rare minerals, e.g. 
poly erase, euxenite , and pyrochlore . Varying 
quantities of Ti0 2 occur in many titaniferous 
iron ores. The ores of Ti are found in small 
quantities. Some of them, especially the titani- 
ferouB iron ores, are widely distributed (for 
analyses of Ti ores v. H. Rose, P. 8, 163 ; 14, 601 ; 
16, 276 ; Mosander, P. 19, 211 ; Hermann, J. 
26, 868 ; Berzelius, J.pr. 43, 60; Rammelsberg, 
P. 1868. 607; Scheerer, P. 64, 489; Groth, 
Tabellarische Uebersicht der Mmeralien [2nd 
ed.] 86 ; 0. v. d. Pfordten, B. 22, 1485). Mazade 
(C. B. 34, 952) found traces of Ti compounds in 
the mineral spring of Negrao in France. For 
analyses and descriptions of anatase , brookite , 
and rutile v. Klein (/. M. 1875. 337) ; G. vom 
Rath (ibid. 1876. 64) ; Schrauf (ibid. 1877. 403) ; 
Koch (ibid. 1878. 652). Cornu (C. B. 86, 101, 
983) obtained spectroscopic indications of the 
occurrence of Ti in the sun’s atmosphere. The 
bright-reddish crystals that are often found in 
blast furnaces wherein titaniferous iron ore has 
been smelted were supposed for many years to be 
Ti ; but W5hler (A. 73, 34) showed that they con- 
tain C and N besides Ti (v. Titanium carboni- 
*nn>B, p. 739). 

Formation.— 1. By heating KjTiF* with K 
or Na, out of contact with air (v. Preparation). — 
2. By heating TiCl 4 with Na in a closed iron 
crucible heated in a wind furnace (Nilson a. 
Pettersson, W. 4, 654 ; cf. Kern, O. N. 33, 57). 
According to Robinson a. Hutchings (Am. 6, 74), 
Tiis formed by heating TiCl 4 with Na to 130° in 
a sealed tube ; but O. v. d. Pfordten (A. 237, 201) 
says that very little, if any, Ti is obtained, and 
that the main product is TiCl*. — 3. By fusing 
KjTiFg with an equal weight of iron filings, 
and dissolving away the iron by HClAq (Wehrlin 
a. Giraud, O. B. 85, 288). — 4. By heating TiCl 4 
to 180° with Ag obtained by reducing a salt of 
Ag; Ti 2 Gl g is also formed (Friedel a. Gu6rin, 
A. Oh. [6] 7, 24). 

Preparation . — Finely-powdered rutile is 
mixed with double its weight of K 2 C0 8 , and the 
mixture is fused in a Pt crucible placed inside 
an earthenware cruoible. The fused mass is 
powdered and dissolved in the necessary quantity 
of HFAq in a Pt dish ; water is added to dissolve 
KaTiFg which begins to separate, the liquid is 
boiled and filtered while boiling; the KjTiF a , 
which separates from the filtrate in lustrous 
crystalline crusts, is pressed between filter-paper, 
washed repeatedly with cold water,' again pressed, 
and recrystallised several times from boiling 
water (Wdhler, A. 74, 212). The dry E^TiF, is 
placed in a porcelain boat in a porcelain (or 
hard glass) tube connected with a supply of 
pure dry H; another boat, containing Na, is 
also placed in the tube ; H is passed through 
the apparatus, and the Na is gradually vaporised 
and driven over the K,TiF c , which ia heated. 


When the action is completed and the tube has 
cooled (the H stream being maintained), the 
solid is treated with water, which dissolves out 
KF, NaF, and Na (W. a. Deville, A. 103, 280). 
The Ti is finally washed with ether and dried 
over BLjS0 4 (v. Kern, O. N. 33, 67J. Merz (P. 
73, 48) prepared Ti by heating a mixture of six 
pts. K 2 TiF fl and three pts. NaCl with twopts. Na 
in a glass bulb placed in a sand-bath, while a 
stream of H was passed through the bulb, then 
adding zinc-powder and fusing, and dissolving 
out the zinc by cold dilute HClAq. 

Properties.— A dark-grey or black lustrous 
powder ; has not been obtained orystallised. Ti 
resembles iron reduced from Fe 2 O g by H at a 
low temperature. 

According to Junot (J. 1853. 336), Ti was 
obtained by him as a silver-white lustrous de- 
posit by electrolysing a solution prepared by 
dissolving titanate of K in boiling H 2 S0 4 Aq, 
evaporating to a syrup, and extracting with 
Na 2 S0 4 Aq. J.’s experiments do not seem to 
have been repeated. L6vy ( G . B. 110, 1868) ob- 
tained hard, steel- white, cubicle crystals, which 
he took to be nearly pure Ti, by parsing TiCl 4 
vapour over Si, B, or several metals heated to 
bright redness. L. found only 80 p.o. Ti in the 
crystals. Ti burns brilliantly in a flame. When 
heated to redness in O, it is oxidised with pro- 
duction of an intensely brilliant white light. Ti 
also burns in Cl. It decomposes water at 100°. 
Warm HClAq dissolves Ti easily; it is also at 
once dissolved by HFAq. Heated by electric 
sparks, Ti gives an emission-spectrum very rich 
in lines (v. Thalen, A. Ch. [4] 18, 289 ; Troost 
a. Hautefeuille, C. B. 73, 620 ; Cornu, O. B. 86, 
101, 983 ; Liveing a. Dewar, Pr. 32, 402). 

The atomic weight of Ti has been determined 
(1) by analyses of TiCl 4 (H. Rose, P. 16, 146 
[1829] ; Pierre, A. Oh. [3] 20, 257 [1847] ; Thorpe, 
O. J. 47, 108 [1885]) ; (2) by determining the 
weight of Ti0 2 got from a determinate weight of 
TiCl 4 (H. Rose, l.c. ; Thorpe, l.c.) ; (3) by analyses 
of TiBr 4 (Thorpe, l.c.) ; (4) by determining the 
weight of TiO a got from a determinate weight of 
TiBr 4 (Thorpe, l.c.) ; (5) by measuring 8.H. of Ti 
(Nilson a. Pettersson, Z. P. O. 1, 34); (6) by 
determining V.D. of TiCl 4 and Til 4 (v. these 
compounds). Rose’s determinations gave values 
for the at. w. of Ti varying from 47*92 to 
48*82 ; Pierre’s values varied from 60*2 to 60*29. 
The very acourate series of determinations 
made by Thorpe has settled the at. w. to be 
almost exactly 48 (48*01 if 0*16; 47*9 if 
0*15*96). 

The atom of Ti is tetravalent in the gaseous 
molecules TiCl 4 and Til 4 . Ti is metallio in many 
of its chemical properties ; it decomposes water, 
giving off H ; the oxides TigO t and TiO, form 
corresponding salts ; the chloride and iodide (and 
? also bromide) oan be gasified without decompo- 
sition ; the sulphide TiS 3 does not show any acidic 
characters so far as it has been examined. The 
chlorides give pps. of corresponding hydrated 
oxides by reacting with alkalis, &o. On the 
other hand, Ti exhibits distinctly non-metallio 
or chlorous properties ; hydrates of TiO ? act as 
feeble acids, producing salts wherein Ti forms 
part of the negative radicle. The aoids H,TiF| 
and H a TiOgF 4 are known, and also salts derived 
therefrom. TiGl 4 is very easily decomposed by 
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water, giving HClAq and TiOj.ajELjO, Ao. As 
might be expected from the two-sided character 
of the reactions of Ti, most of the salts obtained 
by replacing the H of oxyaoids by Ti are basic 
Balts. The oxide TiO, has been isolated ; it is 
probably a superoxide. Ti is olosely related to 
Zr, Oe, and Th ; these elements, with Ti, form 
the even-series family of Group IV. (v. Titanium 
group op elements, p. 749). Ti is also closely 
related to Ge, Sn, and Pb, which form the odd- 
series elements of Group IV. (v. Tin group op 
elements, p. 735). Ti also shows distinct re- 
lationships to 0 and Si, which are the first and 
second members of Group IV. Jv. Carbon group 
op elements, voL i. p. 682). The similarity be- 
tween Ti and Si is shown very distinctly in the 
titanio and silicic acids, the relations between 
which ms^r be expressed by suoh a general 
equation as wMH 4 0 4 ~wH 2 0 *M n H 4 n _ a jn 04 n-m 
(M « Ti or Si). Ti is the only element of Group 
IV. which is known to form compounds of the 
type M 2 TiO a F 4 - Ti(OM),F 4 » TiX a . 

Reactions and Combinations . — 1. Heated in 
air or in oxygen, burns brilliantly to Ti0 2 .— 
2. Burns ^hen heated in chlorine , forming 
Ti 4 Cl. — 3. Til 4 is formed by passing vapour of 
iodine over hot Ti. — 4. Combines with nitrogen 
when heated therewith ( v . Nitrides , p. 743). — 
6. Ti is violently oxidised to Ti0 2 by heating 
with cupric oxide or red lead. — 6. Interacts with 
water at 100°, forming Ti0 2 and H. — 7. Dis- 
solves in warm hydrochloric acid, forming Ti 2 Cl a 
(Glatzel, B. 9, 1831 ; Rammelsberg, B. B. 1874. 
490). — 8. Ti dissolves easily in hydrofluoric 
acid (? forming Ti^); also in warm dilute 
nitric or sulphuric acid, according to Glatzel 
(f.c.), the solution in H 2 S0 4 Aq deposits crystals 
of Ti 2 (S0 4 ) 8 on cooling. Cone, hot H 2 S0 4 reacts 
with Ti, giving off S0 2 (? forming Ti(S0 4 ) 2 ) ; 
cone, hot HNO, oxidises Ti to metatitanic acid 
(g. v., p. 747) according to Weber (P. 120, 287). 

Detection and Estimation . — Compounds of 
Ti are not reduoed to metal by heating on char- 
coal in the blowpipe flame. Ti compounds, if 
not containing elements which give a colour 
to miorocosmio salt, form a colourless glass 
when melted in the miorocosmio salt bead in 
the outer blowpipe flame; in the inner flame 
they give a glass which is colourless when hot, 
but becomes violet on cooling ; the delicacy of 
the reaction is much increased by adding a little 
zinc to the bead (Riley, C. J. 12, 13). Solutions 
of TiOjj.&HaO in HClAq or H 2 S0 4 Aq give white 
pps. of Ti0 2 .sH 2 0 on boiling ; addition of a piece 
of tin to a solution of Ti0 2 .»H 2 0 in HClAq 
causes evolution of H and produces a violet-blue 
solution which becomes rose-coloured on dilution 
with water (von Kobell, P. 62, 599). A solution 
of TiOjjfcBLjO in HClAq gives a violet-red liquid 
(Ti 2 Cl f solution) by digestion for some time with 
Cu (Fuchs, A . 56, 319). Ti is estimated as Ti0 2 , 
ppd. from solutions by a slight excess of 
NHgAq. Insoluble compounds of Ti are gene- 
rally fused with KHS0 4 , the fused mass is dis- 
solved in water, and Ti0 J .xH 2 0 is ppd. by long 
continued boiling. 

Titanium, alloys of. The alloys of Ti have 
not been much examined. W5hler a. Michel 
{A. 113, 248 ; 115, 102) obtained an alloy with 
aluminium approaching in composition to TiAL 
by heating a mixture of TiO* KC1, Nad, and 


cryolite, and treating with HClAq. By heating 
a mixture of Ti and A1 with KC1 or NaCl in an 
earthenware crucible in a stream of H, L6vy 
(C. R. 106, 66) obtained brittle steel-grey crystals 
which he took to be an isomorphous mixture of 
TiAl 4 and SiAl 4 . Ti alloys with iron ; it is often 
present in pig-iron, but rarely in bar-iron or 
steel ( v . Riley, C . J. 16, 387). 

Titanium, bromides of. Only one bromide 
has been isolated, TiBr 4 . 

Titanic bromide TiBr 4 . (Titanium tetra • 
bromide.) Mol. w. has not been determined, but 
the formula is almost certainly molecular from 
analogy of TiCl 4 and Til 4 . 

Prepared by passing Br vapour over a mix- 
ture of Ti0 2 and charcoal heated to full redness, 
collecting the liquid that distils over and solidi- 
fies in the receiver, and redistilling it from Hg 
(to remove free Br) (Duppa, Pr. 8, 42). Also 
prepared by passing HBr gas over TiCl 4 kept a 
few degrees below its boiling-point in a distilling 
flask connected with an upright condenser ; the 
whole of the Cl of the TiCl 4 is expelled (Thorpe, 
G. J. 47, 126). Thorpe used 350 g. TiCl 4 , and 
continued the passage of HBr for three days. 
The HBr is conveniently obtained by the inter- 
action of Br and amorphous P in a little water ; 
it is freed from Br by passing through a (J tube 
containing broken glass and amorphous P, and 
is dried by passing through another U tube con- 
taining 0aCl 2 . 

TiBr 4 forms dark-yellow or orange orystals, 
S.G. 2*6, melting at o. 40°, and boiling at c. 229° 
(D., l.c. ; T., l.c.). It is very hygroscopic ; easily 
decomposed by water, forming a perfectly clear 
solution containing HBr and Ti0 2 .#H 2 0. 

Titanium, bromochlorides of. By adding Br 
to TiCLj (q. v., p. 741) Friedel a. Gu6rin (A. Oh. 
[5] 8, 24) obtained a oolourless liquid, fuming in 
the air, boiling at 176°, which they said was pro- 
bably TiBr 2 Clj ; and by the reaction of Br with 
Tl,C 1 8 they obtained a liquid boiling at 154°, 
probably TiBrCl,. 

Titanium, carbonitride of, Ti ? ON 4 . ( Titanium 
nitrocyanide , or cyanonitride TijofCN)^.) This 
compound is often found in blast furnaces where- 
in titaniferous ironstone has been smelted. It was 
supposed by Wollaston to be Ti (G. A . 75, 220), 
and was for many years generally mistaken for 
the metal. In 1850 W6hler (A. 73, 34) proved it 
to contain C and N besides Ti. 

The compound is found in blast furnaces as 
lustrous, opaque, copper - coloured, prismatic 
crystals. By treating these crystals with cone. 
HClAq, then with cone. HgSO^ washing, treating 
with HFAq, and again washing, the compound 
is freed from admixed Fe, Ac. ; small leaflets of 
graphite generally remain mixed with the car- 
bonitride. Ti 6 CN 4 can be prepared by heating a 
mixture of dry K 4 FeCy # and TiO, in a dosed 
crucible for«n hour or two at c. the melting-point 
of Ni (1400° to 1450°), dissolving out Fe, Ac., by 
oono. HClAq, washing, and drying. By exami- 
ning the brown powder thus obtained with a 
magnifying power of 300 diameters oopper- 
coloured orystals of Ti s CN 4 can be detected 
(Wfthler, A. 73, 34). It is also obtained by 
heating a mixture I part C and 5} parts TiO~ in 
a dosed carbon orucible for some hours at 1400° 
to 1450° ; also by passing N over a mixture at 
O and TiO, in the ratio 1;5| heated in a oarboa 
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boat placed in a carbon tube to the melting-point 
of Pt (o. 1800°) (W. a. Deville, A . 103, 231). 

When Ti 5 CN 4 is fused with KOH it gives off 
NHg; heated to redness in a stream of water 
vapour Ti0 2 is formed, and H, NH S , and HON 
are given off (W., l.c.) ; heated in Cl it gives 
TiCl 4 and TiCl r 2HCN (W., lx. ; also p. 219) ; 
the oompound is burnt by heating with PbO, 
CuO, or HgO, giving off 00 2 and leaving TiO a 
and Pb, Cu, or Hg (much heat is produced in the 
reaction) (W., l.c.). 

The simplest formula that expresses the com- 
position of Ti carbonitride is Ti s CN 4 (W., l.c. ; 
cf. Reinhardt, Zeit.fWr anorgan . Ohemie, 1, 124). 
This formula is generally doubled and written 
TifCN^STigN,, and the substance is regarded as 
a oompound of cyanide and nitride of Ti ; Joly 
(C. R. 82, 1195) regards it as a compound of 
carbide and nitride of Ti, and writes the formula 
TiC.4TiN (or 2TiC.8TiN). 

Titanium, chlorides of. Ti and Cl combine to 
form TiCl 4 ; by the regulated action of H on TiCl 4 
one-fourth of the Cl can be removed and TiCl, 
produced ; and by the further action of H on 
TiCl, one-third of the Cl can be removed and 
TiCl, produced. The Y.D. of the tetrachloride has 
been determined, and the formula TiCl 4 is mole- 
cular ; from the analogy of C 2 Cl a and Si 2 Cl 8 it is 
probable that the molecular formula of the tri- 
chloride is TigCV, from the analogy of PbCl, and 
SnCLj the formula TiCl 2 may be supposed to be 
molecular, but if the analogy of C 2 C1 4 is to be 
followed, the molecular formula must be TLjCl*. 

Titanic chloride TiCl 4 . (Titanium tetra- 
chloride.) Mol. w. 189*38. Melts at —25° (Haase, 
B. 26, 1062). Boils at 136*41° at 760 mm. 
(Thorpe, O. J. 37, 329). S.G. g 1-76041 ; S.G. 
at b.p. 1-62223 (Thorpe, l.c.). V.D. 98-8 at 143° 
(Domas, A. Ch. [2] 83, 388). S.V. 124-47 (Thorpe, 
J.C.). 

Preparation.— 1. TiO, is intimately mixed 
with o. half its weight of lampblaok previously 
heated to redness in a stream of Cl, and the 
mixture is heated to full redness in a tube of 
hard glass connected with a receiver, while a 
Stream of dry Cl is passed over it. The TiCl 4 
which collects in the receiver is freed from Cl by 
shaking with Cu, Hg, or Na amalgam (Merz, Bl. 
[2] 7, 401), or by boiling for some time (Thorpe, 
O . J. 47, 119), and is then distilled. Thorpe (lx.) 
conducted the final distillation in dry N. — 
2. Vapour of CC1 4 , or a mixture of equal volumes 
of Cl and CO, is passed over TiO a in small lumps, 
heated to bright redness in a tube of hard glass 
connected with a receiver. The TiCl 4 is purified 
as described above (Watts a. Bell, O. J. 83, 443). 

Properties.— A colourless liquid, solidifying 
at —25° (Haase, B. 26, 1052). Does not conduct 
electricity (O. v. d. Pfordten, A. 237, 201). 
Fumes in the air, rapidly absorbing moisture and 
solidifying to the hydrate TiCl 4 .5H 2 0 (Demoly, 
A. 72, 213). (For an apparatus for collecting 
TiCl 4 for analysis, v. Thorpe, lx.) TiCl 4 is 
violently decomposed by water, forming HClAq, 
and Ti0 2 .a;H 2 0 Borne of which ppts. (v. Reax - 
tions. No. 8). 

Reactions* — 1. Hydrogen reduces TiCl 4 , at a 
high temperature, to Ti 8 Cl* and then to TiCL, (v. 
trichloride and dichloride). — 2. Mixed with 
Oxygen and passed through a red-hot porcelain 


tube, Ti 4 0 2 Cl, is formed (v. Oxychlorides, p. 748). 
3. Heated to 130° in a sealed tube with sodium t 
the chief product is TiCl*, according to O. v. d. 
Pfordten (A. 237, 201) ; Robinson a. Hutchings 
(Am. 6, 741 say that Ti is produced in this re- 
action. Nilson a. Pettersson (W. 4, 654) obtained 
Ti by reducing TiCl 4 by Na at a very high tem- 
perature. — 4. Sodium-amalgam produces TijCl, 
and TiCl 2 (O. v. d. P., lx.). — 5. Reduced silver 
gives Ti 2 Cl 8 and Ti when heated with TiCl 4 to 
180° (Friedel a. Gu6rin, A* Ch. [5] 7, 24).— 6. 
By passing vapour of TiCl 4 over silicon , boron , 
or several metals , heated to bright redness, L6vy 
( C . R. 110, 1368) obtained hard, steel-white, 
cubical crystals which he supposed to be nearly 
pure Ti.— 7. Pure, dry, hydrogen sulphide reacts 
at the ordinary temperature, forming Ti 2 01„ ; at 
a higher temperature a pp. is produced which is 
probably a thiochloride of Ti (O. v. d. P.,.4.234, 
257). — 8. Cold water reacts violently with TiCl 4 , 
with production of much heat and formation of 
a turbid liquid containing HC1 and holding in 
suspension 2Ti0 2 .H 2 0 (u. Metatitanic acid under 
Titanium oxyagids, and salts and derivatives 
thereof, p. 747) ; after 30 or 40 houx^ the liquid 
becomes dear, but ppn. occurs again on heating 
to c. 85° when about 7 pts. water are present to 
1 pt. TiCl 4 used (u. Thorpe, C. J. 47, 120 ; and 
cf. Titanium oxyacids, p. 746). According to Mera 
(Bl. [2] 7, 401), an oxychloride, approximately 
TiCl 4 .3Ti0 2 .16H,,0, is obtained by evaporating 
TiCl 4 Aq, or TiCl 4 that has deliquesced in air, 
over HjSC^ and CaO ( y . Oxychlorides , p. 748), 
Ti0 2 , in the form of brookite , is obtained by 
passing vapour of TiCl 4 and water , mixed with 
C0 2 , through a red-hot porcelain tube (Daubr6e, 
C . R. 29, 227 ; 39, 153).— 9. With hydrochloric 
acid the compounds TiCl 3 .OH and TiCl 2 (OH) 2 
are formed (v. Titanium hydroxyl chlorides, 
p. 743). — 10. Chlorosulphonic acid (S0 2 .0H.C1) 
reacts with TiCl 4 at the ordinary temperature 
to form a yellow, amorphous, deliquescent 
powder, having the composition TiCl 4 .80 4 
( = TiCl g .OS0 2 .Cl) (Clausnizer, B. 11, 2011).— 11. 
By passing vapour of TiCl 4 , mixed with H, 
through a white-hot tube containing titanium 
dioxide the oxychloride TijOjClj is obtained (v. 
Oxychlorides , p. 748). 

Combinations. — 1. With water to form a 
pentahydrate and a dihydrate. Demoly (A. 72, 
213) obtained TiC^.SHjO, as deliquescent crystals, 
by allowing TiCl 4 to absorb moisture from the 
air, then adding a little more water, and evapo- 
rating under reduced pressure. By drying the 
pentahydrate over H 2 S0 4 in vacuo , D. ob- 
tained TiCl 4 .2H 2 0. — 2. With ammonia , to form 
TiCl 4 .4NH 2 according to H. Rose (P. 16, 67), 
TiG^.ONH, according to Persoz (A. Ch. [2] 46, 
315) ; easily decomposed in air; heated in a tube 
gives off NH S , then NH 3 and HOI, and a yellowish 
sublimate of TiCl 4 .8NH 4 Cl, and leaves Ti; heated 
in NH, gives Ti,N 4 (v. Titanium nitrides, p. 743). 

3. With hydrogen phosphide , to form a brown 
powder, which when heated gives a sublimate of 
3TiCl 4 .2PH 4 Cl according to H. Rose (P. 42, 627). 

4. With hydrogen cyanide to form TiCl 4 .2HGN 
(Wdhler, A. 73, 226) ; by vaporising this com- 
pound through a red-hot tube Ti 8 N 4 and C are 
formed (W. f lx.).— 5. With cyanogen chloride, 
to form yellow crystals of TiGl 4 .ONCl; sublimable 
at 100° (W., A. 73, 219).— & With phosphorus 
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pentaehloride to form TiCl 4 .PCl 4 ; obtained by 
beating TiCl 4 and PC1 5 to 150° in a sealed tube 
(Bertrand, Bl. [2J 33, 565) ; also by heating Ti0 2 
and PCi A in the ratio Ti0 2 :3PCl & , or by saturating 
a mixture of TiCl 4 and PCl a with Cl (Tiittscheff, 
A. 141, 111), and removing excess of TiCl 4 by 
heating in a stream of Cl (Weber, P. 132, 452). 
A citron-yellow, loose, semi-orystalline solid ; 
sublimes without melting ; deliquescent in air. — 
7. With phosphorus trichloride to form yellow 
crystals of TiCl 4 .PCl s , melting at 85*5° (Bertrand, 
l.c.). — 8. With sulphur tetrachloride , to form 
2 TiC 1 4 .SC1 4 ; obtained by saturating a mixture of 
TiCl 4 and S 2 C1 2 with Cl, and warming in a stream 
of Cl (Weber, P. 132, 454).-9. By mixing TiCl 4 
and sulphurous chloride H. Bose obtained large 
yellow crystals, probably a compound of the two 
chlorides J [P. 42, 527). —10. With ammonium 
chloride , to form TiCl 4 .8NH 4 Cl (v. supra , Com- 
binations, No. 2).— 11. With phosphoryl chloride 
to form TiCl 4 .POCl 3 ; obtained by gradually 
adding POCl 8 to TiCl 4 , and gently warming 
(Weber, P. 132, 453) ; colourless, deliquesoent 
crystals, melting at 110°, and boiling at 140° 
(Wehrlin |. Giraud, C. R. 85, 2881.— 12. With 
selenion oxychloride to form a yellow powder, 
decomposed by heat, having the composition 
TiCl^SeOClj ; obtained by adding SeOClg to 
TiCl 4 , and drying the solid that separates on 
cooling on a tile over ELjS 0 4 (Weber, P. B. 1865. 
154). — 13. With mtrosyl chloride ; obtained by 
saturating TiCl 4 with N0 2 , and subliming 
(Hampe, A . 126, 47), also by passing the vapours 
from aqua regia into TiCl 4 (Weber, P. 118, 476). 
Hampe (Z.c.) gives the composition 3TiCl 4 .4NOCl, 
Weber \l.c .) the composition TiCl 4 .2NOCl. A 
deep citron-yellow, crystalline mass ; decom- 
poses in air ; sublimable out of air ; with water 
gives off NO.— 14. With sulphur trioxide to 
form TiCl 4 .S0 3 (or TiCl 8 .0S0 2 .Cl), formed by 
the interaction of TiCl 4 and S0 2 .0H.C1 at the 
ordinary temperature ; a yellow, amorphous, de- 
liquescent powder (Clausnizer, B. 11, 2011). — 
15. Demar<?ay {Bl. [2] 20, 127) obtained a great 
many compounds of TiCl 4 with esters , mer cap tans, 
and ethyl sulphide {cf. Bedson, C. J. 29, 309). 

Titanium trichloride T^Cl*. {Titanium 
sesguichloride . Titanous chloride.) Mol. w. 
not determined ; but from analogy of C 2 Cl e and 
SijjCl* the formula Ti 2 Cl a is probably molecular. 

Formation . — 1. By reducing TiCl 4 by H (v. 
Preparation ). — 2. By reducing TiCl 4 by sodiumr 
amalgam (O. v. d. Pfordten, A. 237, 201) ; or by 
pure, dry H.,8 (O. v. d. P., A. 234, 257).— 3. By 
heating TiCl 4 with reduced Ag to 180° ; Ti is also 
formed, and probably TiCl 2 also (Friedel a. 
Gu6rin, A. Oh. [5] 8, 24).— 4. A solution of 
TijClg is obtained by digesting a solution of 
Ti0 2 .«H 2 0 in HClAq with Cu at 40°-50° (Fuchs, 
A. 56, 319) ; or with Ag ppd. by zinc from AgCl 
<von Kobell, P. 62, 599). Ti 2 Cl a is also probably 
present in the greenish liquid obtained by adding 
N& amalgam to KjTiF a in HClAq (O. v. d. P., A. 
237, 201). 

Preparation.— TiC\ is placed in a retort con- 
nected with a tube of porcelain or hard glass (if 
a glass tube is used it should be wrapped m 
copper-foil) which is placed horizontally in a 
furnace ; the other end of the tube projects con- 
aiderably out of the furnace and is connected 
with a receiver to collect undecomposed TiCl 4 . 


The delivery tube from an apparatus evolving 
pure and Ary H passes into the retort beneath 
the surface of the TiCl 4 . H is passed through 
the apparatus until it is entirely filled with the 
gas ; the tube is then heated to redness, and 
the retort is gently wanned. TijCl a is formed 
and oondenses as dark -violet scales on the 
part of the tube that projects out of the furnace. 
When all the TiCl 4 has been driven out of the 
retort, the Ti 2 Cl* in the cooler part of the tube 
is gently warmed, while the passage of H is con- 
tinued, to remove any adhermg TiCl 4 ; the T^Gl* 
is allowed to cool in the stream of H (Ebelmen, 
A. Ch. [3] 20, 385). 

Properties . — A dark-violet, very lustrous 
solid, deliquescing in air, and dissolving in water 
to form a violet liquid, which gradually de- 
colourises with ppn. of Ti0 2 .xH 2 0. Ti 2 Cl a is 
easily soluble in alcohol, forming a violet or green 
liquid ; it is insoluble in ether, and sparingly 
soluble in HClAq (O. v. d. P., A. 237, 201). 

Reactions. — 1. Heated in hydrogen to c. 440°, , 
TiCl 4 distils over and TiCl 2 remains (Friedel a. 
Guerin, A. Ch. [5] 8, 24). — 2. Heated in air , 
TiCl 4 vaporises and Ti0 2 remains. — 3. Dissolves 
in water , forming a violet, or green-violet, liquid 
which slowly becomes colourless with ppn. of 
Ti0 2 .xH 2 0.—4. Alkalis , or alkali carbonates , in 
solution ppt. TijOs.ccHgO from T^Cl^Aq ; am- 
monium sulphide forms the same pp. ; hydrogen* 
sulphide gives no pp. (Ebelmen, l.c.). — 5. Tl 2 C1 u A 4 
reduces solutions of gold , silver , or platinum 
salts with ppn. of the metals ; ferric and cupric 
salts are reduced to ferrous and cuprouB salts \ 
sulphurous acid solution is reduced by heating 
with TijClaAq with ppn. of S (E., l.c.). —6. Ti^Clg 
reacts with bromine to form a liquid boiling at 
154°, probably TiBrCl a (F. a. G., l.c.). 

Combinations. — With water to form 
Ti 2 Cl 6 .8H 2 0 ; obtained by Glatzel {B. 9, 1829) by 
evaporating a solution of Ti in HClAq to the 
crystallising point, filtering off ppd. Ti0 2 .xH 2 0 
from time to time. The hydrate is a green solid ; 
it dissolves in water, forming an opalescent 
violet solution containing a little suspended 
Ti0 2 .xH 2 0 ; the solution becomes colourless on 
standing, and then gives the reactions of titanic 
acid. 

Titanium bichloride TiClj* (Sometimes called 
titanous chloride.) Mol. w. is not known. From 
the analogy of SnCl 2 and PbCl*, the formula 
TiCL* would be molecular ; but from the analogy 
of C 2 C1 4 the molecular formula would be Tl 2 C1 4 . 

Formation. — 1. By reducing T^Cl, by H 
{v. Preparation ). — 2. TiCl* is probably formed, 
along with TijCl*, by heating TiCl* with reduced 
Ag (Friedel a. Gu6rin, A. Ch. [5] 8, 24).— 8. Along 
with T^Clg, by the action of Na amalgam on 
TiCl 4 ; also by heating TiCl 4 with Na to 130° in 
a sealed tube (O. v. d. Pfordten, A. 237, 201). 

Preparation . — TijCl a reacts with H at a red 
heat to give TiCLj and TiCl 4 . Friedel a. Gu6rin 
{lx.) proceed as follows. The tube containing 
Ti 2 Cl e , prepared from TiCl 4 {v. supra), while still 
filled with H, is connected with an apparatus 
evolving pure, dry CO^ and the whole of the H 
in the apparatus is driven out by CO.. The 
TigGlt is then Bhaken into a small tubulated 
retort, placed on a sand-tray, and previously 
filled with CO a ; the C0 2 is displaced by pure, 
dry H; the retort is then heated to dull red- 
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ness, while a stream of H is passed through it, 
until TiGl 4 oeaBes to distil off; the retort is 
allowed to cool in the stream of H, and C0 2 is 
then passed in until all the H is removed (if 
this is omitted the TiCl 2 takes fire in the air), 
and the black TiCl, in the retort is quiokly 
shaken into small dry tubes filled with CO^ 
which are at onoe sealed off. 

Properties.— A. black, light powder; very 
rapidly absorbs water, forming a kind of mud ; 
insoluble in CS 2 , CHC1,, or Et 2 0. Volatilised 
without melting by heating to full redness in H. 
Shaken with Et 2 0 and KCNSAq, the Et 2 0 be- 
comes dark brown ; this is a delicate test for 
Tid, (0. v. d. Pfordten, A. 237, 201). 

Reactions . — 1. Takes fire when touched with 
a drop of water (? with formation of Ti 2 0 2 Cl 2 ; 
V. F. a. G., l.c .) ; thrown into water, it hisses 
like red-hot iron, decomposing the water with 
evolution of H and formation of a yellowish 
liquid.— -2. Decomposes absolute alcohol , giving 
off H and forming a yellowish liquid.— 8. Heated 
in air % TiCl* burns like tinder, giving off TiCl 4 
and leaving TiO r — 4. With bromine it forms a 
liquid boiling at 176°, probably TiCy3r 2 (F. a. 
G., lx.). 

Titanium, chlorobromides of, v. Titanium 
BROMOCHLO RIDES, p. 739. 

Titanium, cyanonitride of, v. Titanium 
GABBONITRIDB, p. 789. 

Titanium, ferrocyanides of, v. vol. ii. p. 837. 

Titanium, fluorides of. The only compound 
that haB been isolated with certainty is TiF 4 . 
There are indications of the existence of TijF,, 
and compounds of this fluoride with alkali 
fluorides are known. 

Titanic fluoride TiF 4 . ( Titanium tetra - 
fluoride.) Formula probably molecular, from 
analogy of TiCl 4 and Til 4 . By heating a mixture 
of Ti0 2 and CaF 2 with BLjSC^, Unverdorben (P. 
7, 320) obtained a colourless distillate, which he 
supposed to contain a oompound of Ti and F. 
Berzelius (P. 4, 1) obtained crystals (? TiF 4 ) by 
dissolving Ti0 2 .zH 2 0 in HFAq. The crystals 
were decomposed by water, giving an aoid solu- 
tion (? HjTiF 6 Aq), and an insoluble, 1 so to say 
basic,' compound. Ti0 2 is obtained by passing 
vapour of TiF 4 , mixed with H,/), through a tube 
heated to o. 800° or 1000° (Hautefenille, A. Ch. 
[ 4 ] 4 , 181 ; cf. Titanium dioxide, p. 741). 
Heated to redness in H, perhaps gives TijFg (H., 
lx.). 

Combinations. — 1. TiF 4 probably combines 
with hydrogen fluoride to form H^TiF,. By dis- 
solving Ti0 2 .scH 2 0 in HFAq, evaporating, adding 
water to the crystals (? TiF 4 ) thus formed, and 
filtering from an insoluble solid (? oxyfluoride), 
Berzelius (P. 4, 1) obtained an acid solution 
from which, by neutralisation with KOHAq and 
evaporation, he obtained the salt KjTiF,. The 
acid solution probably contained H 2 ThF g . This 
oompound (if it exists) is best called titanic 
fluorhydric acid . It is analogous to H,SiF„ 
HgSnFg, and other aoids of the type H 2 MX b , 
where M — an element of Group IV. (except C), 
and X - a halogen. — 2. With various metallic 
fluorides to form TiF 4 .2MF » M t TiF f . These 
salts were obtained from the X salt, which was 
got by neutralising the odd solution prepared as 
described under 1. Salts of NH 4 , Oa, Cu, Fe, 
Fb, Mg, and Ni ore described (B., lx. ; Weber* 


P. 120, 291). These salts are best called 
titani fluorides', they are similar to stanni- 
fluorides.— 3. TiF 4 also combines with cm* 
monvwm fluoride to form TiF 4 .8NH 4 F (besides 
TiF 4 .2NH 4 F) (Baker, C. J. 35, 768}. 

By adding NH s Aq, drop by arop, to warm 
(NH 4 ) 2 TiF,Aq, Piooini (G. 17, 479) obtained a 
oompound of the form TiOgFjj.zNHjF ; from this 
he prepared Ti 02 F 2 .BaF 2 , and by oarefully de- 
composing this salt by H 2 S0 4 Aq he obtained a 
solution of the acid Ti0 2 F 2 .2HF. P. regards 
this acid as a F derivative of the hypothetical 
pertitanic acid (the acid of TiO s ) ; he 

calls the acid fluoroxypertitanic acid , and the 
salts fluoroxypertitanates. Following the plan 
adopted in this Dictionary, the acid will be 
called titanoxy fluorhydric acid ELjTiO^, 
and the salts, M^TiO^, will be called titan - 
oxy fluorides. HjTiO^Aq is a yellow liquid, 
not ppd. by Ba salts, giving a pp. of TiO s with 
alkali carbonates. 

Titanium trifluoride TLjF e . This compound 
is said to be formed by strongly heating K^TiF, 
in a stream of H with a little HOI, according to 
Hautefeuille (O. R . 59, 189 ; cf. 57, <J51). Ac- 
cording to H., the oompound is a purple-red 
solid, soluble in water. By treating Ti 2 Cl b Aq 
with KHF 2 or NH 4 F, Piccini (G. 16, 104) ob- 
tained violet pps. of TijF^MF, where M = NH 4 
or K; he also obtained TijF^SNH^. The K 
salt is slightly soluble in water ; soluble in dilute 
acids, forming green liquids, from which alkalis 
throw down azure-blue pps. that gradually 
oxidise to TiO^al!/) on exposure to air. The 
salt TiF 4 .3NH 4 F, when exposed to air, gradually 
oxidises to Ti&jFj.SNH^. 

Titanium, haloid compounds of. Ti com- 
bines with the halogens directly to form com- 
pounds TiX 4 ; these tetrahalides are generally 
prepared by passing the halogen as gas over a 
red-hot mixture of Ti0 2 and O. Til 4 is best 
prepared by heating TiCl 4 in HI gas, and TiBr 4 
is very conveniently prepared by heating TiCl 4 
in HBr gas ; TiF 4 is prepared by dissolving 
TiO.^xH^O in HFAq and evaporating. The two 
tetrahalides TiCi 4 and Til 4 have been gasified. 
These formulae are molecular, hence the formulas 
TiF 4 and TiBr 4 probably also represent the 
compositions of the gaseous molecules of these 
compounds. By the action of H, or certain 
other reducing agents, on TiCl 4 , two chlorides 
are obtained, Ti^Cl^ and Ti^Cl^. The V.D. of 
neither has been determined, but from the 
analogy of 0 2 Cl a and Si 2 Cl 0 , the value of a; in 
TijcClg* is probably 2; from the analogy of 
C 2 C1 4 the molecular formula of the lowest 
chloride is probably Ti 2 Cl 4 , but from the analogy 
of Sn01 2 and PbOlj the formula TiOlj would be 
given to it. TiJO 1 , or TiF, probably exists. No 
bromide or iodide of either type T^X, or Ti 2 X 4 
has been isolated. Two bromochlorides of the 
types TiX 4 and TLjX 4 probably exist. TiCl 4 and 
TiBr 4 dissolve in oold water ; the solutions con- 
tain HXAq and Ti0 2 .a;H 2 0 ; dilution, and more 
quickly heating, ppts. insoluble Ti0*urBL 2 0 from 
the solution of Ti01 4 . TiF 4 is decomposed by 
water, giving HjTiFgAq (and ? an oxyfluoride). 
Til 4 is also decomposed by water; on heating 
insoluble TiO^HjO separates. Ti01 4 combines 
with many non-metallio chlorides and oxy- 
chlorides. TiF 4 combines with metallic fluorides. 
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forming salts MLTiF c , and also some more 
complex salts a?TiF 4 .yMF. A few oxy haloid 
compounds have been isolated, but a great number 
can doubtless be formed. The aoid HgTiO^ 
and salts of this aoid have been isolated. TL,C1 8 
dissolves in water, and after a time Ti0 2 .zH 2 0 
separates ; the solution is an energetio reducing 
agent; alkalis ppt. Ti*0,.aH a 0. TiCl* reaots 
violently with water, giving off H, and probably 
forming an oxychloride. 

Titanium, hydroxyl chlorides of. By the 
reaction of the proper quantity of 36 p.o. HOlAq 
with TiCl 4 , the compound Ti(OH)Cl 3 was ob- 
tained by Koenig a. 0. v. d. Pfordten ( B . 21, 
1708) ; using the calculated quantity of 36 p.c. 
HOlAq, the compound Ti(OH) a Clg was produced; 
and the prolonged action of ordinary air on 
either of the preceding compounds resulted in 
the formation of Ti(0H) a 01. These compounds 
are regarded by K. a. 0. v, d. P. as derived from 
Ti(OH) 4 by replacement of OH by Cl ; the com- 
pounds may be called orthotitanic chlorhydrins. 
The compounds are yellow or white deliquescent 
solids; they dissolve in water; Ti(OH)Cl, very 
rapidly with a hissing noise, Ti(OH) 2 Cl 2 less 
violently J and Ti(OH) 8 Cl with some difficulty. 
The aqueous solutions give pps. of Ti0 2 .a;H 2 0 
on boiling. When the compounds are heated 
they give (1) TiCl 4 and Ti0 2 .a;H 2 0, (2) Ti0 2 .&H 2 0 
and HC1, and (3) Ti0 2 .a;H 2 0, HC1, and H 2 0. By 
reducing Ti(OH)Cl, by Na amalgam, in H, Ti 2 0 3 
is produced (K. a. O. v. d. P., B. 22, 2070 ; c/. 
B. 22, 1486). 

Titanium, hydroxyl fluoride of. This name 
may be given to the compound Ti(OH) (2 F 4 ; it is 
described as titanoxyfluorhydric acid , 
under Titanic fluoride (p. 742). 

Titanium, iodides of. Only one compound 
has been isolated, Til 4 . 

Titanic iodide Til 4 . (Titanium tetra- 
iodide.) Mol. w. 654*02. V.D. at 440° - 261*2 
(Hautefeuille, BL [2] 7, 201). 

Formation . — 1. Vapour of I is passed over 
Ti heated to redness (Weber, P. 120, 287).— 2. A 
mixture of TiCl 4 vapour, I vapour, and H is 
passed through a tube heated to dull redness ; 
Til 4 , mixed with free I, condenses on the colder 
part of the tube (Hautefeuille, BL [2] 7, 201). — 
3. By decomposing TiCl 4 by HI. 

Preparation . — Dry HI gas is passed into 
TiCl 4 , which is gradually heated to its b.p. and 
kept at that temperature until the reaction is 
completed ; the Til 4 is freed from traces of I, 
which give it a violet tinge, by a few distillations 
in H (H., l.c. ). 

Properties and Reactions. — A reddish-brown, 
lustrous, brittle solid ; when melted and cooled, 
crystallises in octahedra, changing after some 
days to tufts of silky, prismatic crystals. Melts 
at 130°, and boils a little above 860° ; can be 
distilled without decomposition; melted Til 4 
re mains liquid till cooled below 100°. Fumes 
strongly in the air. Dissolves easily in water ; 
solution turns brown on exposure to air and 
ppts. TiO a .xR,0. When vapour of Til 4 is heated 
in air it burns to Ti0 2 and Ij0 4 (H., l.c.). 

Titanium, nitrides of. Four compounds of 
Ti and N have been described; but according to 
later experiments only two seem to exist. 

TmrrxANiuM tktranitbide Ti,N 4 . Mol. w. un- 
known. This compound is obtained by heating 


TiCl 4 .4NH 3 (v. Titanic chlobios, Combinations , 
No. 2, p. 740), loosely paoked in a tube of hard 
glass, in a stream of dry NH,, until the glass 
begins to melt, and allowing to cool in NH, 
(Wdhler, A. 73, 43 ; Friedel a. Gu6rin, A. Ch. 
[5] 8, 24). Indigo-blue powder, or golden-yellow 
(? rhombohedral) crystals ; strongly heated in H 
gives Ti^Nj (F. a. G., l.c.). 

Dititanium dinitride Ti*N r MoL w. un- 
known. Prepared by placing two porcelain 
boats, one containing Na and the other K 2 TiF., 
in a hard-glass tube previously filled with N, 
passing a stream of ary N through the tube, 
heating the KjTiF* to full redness while the Na 
is volatilised over it, and allowing to oool in N 
after all the Na has been volatilised; boiling 
with HOlAq, washing, and drying (Wdhler a. 
Deville, A. 102, 234). Also obtained by heating 
KjTiFg with K, KC1, NaCl, and A1 in N ; also by 
passing TiCl 4 vapour and H over heated Al, in 
N ; also by passing vapour of TiCl 4 over heated 
NH 4 C1 (W. a. D., l.c.). F. a. G. (lx.) obtained 
the same compound by strongly heating TiO f in 
a stream of dry NHg for some hours ; W. (A. 73, 
43) said that TiN ? was formed by this reaction. 

F. a. G. also obtained TljN 4 by strongly heating 
Ti g N 4 in H ; W. said that Ti a N 6 was formed by 
this reaction. An amorphous, brown-yellow, 
very hard powder; S.G. 6*28 at 18° (F. a. 

G. , lx.). 

The nitrides of Ti are not decomposed by 
heating, out of air, to c. 950°-l,000° ; fused with 
KOH, or strongly heated in steam (F. a. G., l.c.) t 
they give off NH a ; heated in 01, TiCl 4 is pro- 
duced (F. a. G., lx.) ; heated with CuO, PbO, or 
HgO, the nitrides bum, and Cu, Pb, or Hg is 
produced (W., A. 123, 34). 

Titanium dinitride TiN 2 . This oompound 
is formed, according to Wdhler (A. 73, 43), by 
heating Ti0 2 in NH g for some time. Friedel a. 
Gu6rin (A. Ch. [6] 8. 24) say that the substance 
obtained by W. contained Ti 2 O a , and that if the 
heating is continued until a definite nitride is 
formed the compound so produced is TigN 2 . 

Pentatitanium hexanitride Ti ft N a . Formed, 
according to W. (lx.), by heating Ti a N 4 to full 
redness in H; or, mixed with C, by heating 
Ti0 2 in CN or HON gas. F. a. G. h.c.) say that 
the product of either reaction is TijN*, in the 
latter reaction mixed with O. 

Titanium, nitroeyanide of, v. Titanium 
cabbonitridb (p. 739). 

Titanium, oxides and hydrated oxides of (c/. 
Titanium oxyacids and salts and derivatives 
thereof, p. 746). Ti bums when heated in O, 
forming Ti0 2 ; by the reaction of reducing 
agents on TiOLAq, and addition of alkalis, 
Ti s O, is obtained ; when the reduction is carried 
further it is probable that TiO.&HaO is formed. 
By the reaction of R^OjAq in presence of alkali 
on salts of TiOg, app. of TiO, is obtained. Oxides 
intermediate between Ti0 2 and TigO, probably 
exist. Ti0 2 is a basio oxide, forming salts TiX 4 , 
where Xa"¥0„ £S0 4 , &c. ; many of the salts are 
basic. A few salts corresponding with T^O, 
have been isolated ; no salt corresponding with 
TiO and derived from an oxyaoid has yet been 
obtained. Some of the hydrates of TiO s react 
as feeble acids. 

Titanium dioxide TiO*. (Titanic oxide* 
Titanic anhydride.) Mol. w. unknown. 
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Occurrence.— Ks rutile, anatase, and hroohite ; 
rutile Odours in dimetrio prisms, isomorphous 
with tinstone ; anatase in dimetrio ootahedra; 
an d hroohite in trimetrio ootahedra. 

Formation.— 1. By burning Ti in air or 0.— 

2. By ppg. Ti01 4 Aq by alkali, and washing, dry. 
ing, and strongly heating the ppd. TiO^BLjO. — 

3. By ppg. K*TiF*Aq by NH,Aq, and strongly 
heating the pp. after washing and drying.— 

4. Vapour of TiGl 4 , or TiF 4 , mixed with steam is 
passed through a red-hot tube.— 5. TiS 2 is heated 
in dry C0 2 (TiS* + 200 2 - TiO, + 200 + 2S ; 0. v. 
d. Pfordten, B. 22, 2070). 

Preparation.— A. A m o r p h o u s titanio 
oxide .—1. Pure Ti01 4 is added, little by little, 
to water ; sufficient NH*Aq to neutralise the 
HOI produced is adddd, the solution is evaporated 
to dryness, and the residue is heated to some- 
what above 700° until it ceases to lose weight. 
TiCl 4 may be obtained from rutile by mixing the 
finely-powdered mineral with c. half its weight of 
dry charcoal-powder, making into little pellets 
with starch-paste, drying the pellets, heating 
them to full redness in a covered crucible, then 
heating in a tube of hard glass (to get quite dry), 
and then passing dry Cl over the pellets while 
they are heated to bright redness, and a dry re- 
ceiver is connected with the end of the hard 
glass tube. The Ti01 4 may be purified (from 
SiCl 4 , Fed,, <fec.) by repeatedly distilling, best 
in a stream of N (v. Merz, J. pr. 99, 161). — 
2. K 2 TiF 8 is dissolved in water, NH,Aq is added, 
the pp. of Ti0 2 .a;H 2 0 is thoroughly washed, dried, 
and heated to somewhat above 700°. (For a 
method of getting K,TiF 8 from rutile v . Pre- 
paration of titanium, p. 738.) For other methods 
of preparing Ti0 2 from Ti ores v. L6vy ( A . Ch. 
[6] 25, 511), Austen a. Wilber (Am. 4, 211), 
Hempel (Zeit. f. anorg. Chemie , 8, 193), Jones 
{Fr. 9, 41, 380). B. Crystalline titanic 
Oxide .—3. By long-continued heating to white- 
ness Ti0 2 is said to become crystalline (v. 
Rammelsberg, B. 5, 1006). — 4. Amorphous 
TiO^adBLjO is heated to incipient redness in 
HOI gas, at a pressure of three atmospheres ; 
the crystals have the form of anatase (Haute- 
feuille a. Perrey, G. B. 110, 1038). — 5. Crystalline 
Ti0 2 is also formed, according to Hautefeuille 
{A. Ch. [4] 4, 127), by passing the mixed vapours 
of TiF 4 , BiF, and HOI— -obtained by decomposing 
molten K*TiF 6 by HOI gas — through a Pt tube 
into which a stream of moist H is also passed ; 
at o.860° (boiling-point of Od) crystals of anatase 
are produoed, and at temperatures between 860° 
and 1,000° hroohite is formed.— 6. Heating 
amorphous TiO a in an atmosphere of HF causes 
crystallisation ; at an inoipient red heat anatase 
forms, at a higher temperature hroohite , and at 
a very high temperature rutile (H., lx.).— 
7. Crystals of rutile are formed by heating 
amorphous TiO, with microcosmic salt (Ebelmen, 
A. Ch. [8] 88, 84), or with borax (G. Bore, B. B. 
1867. 129; Knop, A. 157, 865), in a porcelain 
oven. For other methods of producing crystals 
of Ti0 2 v. Deville (O. R. 53, 161, 168), Senar- 
mont (A. Ch. [8] 80, 129), Miohel (0. R. 115, 
1020), Wbhler (A. 78, 85), Daubrbe (0. R. 29, 
227 ; 89, 158), H. Bose (A. 66, 127 ; 68, 168). 

Properties. — TiO* obtained by strongly heating 
Ti0 2 .®H 2 0 forms reddish-brown lumps, more 
nearly resembling rutile in oolour and lustre the 


higher the temperature to which it is heated. 
The dehydration by heat of TiO*.o;H-0 is ac- 
companied by the appearance of shades of 
colour from white, though grey and greenish, to 
black, according to Wagner (B. 21, 960) ; these 
colours are similar to those shown by anatase, 
hroohite, and rutile. Nilson a. Pettersson (Z. P. 0. 
1, 33 note) prepared TiO* as a white powder with 
faintest yellow tinge, by decomposing TiCl 4 by 
NH*Aq, evaporating, and heating to whiteness. 
When melted by the O-H flame the colour is 
blue to black. S.G. Ti0 2 increases as the oxide 
is heated; heated to o. 700° S.G. is c. 8*95 
(Karsten, S. 65, 894), after being very strongly 
heated S.G. rises to 4*25 (Ebelmen, J. 4, 15 ; 
12, 14). S.G. of anatase is 8*75 to 3*9 
(Breithaupt, J. 2, 730 ; Damour, J. 10, 666) ; 

S.G. of hroohite is 4 to 4*2 (Bammelsberg, J. 2, 
730 ; Beck, J. 8, 704) ; S.G. of rutile c is c. 4*3 
(Scheerer, P. 65, 296 ; Mfiller, /. 6, 847). After 
fusion in the O-H flame and oooling S.G. is 4*1, 
according to Hautefeuille (A. Ch. [4] 40, 140). 
S.H. 0° to 100° = *1785, 0°-211°«*1791, 0°-301° 
= •1843, 0°-440° = *1919° (Nilson a. Pettersson, 
Z. P. C. 1, 27 ; TiO* prepared by decomposing 
TiCl 4 by NHjAq, evaporating to dryfiess, and 
heating to white heat). Ti0 2 crystallises in 
dimetric prisms (rutile), dimetrio ootahedra 
(anatase), and trimetric ootahedra (hroohite) ; it 
is isotrimorphous with SnO* (Wunaer, J.pr. [2] 
2, 206). Ti0 2 is somewhat hygroscopic, even 
after prolonged and intense heating (Thorpe, 
C. J. 47, 125). It is insoluble in water, and in 
all acids except cone. H*S0 4 ; when powdered 
TiO* is heated with oonc. H 2 S0 4 until the excess 
of acid is removed, the solid thus produced 
dissolves in water. TiO a melts in the O-H flame. 
According to Moissan (C. R. 115, 1034), when 
heated in an electric furnace* to c. 2500° TiO a 
forms black crystals of TiO. 

Reactions . — 1. According to Ebelmen (A. Ch. 
[3] 20, 394), Ti0 2 is reduced to TijO* by heating 
to redness in hydrogen ; but O. v. d. Pfordten 
(A. 237, 201) says the product has the composi- 
tion TijO^. — 2. A mixture of Ti0 2 and magnesmm 
powder heated to redness in H gives MgTiO*, 
and a brown powder which is probably TiO 
(Winkler, B. 23, 2657).— 3. A mixture of Ti0 2 and 
carbon strongly heated in chlorine gives Ti01 4 . — 
4. By long-continued heating in dry ammonia 
TijN* is formed (Friedel a. Gu6rin, A. Ch. [5] 8, 
24).— 5. The compound TiOl^POl* is obtained 
by heating an intimate mixture of TiO* and 
phosphorus pentachloride , in the ratio 
TiO*:3PCl ft , in a retort until the POG1* formed 
is driven off (Weber, P. 132, 452).— 6. Heated 
to redness in carbon tetrachloride vapour, TiCl 4 
is formed (Watts a. Bell, C. J. 33, 448). 
Demarqay (C. R. 104, 111) says that the first 
product is TiOOl*. — 7. TiOl* is formed by heating 
TiO* to redness in a mixture of equal volumes 
of chlorine and carbon monoxide (W. a.B., lx.).— 
8. Ti*N* mixed with O is formed by heating 
TiO* in cyanogen or in hydrogen cyanide (Friedel 
a. Gudrin, A. Ch. [5] 8, 24). — 9. Heating in a 
mixture of hydrogen sulphide and carbon di- 
sulphide forms Ti*S t or TiS* according to the 
temperature (Thorpe, O. J. 47, 491).— 10. When 
TiO* is fused with sodvwm ox potassium carbonate 
the weight of OO* expelled corresponds with the 
formation of H*TK>* ; on treating the fused mass 
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with water MOHAq isformed, and an aoid Na or K 
titanate which is insoluble in water (v. Her* 
maun, J, pr . 38, 92).— 11. Fusion with potassium 
hydrogen sulphate forms a substance soluble in 
water; by evaporating the fused mass with cone. 
H 2 S0 4 , and then treating with water, the double 
salt Ti(S0 4 ) 2 .K a S0 4 .3H a 0 is obtained (Warren, P. 
102, 449 ; Glatzel, B. 9, 1833 ; Hermann, l.c.). — 
12. Heating powdered Ti0 2 with cone, sulphuric 
acid produces a substance that dissolves wholly 
in water (? forming Ti(S0 4 ) 2 .»H 2 0 or TiO.S0 4 ; v. 
Merz, J.pr. 99, 157). For reactions of Ti0 2 .xH a 0 
v . infra , hydrated titanic oxide ; and v. also 
titanic acid under Titanium oxyacids and salts 
AND DERIVATIVES THEREOF, p. 746). 

Hydrated titanic oxide. Hydrates of TiO a 
are obtained by gradually adding TiCl 4 or TiBr 4 
to cold NH s Aq; by fusing Ti0 2 with KHS0 4 , 
dissolving 0 ^ water, diluting, and boiling for 
some time ; by adding water to TiCl 4 and boiling ; 
by fusing TiO- with K 2 00„, washing the fused 
mass with small quantities of water till all KOH 
is removed, adding a little cono. HOlAq, filtering 
cold, and allowing the liquid to stand, when it 
gradually deposits gelatinous TiO 2 .xH 2 O 0 (O.v. d. 
Pfordten, B. 17, 727) ; by decomposing Ti(OEt) 4 
by H ? 0 (Demar^ay, 0. R. 80, 51) ; and by other 
reactions. The isolation of a great many definite 
hydrates of TiO a has been announced from time 
to time. By decomposing Ti01 4 .PCl a ( v . Titanic 
chloride, Combinations , No. 6, p. 740) by the 
action of moist air, and drying over KjSO^ 
Tiittsoheff ( A . 141, 111) said that the dihydrate 
TiO^ELjO was formed, and by drying this at 
110°-120° he said that the monohydrate 
TiO-f-Hp was obtained. According to Carnelley 
a. Walker (C. J. 53, 66, 81), dehydration of 
Ti0 2 .xH 2 0 (obtained by adding TiCl 4 to cold 
NH»Aq), air-dried for 14 days, proceeds con- 
tinuously from 15° to 710° whereat the whole 
of the water is removed^ A very large number 
of hydrates probably exists, and these pass one 
into the other as temperature rises without any 
of them remaining unchanged through more than 
a few degrees. 

Two olasses of hydrates of TiO a exist ; one 
obtained by ppg. Ti01 4 by NH*Aq, or warming 
Ti0 2 with cone. BLjS 0 4 , dissolving in water, 
diluting, and ppg. by alkali ; the other obtained 
by dissolving hydrates of the former class in 
dilute aoid, and boiling. Hydrates of the former 
class dissolve easily in dilute aoids, while those 
of the latter class are insoluble in dilute acids 
(for more details v. Titanium oxyacids, p. 746). 

Hydrated TiO a , obtained by ppn. by alkali in 
the cold, dissolves in dilute acids, forming salts 
TiX 4 , where X = NO„ £S0 4 , <fec. ; not many salts 
of this form have been isolated, and most of 
those that are known are basic Balts. TiOrxE^O 
dissolves in molten HgP0 4 ; on cooling crystals 
of Ti0 2 .P 2 0 5 ( - TiP 2 O r ) are obtained (Haute- 
feuille a. Margottet, 0. R. 102, 1017). By heat- 
Ti0 2 .xH 2 0 with a little cold cone. HOlAq, pour- 
ing off the solution after a few days, and 
evaporating it in vacuo, Koenig a. 0. v. d. 
Pfordten obtamed crystals approximating to 
Ti(OH) 2 Olj, but differing from TiJOHLOl* pre- 
pared by the interaction of TiCl 4 and HOlAq 
(B. 22, 1485 ; c/. Titanium hydroxyl chlorides, 
p. 743). 

Titanium sesquinoxidi Tifi r (TUanout 


oxide.) Mol. w. unknown. By digesting a solution 
of TiO a .®H 2 0 in HOlAq with Ou at 40° to 50°, 
Fuchs (A. 56, 319) obtained a violet solution 
which gave a brownish black pp. with NE^Aq ; 
the pp. quickly reacted with water, giving off H 
and forming TiO^B^O. Von KobeU(P. 62,599) 
obtained similar reactions by using reduced Ag 
in place of Ou. Ebelmen (J. pr. 42, 78) ob- 
tained a nearly black pp. by adding alkali to 
T^OlgAq. According to Ebelmen (J.pr. 42, 76) 
T^Oj can be prepared by heating TiO a to redness 
in perfectly dry H. Ti 2 0 3 thus prepared is de- 
scribed as a blaok solid ; unacted on by HNO t 
or HOlAq ; oxidised to TiO a only by heating to 
a very high temperature ; soluble in H^OfAq, 
forming a violet solution. According to O. v. a. 
Pfordten (A. 237, 201), the product of reducing 
Ti0 2 in H is not Ti 2 O s but has the composition 
Ti 7 0, 2 . Friedel a. Gu6rin (A. Ch. [5] 8, 88) 
obtained TijOj, but not free from other com- 
pounds, by passing TiCl 4 vapour mixed with H 
over TiO a at a red heat. They describe TL,O a as 
a copper-red, metal-like, microscopically crystal- 
line powder ; not acted on by boiling HNO*Aq, but 
oxidised to Ti0 2 .®H 2 0 by boiling H 2 S0 4 Aq; 
soluble in HFAq or warm aqua regia ; giving off 
NH 3 and H with hot alkali solutions ; oxidised 
to Ti0 2 by heating to redness in air. Koenig a. 
0. v. d. Pfordten (B. 22, 2070) failed to obtain 
Ti 2 0 3 by the method of F. a. G. 

When Ti is dissolved in hot HOlAq, in an 
atmosphere of H, the solution oontains TijOl, 
(Rammelsberg, J. pr. 99, 176) ; a solution of 
Ti0 2 .zH 2 0 in HOlAq reduoed by zinc also con- 
tains Ti 2 Cl fl (K. a. 0. v. d. P., lx.) ; in these solu- 
tions alkalis give black pps., probably Ti 2 O r £cH a O ; 
the pps. soon change in contact with BLft to 
TiOj-aHjO, H being given off. According to 
0. v. d. P. (A. 237, 201), a solution of KjTiF, in 
a little HOlAq gives a pp. of TiaOjj.scHjO on 
treatment with Na-amalgam. 

Sabatier a. Senderens (0. R. 114, 1429 ; 115, 
236) say that TL 2 0 3 is oxidised to TiO a by heating 
to o. 500° in NO, or to c. 300° in N0 2 . 

Titanium monoxide TiO. This oxide has 
not been isolated with certainty. According to 
Moissan (C. R. 115, 1034) blaok prisms, whioh 
he took to be TiO, are formed by heating TiO a 
to c. 2500° in an electric furnace, and at a 
higher temperature the (?) TiO melts and then 
volatilises. By heating a mixture of TiO a and 
Mg powder to redness, in H, Winkler (B. 28, 
2657) obtained a brown powder whioh probably 
contained some TiO, mixed with MgTiO,. , Ac- 
cording to Berthier (A. Ch, [2] 54, 874) TiO s 
lost 6 p.o. 0 when heated strongly in a carbon 
crucible, 13 to 16 p.o. O when heated with 
12 p.o. 0, and 20 p.o. O when heated with 24 p.e. 
C (Ti0 2 loses 20 p.c. O in becoming TiO) ; the 
product may have contained TiO, or it may 
have been a mixture of TiO a , Ti a O a , and TL 

Hydrated titanium monoxide 
TiO.HjO - TiOgHj. 0. v. d. Pfordten (A. 287, 201) 
obtained a blSck pp., said by him to be TiOgEL,, 
by the continued action of Na-amalgam on a 
solution of KjTiFg in a fair amount of HOlAq 
(if there is little HOlAq, T^O, is ppd.) ; the solu- 
tion became green, then colourless, and then the 
blaok pp. was formed. The blaok pp. formed by 
NH,Aq, alkali carbonates, or (NH 4 ) 2 8Aq, in solu- 
tions of TiOlj (q. v. f p. 741) is TiOjH, according 
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to O. Y d, P. (Z.C.). With Na,HP0 4 Aq, and 
NaCya^O^Aq, TiGl, is said to give bluish -black 
and greenish-black pps. f which may be salts of 
TiO (0. v. d. P., l.c.). 

Titanium peroxide TiO,. ( Titanium trioxide 
Or superoxide.) In 1882 (Atti dei Lined , 1882. 
y Piocini dropped H 2 0,Aq into solution of 
Ti0 2 .a;H 2 0 ; from the quantity of that 

reacted he concluded that an oxide TiO, was 
produoed. In the same year (B. 15, 2599) 
Weller obtained a yellow pp., whioh reacted with 
HClAq, giving off Cl, by the interaction of 
HgOgAq and freshly ppd. TiO^E^O or a solu- 
tion of TiO^zHjO. In 1888, Classen (B. 21, 
870) added TiGl 4 , drop by drop, to dilute alcohol, 
then added to this solution a very large excess 
of H,0,Aq, and then KOHAq, NHjAq, or 
(NHJjCOgAq ; in each case he obtained a yellow 
liquid from which a yellow pp. separated after 
some time ; after syphoning off the liquid, 
washing the pp. by decantation, and drying it 
on a tile, he obtained a yellow solid approxima- 
ting to the composition Ti0 g .3R,0. In 1889, 
L4vy (C. B. 108, 294) approximately determined 
the composition of the pp. obtained by adding 
H,0,Aq to TiO r fcH 2 0 in H 2 S0 4 Aq, by dropping 
in B^OsAq of known concentration, and deter- 
mining the quantity of H,0, used in the reaction ; 
It. concluded that the results could be accounted 
for by supposing the yellow pp. to be TiO,, 
TiO r H,0 2 , or Ti,0 4 .H 2 0 2 , but that probably the 
pp. was TiO s . In 1893 Bailey a. Dawson 
(Studies front the Phys. and Ohem. Laboratories 
of the Owens College , vol. i. p. 216) obtained 
yellow to orange solids, agreeing fairly in com- 
position with the formula TiO,. B. a. D. added 
(1) H,0 2 Aq, (2) freshly ppd. Ba0 2 , to Ti0 2 ^cH 2 0 
in dilute H,S0 4 Aq, diluted the deep-red liquids 
thus obtained with twioe their volumes of 
alcohol, added oono. alcoholic solution of KOH, 
washed the pps. with alcohol (to remove Hpand 
ELO,), and then with ether, and, in some cases, 
dnea in the air. According to B. a. D., TiO, 
dissolves in water, forming a deep-red liquid; 
this solution decolourises KMn0 4 Aq ; TiO, dis- 
solves in HClAq, giving off Cl. By allowing 
ppd. TiO, to stand for some time, B. a. D. say 
that a modification is formed insoluble in 
water. 

Oxides of titanium intermediate between 
TiO, and Ti,O t . 

I. By heating Ti0 2 with HC1 gas in a reducing 
atmosphere, Deville (G. B. 53, 163) obtained a 
blue, crystalline solid, to which he gave the for- 
mula Ti,0,. A similar solid (? same composition) 
was obtained by Friedel a. Gu6rin (A. Ch . [5] 
8, 44) by passing H and HC1 over Ti0 2 strongly 
heated m a porcelain tube. ThiB blue solid is 
said to decompose water, in presence of strong 
bases, giving off H and forming Ti0 2 . 

II. By very strongly heating TiO, in H, 
0. v. d. Pfordten (A. 237, 228) obtained a dark 
indigo-blue solid, to which he gave the formula 
Ti 7 0„ ; according to Ebelmen (j? pr. 42, 76), 
Ti,0, is formed by this reaction. Heated in air 
the compound bums to Ti0 2 . 

HI. By adding alcoholic solution of EOH to 
a solution of TiO^sHjO in dilute H,S0 4 Aq, after 
treating the solution with BaO„ Piccini (Atti dei 
Lincei, 1882. 1) obtained yellow pps. with com- 
positions varying from Tip,, to Ti,0,. 


Titanium oxyaoids and salts and derivatives 
thereof. The hydrates of TiO, react as feeble 
acids, besides reacting with the stronger acids 
as feeble bases. The salts wherein Ti forms 
part of the acidic radicles are generally obtained 
by fusing Ti0 2 with salts of the metals which are 
to be converted into titanates. Only a very few 
titanates are soluble in water ; several dissolve 
in HClAq, but on diluting and boiling most, if 
not all, of the TiOj.aHjO is ppd. 

Titanic acids. Hydrates of TiO, are obtained 
by various reactions ( v . Hydrated titanic oxide, 
p. 745). By drying under different conditions 
solids are obtained approximately corresponding 
with the formula ®Ti0 2 .tfH,0, where ® »1, 2, or 
3, and y — 1, 2, 8, 4, or 5. (For a list of the hydrates 
obtained by different experimenters v . Tiittscheff , 
A. 141, 111J There seems to be a series of hy- 
drates of Ti0 2 , all of whioh may be olassed 
together under the name titanic acids , none of 
them being stable through more than a few de- 
grees of temperature ( y . Carnelley a. Walker, 
0. * T. 53, 66, 81) ; the relations of composition of 
these acids may be expressed by such a general 
equation as »TiH 4 0 4 - m&fi - Ti n H 4rt -2m0 4 »_ m . 

The titanio acids belong to twfr classes: 
those whioh are formed by decomposing TiCl 4 or 
TiBr 4 by dilute cold alkali solutions, or by warm- 
ing Ti0 2 with oono. H 2 S0 4 , dissolving the pro- 
duct in water, and ppg. by dilute cold alkali 
solutions ; and those which are formed by de- 
composing TiCl 4 or TiBr 4 by water and boiling, 
or by dissolving titanio acids of the former class 
in dilute acid and boiling, or by fusing TiO, 
with KHS0 4 , dissolving in muoh water and boil- 
ing. The acids of the former class are generally 
called titanic acids or ortho-titanic acids , and 
those of the latter class meta- titanic acids . 
Orthotitanic acids dissolve easily in dilute acids; 
metatitamc acids are insol. dilute acids ; by pro- 
longed heating with oono. compounds are 

produoed whioh dissolve* on adding water. Meta- 
acids are also formed by heating ortho - acids to c. 
100°. Experiments made by Merz (J. pr. 99, 
166) show that the meta - adds lose water, on 
heating, more easily than the ortho - acids. 

ORTHOTITANIC ACIDS. According to 
Wagner ( B . 21, 960), a clear solution of an 
orthotitanic acid is obtained by adding water, a 
drop at a time, to TiCl 4 , with constant shaking; 
HC1 and TiCl 4 are given off (by the heat of the 
reaction), a solid is produced, then a greenish- 
yellow liquid, and finally a clear solution. By 
adding 1 pt. TiCl 4 to c. 6 to 7 pts. water, Thorpe 
(0. J. 47, 120) obtained an opalescent liquid 
which became clear after standing for 40 hours, 
and then contained orthotitanio acid; when 
this solution was heated ppn. of metatitanio 
aoids began at c. 87°, and at c. 90° most of 
the Ti was ppd. A solution of TiBr 4 in water 
forms a perfectly clear liquid containing ortho- 
acid (T., l.c. , p. 126). The white flocculent solid 
obtained by adding TiCl 4 to dilute HClAq, ppg. 
by NH s Aq when cold, washing with cold water, 
and drying in the air is TiO,.2H,0 ( - Ti0 4 H 4 ), 
according to Merz (J. pr. 99, 166) ; tnis compo- 
sition is also assigned to the solid formed by 
keeping TiCl 4 .PCl 4 under a bell- jar, with water 
and G&O, for some days, and then drying over 
H,S0 4 (Tiittsoheff, A. 141, 111). When Ti0 4 H 4 
is dried in vacuo (Tfittsoheff, he.), or over H*S0 4 
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(Men, lx.), the product is said to be Ti0 2 .H 2 0 
i «* HjTiO, « TiO.OjH 2 ). The composition 
aTiOg-J^O ( » B^Ti 2 O fl » Ti 2 0,.0 2 H 2 ) is given to 
the product dried at 100° (Merz, l.c. ; Demoly, 

O. B. 1849. 826), dried at 140° (Tiittsoheff, l.c.) 9 
or dried in vacuo over H 2 S0 4 (H. Bose, A. 52, 
268); after drying at 100° or upwards, meta • 
acids are probably produced. 

Orthotitanic acids are insoluble in water or 
alcohol; but dissolve easily in dilute acids ; said 
also to dissolve in alkali carbonate solutions. The 
solutions in acids probably contain salts of the type 
TiX 4 , X *01, NO,, iS0 4 , <fec. ; but compounds of 
the form Ti(OH)£Ay, where X is a monovalent 
acidic radicle, and x is not greater than 8, may 
be formed, similar to the compounds Ti(OH) s Cl, 
Ti(0H) 2 0l2, and Ti(OH)Cl„ obtained by O. v. d. 
Pfordten bj the interaction of HClAq and TiCl 4 
(B. 21, 1708 ; v. Titanium hydroxyl chlorides, p. 
758). By adding a little cone, cold HClAq to 
orthotitanic acid, allowing to stand for some 
days, pouring off the dear liquid from undissolved 
acid, and evaporating in vacuo , Koenig a. O. v. d. 

P. (B. 22, 1485) obtained a white solid containing 
Ti and Cl in the ratio 1:1*47 ; they regarded this 
as consisting ohiefly either of TiCl 2 (OH) 2 — but 
different in some properties from TiCl 2 (OH) 2 ob- 
tained from TiCl 4 — or chiefly of TiCl(OH),.HCl. 
White pps. are obtained by adding H 3 P0 4 Aq, 
H,As0 4 Aq, or H 2 C 2 0 4 Aq to solutions of ortho- 
titanic acids in dilute HClAq, HNO s Aq, or 
EyK^Aq, after making nearly neutral by NH,Aq. 
When acid solutions of orthotitanio acids are 
diluted considerably and boiled for some time 
the whole of the Ti is ppd. as meta- acids. 
Ortho- acids are also partly ohanged to meta- 
acids by keeping under water for a long time 
(Wagner, B . 21, 960), or by washing with 
hot water. When an orthotitanic acid is heated 
strongly Ti0 2 is produced, with vivid incan- 
descence ; the change from a meta- acid to Ti0 2 
is not accompanied by incandescence. Accord- 
ing to Wagner (l.c.), the dehydration of moist 
ortho- acids by gently warming is accompanied 
by changes of colour from white to grey, green, 
and black. 

METATITANIC ACIDS. Formed, as white 
powders, by dissolving ortho- acids in dilute acid 
and boiling for some time ; also by fusing Ti0 2 
with KHS0 4 and boiling with much water ; also 
by adding water to TiCl 4 or TiBr 4 and boiling ; also 
by oxidising Ti by HNO, S.G. 1*25 (Weber, P. 
120, 287). According to Weber (l.c.), freshly 
prepared dilute TiCl 4 Aq is not rendered turbid 
by HClAq, HNO,Aq, or H 2 S0 4 Aq, but these acids 
at once ppt. metatitanic acids when added to 
dilute TiCl 4 Aq that has been boiled even for a 
few seconds. The pp. obtained by boiling a 
diluted solution of an orthotitanio acid in dilute 
HjSO. is said to have the composition Ti0 r 2H 2 0 
( = Ti0 4 H 4 ) when dried over H^SC^, the compo- 
sition 8Ti0 2 .4H 2 0 (»Ti,O 10 H 8 «Ti,O 2 .O B H 8 ) 

when dried at 120°, and the composition 
STiO r 2H,0 ( * Ti,0,H 4 - Ti s 0 4 .0 4 HJ when dried 
at 140° (Tiittsoheff, A. 141, 111) ; Merz (J. pr. 
99, 166) gives the composition Ti0 2 .H,0 
( » TiO,H* « TiO.OjH.J to the air-dried pp., 
and the composition 2Ti0 2 .H 2 0( - Ti 2 0 4 H 2 
* TLPj.OjHJ to the pp. dried over H^0 4 , or at 
60 °. 

Metatitanic acids are white powders, insoluble 


in water or dilate adds; after heating with 
cone. H 2 S0 4 the products dissolve in water; 
when strongly heated TiO, is formed without 
incandescence. 

COLLOIDAL TITANIC ACIDS. Graham 
(T. 1861. 213) obtained a gelatinous, probably 
orthotitanio, acid, insoluble in water, by dialy- 
sing a solution of TiO^zE^O in HClAq ; by dis- 
solving this gelatinous acid in such a quantity 
of cold dilute HClAq that not more than 1 p.o. 
titanio acid was present in the solution, and 
dialysing for several days, G. ( O . J. 17, 825) 
obtained a dilute aqueous solution of colloidal 
titanio acid. Colloidal, insoluble, titanio aoids 
have also been prepared by Knop (A. 123, 851), 
Bose (G. A. 73, 76 [1828]), and O. v. d. Pfordten 
(B. 17, 727). 

TITANATES. These salts have not been 
thoroughly investigated. Those which have been 
best examined are either derivatives of HjTiO, 
or H 4 Ti0 4 , or are basic salts of the type 
a:M0.Ti0 2 , where a?>l. Some acid salts 
M0.*Ti0 2 , where ®>1, are also known. The 
older investigations were made chiefly by H. 
Bose (P. 61, 607) and by Hautefeuille (A. Gh . 
[2] 4, 129). 

Barium titanates. An acid salt 2BaO.STiO ( 
( = 2BaTi0*.Ti0 2 or Ba,Ti0 4 .2Ti0,) was ob- 
tained by Bourgeois (O. B. 103, 141) in lustrous 
microscopic crystals, by heating to full redneBS 
a mixture of equivalent parts of TiO a and BaCO, 
with excess of BaCl 2 , and washing with very 
dilute HClAq. 

Calcium titanates. The normal salt CaTiO, 
occurs native as perowskite . The same salt was 
formed by heating to bright redness a mixture of 
equivalent parts of Ti0 2 and CaCO„ with excess 
of CaCl 2 , and washing with very dilute HClAq 
(Bourgeois, l.c.). 

Iron titanates. The mineral titaniferous 
iron or ilmemte is more or less pure x¥efi r yTiO r 
By fusing a mixture of 2 pts. Ti0 2 and 6 pts. FeF a 
with a large excess of NaCl, washing with water, 
and then with very dilute acid, Hautefeuille 
(G. B. 69, 783) obtained dark purple-violet, 
lustrous crystals of ferrous titanate Fe 2 Ti0 4 
( = 2Fe0.Ti0 2 ) ; but according to Koenig a. 
O. v. d. Pfordten (B. 22, 1485) the salt produced 
is ferric titanate Fe 4 (Ti0 4 ), ( = 2Fe 2 0,.3Ti0 ? ). 
K. a. 0. v. d. P. say that tne salt dissolves m 
water after warming with cone. HaSO^ forming 
a green solution containing Fe a (SOJ g and titanio 
acid. 

Magnesium titanates. The normal salt 
MgTiO„( * Mg0.Ti0 2 ) was obtained (by Haute- 
feuille, lx.) by heating to whiteness, for a short 
time in a closed crucible, a mixture of 1 pt. Ti0 2 
and 10 pts. MgCIa with a little NH 4 C1, washing 
with extremely dilute acetic acid, and then with 
water; lustrous, six-sided (probably trimetric/ 
crystals, £^G. 3*91. The same salt is formed, 
according to Winkler (B. 28, 2657), by heating a 
mixture of TjQ 2 and Mg powder. By heating 
a mixture of 2 pts.*Ti0 2 , 1 pt. MgO, and 40 pts. 
MgCl,, and washing with very dilute acetic acid, 
the salt Mg 2 Ti0 4 (»2Mg0.Ti0 2 ) is said to be 
formed in hard, lustrous, regular octahedra, S.G. 
3*42 (H.). 

Potassium titanates. When TiO t is fused 
with excess of KfiO s the quantity of CO, given 
off corresponds with the formation of the 
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normal eatt K^TiO, ; after fusion two layers 
Are obtained, the lower of which is said to con- 
gist of KjTiOs, while the upper oontains the 
undecomposed £,C0 3 . E^TiO, is described as a 
yellowish, fibrous, easily fused solid (H. Bose, P. 
61, 507). Water resolves it (according to Bose) 
into an insoluble acid salt t and a soluble basic 
Balt ; but according to Hermann (J. pr. 38, 92) 
no trace of titanio acid goes into solution in 
water, but all remains in the insoluble acid salt. 

Sodium titanates. The normal salt Na 2 TiO f 
was obtained by H. Bose {lx.) similarly to the 
£ salt ; water resolves it into an insoluble acid 
Balt and NaOHAq. By heating NajWO^ and 
in some cases also WO*, with mixtures of Ti0 2 
and NagGO, previously fused, Oormimboeuf (C. B. 
115, 823) obtained three acid salts : 

(1) 2Na 2 0.3Ti0 2 («2Na 2 Ti0 8 .TiO*,or 
Na 4 Ti0 4 .2Ti0 a ), (2) Na 2 0.2Ti0 2 (Na 2 TiO,.Ti0 2 ,or 
NajTijOJ, (3) Na 2 0.3Ti0 2 («Na2Ti0 8 .2Ti0 2 , or 
Na 2 Ti s oJ). 

Strontium titanates. An acid salt 
2Sr0.8Ti0 2 ( = 2SrTi0 s .Ti0 2 or Sr 2 Ti0 4 .2Ti0 2 ) 
was obtained, in pale-greenish yellow cubes, S.G. 
5T, by Bourgeois (C. B. 103, 141), by heating 
equivalent parts of Ti0 2 and SrC0 8 with excess 
of Sr 0^, and washing with very dilute HOlAq. 

Zinc titanates. The normal salt ZnTi0 8 was 
obtained by L6vy (0. B. 107, 421), by heating 
to redness a mixture of 2 pts. Ti0 2 , 8 pts. ZnS0 4 , 
and 3 pts. K 2 S0 4 , and washing with dilute 
HClAq; pale-violet, silky needles, S.G. 3T7, 
scarcely acted on by boiling cone, acids or oono. 
KOHAq. By varying the proportion of Ti0 2 , 
ZnS0 4 , and K 2 S0 4 used, L. {l.c.) obtained the 
normal salt Zn. 2 Ti0 4 , which may also be regarded 
as a basic salt ZnTiO„.ZnO ; the basic salt 
8Zn0.2Ti0 2 ( - 2ZnTiO s .ZnO) ; and the acid salt 
4Zn0.5Ti0 2 ( -4ZnTi0 8 .Ti0l 

FLUOTITANATES ; u. Titanifluorides , 
under Titanio fluoride, Combinations, No. 2 
(p. 742). 

FLUOKOXYTITANATES ; v. Titanoxy - 
fluorides , under Titanio fluoride (p. 742). 

MOLYBDOTITANATES. A few compounds 
of the form Ti0 2 .12Mo0 8 .2M 2 0. aaq, where 
M==NH 4 and K, are described by Pochard (G.B. 
117, 788). By shaking with ether a solution of 
the NH 4 salt, acidified by HOlAq, and allowing 
the ethereal liquid to evaporate, P. (lx.) obtained 
molybdotitarvic acid TiO r 12MoO r 22aq, in golden 
yellow octahedra, melting at c. 60°, very soluble 
m water. 

OXALOTITANATES. By dissolving 
TiOn.xHjtO in hot EHC 2 0 4 Aq and cooling, 
Pochard ( O . B. 116, 1513) obtained triclinic 
crystals of 2KHOjjO4.TiO2.BE2O. By treating a 
solution of this salt with BaCljAq, crystals of 
Ba(HC 2 0 4 )2.Ti0 2 .H 2 0 were obtained ; and by de- 
composing this by an equivalent quantity of 
dilute HgSO^q, filtering, and evaporating 
in vacuo , long needles of oxaloiitcmic acid 
2H 2 C 2 0 4 .Ti0 z .2H^0 were obtained 

SILICOTITANATES; V. this heading, 
p. 464. 

Titanium, oxychlorides of. Several oxy- 
chlorides are known. (1) TiOCl 2 . According to 
Demarqay {C. B. 104, 111), this is the first pro- 
duct of heating Ti0 2 and 0C1 4 in a sealed tube ; 
it is described as a yellow crystalline solid. 
Heated with CGI* it gives Ti01 4 and COCl*. 


(2) TiOOL Obtained by passing a mixture of 
TiCl* vapour and dry H over TiO a in a tube 
heated white hot; T^O, and TijOl* are also pro- 
duced in the reaotion (Friedel a. Gu6rin, Bl. [2] 
22, 481). Brown, orthorhombic leaflets ; heated 
in air bums to TiO„ and TiOl*. (3) Ti^Ol* 
Formed by passing TiCl 4 vapour through a red- 
hot tube containing fragments of porcelain 
(Troost a. Hautafeuille, 0. B. 73, 563). (4) By 
allowing TiCl 4 to deliquesce in air, and then 
evaporating over HjjS0 4 and CaO, Merz (Bl. 
[2] 7, 401) obtained a solid approximating in 
composition to Ti 4 O 0 Cl 4 .16H2O. In connection 
with oxychlorides cf. Titanium hydroxyl chlor- 
ides (p. 743). 

Titanium, oxyfluoride ot By decomposing 
by water the crystals formed by dissolving 
Ti0 2 .xH 2 0 in HFAq and evaporating. Berzelius 
(P. 4, 1) obtained a white solid, 01 whioh he 
said it was an insoluble, 4 so to say, basics com- 
pound. 

The titanoxy fluorides TiOjF^MF may be 
regarded as compounds of the oxyfluoride TiOgFg 
(v. Titanio fluoride, p. 742 ). 

Titanium, oxythiochloriae of. The compound 
TiCl3.OSO2.Cl formed by the reaction of Ti01 4 
with S0 2 .0H.C1 may be regarded as Ti0 8 S01 4 
(v. Titanio chloride, Beactions, No. 10, p. 740). 

Titanium, salts of. Not many salts have 
been prepared by replacing H of oxyacids byTi; 
most of those that have been isolated are basic 
salts derived from the oxide TiO r One salt, 
Ti 2 (S0 4 ) s , corresponding with the oxide TL,0 8 
has been isolated. For the individual salts v. 
Nitrates, vol. iii. p. 517 ; Phosphates, this 
vol. p. 112, TiP 2 0 T , prepared by dissolving 
TiOjj.JcHjO in molten H 3 P0 4 (Hautefeuille a. 
Margottet, G. B . 102, 1017) should be added ; 
and Sulphates, this vol. p. 580. 

Titanium, sulphides of. Three compounds 
of Ti and S have been isolated : TiS^ TiaS,, and 
TiS, corresponding with the three oxides TiO„ 
Ti 2 0 8 , and TiO. 

Titanium disulphide TiS 2 . {Titanic sulphide.) 
Mol. w. unknown. H. Bose (P. 8, 177) said that 
this compound was obtained by passing vapour 
of CS 2 over very strongly heated TiO z ; but 
0. v. d. Pfordten (B. 17, 727) and Thorpe (C. /. 
47, 491) have found that it is not possible by this 
method to obtain TiS 2 free from Ti oxides. TiS* 
is prepared by passing perfectly dry H 2 S into 
TiCl 4 kept somewhat below its b.p., and sending 
the mixed vapours through a glass tube heated 
to incipient redness ; TiS 2 deposits in the tube, 
and HC1 is given off (Ebelmen, A. Ch . [3] 20, 
285 ; confirmed by 0. v. d. Pfordten, B. 17, 727). 
According to 0. v. d. P. (A. 234, 257), the H 2 S 
should be passed through CrCijAq, to remove 
traoes of 0, and dried by means of P 2 0 f ; and 
the tube should be filled with H 2 S before the 
mixed vapours are passed into it. 

TiS 2 forms large, brass-yellow, lustrous, 
metal-like soales. 

TiS s is decomposed to TijS, and S by heating 
in hydrogen or nitrogen ; it is not changed by 
heating in hydrogen in presence of excess of 
hydrogen sulphide ; heated to redness in carbon 
dioxide it is completely oxidised to TiO, 
(0. v. d. P., A. 234, 257). Ebelmen (lx.) gives 
the following reactions : with faj chlorine gives 
TiOl* and 8,0^ ; heated in air, T iS, is burnt to 
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TiO t and SO, ; exposure to moist air decomposes 
TiS, gradually, with evolution of H^S ; heated 
to redness with steam gives Ti0 2 .zH 2 0, H^S, 
and H ; nitric acid produces Ti0 2 ^rH 2 0, S, and 
NO; aqua regia oxidises it to Ti0 2 .ccK 2 0 and 
BLjSO^q ; not acted on by hydrochloric acid 

g l. Rose said that TiS 2 dissolved slowly in 
01 Aq, giving off ELjS) ; insoluble in potassium 
sulphide solution ; digestion with potash solu- 
tion produces K titanate and KHSAq (Rose). 

Titanium sesquisulphidb TijS,. Mol. w. un- 
known. Thorpe (C. J. 47, 491) obtained this 
compound by passing the vapours of moist Rfi 
and CS 2 over powdered Ti0 2 heated to very 
bright redness in a porcelain tube ; dry H 2 S and 
CS 2 had no action on Ti0 2 . T. describes Ti 2 S 3 
as a greenish-black powder ; he did not obtain it 
quite free»from TiS 2 , as by heating at a lower 
temperature than full redness in B^S and CS 2 it 
is slowly changed to TiS 2 . 0. v. d. Pfordten 
(A. 234, 257) obtained TL^S, by heating TiS 2 to 
full redness in dry H or N (S being set free) ; he 
describes it as a grey, metal-like solid ; insoluble 
inNaOHAq ; soluble inHNO s Aq or cone. H 2 S0 4 
forming gneen solutions. 

Titanium monosulphide TiS. Mol. w. un- 
known. Formed by very strongly heating TiS a 
in perfectly dry H quite free from 0 (T., Z.c. ; 
O. v. d. P., lx.), A black powder (T., lx.) ; forms 
dark-red crystals (0. v. d. P., lx.). Slowly acted 
on by HNOgAq or aqua regia ; insoluble in 
NaOHAq. 

Titanium, sulphochloride of, v. Titanium 
thioohloride, infra. 

Titanium, thioohloride of. The pp. formed 
by passing pure dry H 2 S into hot TiCl 4 is pro- 
bably a thiochloride, according to 0. v. d. 
Pfordten (A. 234, 257). M. M. P. M. 

TITANIUM: GROUP OP ELEMENTS. The 
four elements, titamum t zirconium , cerium , and 
thorium form, with carbon , the even-series 
family of Group IY. in the periodic classification 
of the elements. There is yet an element to be 
discovered between Ce and Th ; this unknown 
element will come in series 10 of Group IY. The 
titanium family of elements iB closely allied to 
the tin family — Ge, Sn, Pb — which, with Si, 
form the odd-series members of Group IY. 
Carbon is the first even- series member, and 
silicon the first odd-series member, of the group ; 
these two elements are more like one another 
than they are like the rest of the group. 

For the properties and relations of C and Si 
v . Cabbon group op elements, vol. i. p. 682 ; and 
for the tin family v. Tin group op elements, 
this vol. p. 735. 

The presence of an element, before unknown, 
in a Cornish mineral was recognised by Gregor 
in 1791, and by Klaproth a few years later ; the 
element— called titanium by Klaproth — was iso- 
lated by Berzelius in 1824. Klaproth, in 1789, 
recognised the presence of a new earth in zir - 
, cotiite from Ceylon; the metal zirconium was 
isolated by Berzelius in 1824. In 1803 the pre- 
sence of a new earth in a Swedish mineral was 
announced by Klaproth, who gave the name of 
cerium to the metal of the earth he had dis- 
covered ; Mosander isolated the element in 1826. 
Berzelius discovered a new earth, in a Norwegian 
mineral, in 1828 , and isolated the metal of the 


earth, which he called thorium, in the same 
year. 

None of the four elements Ti, Zr, Ce, or 
Th occurs native ; the compounds of these ele- 
ments are comparatively rare, especially those 
of Ce and Th. 

The most frequently found compounds are 
the oxides M0„ generally in combination with 
Si0 2 and with alkaline earths. The metals are 
obtained by reducing their double fluorides by 
Al, K, or Na ; also in some cases by reducing 
the chlorides by K or Na ; Ce has also been iso- 
lated by electrolysing molten CeO^ The table 
on the following page presents some of the physi- 
cal and chemical properties of the elements. 

General formulcB and characters of com- 
pounds . — Oxides.— M0„ probably for all 
(?Th 2 0 7 h M0 2 , for all; M 2 0„ when M»Ti or 
Ce ; perhaps TiO. Hydrates of M0 2 exist. 

Sulphides.— MS 2 , when M = Ti or Th, 
? Zr ; M 2 8 s , when M =* Ti or Ce ; TiS. 

Haloid compounds. — MX 4 , when X**Br, 
Cl, F or I (only CeF 4 prepared) ; MX,, when 
M * Ti, and X = Cl, also when M = Ce and X = Br, 
Cl, F or I; TiCL*. Salts.— MR 4 , R=*NO„ 

|S0 4 , gP0 4 , <fec. ; most are basic when M = Ti 
or Zr, but when M = Ce many are normal, and 
when M = Th most are normal ; several salts 
Ce^ are known, and a few Ti^R, ; the Ce^R, 
salts are more stable than the CeR 4 salts. Salts 
containing M in the acidio radicle. — 
M 2 TiO, and others of general form aMO.yTiO, ; 
M 2 ZrO„ M 4 Zr0 4 , and others of general form 
*rM0.yZr0 2 . No cerates or thorates isolated. 
Salts XaMF a known when M = Ti, Zr, or Th; 
3CeF 4 .3KF known. Acids.— E^TiO,, H 2 Tl 2 0 5 , 
H 4 Ti0 4 , H 2 TiF a ; various hydrates xZxO 
act as feeble acids ; H 4 Th0 4 and I^Tl^O,, are 
perhaps feeble acids, but it is said that ThO, 
does not decompose alkali carbonates when 
fused therewith. 

The oxides M0 2 are basic, and also feebly 
acidic when M is Ti or Zr ; they interact with 
some acids to form corresponding salts, and, 
when M * Ti or Zr, with alkalis to form salts 
wherein M forms part of the acidio radicle ; no 
salts of oxyacids with Ce or Th in the negative 
radicles have yet been isolated. Several hydrates 
of M0 2 exist, they easily pass one into the other 
with small changes of temperature; some of 
these hydrates react as feeble acids towards 
strong bases, forming salts of the types X^MO,, 
Xi 4 M0 4 , and, generally, xX^O.yMO, ; these 
salts are not referable to such definite forms as 
the stannates or silicates are, but they resemble 
these classes of salts fairly closely. 

The salts which are derived from the oxides 
M0 2 , by the interactions of these oxides with 
acids, are of the form MX 4 , where X*NO„ 
£S0 4 , JP0 4 , <fec. ; when M - Ti moBt of the salts 
that are known are basic ; when M = Zr, many 
are basic? but a fair number of normal salts is 
also known : when M - Ce or Th, most of the 
salts that have been isolated are normal. Little 
is known of the oxides MO g ; as they are ob- 
tained by adding HjCXjAq and an alkali to solu- 
tions of salts MX 4 , they are probably super- 
oxides ; the formula Th a 0 7 that is assigned to 
the oxide of Th formed in this way cannot be ac- 
cepted as final. The oxides Ti,0, and Ce,0| 
are basic ; the most definite and stable salts of 
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Atomic weights . 


Melting-points . 
Spec, gravities 
(approx.) 
Spec . heats. 
Atomic weight 
~~Spec. gravities 
(approx.) 
physical pro- 
perties. 


Moleoular weights unknown. Mol. weights oi one or more oompounds of 
each element, except Oe, have been determined by Avogadro’s law ; spec, heata 
determined directly. 

|Has not been fused I o. 1200° I c. 800° IHasnot been fused 


Occurrence and 
Preparation. 


Chemical pro- 
perties. 


11-0 

•0276 


Obtained only as a A black amorphous Steel-grey, very lus- Dark-grey, lus- 
powder; black, lus- powder; resem- trous metal; mal- trous powder; 
trous, apparently bling lampblack, leable, and duo- also obtained in 
amorphous. The but much heavier, tile. Melts much micros mpicocta- 
powder has not Also obtained as a more easily than hedral crystals, 
been fused. very lustrous, any other member Has not been 

hard, brittle solid, of the family. fused, 
resembling Sb. 

Said to melt above 
m.p. of Si. 

The four metals occur chiefly as silicates, Ti and Zr in moderate* quantities 
and the others only in a few rare minerals. The metals are prepared by 
reducing the chlorides, or alkali salts of the form K 2 (or NaJMF*, by heating 
with K or Na ; Ce also prepared by electrolysing molten CeCl a . 

Burns brilliantly Amorphous Zr iBurns when heated (Burns, when 


when heated in air, 
or in O, forming 
Ti0 2 . Decomposes 
H 2 0 at 100°, giv- 
ing off H. Com- 
bines readily with 
Cl, less readily 
with Br, and with 
I only when va- 
pour of I is passed 
over heated Ti. 
Dissolves in warm 
dilute HClAq, 
H 2 S0 4 Aq, 

HN OjAq, or HFAq. 
Forms two olasses 
of salts TiX* and 
TiX 4 , X = NO g , 
JS0 4 , <fcc. ; very 
few T iX 2 salts iso- 
lated, and not 
many TiX. ; all 
salts easily decom- 
posed. Salts de- 
rived from the 
acidic hydrates 
»Ti0 2 .yH 2 0 also 
known. The acids 
BLjTiFg and 
HjTiOjjEV and 
salts derived there- 
from, are known.. 
TiO„ probably a 
superoxide, exists. 
Combines fairly 
readily with N, 
and with N and 
C. Atom of Ti 
is tetravalent in 
gaseous molecules 
Tid.and Til*. 


burns brilliantly in air, or O, to heated in air or 
when heated in CeO^ Decomposes O below redness, 
air, or O, forming cold water, giving to ThO a . Com- 
Zr0 2 ; the crystal- off H. Combines bines with Cl, Br, 
line metal is super- directly with Cl, or I when heated; 
ficially oxidised at Br, I vapour, S also with S va- 
a white heat; it vapour, and P pour when heated 
bums in O-H vapour. Dis- therein. Easily 
flame. Combines solves easily in dissolved by 
with Cl, probably HClAq, HNO,Aq, HClAq or HFAq; 
also with Br and E^SC^Aq, or slowly by hot 
I ; compounds HFAq. Forms two HjSO^q ; 

Zr3^ are formed classes of salts, HNO a Aq has only 
by heating Zr0 2 Ce 2 X 6 and CeX 4 , a slight action, 
and C in X. Com- X«NO g , £S0 4 , Forms saltsThX 4 , 
bines directly with Ac.; salts Ce 2 X a X-N0 a , |S0 4 , 
S. Dissolves slowly are more stable &o.; fair number 
in hot H 2 S0 4 , than CeX 4 , the of basic salts 
HClAq, HNOgAq ; latter are easily known. Hydrates 
rapidly in HFAq. reduced to Ce 2 X g . of Th0 2 , 
Decomposes mol- No cerates, where ThO-^HjO and 
ten KOH; crys- Ce forms part of dThOj.HjO, are 
talline Zr is said negative radicle, probably weak 
not to be oxidised have been isolated, acids, but thor- 
by molten KNO a Salts of form ates have not 
or KC10 a . Forms MjCeF* not iso- been isolated, 
salts ZrX 4 , X« lated. CeO g , pro- Oxide higher 
N0 8 , $S0 4 , &c. ; bably a super- than ThO s , pro- 
most salts isolated oxide, seems to bably Th 2 0 7 , iso- 
are basic, exist. lated (? super- 

<cZr0 2 .|/R. Salts oxide). ThH, 

derived from acid perhaps exists. 

HjZrF* are known. Atom of Th is 

Also forms zircon- tetravalent in 

ates yMO.eZrO t gaseous molecule 

where Zr enters - — ThOl** 

into negative radicle of salts. Oxide 
higher than Zr0 2 , probably ZrO tl 
(? superoxide) exists. ZrH* perhaps 
exists. Atom of Zr is tetravalent in 
gaseous molecule ZrCl 4 . 
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Ce are derived from this oxide. Several of the 
haloid compounds MX 4 have been gasified with- 
out decomposition, viz. TiGl 4 , Til 4 , ZrCl 4 , and 
Th01 4 . The haloid compounds MX 4 form many 
double compounds with other halides ; some of 
these are certainly best regarded as salts of 
hypothetical acids containing M and X in their 
acidic radicles ; the salts of this class R^MF fl 
are characteristic of the elements of Group IV. ; 
all the elements of the group, except C and Ce, 
give these salts R 2 MF 6 , Ce is said to form 
K ? Ce 2 F 11 (»2CeF 4 .8KP), but further examination 
will most probably lead to the isolation of salts 
R^CeFg. Ti and Ce form chlorides MX,, or more 
probably M 2 X S from the analogy of C 2 C1„ and 
Si 2 Cl # ; Ce also forms Ce^r*, Ce«F e , and GeJ*, 
indeed the only haloid compound of Ce belong- I 
ing to the A>rm MX 4 that has yet been isolated j 
is GeF 4 . The sulphides have not been thoroughly 
examined; Ti is the only member of Group IV. 
which is known to form three sulphides corre- 
sponding with the oxides, TiS, Ti,S„ and TiS, ; 
ono sulphide of Zr is known, probably ZrS z ; 
ThS 2 is the only sulphide of Th that has been 
isolated ; afid the only known sulphide of Ce is 
Ca,S 3 . So far as investigation has gone, the 
sulphides of Ti, Zr, Ce, and Th are basio. 

A comparison of the titanium family with 
the tin family, whioh comprises the odd-series 
members of Group IV. (0 and Si being omitted), 
shows that Ti, Zr, Ce, and Th are more metallic, 
on the whole, than Ge, Sn, and Pb. Th is cer- 
tainly the most markedly positive element of 
Group IV., and Ti is at least not more negative 
than Ge ; Zr is more metallio than Ge, and Ce 
more metallio than tin. The following formulas 
show that, so far as composition goes, there is 
about an equal similarity between C and Si and 
the Ti elements, as between C and Si and the 
tin elements : 


there is between the two families of Group VI. 
Considering that the titanium and the tin ele- 
ments belong to even and odd series, respec- 
tively, of Group IV., which group comes midway 
in the general periodio scheme of classification, 
we should expect the titanium (even-series) 
family to be rather more metallio than the tin 
(odd-series) family, but at the same time we 
should expect these two families to be very like 
one another; this is exactly what a study of 
the two families shows to be the case. 

In connection with this article v. Tin group 
of elements, this vol. p. 735, and Carbon 
GROUP OF ELEMENTS, VOl. i. p. 682). 

M. M. P. M. 

TITANOFLUORHYDRIC ACID H 2 TiF, «• 

Titanifluorhydric acid , under Titanic fluoride, 

| Combinations , No. 1, p. 742. 

TITAN OFLU 0 RIDES M 2 TiF 8 v. Titani- 
fluorides , under Titanic fluoride, Combinations, 
No. 2, p. 742. 

TITAN OXYFLU OBHYDBIC ACID H 2 TiOjF 4 
v. Titanic fluoride, p. 742. 

TITANOXYFLDOBIDES M 2 TiO*F 4 v. Titanic 

fluoride, p. 742. 

TOLALLYL SULPHIDE 0^*8* [174°]. * 

(350°-360° i.V.). A product of distillation of 
benzyl sulphide (Marcker, A. 136, 75 ; Forst, A. 
178, 370; Baumann a. Klett, B . 24, 8318). 
Plates (from ether). 

TOLANE v. Di-phenyl-acetylene. 

Tolane dibromide v. Di-bromo-phenyl-rthtl- 
ene. 

Tolane chlorides v . Chloro-phenyl-ethanr 
and Chloro-phenyl-ethylene. 

TOLENE v . Tolu balsam. 

p-TOLENYL-AMIDINE CJE^N, U. 
C«H 4 Me.C(NHWNH 2 ). [102°]. Formed by the 
action of alconolio NH t on the hydrochloride of 



Oxides 



Sulphides 



Chlorides , 

Ac. 

CO 

?C,0, 

co 2 


CS 

?C a S, 

CS 2 


0 2 Cl a 

C01 4 

Si01 4 

?SiO 

Si0 2 


ISiS 


SiS a 

tSiCl, 

Si 2 Cl d 

?TiO 

T407 

TiO, 

TiO, 

TiS 

Ti,S, 

TiS a 

TiCl, 

Ti,01, 

~TiCl 4 


Zr0 2 

ZrO, 


ZrS 2 (?) 



ZrCl 4 


06,0, 

Ce0 2 

CeO, 


Ce,S, 


Ce,Cl, 

CeF. 

ThCl 4 


ThO a 

?ThO, 


ThS a 



GeO 


GeO, 


GeS 


GeS 2 

?GeCl, 


GeCL 

SnO ? Sn„0. 

Sn0 2 


SnS 

??Sn 2 S, 

SnS, 

SnCl, 


SnCl 4 

PbO 

Pb,0, 

Pb0 2 


PbS 

?PbS 2 

PbCl, 


PbCl 4 (?) 


A comparison of the odd-series families of 
the different groups with the even-Beries families 
(omitting series 2 and 8) shows that, Bpeaking 
broadly, the members of the even-series families 
are more metallic in their chemical properties 
than the members of the odd-series families, 
and that the general difference between even and 
odd families becomes more marked in the 
higher than in the lower groups (r. Table in 
vol. iii. p. 811). For instance, the even family 
•of Group VL — Or, Mo, W, and U— is decidedly 
more metallio than the odd family of the same 
group — S, Se, and Te ; but although the even 
family of Group II.— Ca, Sr and Ba— is more 
metallic than the odd family of the same group 
—Mg, Zn, Od and Hg— there is not nearly so 
freat a difference between these two families as 


p-tolenyl-imido-ethyl-ether (Glock, B . 21, 2658). 
Pearly plates, sol. alcohol and ether. 

Reactions . — 1. GO.CL in toluene and NaOH 
give (C # H 7 .C|NH).NH) 2 CO and 

CA-O^oJoH^M [° Ter 800 °] ( Knner * s * 

25, 1425).— 4S. Oxalacetic ether and NaOH form 
C,H,.C(NH).NH.CO.CH J .CO.OOjEt [190°] and 

0 [262°] (Pinner, B. 26, 

1422). 

Salts. — B'HGl^aq. [218°]. — B'jHjPtOL 
[225°].— B'HNOy [138°]. Needles, v. sol* 
water (Kirschniok, A . 265, 167). — B'HNO* 2aq 


S0 4 2aq. [240°], v. soL water. 

L “ C,H 10 N 2 O tab 

Formed by heat- 


[95°].— B' 

o-TOLENYL-AMIDOXIM 
C,H r O(NOH).NH f . [149*5°]. 
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lug o-toluio nitrile with hydroxy lamine hydro- 
chloride, alcohol, and Na^CO, (Schubart, JB. 22, 
2438). Needles (from hot water), v. sol. alcohol 
and ether. 

Ethyl ether C^.CJfNOEtJ.NH*. \U0°]. 
Prisms, v. sol. alcohol. 

Benzoyl derivative C 7 H 7 .C(NOBz).NH 2 . 
[145°]. Needles, sol. alcohol. Cone. ELjS 0 4 forms 

OjH^O^^OPh [80°]. 
o-Toluyl derivative 

C,H,.C(NO.CO.O,H 7 ).NH 2 . [118 0 ]. Converted 

at 180° into O^O^^O.OjH, [69°] (Stieg- 
litz, B. 22, 8156). Sodium diazobenzene buI- 
phonate forms C,^ C^^CfNHJ .0,H, 
[U0°J. 

©-Tolenyl-amidoxim OgHjoNjO i.e. 
G fl H 4 Me.C(NOH).NH 2 . Toluamidoxim . [146°]. 
Formed by combination of toluic nitrile with 
hydroxylamine (Schubart, B. 19, 1487). White 
plates, sol. alcohol, ether and hot water. Yields 
NaA', a hygroscopic mass, and HA'HCl [187°], 
crystallising in prisms. 

. j Reactions. — 1. Benzene sulphonic chloride 
forms C,H i .O< N ^ 0 ^.SO.O,H, [89°] (Pinner, B. 
24, 4173). — 2. Aceto-acetic ether gives rise to 
C,H j .C<^°>O.OH 2 A.o [97°] (Schubart, B. 22, 
2438).— 8. Acetic aldehyde forms the compound 
C,H,.C<^ 2 > CHMe [127-6 0 ].— 4, Hot HOAo 

forms 0 I H 7 .0< 1 ^°>0.0^a, [185°].-5. COC1, 

produces C,H 7 .0<^£>C0 [220°].-6. ClCO,Et 

yields 0,H,.C(NHJ sNO.COjEt [180°].— l.Phmyl 
cyanate giveB 0 7 H 7 .C(NOH).NH.CO.NHPh 
[155°].— 8. Phenyl thio-carbvmide reacts forming 
C r H r C(NOH).NH.CS.NHPh. — 9. Potassium cy- 
anate acting on the hydrocloride gives rise to 
C 7 H 7 .C(NOH).NH.CO.NH 2 [170°]. - 10. Ac 2 0 and 
NaOAo acting on the hydrochloride form 
NH(C(NH).C T H y ) f [153°] (Glock, B. 21, 2657).— 
11. Succinic anhydride forms the compound 

O t H i .O< N ^O.OH s .CH 2 .OO s H [138-5°].- 12. 

Boiling Ao,0 forms 0^a,.0< N ^ O >0Me [80°]. 

13. CS 2 and alcohol form, on long boiling, 

- 0 T H 7 .C(NSH)NH.CS.SHH t N.0(NSH).C 7 H 7 
(Orayen, JB. 24, 390). — 14. CS 2 and alcoholic 

potash yield C 7 H,.0<^g>CS [165°]. 

Methyl ether 0,H,.C(N0Me).NH 2 . [85°]. 
Ethyl ether EtA'. [64°]. Needles. Con- 
verted by HBr and NaNO, into C 7 H 7 .CBr:NOEt, 
an oil, decomposed at 155° (Schubart, B. 22, 
2434), while hydrogen chloride and NaN0 3 form 
CyH r .CCl:NOEt (200°). 

Benzoyl derivative OfHyiCfNOBz^NHj. 
[178°]. Converted by heat into 

<m,.c< N jf>oph. 

Beferences. — Nitbo- and Oxy-toluamidoxim. 
p-TOLENYL-IMIDO-ETHYL ETHER 
C 7 H 7 .C(NH).OEt. The hydrochloride B'HCl 
[161°] formed by the action of dry HC1 on 
p-tduic nitrile dissolved in ether-alcohol forms 


prisms, yielding B'JEyHClg 2aq, converted at 
200° into p-toluio amide, by NH, into p-tolenyl- 
amidine, by aniline into di-phenyl-tolenyl-ami- 
dine [168°], and by Ac 2 0 into the compound 
OgH 4 Me.C(NH).OAo [147°) (Glock, JB. 21, 2650). 
The free base is liquid and changes on keeping 
into a polymeride [260° J. 

TOLENYL-PHENYLENE-DIAMINE 

C i H 4 <^ 1 ^^C.C T H T . [268°]. Formed by reduc- 
tion of tolyl-o-nitro-aniline and also from p- 
toluyl chloride and o-phenylene-diamine in benz- 
ene (Hdbner a. Hanemann, A. 210, 328). Prisms, 
si. sol. water, boL alcohol. 


TOLENYL-PHTHALAMIDONE O w H 10 N a O *.e. 

A 

OAMe/ V . 

X N< >C a H 4 . [188°]. Got from 

\co/ 


tolenyl-benzenyl-amidine o-carboxylic acid (Bis- 
trzyeki, B. 25, 1984). 

TOLEJTYL-XYXYLENE-DIAMINE C I4 H la N 
i.e. [1:4] 0 < H 4 M8<^ H >C,H I He 1 [®:1:8] 

[217°]. Formed by reducing thejp-toluyl deriva- 
tive of nitro-xylidine (Bruckner, A . 205, 125; 
Hiibner, A . 210, 333). Long crystals (from 
dilute alcohol).— B'HCl.— B'HNO,.— B^SO,. 
TOLIDINE v. Di-amido-ditolyl. 

TOLIL v. Di-tolyl-diketone. 
TOLIL-BENZOIN v. Benzoin, Reaction 9. 
TOLINDOLE v. Methyl-indole. 

TOLISATIN v. Methyl-WATm. 

TOLU - ACET-ALDEHYDINE C U H 14 N 2 i.e. 

C,H a (N:OHMe), or 0,H.<** Et >CMe < ? ) [ 91 ° 


uncor.]. Formed together with a small quan- 
tity of ethenyl-tolylene-diamine, by mixing tolyl- 
ene o-diamine (1 mol.) with aldehyde (2 mols.) 
in cold HOAc (Hinsberg, B. 20, 1588). 

TOLU - AMID0XIM v. Tolenyl-amidoxim. 

TOLTT BALSAM. Obtained from incisions 
in the stem of Myroxylum toluiferum growing 
in Columbia, South America. It contains a 
terpene, tolene C 10 H lft (154°-170°), benzoic and 
cinnamic acids, benzyl cinnamate and two 
resins : C l8 H 18 0 4 [60°] v. sol. alcohol and ether 
and C^ELjgOj, [above 100°], insol. alcohol and 
ether (Deville, A. 44, 804 ; Scharling, A . 97, 71 ; 
E. Eopp, A. 64, 372 ; Busse, B. 9, 830 ; Bail- 
Ion, Ph. [8] 4, 385). 

TOLTTBENZYLAMINE v. Methyl-benzyl- 


▲mine. 

TOLUENE 0 7 H g i.e. CgH ft .CH s . Methyl- 
benzene . Retinaphtha . Phenyl-methane . Mol. 
w. 92. V.D. 3*20 (calc. 3-29). (109°) (R. Sohiff, 
A . 220, 91) ; (111°) (Wilbrand a. Beilstein, 
A . 128, 259 ; Tollens a. Fittig, A . 131, 304), 
S.G. a j° *8656 (Briihl); at -8566 (Gladstone, 
C. J . 59, 290); ¥ '8708 (S.). O.E. (13°-, 
109°) *001242. S.V. 118 (S.). -1*4893 

(G.). 1*507 (B.). Boo -50*06. H.F.p.-S520. 

HJ’.v. —5260 (Thomsen, 27*.). H.C. 933,762 
(Stohmann, J. pr. [2] 85, 41). Critical tempera- 
ture 321° (Pawlewski, JB. 16, 2634). Occurs in 
cold tar (Mansfield). Obtained by dry distilla- 
tion from balsam of tolu (Deville, A . Oh. [8] 3, 
168 ; Muspratt a. Hofmann, A. 54, 9), from dragon’s 
blood (G16nard a. Boudault, C . R. 19, 605), from 
the resin of JPiwus maritima (Pelletier a. Walter, 
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A. Ch. [2] 67, 278), and from wood (VSlckel, A. 
86, 834). 

Formation . — 1. By distilling vnlpio acid with 
KOH (Mailer a. Strecker, A. 113, 69).— 2. By 
the action of sodium on a mixture of bromo- 
benzene and Mel (Fittig a. Tollens, A. 131, 
803). — 3. By passing petroleum vapour over 
red-hot charcoal (Letny, B. 11, 1210).— 4. By 
heating petroleum with A1C1 S in presence of 
PbO and air (Friedel a. Crafts, Z. 1878, 1166). — 

6. By passing MeCl or CILUL* into benzene con- 
taining A1C1, (Friedel a. Crafts, A. Ch. [6] 1, 
460 ; 11, 264). — 6. Together with CH 4 by heat- 
ing benzene with Mel and I (Rayman a. Preis, 

A. 223, 317). — 7. By distilling cresol with P 2 S 5 
(Geuther, A. 221, 58). — 8. By distilling toluio 
acid with baryta (Noad, A. 63, 305). 

Properties. — Oil, smelling like benzene. 

Reactions.— X. When passed through a red- 
hot tube it yields benzene, styrene, naphthalene, 
diphenyl, anthracene, phenanthrene, and other 
products (Ferko, B. 20, 661 ; cf. Berthelot, Bl. 

7. 218 ; Graebe, B. 7, 48). — 2. Distillation over 
red-hot PbO gives benzene, di-phenyl-ethylene, 
diphenyl, phenanthrene, and anthracene (Lorenz, 

B. 7, 1097; Vincent, C . B. 100, 908).— 3. By 
electrolysis of toluene to which alcohol and 
R 2 S0 4 have been added benzoic aldehyde and 
phenose are formed (R6nard, C. B. 92, 965).— 
4. — When electric sparks are passed through 
toluene, acetylene and hydrogen are given off 
(Destrem, Bl. [2] 42, 267).— 5. A1C1 S at 200° in 
sealed tubes forms benzene, and m- and p- xylene 
(Friedel a. Crafts, C. B. 100, 692 ; Anschutz, A. 
235, 178). — 6. Oxygen passed through toluene 
containing A1C1„ forms cresol (Friedel a. Crafts, 

C. B. 86, 884). — 7. A mixture of toluene and 
ethylene passed through a red-hot tube yields 
benzene, .styrene, and anthracene (Ferko). — 

8. CBLjClj and A1C1 3 yield di-tolyl-methane 
(280°-290°), di-methyl-anthracene [232°], and 
m- t and p - xylenes (Friedel a. Crafts, Bl. [2] 41, 
322). — 9. Bromine acts upon toluene in the 
dark as readily as in diffused daylight, with 
production of o- andp-bromo-toluene. The addi- 
tion of iodine greatly hastens the reaction, but 
the same products are formed. In direct sun- 
light the substitution takes place entirely in the 
side-chain, with production of benzyl bromide. 
But if iodine (even 2 p.c.) is present the effect 
of the sunshine is entirely counteracted, and the 
substitution takes place wholly in the nucleus 
(Schramm, B . 18, 606; cf. Zakrzewski, M. 8, 
304). — 10. Chlorine , in presence of I, acting 
even on boiling toluene, forms chloro-toluene and 
benzyl chloride (Beilstein a. Geitner, A. 231, 
170 ; cf. Aronheim, B. 8, 1401). — 11. Cr0 2 Cl 2 
added slowly to a solution of toluene in CS 2 
ppts.C 7 H 8 2Cr0 2 Cl 2 , which slowly absorbs moisture, 
being converted into benzoic aldehyde (Etard, 
A. Gh. [5] 22, 223). — 12. HjSC^ yields the o- and 
p-suiphonio acids, converted by potash-fusion 
into o- andp-cresol (Wurtz, A. Ch. [4] 25, 108). — 

13. Bz,0 2 forms C 14 H I2 (c. 260°) isomeric with 
the di-phenyl-ethylenes, and yielding benzoic 
acid on oxidation (Lippmann, M. 7, 621). — 

14. HNOg forms o* andp-nitro-toluene. — 15. Par- 
aldehyde and cone. HjSC^ form ditolylethane 
and CJBL. (350°-360°) (O. Fischer, B. 7, 
1194). 

Oomponnds (OrHgJtAldt. S.G. 2 1-08 (Gus- 

Yol. IV. 


tavson, B. 11, 2151). Oil.— (C 7 H 8 ) s AlBr,. S.G. * 
1-37. 

Dihydride O 7 H 10 . (105°-108°j. Formed 
by heating toluene with PH 4 I at 350° (Baeyer, A. 
155, 271 ; Z. [2] 4, 445). 

Tetrahydride C 7 H 12 . (104°). S.G. ^ *797. 
Occurs in the product of distillation of colo- 
phony (R6nard, A. Ch. [6] 1, 231). Oil, sol. 
alcohol and ether. Rapidly absorbs oxygen. In 
contact with water it forms crystalline G T H 18 0 2 . 
H 2 S0 4 forms two polymerides (230°-235°), one 
only being oxidisable by air. 

Hexahydride C 7 H U . (97°). S.G. g *7741. 
O.E. (0°-20°) *00113. S.V. 142 (Lossen,^. 225, 
1091. H.C. 1,092,800 (Louguinine, C. B. 93, 
275). Formed by heating toluene with cone. 
HIAq at 280 J (Wreden, A. 187, 161 ; cf. Berthe- 
lot, Bl. [2] 7, 124 ; 26, 146). Occurs in oil of 
resin. Completely oxidised by a hot mixture of 
HNO a and H^SO,. 

References. — Tri-amido-, Bromo-, Bromo- 
iodo-, Bromo-iodo-nitro-, Bromo -nitro-,Chloro-, 

CHLORO-IODO-, ChLORO- NITRO-, IODO-, IoDO-NITRO-, 

Nitroso-, Nitro-, and Oxy- toluene. 

TOLUENE ARSONIC ACID d. Arsenic. 
TOLUENE-AZIMIDO-TOLUENE v. Azimido- 

COMPOUNDB. 

T0LUENE-AZ0- compounds v . Azo- com- 
pounds and Disazo- compounds. 

T0LUENE-AZ0XY- compounds v, Azoxy- 

COMPOUND8. 

TOLUENE CARBOXYLIC ACID v. Toluio 

ACID. 

Toluene dicarboxylic acid C„H 8 0 4 i.e. 

C 8 H 3 Me(C0 2 H) ii [4:2:l]. Methyl-phthalic acid. 
Mol. w. 180. [152°]. Formed from (aj-amido^p- 
toluio nitrile by Sandmeyer’s reaction, the re- 
sulting nitrile being saponified (Niementowski, 
M. 12, 623). V. e. sol. water and alcohol. With 
o-amido-phenol it forms C 8 H 3 Me(CO) 2 N.C 8 H 4 OH 
[205°], whence boiling aqueous sodium carbonate 
gives rise to C 8 H 3 Me(C0 2 H).C0.NH.C 8 H 4 .0H 
[ 200 °]. 

Amide C 8 H 3 Me(CONH 2 ) 2 . [188°]. Formed 
from the imide and NH s Aq. 

Anhydride. [92°j. Needles. 

Imide C 8 H 8 Me.C 2 0 2 .NH. [196°]. Got by 
fusing the anhydride with urea. Needles. 

Nitrile C 8 H 3 Me(CN) 2 . [120°] (N.) ; [117°] 
(Glock, B. 21, 2663). Needles. Converted by 
alcohol and HC1 into C 7 H 8 Cy.C(NH 2 Cl).OEt 
[199°]. 

Toluene dicarboxylic acid 
C 8 H 3 Me(CO.,n) 2 [4:3:1]. (&)-Xylidicacid. Methyl- 
isophthalic acid. [320°-330°], Formed by oxida- 
tion of m-xylene carboxylic acid (Jacobsen, B. 
14, 2112) and of C 8 H 3 Me(CH 2 .OH) 3 (Hjelt a. 
Gadd, J5. 19, 868). Formed also by fusing 
potassium toluene w-disulphonate or the salt 
C^MefSO^Ey.CO^ with sodium formate 
(Hakanssoi^ B. 5, 1088 ; Remsen a. lies, Am. 1, 
119). The same acid (?) is got by oxidation of 
CgH^MejCOjH *[1:4:2] by HNO, (S.G. 1*12) at 
150° (Claus a. Wollner, B. 18, 1858). Small 
crystals, si. sol. hot water. May be sublimed. 
— Ag A" : crystals, v. sol. hot water. 

Toluene dicarboxylic acid 
C 8 H 3 Me(C02H) 2 [2:4:1]. MetTvyl-terephthaUc 
acid. (a)-XyUdic acid . [c. 282°]. Formed by 
boiling pseudooumene with dilute HNO, (Fittig 
a. Laubinger, A . 151, 276). Got also by fusing 

8 C 
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C 8 H 8 Mq(S0 2 NH 3 )00 2 K with sodium formate 
(Remsen a. lies, Am. 1, 114). Needles (by sublima- 
tion). SI. sol. Aq. Oxidised by KMn0 4 to tri- 
mellitic and isophthalic acids (Krinos, B. 10, 
1494). — *ZnA". S. 36 at 0° ; *736 at 100°, -6 at 
130° (Jacobsen, B. 10, 869). 

Toluene dicarboxylic acid C„H 3 Me(C0 2 H) 2 . 
[310°-316°]. Formed by fusing potassium 
toluene (yjf-disulphonate with sodium formate 
(Senhofer, A. 164, 134). Minute needles, v. si. 
sol. cold water, v. sol. alcohol and ether. May 
be sublimed. — BaA''2aq. — Ag 2 A" : amorphous 

pp. 

Toluene u> o-dicarboxylic acid 

C0 2 H.CH 2 .C <j H 4 .C0 2 H. [2:1]. Homophthalicacid 
v. o-Carboxy-phemjl-acetic acid. 

Nitrile v. o- C yano-benzyl cyanide. 

Toluene * ra-dicarboxylic acid 
CO2H.CH2.CgH4.CO2H [3:1]. Formed by oxida- 
tion of ra-di-ethyl-benzene (Allen a. Underwood, 
Bl. [2] 40, 100). Needles (from alcohol). Sub- 
limes without melting at 200°-210°. — A g.A". 

Toluene u> p-dicarboxylic acid 
CO2H.CH2.CgH2.CO2H. [285°-288 0 ]. S. 1 at 50°. 
S. (alcohol) 14-3 at 30°. Formed by the action 
of dilute (26 p.c.) HOI on the amide (Mellinghoff , 
B. 22, 3216). V. si. sol. ether and benzene. — 
Ag2A" : crystalline pp. The same (?) acid 
formed by oxidation of C 6 H 4 PrPr [1:4] yields 
BaA" l^aq (Paterno a. Spica, B. 10, 1746). 

Amide CO(NH 2 ).CH.C tt H 4 .CO.NH 2 . [235 c j. 
Formed from CH 2 Cy.C fi H 4 .Cy and H 2 S0 4 . Small 
hard nodules. 

Amic acid C0(NH2).CH 2 .CgH 4 .C0 2 H. 
[261°]. Formed from CH2Cy.C a H 4 .C0 2 H and 
H 2 S0 4 . SI. sol. ether, hot water and alcohol. — 
AgA' : crystalline. 

Iso -amic acid C0 2 H.CH 2 .C fl H 4 .C0.NH 2 . 
[229°]. Formed from p-cyano-phenyl-acetic 
acid. Crystalline, v. sol. alcohol and hot water. 
— AgA'. Crystalline. 

Nitrile CHjCy.C a H 4 .Cy. p-Cycvno-benzyl 
cyanide. [100°]. (above 360°). Formed from 
CHjjCl.OgH.Cy and KCy (Mellinghoff, B. 22, 
3209). Needles, v. si. sol. hot water, sol. al- 
cohol and ether. 

Semi’ nitrile CH 2 Cy.C fl H 4 .C0 2 H. [201°]. 
Formed from «-chloro-p-toluic acid by treat- 
ment with KOHAq and alcoholic KCy (Melling- 
hoff, B. 22, 3213). Crystalline, v. sol. alcohol 
and ether.— AgA'. 

Semi-nitrile C0 2 H.CH,.C a H 4 .Cy. [152°]. 
Formed from the nitrile and HC1 at 105°. 
Prisms, v. sol. alcohol.— AgA'. Crystalline. 

Nitrile- amide CH^Cy.CgH^CO.NH^ 

[182°]. Formed from w-chloro-p-toluic amide 
and KCy. Plates. 

Amide - nitrile CO(NH 2 ).CH 2 .C e H 4 .Cy. 
[lQS^ 0 ]. Formed from the nitrile and HC1 at 
70°. Crystalline, v. sol. alcohol. 

Toluene tri-carboxylic acid * 
C a Hg(C0 2 H) 2 .CH 2 .C02H. Formed in small quan- 
tity by oxidation of a-tri-ethyl-benzene (Friedel 
a. Balsohn, Bl. [2] 84, 636). Needles. Sublimes 
before melting. — Ag a A"'. Tables (from hot 
water! 

TOLUENE o-PHOSPHINIC ACID 

C a H 4 Me.P(OH) 2 . Obtained by decomposing its 
ohloride with water (Michaelis a. Paneck, A . 
212, 223). Oil. Monobasic aoid. — CaA' 2 aq. 

Ohloride C^Me-PCl*. (244°). Formed 


by the action of PC1 8 on mercury ditolyl [107°] 
and by warming toluene with A101 s and PCI*. 
Liquid. 

Toluene p-phosphinic aoid C a H 4 Me.P(OH) 2 . 
[105°]. Formed in like manner. Plates, v. si. 
sol. water. Oxidised by HNO s to the phos- 
phonic acid. Decomposed on heating into tolyl- 
phosphine and toluene phosphonic acid.— KA'. 
— NH 4 A'.— BaA'o aq.— PbA' 2 . — CuA' 2 4aq. 

Ether C a H 4 Me.P(OEt) 2 . [280°]. 

Formed from the chloride and dry NaOEt. 

Chloride C a H 4 Me.PCl 2 . [26°]. (246°). 

Formed, together with the 0 - isomeride, from 
toluene, PC1 8 , and A1C1 S (Michaelis a. Paneck, 
A. 212, 203). Formed also from Hg(C 7 H 7 ) 2 
[235°] and PC1 8 . Needles, v. sol. ether and 
benzene. 

References.— Nitbo- and Oxy-toluene Phos- 
phinic ACID. 

TOLUENE PHOSPHINIC ANHYDRIDE t>. 

Phosphino-toluene. 

TOLUENE o-PHOSPHONIC ACID 

C a H 4 Me.PO(OH) 2 . [141°]. Formed by the action 
of water on its chloride (Michaelis a. Paneck, A. 
212 , 231). Crystals, v. sol. water. — Ag 2 A". 

Chloride C 7 H 7 .PC1 4 . This is formed from 
C 7 H 7 .PC1 2 and chlorine. Yellow solid. 

Toluene p-phosphonic acid C fl H 4 Me.PO(OH) 2 . 
[189°]. Formed from C 7 H 7 .PC1 4 and cold water. 
Woolly needles. Oxidised by alkaline KMn0 4 
to C0 2 H.C fl H 4 .P0(0H) 2 . Bromine forms bromo- 
toluene. — KH 3 A" 2 : needles.— BaHjA" 2 — AgHA". 
— Ag 2 A". 

Chloride C 7 H 7 .PC1 4 . [42°]. Formed from 
C 7 H 7 PC1 2 and chlorine. Yellow mass, converted 
by dry S0 2 into liquid C 7 H 7 .P0C1 2 (286°). 

Toluene a>-phosphonic acid 
CgH 5 .CH2.PO(OH) 2 . [166°]. Formed, together 
with (C 7 H 7 )2PO(OH) [191°], from benzoic alde- 
hyde and PH 4 I (Litthauer, B. 22, 2145). Stel- 
late groups of prisms (from HO Ac). 

Reference. — Oxy-toluenk phosphonio acid. 
TOLUENE w-SELINIC ACID C 7 H 8 Se0 2 i.e. 
C 6 H 5 .CH 2 .SeO.OH. [85°]. Formed by oxidising 
benzyl diselenide with HNO s (Jackson, A. 179, 
8 ). Needles, si. sol. cold water, v. sol. alcohol, 
nearly insol. ether. —AgA' : slender crystals 
(from hot water). 

TOLUENE SULFHAMINEd. Amido-toluene 

SULPHINIO ACID. 

TOLUENE o-SULPHINIC ACID C.H.SO* i.e. 
C a H 4 Me.SO.OH. [80°]. Formed by boiling 
C 7 H 7 .N 2 H 2 .S0 2 .C 7 H 7 with baryta- water (Lim- 
pricht, B. 20, 1241). Long needles, y. sol. 
ether. — BaA' 2 8aq. Nodules, v. sol. water. 

Toluene p-sulphinic acid C 8 H 4 Me.SO*H. 
[85°]. Formed in like manner (Limpricht), and 
also from toluene p-sulphonic chloride and 
sodium-amalgam, zinc-dust, or Na 2 SO g (Otto, A. 
142, 92; 146, 19; B. 9, 1586; Blomstrand, B. 
3, 966). Plates, v. sol. ether. Fuming HNO, 
forms crystals [190°]. The Na salt heated with 
CH 8 .CHC1 2 and alcohol at 150° gives a small 
quantity of CH 8 .CHC1.S0 2 .C 7 H 7 [48°] (Otto, 
J. pr. [2] 40, 519). The Na salt with GlCO^Et 
gives the ether (Otto, B. 26, 808). — B&A' 3 « 
plates.— CaA' 2 4aq.— ZnA' 2 2aq.— AgA'. 

Methyl ether. Formed from the Na salt 
and ClCO^t in MeOH. Oil (Otto, /. pr. [2] 47, 
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Ethyl ether EtA'. Oil. Oxidised by 
KMn0 4 in HOAc to toluene p-sulphonic ether 
(Otto a. Bossing, B. 19, 1226). 

Toluene ezo-sulphinic acid C 6 H 5 .CH 2 .S0 2 H. 
Prepared by reducing C a H 5 .CH 2 .S0 2 Cl with 
sodium-amalgam (Otto a. Liiders, B. 13, 1288). 
Very unstable. — NaA' : leaflets, sol. hot alcohol. 
Reference. — Amido-toluene sulphinio aged. 
TOLUENE o-SULPHONIC ACID C 7 H 8 S0 8 i.e. 
C a H 4 Me.S0 3 H [1:2]. 

Formation.— 1. In small quantity together 
with the p-isomeride, by dissolving toluene in 
hot fuming H 2 S0 4 (Engelhardt a. Latschinoff, Z . 
[2] 5, 617 ; Anna Wolkoff, Z. [2] 6, 321).— 

2. Together with the m - and p- isomerides by the 
action of C1.S0 2 .0H on toluene (Claesson a. 
Wallin, B. 12, 1848 ; Noyes, Am. 8, 176). — 

3. From o-toluidine by diazotisation followed 
by treatment with H 2 S0 3 (Muller a. Wiesinger, 
B. 12, 1348). — 4. By reducing p-bromo-toluene 
sulphonic acid with sodium-amalgam (Terry, A. 
169, 27). — 5. From (4,1,2)- nitro-toluene sul- 
phonic acid by elimination of N0 2 (Jenssen, A . 
172, 235). 

Preparation.— By adding toluene (60 g.) to 
CISOyH (110 g.) in the cold, and pouring the 
product into water (Noyes). 

Properties . — Thin leaflets (containing 2aq), v. 
sol. water. Deliquescent. 

Salts (C. a. W. ; Hubner a. Post, A. 169, 1). 
— KA'aq. — NaA'aq : tables, sol. water. — NH 4 A': 
thin leaflets. — CaA' 2 : leaflets, si. sol. water. — 
BaA' 2 aq. S. 4 at 12°.— BaA' 2 4aq. — PbA' 2 aq. — 
PbA' 2 4aq. — MgA' 2 7aq.— ZnA' 2 7aq. - CuA' 2 4aq. 
— CdA' 2 2aq. — MnA' 2 2aq. — AgA' : si. sol. water. 
Chloride C 7 H 7 .S0 2 C1. Oil. 

Amide C 7 H 7 .S0 2 NH 2 . [154°]. S. *1 at 9° ; 
S. (alcohol) 3-5 at 5°. Octahedra, si. sol. water. 
Yields a benzoyl derivative [112°], which forms 
C 7 H 7 .S0 2 .NKBz l^aq and (C 7 H 7 .S0 2 .NBz) 2 Ba aq. 
(Wolkoff, Z. [2] 6, 57). Oxidised by KMn0 4 in 
acid solution to o-sulpho-benzoic acid and in 

neutral solution to C 6 H 4 <^qq 2 ^>NH (Fahlberg 

a. List, B. 21, 242). 

Anilide O^.SOjjNHPh. [136°]. 

Toluide G 7 H 7 .S0 2 NHC 7 H 7 . [134°]. 

Toluene m-sulphonic acid C 6 H 4 Me.S0 3 H 
tl:3]. Formation. — 1. By the action of H 2 SO a on 
m-diazo-toluene salts (Muller a. Wiesinger, B. 
12, 1349). — 2. A product of the notion of 
CISOjH on toluene (Claesson a. Wallin, B. 12, 
1848). — 3. From o-bromo-toluene m-sulphonic 
acid and sodium-amalgam (Muller, A. 169, 47). 

4. By the diazo-reaotion from p-toluidine sul- 
phonic acid and from o-toluidine sulphonic acid 
(Peohmann, A. 173, 202 ; Pagel, A. 176, 297 ; 
Neviie a. Winther, C . J. 87, 628; Klason, B. 
19, 2887). 

Properties . — Thin deliquescent scales (con- 
taining aq), v. sol. water. 

Salts .—KA'aq.— N aA'aq.— NH 4 A': scales, v. 
4K>1. water. — CaA' 2 8aq : needles, v. sol. water. — 
BaA' 2 2aq.-BaA' 2 aq. S. 22*75 at 12° (C. a. W.) ; 
15-5 at 15° (Vallin, B. 19, 2952).— PbA' 2 aq.— 
PbA' 2 2aq. — PbA' 2 3aq. — MgA' 2 8aq.— ZnA' 2 6aq. 
— ZnA' 2 7aq. — CdA' 2 6aq.— CdA' 2 6aq : crystals. 
MnA' 2 7aq. — CuA' 2 4aq.— AgA' : v. soL water. 
Chloride C 7 H 7 .S0 2 C1. OiL 
Amide CyHj.SOjNHg. [108°]. S. -4 at 9° 
<0. a. W.) ; *265 at 14° (V.), S. ^alcohol) 18 at 


5° (0. a. W.) ; 17*4 at 14° (V.). Monoclinio 
tables and octahedra (from alcohol). Melts at 
91° according to Noyes. Oxidised by alkaline 
K,FeCy e to CO.&.C 6 H. 4 .SOJSK 2 (Noyes a. Walker, 
Am. 8, 187). 

Anilide C 7 H 7 .S0 2 NHPh. [7 2°]. 

m-Toluide C 7 H..S0 2 .NHC 7 H 7 . [103 °J. 

Toluene p-sulphonic acid C a H 4 Me.SO„H [1:4 J 
The chief product of sulphonation of boiling 
toluene (Deville, A. Ch. [3] 8, 172; Fittig a. 
Tollens, A. 131, 310; Marcker, A. 136, 85; 
Engelhardt a. Latschinoff, Z. [2] 5, 617 ; 
Jaworsky, Z. 1865, 221 ; Otto a. Gruber, A. 142, 
92 ; 145, 10 ; Ghrustshoff, B. 7, 1167 ; Fahlberg, 
B. 12, 1048). — 2. From toluene and C1SO*!! 
(Claesson a. Wallin, B. 12, 1848).— 8. By the 
action of H 2 SO s on p-diazo-toluene salts (M. 
a. W.). 

Properties. — Thick leaflets or flat prisms 
(containing aq). Deliquescent. Melts at 92° 
(Norton a. Otten, Am. 10, 140). Fusion with 
sodium formate yields p-toluic acid (Remsen, B. 
8,1412). Potash-fusion gives p-cresol. Hydro- 
lysis by Bteam begins at 150° (Armstrong a. 
Miller, C. J. 45, 148). 

Salt s .— KA' aq. Trimetric crystals ; a:b:c 
« -864:1:3-237. — NaA' 3aq.— NaA' 2aq.-NH 4 A'. 
— CaA' 2 4aq. — BaA'.,. — BaA'.,aq. S. 21 at 12°. — 
BaA' 2 3aq (Kelbe, 16, " 621). — PbA' 2 . — 
MgA' 2 6aq. — ZnA' 2 6aq.— CdA' 2 6aq. — MnA' 2 6aq. 
— CuA' 2 6aq. — AgA': long plates, v. sol. water. 

Methylamine salt [125°]. — 
NMe 2 H,A'. [78°]. — NMe 3 HA'. [92°]. Aniline 
Balt [223°]. — o-Toluidine salt [180°] 
(N. a. O.). 

Chloride C 7 H 7 .S0 2 C1. [69°]. Triclinic 
crystals ; a:5:c = *768:1:1'114 ; o = 97° 24' ; 
£ = 117° 6'; 7 “-84° 28'. Acetoxim and NaOH 
form C 7 H 7 .SO.,.O.N:CMe 2 [89°] (Wege, B. 24, 
3538). In ethereal solution it is reduced by 
sodium-amalgam to toluene sulphinio acid and 
the compound C 9 H 10 SO 2 [76°]. In presence of 
isoamyl ether (C 5 H n ) 2 0 the compound C 12 H la S 2 0 4 
[36°] is formed (Otto, A. 143, 216). 

Bromide C 7 H 7 .SOJBr. [96°]. 

Iodide C 7 H 7 .S0 2 L [85°]. Formed by 

adding an alcoholic solution of I to aqueous 
C 7 H 7 .S0 2 Na (Otto a. Troger, B. 24, 479). Yellow 
crystalline powder, v. sol. ether, turning brown 
in air. Heated with water at 100° it forms 
C 7 H 7 .S 2 0 2 .C 7 H 7 . Reduced silver acts in like 
manner. ZnEt 2 forms zinc toluene sulphinate. 

Methyl ether MeA'. [o. 30°]. 

Ethyl ether EtA'. [32°]. S.G. ^ j.174. 
Thick prisms (Kraft a. Boos, B. 25, 2259). 

Phenyl ether C 7 H 7 .SO.OPh. [95°]. Formed 
by the action of NaOPh on the chloride dissolved 
in benzene (Otto, B. 19,1832). Trimetric crystals ; 
a:b:c « *289:1: *476. Not affected by alcoholic NH*, 
even at 200°. 

Amid% C 7 H 7 .S0 2 NH 2 . [136°]. S. *2 at 9°. 

S. (alcohol) 7*4 at 5°. Leaflets. Yields 
C 7 H 7 .S0 2 NHE»aq. BzCl forms C 7 H T .SO r NHBz 
[147°-150°], which gives KA', CaA' 2 aq, BaA'j, 
AgA', and AgA'NH,, and is converted by PCI* 
into C 7 H 7 S0 2 N:CC1.0*H 6 [100°], whence ammo- 
nium carbonate solution forms C, 4 H 14 N 2 S0 2 [114°] 
(Wolkoff, B. 5, 140). Succinyl chloride forms 
crystalline C 7 H 7 .S0 2 .NC 4 H 4 0 a , converted by 
NH*Aq into C 7 H 7 .S0 2 .N 2 H 1 (C 4 H 4 0 4 ) [ISO 0 ] and 

8 o 2 
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which crystallises from 
aloohol (Wolkoff, Z. 1870, 680). 

Methylamide C 7 H 7 .S0 2 .NHMe. [75°]. 
Rectangular plates, si. sol. hot water. Yields 
C 7 H 7 .S0 2 .NBzMe [68°]. 

E thy l amide C 7 H-.SO r NHEt . [68°] . 

Anilide O^.SO^HPh. [103°]. BzOl 
forms OyHj.SOjNBzPh [149° cor.] (Remsen a. 
Palmer, Am. 8, *242). 

Methylanilide C 7 H 7 .S0 2 .NMePh [95°]. 
Monoclinic crystals (Otto, J.pr. [2] 47, 371). 

Ethyl-anilide [88°]. Prisms, insol. water. 

p-Toluide C 7 H 7 .S0 2 NHC 7 H 7 . [118°]. 

Toluene e&o-sulphonic acid C 6 H 5 .OH 2 .SO a H. 
Formed by boiling benzyl chloride with aqueous 
KjSO, (Bohler, A. 164, 60; 221, 215 ; Mohr, A. 
221, 216; Otto a. Liiders, B . 13, 1286). Formed 
also by oxidising benzyl disulphide with HNO g 
(Barbaglia, B. 6, 270, 6881, and also, together 
with aoetic acid, by heating benzyl methyl ketone 
with H;,S0 4 (Krekeler, B. 19, 2625). Very hygro- 
scopic crystals. The K salt heated with KCy 
yields C g H a .CH 2 .CN. 

Salt s. — NH 4 A'. — KA'aq. Trimetric prisms. 
— BaA' 2 2aq. Plates, si. sol. water.— CaA' 2 2aq. — 
PbA'(OH) : crystals.— PbA'jj. — AgA': crystalline. 

Chloride C g H a .CH 2 .S0 2 Cl. [93°]. De- 
composed by heat into S0 2 and benzyl chloride. 

Amide C fl H a .CH 2 .S0 2 NH 2 . [102°] (O. a.L.) 
[105°] (Pechmann, B. 6, 634). Needles, sol. water 
and alcohol. 

Toluene (a)-disulphonic acid C 6 H3Me(S0 8 H) 2 
[1:2:4]. Formed by sulphonation of toluene and 
of toluene o- or ^>-sulphonic acid (Hakansson, B. 
6, 1084; Senhofer, A. 164, 129; Gnehm a. 
Forrer, B. 10, 642; Olaesson a. Berg, B. 13, 
1170; Klason, B. 20, 354). Formed also by 
heating toluene p-sulphonic chloride with H 2 S0 4 
(Fahlberg, B. 12, 1052 ; Am. 1, 170 ; 2, 182). 
Thick liquid.— (NH 4 ) 2 A" aq. — KJl." aq. — BaA" aq. 
8. *76 at 17°. Insol. alcohol. — Ag 2 A" 2aq. 

Chloride O^SO^l),. [52°]. 

Amide C 7 H 6 (S0 2 NH 2 ) 2 . [186°]. 

Toluene (j8) -disulphonio acid 0 a H g Me(S0 3 H) 2 
[1:2:5]. Formed by heating toluene o-sulphonic 
acid with fuming H 2 S0 4 at 160° (H.), or toluene 
ro-sulphonio acid with EL,S0 4 at 180° (Klason, B. 
19, 2889 ; 20, 352). — K*A" aq. — BaA" aq. S. 3*9 
at 15° (K.). 

Chloride C fl H 8 Me(S0 2 Cl) 2 . [96°]. 

Amide O g H s Me(S0 2 N^) 2 . [224°]. 

Toluene disulphonio acid 0 6 H 3 Me(S0*H) 2 
[1:2:3]. Formed by the action of sodium- 
amalgam on £>-io do -toluene disulphonio acid 
(Limprioht a. E. Riohter, B. 18, 2179; A. 230, 
326), and by heating toluene m-sulphonic acid 
with fuming H 2 S0 4 at 180° (Klason). Slender 
needles, v. sol. water and aloohol. — KjA" aq. — 
BaA" 3Aaq. Prisms, v. sol. water. 

Chloride C 8 H 8 Me(S0 2 Cl) 2 . [95°]. 

Amide C-E^MefSO^H^. [214°]. 

Toluene o-dlsulphonio aoid 0 6 H 3 Me(S0 s H) 2 . 
[1:2:6]. Formed by reduction of p-bromo-toluene 
disulphonio aoid with sodium-afnalgam (Kor- 
natzki, A . 221, 199).— K 2 A".— BaA" 4aq. V. e. 
sol. water. 

Chloride [86’6°]. Prisms (from ligroin). 

Amide [above 260°]. Needles, v. sol. Aq. 

Toluene disulphonio aoid O a H 8 Me(SO s H) 2 
[1:3:4]. Formed from p-toluidine sulphonic 
aoid by conversion into OjHjMefSH^SOiH and 


oxidation of the product (Klason, B. 20, 356).— 
KjA" aq. — BaA" 2aq. S '15. Prisms. 

Chloride. [111°]. V.sol. CHC1*. 

Amide. [235°-239°]. V. sol. water. 

Toluene-s-disulphonio acid 
O a H 8 Me(SOjH) 2 [1:3:5]. Formed from o-iodo* 
(or bromo-) toluene disulphonio acid or o-diazo- 
toluene disulphonio acid by long boiling with 
cone. HI (Limprioht a. Hasse, B. 18, 2177 ; A . 
230, 295). — EjA" 2|aq.— (NH 4 ) 2 A". 

Chloride [132°]. Long prisms. 

Amide [over 240°]. Small plates. 

Toluene trisulphonic acid C g H 2 Me(SO a H),. 
Formed by heating sodium toluene (a)-dlsul- 
phonate with ClSO s H at 240° (Claesson, B. 14, 
307). Slender needles (containing 6aq), v. sol. 
water. Salts.— K a A"' 3|aq.— Pb 3 A'" 2 8aq.— 
Ba 3 A'" 2 14aq. Crystals, v. sol. water. 

Chloride C 6 H 2 Me(S0 2 Cl) a . [153°]. 

Amide CeH^MefSOgNEL,),,. [above 300°]. 
Minute crystals, nearly insol. water. 

References.—- Amtdo-, Bromo-, Bromo-amido-* 
Bromo-nitro-, Chloro-, Iodo-, Iodo-amedo-, 
Nitro-amido-, Nitro- and Oxy- toluene sun- 

PHONIC ACID. 

TOLUENE p-THIOSULPHONIC ACID 

C a H 4 Me.S0 2 .SH. Formed by heating a solution 
of a salt of toluene p-sulphinio acid with sulphur 
(Otto, B. 15, 129 ; 20, 2087) or by adding a mix- 
ture of Na 2 S and C 7 H 7 .S0 2 Na to an alcoholic 
solution of iodine (Otto a. Trbger, B. 24, 1132). 
A solution of Na salt gives a white pp. of cuprous 
salt on adding CuS0 4 . 

Reactions. — 1. Iodine added to an alcoholic 
solution of the K salt forms the three com- 
pounds (C 7 H t S 0 2 ) 2 S [134°J, (C 7 H 7 S0 2 ) 2 S 2 [109°], 
and (C 7 H 7 S0 2 ) 2 S 3 [182°]. The compound 

(C 7 H 7 S0 2 ) 2 S is also formed by the action of I on 
a mixture of C 7 H 7 .S0 2 SNa and C 7 H 7 S0 2 Na, and 
crystallises from benzene in monoelinic forms 
a:b:c = 2-829:l:3-221 ; 0 - 60° 7'. The compound 
(C 7 H 7 S0 2 ) 2 S 2 is split up by boiling HOAc into 
(C 7 H 7 S0 2 ) 2 S and (C 7 H 7 S0 2 ) 2 S 8 (Otto a. Troger, 
B. 24, 1126).— 2. Cl.COjjEt acting on the Na 
salt forms the ethyl and tolyl ethers and the 
compound (C 7 H 7 S0 2 ) 2 S 8 [182°] (Otto a. Rossing, 
B. 24, 1148). 

Salts. — NaA' 2aq. Trimetrio tables.— 

KA' 2aq. — AgA' aq : small tables, si. sol. water. 

Ethyl ether C 7 H 7 .S0 2 .SEt. Tolyl ethyl 
disulphoxide. Got from NaA' and EtI. Oil. 

Ethylene ether C^AV [77°]. Needles. 
Decomposed by zinc-dust into the zinc salts of 
toluene sulphinic acid and ethylene mercaptan 
(Otto a. Heydecke, B. 25, 1478). 

Tolyl ether C 7 H 7 .S0 2 .SC 7 H 7 . Tolyl di~ 
sulphoxtde. [78°]. Formed by oxidation of 
p-tolyl mercaptan (Marcker, A. 136, 83). Formed 
also from toluene jp-sulphonio acid and water 
at 100° (Otto a. Trflger, B. 24, 480). Mono- 
clinic prisms (from alcohol). Decomposed on 
saponification by alkalis into toluene p-sulphonic 
acid and di-tolyl disulphide [41°] (Otto a. 
Rdssing, B. 19, 1240). Reduced by zinc and 
dilute H 2 S0 4 to tolyl mercaptan. Bromine forms 
(C, 4 H, 4 S 2 0 2 )2Br2 (Otto a. Gruber, A. 149, 105). 
Alooholic H 2 S forms, on warming, toluene jp-sul- 
phinic acid, di-tolyl disulphide, and tolyl tetra- 
sulphide. 

Reference.— Amtdo-toluene thiosulphonic 
aoid. 
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TOLUENYL- v . Tolenyl-. 

o-TOLTTIC ACID C a H 4 Me.C0 2 H [1:2]. Mol. 
w. 136. [104°]. H.C.v. 928,800. H.O.p. 929,400. 
H.F. 98,600 (Stohmann, J. pr. [2] 40, 133). 

Formation,— 1. By oxidation of o-xylene 
with dilute HNO, (Bieber a. Fittig, Z . [2] 6, 
496 ; A . 166, 242). — 2. From toluene o-sulphonic 
acid vid C 7 H 7 .CN (Ramsay a. Fittig, Z . [2] 7, 
684 ; A. 168, 246). — 8. By the action of sodium- 
amalgam on a mixture of ClCOJEt and o-iodo- 
toluene and saponification of the resulting 
C 7 H 7 .C0 2 Et (Kekul6, B, 7, 1007).- 4. By boiling 
phthalide (8 mols.) with HIAq (127°) and yellow 
P (2 at.), the yield being 97 p.c. (Hessert, B. 11, 
238 ; Racine, A. 239, 72).— 5. From o-toluidine 
vid the nitrile (Cahn, A. 240, 280). 

Properties. — Plates (containing 2aq), volatile 
with stearg, si. sol. cold water. Oxidised by 
alkaline KMn0 4 to phthalic acid (Weith, B. 7, 
1067). Bromine-vapour above 100° forms 
phthalide ; in the cold Br forms bromo-toluic 
acid OgHjMeBr.COJBE [167°]. 

Salts. — NaA' 2aq. [228°]. Efflorescent 
plates. — CaA' 2 2aq.— BaA' 2 2aq. 

Ethyl fther EtA'. (220°). 

Amido-ethyl ether 

C 7 H 7 .CO.O.CH 2 .CH 2 .NH 2 . Formed from o-tolyl- 
oxazoline and HClAq. Oil. Yields B'HBr 
[156°], B'C fl H 8 N ff 0 7 [188°]. 

Amido-propyl ether 
C^.CO.O.CHMe.CBLjNHx. Formed by evapo- 
rating tolyl-me thy l-oxazoline with HClAq. Yields 
B'HBr [140°], B'C a H 3 N 8 0 7 [192°], and a platino- 
chloride [214°]. 

Benzyl ether C 7 H 7 A'. (315°). S.G. \} 1*12. 
Oil (Hodgkinson, C. J. Proc. No. 103, p. 167). 

Chloride C„H 7 OCl. (211° at 733 mm.). 

Anhydride (C 7 H 7 .CO) 2 0. [c. 38°]. (above 
325°). Formed from the Na salt (6 mols.) and 
POCl 8 (1 mol.). Insol. water, sol. ether and 
benzene. 

Amide C 7 H 7 .CONH 2 . [140°] (Hutchinson, 
B. 24, 174 ; C . J. 67, 957 ; cf. Weith, B. 6, 420). 
On reduction in acid solution it yields o-tolyl 
alcohol and a small quantity of the dihydride 
C 7 H 9 .CO.NH 2 [156°], tfhich on boiling with 
water yields an acid [68°J. The dihydride is 
also formed by reducing the amide in alkaline 
solution. 

Anilide C 7 H 7 .CO.NHPh. [125°]. Formed 
from cmfi-phenyl-o-tolyl ketoxim and PC1 6 
followed by water (Smith, B. 24, 4047). 

Xylide C 7 H 7 .CO.NHC a H 8 Me 2 [1:2:4]. [165°]. 
Formed by heating o-tolyl xylyl ketone with 
hydroxylamine at 120° (Smith). 

Bromo-ethylamide 

C 7 H 7 .CO.NH.CH 2 .OH 2 Br. [71°] (Salomon, B. 
26, 1322). 

Chloro -ethyl amide 

C 7 H 7 .C0.NH.CH 2 .0H 2 C1. [73°]. White needles. 

Bromo -propyl-amide 
C 7 H 7 .CO.NH.CH 2 .CHBr.CH 8 . [86°]. Needles 
(from benzene-ligroin) (Salomon, B. 26, 1323). 

Chloro -propyl -amide 
C 7 H 7 .CO.NH.CHj.CHMeCl. [84°]. Formed by 
evaporating o-tolyl-methyl-oxazofine with excess 
of HClAq. Needles (from ligroin). 

o-Nitro -benzyl -amide 
C 7 H 7 .00.NH.CH 2 .C 6 H 4 .N0 2 . [135°]. Needles 

(from alcohol). May be reduced to the o-amido- 


benzyl-amide [116°\ which yields B'HCl [214°] 
(Wolff, B. 25, 8034). 

Jmide (C 7 H 7 .CO)oNH. [148°]. 

Nitrile C 7 H 7 .CN. (204° oor.). V.D. 4*03 
(obs.). H.F. —84,800 (Berthelot a. Petit, A. Ch . 
[6] 17, 123). Formed by heating KOy with 
potassium toluene o-sulphonate or with tri-o- 
tolyl phosphate (Heim, B. 16, 1776), by heating 
o-tolyl thiocarbimide with finely-divided copper 
(Weith, B. 6, 419), by boiling o-tolyl carbamine 
(Weith, B. 7, 722), by heating o-iodo-toluene 
with AgCy at 350° (Merz a. Weith, B. 10, 761), 
by boiling the formyl derivative of o-toluidine 
with zinc-dust (the yield being 18 p.c.) 
(Gasiorowski a. Merz, B. 17, 74; 18, 1004), and 
by Sandmeyer’s reaction from o-toluidine (Cahn, 
B. 19, 756). Liquid. H>S0 4 at 60° to 70° forms 
C 7 H 7 .C(NH).NH.CO.C 7 H; [103°], which is con- 
verted, by warming its acid solution, into the 
imide (C 7 H 7 .CO) 2 NH (Krafft a. Kerstens, B. 25, 
455). Cone. HIAq forms C^.CIj.NH, [98°] 
(Biltz, B. 25, 2540). 

Hexahydride v. Methyl-hexamethylenb 

CARBOXYLIC ACID. 

?n-Toluic acid C fl H 4 Me.C0 2 H [1:3]. [110°] 
(Jacobsen, B. 14, 2347 ; Bornemann, B. 20, 
1382). (263°). H.C.v. 928,500. H.C.p. 929,100. 
H.F. 98,900 (Stohmann, J. pr. [2] 40, 134). 
S. -09 at 15° ; 1*66 at 100°. 

Formation. — 1. By oxidising bromo-xylene 
and reducing the resulting bromo-toluio acid 
with sodium-amalgam (Ahrens, Z. [2] 5, 106 ; 
Richter, B. 5, 424 ; Bottinger a. Ramsay, A. 
168, 255). — 2. By distilling uvitic acid with lime 
(Fittig, B. 5, 268). — 3. By oxidation of w-xylene 
with dilute HNO s (Tavildaroff, B. 4, 410; 
Bruckner, B . 9, 406 ; Reuter, B. 17, 2028). — 
4. By saponifying the nitrile. 

Preparation. — 1. By boiling w-chloro-xylene 
with HNO s (1 vol. of S.G. 1*4) and water (8 vols.) 
(Senff, A. 220, 247). — 2. By sulphonating crude 
xylene, then preparing CgHjMe^SOaNELj, oxi- 
dising by KMn0 4 , heating the resulting 
C fl H 4 Me(S0 ? NH 2 ).C0 2 H with HC1 at 230°, and 
distilling with steam (Jacobsen, B. 14, 2347). 

Properties. — Long needles, volatile with 
steam, v. sol. alcohol and ether. Oxidised by 
chromic acid mixture to isophthalic acid. 

Salts.— CaA' 2 3aq. S. 3*17 at 15°; 8*2 at 
100°. — BaA' 2 2aq: trimetrio plates or tables. — 
AgA'. 

Ethyl ether EtA'. (226°). 

Chloride (218° at 724 mm.) (Ador a. 
Rilliet, B. 12, 2300). 

Nitrile C 7 H 7 .CN. (209°). Formed by 
heating m-tolyl thiocarbimide with Cu (Weith a. 
Landolt, B. 8, 720), and in other ways (Buchka 
a. Schachtebeck, B. 22, 841). 

p-Toluic acid C a H 4 Me.C0 2 H [1:4]. [179°]. 
(275° cor.) (Fischli, B. 12, 615). H.C.v. 926,800. 
H.C.p. 927 A00. HJP. 100,600 (Stohmann, J. pr. 
[2] 40, 134)1 

Formation » — 1. By the action of dilute 
NHO a on cymene (Noad, P. M. [3] 82, 19 ; A. 
63, 289) on ^>-xylene (Beilstein, A. 187, 302 ; 
Bruckner, A. 205, 113), and on terpenes (Hirzel, 
Z. 1866, 205).— 2. By saponification of the 
nitrile.— 3. By heating p-bromo-toluene with 
ClGC^t and sodium-amalgam and saponifying 
the product (Wurtz, O. B. 68, 1298).-—4. From 
p-bromo-toluene, CO„ and sodium (KekulA, A . 
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187, 184).— 6. By the action of POC1, (40 g.) on 
a mixture of toluene (40 g.), HOAo (80 g.) and 
ZnGls (80 g.) at 110° (Frey, J.pr. [2] 43, 116).— 

6 . By reducing bromo-p-toluio acid with sodium- 
amalgam (Remsen a. Morse, Am . 1, 138). — 

7. From the chloride which is formed by the 
action of COCl 3 on toluene in presence of A101 a 
(Ador a. Crafts, B. 10, 2176). — 8. From the amide 
which is formed by the action of A1G1* on a 
mixture of toluene, CS 2 , and NH 2 .CO.Cl (Gatter- 
mann a. Schmidt, B. 20, 869).— 0. By fusing 
O 7 H 7 .CO.OgH 4 .CO 2 H with potash (Friedel a. 
Crafts, Bl. [ 2 ] 85, 508), and also bypassing gase- 
ous cyanic acid and HC1 into toluene at 100° con- 
taining A1C1* (Gattermann a. Rossolymo, B. 23, 
1195). 

Properties, — Needles, v. sol. hot water, v. e. 
sol. alcohol and ether. Volatile with steam. 
Oxidised by CrO* or KMn0 4 to terephthalic acid. 
Yields a di-nitro- derivative [158°]. 

Salts . — KA'. — BaA ' 2 2aq : needles (Buchka 
a. Irish, B. 20, 1764).— CaA' 2 3aq.— MgA ' 2 3aq.— 
CuA' r -AgA'. 

Methyl ether MeA'. [32°]. (217°). 

Ethyl ether EtA'. (228°). Oil. 

Amido-ethyl ether C 7 H 7 .CO.O.C.H 4 NH 2 . 
Yields B'HBr [167°] and B'C b H 3 N s 0 7 [180°]. 

p-Amido-propyl ether 
C 7 H 7 .CO.O.C*H a .NH 2 . The hydrobromide 
B'HBr is formed by evaporating a solution of 
the bromo-propyl-amide. It yields B'C„H 3 N 8 0 7 
[186°] and BVEL.PtCl*. 

Phenyl ether PhA'. [72°]. 

Chloride (225° at 720 mm.). 

Amide C 7 H r CO.NH 2 . [159°]. Formed by 
heating the NH 4 Balt in sealed tubes at 230° 
(Hallemann, B. T. C. 6 , 79). 

Methyl amide C 7 H 7 .CO.NHMe. [143°]. 
Formed by the action of NHMe.COCl on toluene 
in presence of A1C1* (Gattermann a. Schmidt, B. 
20, 120 ; A. 244, 61). Tables. 

Ethy lamide C 7 H 7 .CO.NHEt. [96°]. 

Bromo- ethyl -amide 

C 7 H 7 .CO.NH.CH 2 .CHJBr. [129°] (Salomon, B. 
26, 1825). Formed from p-toluic chloride and 
bromo-ethylamine. Plates. Converted by boil- 
ing water into the amido-ethyl ether. 

Chloro -ethyl- amide 
C 7 H 7 .CO.NH.CH 2 .CH 2 d. [122°]. Needles (from 
ligroln). 

Bromo-propyl -amide 
C 7 H 7 .CO.NH.CH 2 .CHBr.CH*. Melts at 74°, 
becomes solid, and melts again at 158° (B. 26, 
1326). 

Chloro -propyl -amide 
C 7 H 7 .CO.NH.CH.CHMeCl. [78°]. 

Anilide C 7 H 7 .CO.NHPh. [145°]. Formed 
from toluene, phenyl cyanate, and A1C1* (Leuckart, 
J. pr. [2] 41, 306). 

o - Nitro - anilide. [110°]. Yellow 
prisms. u 

p - Toluide C 7 H 7 .CO.NHC 7 H 7 . [160°]. 
Formed by the action of sodiurmamalgara and 
HOAo at 60° on an alcoholic solution of di-p- 
tolyl ketoxim (Goldschmidt a. Stocker, B. 23, 
2747 ; 24, 2799). Needles. 

Nitro-toluide C 7 H 7 ,C0.NHC„H 8 Me(N0 2 ) 
[4:1:8]. [166°]. 

Diphenylamide C 7 H 7 .CO.NPh 2 . [155°]. 
Prisms (from alcohol) (Lellmann a. Bonhdffer, 
B. 20 , 2118). 


Xylide G 7 H 7 .CO.NHC 6 H 3 Me„. [189°]. Yields 
0 7 H 7 .C 0 .NH.C tf H 2 Me 2 (N 02 ) [i87°]. 

Phenyl-methyl-amide C 7 H 7 .CO.NPhMe. 
[70°] (Lellmann a. Benz, B . 24, 2114). 

o-Nitro-benzyl-amide 
C 7 H 7 .CO.NH.CH 2 .CeH 4 .NO 2 . [142°] (Wolff, B. 

25, 3036). 

Nitrile CeH 4 Me.CN. [28-5°]. (218°). 

Formed by distilling potassium toluene p-sul- 
phonate with KCy (Merz, Z . [2] 4, 33), by heat- 
ing C 7 H 7 .N.CS with Cu (Weith, B . 6 , 421), by 
heating tri-p-tolyl phosphate with KCy (Heim, 
B. 16, 1775), and by passing C 7 H 7 .NH.CHO over 
heated zinc-dust (G. a. M.). Obtained also from 
p-toluidine by Sandmeyer’s reaction (Glock, B . 
21, 2650). Sodium added to its boiling alcoholic 
solution forms a small quantity of w-amido-p- 
xylene, the greater part being saponifled (Bam- 
berger a. Lodter, B. 20, 1710). H,S0 4 gives 
C 7 H 7 .C(NH).NH.CO.C 7 H 7 [145°]. Easily con- 
verted into the imide (C 7 H 7 .CO) 2 NH [155°] 
(KraiJt a. Karstens, B. 25, 454). Cone. HIAq 
forms C 7 H 7 .CI,.NH 2 [115°-120°], decomposed by 
fusion (Biltz, B. 25, 2539). 

Tvtrahydride C*H, 2 0 2 . (252 0 ,y Formed 

by reduction of CH 2 :C<^^]|^C.CO,H with 

sodium-amalgam (Einhorn a. Willstalter, B . 

26, 2009). Needles, melting below 0°. Yields 
CaA' 2 4aq, CuA' 2 2aq, MeA'. (210°-220°), and 
an amide [158°]. Boiling NaOHAq converts 
the acid into a solid isomeride [47°] (254°-260°) 
which yields CaA' 2 4aq and an amide [135°]. 
Hexahydride (Serebojakoff, B. 25, 3355). 

Beferences. — Amido-, Bbomo-, Bkomo-nitro-, 
Chloro-, Nitro-, Nitro-amido-, Oxy-, Oxy- 
amido-, and Sulpho- toluic acid. 

a-Toluio acid is Phenyl-acetic acid. 

0 - TOLUIC ALDEHYDE C 6 H 4 Me.CHOfl:2]. 
o-Toluylic aldehyde. (200°). Prepared by boil- 
ing a>-chloro-o-xylene with lead nitrate solution 
(Lauth a. Grimaux, Bl. [2] 7, 233; Rayman, 
BL [2] 27, 498). Prepared also from o-xylene 
by the successive action of CrO-jCL* and water 
(Bornemann, J3. 17, 1467), and by oxidising 
C*H 4 Me.CH 2 OH with chromic acid mixture 
(Krober, B. 23, 1029). Oil, smelling like bitter 
almonds. Yields a crystalline compound with 
NaHSO*. Reduced by sodium-amalgam to 
o-tolyl-carbinol. 

Oxim C a H 4 Me.CH:NOH. [49°]. Is an anti- 
oxim. White crystals (from ether), v. sol. 
alcohol. Yields a crystalline hydrochloride. 
Ao 2 0 yields an acetyl derivative [56°]. AcCl 
acts in like manner. The acetyl derivative is 
decomposed by alkalis with regeneration of 
the oxim, no nitrile being formed (Dollfus, B+ 
25, 1921). The oxim is converted in. ethereal 
solution by PC1 8 into the nitrile (204°). 

m-Toluic aldehyde Cja 4 Me.CHO[l: 8 ]. (199°). 
S.G. £ 1*037. Formed by boiling <w-chloro-m- 
xylene or <w-bromo-w-xylene with lead nitrate 
solution (Gundelach, Bl. [2] 26, 44 ; Muller, B* 
20, 1213), and also by the action of water on 
C 7 H 8 Cr0 2 Cl 2 obtained from w-xylene (lStard, B. 
14, 848 ; Bornemann, B . 17, 1464). Oil, smell- 
ing like almonds. Combines with NaHSO** 
Aniline forms C 7 H 7 .CH:NPh. (314°). 

Phenyl-hy dr azide C^Me.CHNgHPh.. 
[91°]. (B.); [88°] (Rudolph, A. 248, 100). 

Prisms (from ligroln), v. sol. ether. 
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p- Toluic aldehyde C a H 4 Me.CHO[l:4]. (205°). 
formed by distilling calcium p-toluate with cal- 
cium formate (Oannizzaro, A. 124, 254). Formed 
also by the action of water on the product of com- 
bination of p-xylene with 0r0 2 0l2 (Bornemann). 
Oil, with peppery smell. Oxidised by air to 
toluic acid. Alcoholic potash forms potassium 
toluate and tolyl-carbinol. 

Reference . — Nitro- and Oxy- toluic alde- 
hyde. 

TOLUIC CHLORIDE v. Chloride of Toluic 

acid. 

TOLUIDES. Compounds derived frpm tolui- 
dine by displacement of H in NH 2 by an acid 
radicle. 

o-TOLUIDINE C a H 4 Me.NH 2 [1:2]. Mol. w. 107. 
(198°). S.G. 2 f -9986 (Briihl, A. 200,189). H.C.p. 
964,700. H.C.v. 963,750. H.F. 3,800 (Petit, C. R. 
107, 266V M* 1*5895. R*, 57*56. S.Y. 126-6. 
Formed from o-cresol, ZnBr 2 , NH S , and NH 4 C1 
at 335° (Merz a. Miiller, B. 20, 547). Prepared 
by reduction of o-nitro-toluene. May be sepa- 
rated from p-toluidine by means of the acid oxal- 
ates (Bindschedler, B. 6, 448 ; Ihle, J. pr. [2] 
14, 449 ; Miniati, Booth a. Cohen, 8. C. I. 6, 
418), by freezing (Rosenstiehl, Bl. [2] 17, 7), by 
means of the nitrates (Sohad, B. 6, 1861), 
hydrochlorides, sulphates, or phosphates (Lewy, 
Fr. 23, 269 ; B. 19, 1717, 2728 ; cf. Wiilfing, B. 
19, 2132). o-Toluidine can be prepared from 
C a MeHBr(NBL) (N 0 2 ) H vid C 6 MeHBrI(N0 2 )H, 
C fl MeHBrI(NH 2 )H, C 6 MeHBrIBrH, followed by 
C^MefNOJBrlBrH, and C a Me(NH 2 )BrIBrH. It 
can also be got from C a Me(NH 2 )BrIBrH vid 
C a MeIBrIBrH, followed by C a MeIBrIBr(N0 2 ) 
and C a MeIBrIBr(NH 2 ) thus proving that the 
toluidine C a H 4 Me(NH 2 ) [1:2] is identical with 
C 6 H 4 Me(NH 2 ) [1:6] (Wroblewsky, A. 192, 213). 

Properties . — Oil. A solution in H 2 S0 4 H 2 0 is 
coloured orange by HNO s and blue by Cr0 3 , the 
solution in the latter case becoming reddish- 
violet on dilution. Forms a crystalline com- 
pound with liquid C0 2 at 8° (Bitte, C. R. 105, 
614). With Pb0 2 and aqueous acetic acid gives 
a green colour, while Pb0 2 and alcoholic acetic 
acid gives a reddish-violet colour (Lauth, C. R. 
Ill, 975). Unlike p-toluidine, it forms a crystal- 
line compound with alloxan (Pellizzari, C. C. 
1887, 1288, 1396). If an ethereal solution of 
o-toluidine is shaken with very dilute bleaching- 
powder solution the aqueous layer becomes 
yellow or brown, and the ethereal layer, if de- 
canted and shaken with dilute H 2 S0 4 , colours 
this reddish-violet. A solution of p-tolylene 
diamine hydrochloride mixed with a little o- 
toluidine gives a green colour on addition of 
FeCl a or (Nietzki, B. 10, 1157). 

Reactions. — 1. POCl s forms P0(NHC 7 H 7 ) s 
[225°] (Michaelis a. Rudert, B. 26, 565), v. sol. 
water, whence Br forms PO(NHC a H 8 BrMe) 8 
[253°]. Another product of the action of POCl 8 
on o-toluidine is POCl(NHC a H 4 Me) 2 , whence water 
forms HO.PO(NHC 7 H 7 ) 2 [95°]. PSC1 8 forms 
PS(NHC 7 H 7 ) s [135°]. — 2. SiCl 4 reacts forming 
SiCyNHC^L, a white granular powder (Harden, 
C. J. 51, 40 ). — 3. On heating with malic add it 
yields the nmno-toluide [178°], di-toluide [181°], 
and a tolyl-imide [116°] of malic acid (Bischoff, 
B . 23 , 2043 ). — 4 . Chloro-citryl chloride forms 

°» H »- N <00;o!cH r OO.NHOA ( Skinn0r 


а. Ruhemann, C. J. 55, 239) .—5. SO*, alcohol, 
and nitrous acid give rise to the ‘sulphazide* 
C u H 16 N 2 S0 8 [142°] (Limpricht, B. 20, 1241).— 

б. On nitration of o-toluidine or its acetyl deriva- 
tive N0 2 enters the p- and o- positions, but in 
presence of H 2 S 0 4 (10 pts.) the compound 
C a H 3 Me(N0 2 )(NH 2 ) [1:4:6] [107°] is formed 
(N olting a. Collin, B. 17, 265), together with the 
(1,2,6) -isomeride (Green a. Lawson, C. J. 59, 1018). 
—7. Benzoic aldehyde forms C 6 H 5 CH:NC,H t , 
an oil (316°) (Etard, Bl. [2] 39, 530 ; Pictet, B. 
19, 1063). — 8. Hydrobenzamide or warming forma 
the same body (310°) (Lachovitch, M . 9, 696). — 
9. Toluidine heated with toluidine hydrochloride 
and benzoic aldehyde in sealed tubes at 120° forma 
C 6 HyCH(C a H 3 Me.NH 2 ) 2 , a crystalline powder 
turning blue in the air (Ullmann, J.pr. [2] 36, 
251).— 10. The methyl derivative of p-oxy -ben- 
zoic aldehyde at 120° produces the compound 
C fi H 4 (OMe).CH:N.C 7 H 7 [32°] (Steinhart, A. 241, 
340).— -11. Bromo-propiolic acid reacts, forming 
C 17 H l8 N 2 0 2 [185°] (Mabery a. Krause, B. 22, 
3308).— 12. a/9 -Di-bromo-acrylic acid produces 
pale-yellow needles [115°] (M. a. K.).— 13. The 
hydrochloride heated with MeOH at 250°-300 c 
gives rise to di-methyl-toluidine, xylidine 
C a H 3 Me 2 (NH 2 ) [4:3:1] and mesidine (Limpaoh, 
B. 21, 640). — 14. Cyanogen passed into an 
alcoholic solution forms crystalline 

which yields B"H 2 C1 2 and B"2HNO s (Bladin, 
Bl. [2] 41, 128).— 15. On heating with S it 
yields C, 4 H, 2 N 2 S [120°] crystallising from alcohol 
in yellow plates and yielding a dibromide 
C 14 H )2 Br 2 N 2 S [190°] (Gattermann, B. 22, 425).— 
16. C1S0 8 H in CHC1 8 forms C 7 H 7 NH.SO,H, which 
yields BaA' 2 2aq. Both the acid and its salts re- 
produce o-toluidine when treated with hot water 
(Traube, B. 23, 1656). 

Salts (Beilstein a. Kuhlberg, A. 156, 66; 
Rosenstiehl).— B'HClaq. 8. 37*4 at 15*5°. S. 
(alcohol) 100. — B' 2 H,PtCl a . Decomposed by 
boiling water (difference from p-toluidine) (Dc 
Coninck, Bl. [2] 45, 131).— B'^ZnCl,. White 
tables (Bibanoff, Monit. scient. [3] 4, 925). — 
B' 2 ZnCij2aq (Lachovitch, M. 9, 513).— B^HgCl,. 
[115°]. Prepared by shaking an alcoholic solu- 
tion of the base with HgCl 2 (Klein, B. 11, 743). 
Crystalline powder, sol. alcohol and ether. — 
B' 2 MnCl 2 .— B' 5 H ri CuCl 7 . Yellow crystalline pp. 
got by adding CuCl 2 to a solution of the hydro- 
chloride (Pomey, C. R, 104, 365).— B'HBr. Tri- 
metric prisms. — B'gHgBrj. [104°]. Leaflets 
(Klein, B. 13, 835).— B' 2 ZnBr 2 (Leeds, J. 1882, 
503).— B'HI. Trimetric prisms (Stadel, B. 16, 
28). — B' 2 HgI 2 . White needles. — B^Znl^ — 
B'oCdI r — B',HgCy. 2 . — B r 4 H 4 FeCy 6 : crystals. — 
B , 2 H 2 Cu 2 (S0 8 ) 2 . Formed by adding aqueous 
cupric sulphate and NaHSO, to a solution of the 
base in acetic acid (Denig&s, C. R. 112, 870),—- 
B'HgELjfSOg^ aq. — B'H 2 S0 4 . Crystals (Welling- 
ton a. Tollens, B. 18, 3313).— B'ftSO^ S. 7*8 
at 22° S. (89 p.c. alcohol) 1-6 at 21*6°.— 
B'HNO* S. 10 at 19°. S. (89 p.c. alcohol) 
23*5 at 16*5°.— B'H 8 P0 4 . Crystals, v. sol. water 
(Lewy, B. 19, 1717). The salts B' 2 H 8 P0 4 and 
B'„H 8 P0 4 could not be prepared. Aniline sets 
free o-toluidine from B'HjPO^ p-Toluidine also 
sets free o-toluidine from its phosphate. — 
B , HSCyCr(SCy) 8 2NH 8 . Red plates, v. sol. hot 
water (Christensen, J. pr. [2] 45, 362). — Oxal- 
ate : small plates. S. 2*38 at 21°. S. (84 p.0. 
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alcohol) 2*68 at 21°. S. (ether) *66 at 21°.— 
Ghloroacetate B'CgHgClOy [96°] (Bischoff, 
B. 21, 1267). — 03 ?)-naphtholate [81°] (Dyson, 
0 . J. 48, 470). 

Formyl derivative C 7 H 7 .NH.CHO. [68°]. 
(288°). Plates (Ladenburg, B. 10, 1129 ; Tobias, 

B. 16, 2446). The crystalline poly me ride [211°] 
is v. sol. hot HOAo, nearly insol. ether and cold 
alcohol. 

Thioformyl derivative G 7 H 7 .NH.CSH: 
[96°]; yellow needles ; bitter taste; sol. alcohol 
and ether, insol. water. Formed by heating the 
formyl derivative with P 2 S 4 . It dissolves un- 
altered in cold aqueous NaOH, and is reprecipi- 
tated by an acid. By distillation in vacuo it 
C H NTT 

forms di-tolyl-formamidine q ^CH with 

evolution of RjS and CS 2 . By heating for 7 hours 
at 190° under pressure a crystalline compound 

C, a H 18 N 2 S [160°] is formed with evolution of 
HjS (Senier, B. 18, 2292 ; C. J. 47, 762). 

Acetyl derivative CyH^NHAc. [109°] 
(Bedson a. King, C. J. 37, 753). (296°). S. *85 
at 19°. Formed from the base and HOAc (Beil- 
stein a. Kuhlberg, A. 156, 77 ; Alt, A. 252, 318), 
or by shaking it with water and Ao 2 0 (Hinsberg, 
B. 23, 2962). Converted by PC1 S into the com- 
pound C 7 H 7 N:CClMe, which when carefully heated 
gives a base C 7 H 7 N:CMe.CH 2 .CCl:NC 7 H 7 [53°], 
and when treated with excess of o-toluidine gives 
di-tolyl-acetamidine [69°]. Br in HOAc forms 
C a H,MeBr(NHAc) [1:6:2] [157°]. 

Chloro-acetyl derivative 
C 7 H 7 NH.C0.CH 2 C1. [112°]. Formed by the 
action of chloro-acetyl chloride on o-toluidine 
dissolved in benzene (Widman, J. pr. [2] 38, 
299). Needles (from dilute alcohol). Converted 
by alcoholic potash into a pyrazine derivative 
[160°]. 

Di- chloro-acetyl derivative 
C 7 H 7 NH.OO.GHCLj. Needles, volatile with steam 
(Rugheimer a. Hoffmann, B. 18, 2987). 

Tri-chloro-acetyl derivative 
C 7 H 7 NH.CO.CCl a . [67°]. Formed from hexa- 
chloro-acetone and o-toluidine (Cloez, A. Ch. 
[6] 9, 216). Needles, si. sol. cold alcohol.- 

Bromo-acety l derivative 
C 7 H 7 .NH.OO.OH 2 Br. [118°]. Formed from 
o-toluidine and bromo-acetyl bromide (Widman, 
J. pr. [2] 88, 298). Needles. Converted by alco- 
holic potash into O l0 H 18 N 2 O ? [160°]. 

Thio-acetyl derivative • 
C 7 H 7 .NH.CS.CH s . [68°] (Wallach, B. 13, 629 ; 
16, 147). Converted by NaOEt and EtBr into 
oily C 7 H 7 N:CMe.SEt (262°). 

Propionyl derivative C 7 R 7 .NH.COEt. 
[87°]. (299° at 730 mm.). Formed from o-tolui- 
dine and propionic acid (Pictet a. Duparc, B. 
20, 3421). Needles, si. sol. hot water. Oxidised 
by KMn0 4 to propionyl-o-amido-benzoic acid 
[117°]. 

a-Bromo -propionyl derivative 
C 7 H 7 .NH.CO.OHBr.GH,. [181°]. Needles, insoL 
llgroin (Tigerstedt, B. 25, 2920). 

Benzoyl derivative C 7 H r NHBz. [131°] 
(Gudeman, B. 21, 2563); [148°] (Bruckner, A . 
205,130). Long broad needles. Yields benzoyl- 
o-amido-toluio acid on oxidation by KMn0 4 . 
PCI, forms O f H 7 .N:OOLC a H 5 (Just, B. 19, 982). 

Qxalyl derivative C 8 0 3 (NH.C 7 H 7 ) r 


[131°]. Plates (from aloohol) (Bladin, BL [ 2 ] 
41, 130). 

Phthalyl derivative CANiOjOjiCA* 
[182°]. (near 360°). Needles, sol. hot HOAo 
(Frdhlich, B. 17, 2679). 

Phenacyl derivative 
C,H 7 NH.CH 2 .CO.C a H a . [89°]. Formed from the 
base in alcohol and w-bromo-acetophenone 
(Bischler, B. 25, 2865). Needles. Yields B'HCl 
and an acetyl derivative [92°]. 

m-Toluidine C a H 4 Me.NH 2 [1:8]. (197°) (Beil- 
stein a. Kuhlberg, A . 156, 83) ; (201°) (Buchka 
a. Schaohtebeck, B. 22, 840) ; (205°) (Lorenz, A. 
172, 180 ; Merz a. Muller, B. 20, 548). S.G. 25 
•998. S.N. 128*1. H.C.V. 964,600. H.C.p. 
965,600. H.F. 2,900 (Petit, A. Ch. [6] 17, 155). 
Formed by reduction of w-nitro-toluene. Ob- 
tained also from p-toluidine by successive acetyl- 
ation, nitration, saponifioation, diazotisation, 
boiling with alcohol, and reduction (Lorenz, B. 
7, 448). Formed also by heating w-cresol with 
ZnBr 2 , ammonia, and NH 4 Br at 300° (M. a. M.). 
Prepared from benzoic aldehyde by nitration, 
conversion into m-nitro-benzylidene chloride and 
reduction of this body by zinc and HC^Aq in the 
cold (Yienne a. Steiner, BL [2] 85, 428 ; Wid- 
man, B. 13, 676 ; Bl. [2] 36, 216 ; Ehrlich, B. 
15, 2011 ; Harz, B. 18, 3398). m-Toluidine can 
be shown to exist in commercial toluidine by 
means of the nitroso- derivative of di-metbyl- 
m-toluidine, since o- and p- di-methyl-toluidines 
do not give nitroso- derivatives (Wurster a. 
Riedel, B. 12, 1796). 

Properties . — Oil. Its solution in E^SO^O is 
coloured yellowish-brown by Cr0 8 and blood-red 
by HNO a . Its ethereal solution, shaken with 
water and a little bleaching-powder, is coloured 
reddish, the aqueous layer being brownish yellow. 
HNO„ added to its solution in a mixture of 
H 2 S0 4 and HOAc below 0° forms nitro-toluidine 
[134°] and some of its isomerides. Cyanogen 
passed into its alcoholic solution gives the com- 
pound (C 7 H 7 .NH 2 ) 2 C 2 N S [200°] which forms 
B'jjHOl, B' 2 2HN0 8 , and B' 2 2H 2 S0 4 (C16ve a. 
Bladin, Bl. [2] 41, 129). Yields (4,2,1)- xylidine 
when its hydrochloride is heated with MeOH at 
200°-300° (Limpach, B. 21, 646). 

Salts.— B'H Cl. S. 96-3 at 12°. S. (94p.c. 
alcohol) 61*9 at 9°.-B' 2 HPtCl a .— B'HNO,. S. 
20*1 at 23*5°. S. (94 p.c. alcohol) 46 at 15°.— 
B'HBil, (Kraut, A. 210, 323).— B'^SO,. S. 
6-25 at 14°. S. (94 p.c. alcohol) *41 at 15°.— 
B' 4 H 4 FeCy fl (Eisenberg, A. 205, 270). — B'H 2 C 2 0 4 . 
Silky needles. S. 2*65 at 13° ; S. (94 p.c. alco- 
hol) 1*77 at 15°; S. (ether) *13 at 16°.— 
B^HgCgO^ White plates, S. 1*45 at 15° ; 
S. (94 p.c. alcohol) *96 ; S. (ether) *128 at 15*5°. 
— B' 2 H 2 C 2 0 4 aq. Very unstable. 

Formyl derivative 0 7 H 7 .NH.CH0. (278° 
at 724 mm.) (Niementowski, B. 20, 1892). 
Converted by long boiling into 
C 7 H 7 N:OH.NHC 7 H 7 [123°]. 

Acetyl derivative G 7 H 7 .NHAc. [65°]. 
(303°). S. *44 at 18°. 

Di- chloro-acetyl derivative 
C 7 H 7 .NH.CO.CHCl 2 . [100°]. Silky plates 
(Biigheimer a. Hoffmann, B. 18, 2988). 

Benzoyl derivative C 7 H 7 .NHBz. [125°] 
(Just, B. 19, 983). 

Phthalyl derivative G 7 H 7 N:C st 0 2 :G a Il tf , 
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[IBS 0 ]. Needles, ▼. sol. HOAo (FrBhlich, B. 17, 
2679). 

p - Toluidine C 8 H 4 Me(NH 2 )[l:4]. [46°1 

(Stadeler) ; [42*8°] (Mills). (198°) (M. a. H.) ; 
(206°) (Stadeler, J . pr. 96, 65). S.G. 1-046. 
S. -35 at 11-5°. H.O.p. 958,800. H.C.v. 
957,860. H.F. 9,700 (Petit, C. R . 107, 266). 
S.Y. 128,700. Formed by reduction of p-nitro- 
toluene (Muspratt a. Hofmann, A. 54, 1 ; 66, 
144 ; Noad, A . 63, 305 : Hugo Muller, Z . 1864, 
161; Sell, C. J. 16, 186; v. also o-toluidine). 
Formed also by heating p-cresol with am* 
moniacal ZnCLj (Buch, B . 17, 2637; Merz a. 
Muller, B. 20, 545) and by treating methyl- 
aniline hydrochloride at 850° (Hofmann, B . 5, 
720). On sulphonating a mixture of o- and p - 
toluidine the o-toluidine is first attacked and 
the p-toluidine can then be distilled off. 

Properties. — Plates (from ligroin or dilute 
alcohol). Its solution in H 2 S0 4 H 2 0 is turned 
yellow oy OrO g and blue by HNO s , in the latter 
case changing to red and finally brown (Rosen- 
stiehl, Bl. 10, 200). Bleaching-powder does 
not colour its solution in water or ether. Pb0 2 and 
HOAc diluted with water or alcohol give a bright 
red colour (Lauth, C.R. 111,975). When boiled 
with water, crystals of an efflorescent hydrate 
separate on cooling (Lewy, B. 19, 2728). 

Reactions.— 1. Oxidised by KMn0 4 , alkaline 
K 3 FeCy 6 , or chromic acid to C 2 ,H 21 N s or 
C fl H 2 Me(NC 7 H 7 ) 2 (NH 2 ) [1:2:5:4], which may be 
readily reduced to O a H,Me(NHC 7 H 7 ) 2 (NH 2 ) 
crystallising from alcohol in colourless plates 
[166°], readily re-oxidised to C 2 ,H 2) N S (Bar- 
silowsky, A. 207, 102, 118; J. R. 1887, 132; 
Perkin, G. J. 35, 728; 37, 546; Klinger a. 
Pitschke, B. 17, 2439 ; Green, C. J. 63, 1395). 
The compound C 21 H 21 N 3 crystallises from 
xylene in dark-red plates [227°], dissolving in 
acids, forming maroon-red liquids, quickly de- 
composing with separation of p-toluidine. Cone. 
H 2 S0 4 dissolves C 21 H 2 ,N 3 , forming a greenish- 
blue liquid which on warming becomes wine- 
red with production of p-toluidine.— 2. Oxidised 
by Cr0 3 and HOAc to toluene-azo-toluene 
C 7 H 7 .N 2 .C 7 H 7 . — 3. Nitrous acid forms 
C 7 H 7 .N 2 .NHC 7 H 7 . When NaN0 2 is added to a 
solution of the hydrochlorides of o- and jp- 
toluidine, the o-toluidine is first attacked, 
yielding C 7 H 7 .N 2 .C T H 8 NH 2 and can thus be 
removed when mixed with p-toluidine (Wiilfing, 
D. P. J. 263, 260).— 4. Substituents usually 
enter positions 3 and 5 [Me = l] but when 
p-toluidine or its acetyl derivative is dissolved 
in H 2 S0 4 (20 pts.) and nitrated the compound 
CgHaMefNOgJfNH;,) [1:2:4] is formed instead of 
the (1,3,4)- isomeride (NOlting a. Collin, B. 17, 
263). — 5. Bromine in cone. HClAq at 0° forms 
C a H 2 Br 2 Me(NH 2 ) [5:3:1:4] ; but CJByBrMefNHj) 
[2:1:4] is formed in presence of cone. HjS0 4 
(Hafner, B. 22, 2538, 2902).— 6. IC1 forms 
C H H 2 I 2 Me(NH 2 ) [5:3:1:4] (Michael a. Norton, B. 
11, 107). — 7. Chlorine passed into p-toluidine 
dissolved in H 2 S0 4 at 0° forms C a H 8 MeCl(NH 2 ) 
[1:3:4] and larger quantities of its (1,2,4)- isomer- 
ide. In HClAq (40 p.c.) the chief product is 
C^MoCl^NH,) [1:3:5:4] (Hafner).— 8. Cyanogen 
passed into an alcoholio solution forms C 16 H, 9 N 4 
or fC^HaN^GjNn crystallising in pearly scales 
r222 o -280°] and yielding the crystalline salts 
B' S 2HC1, B' 3 2HNO„ B'jHjjSO, 6aq, and B'ftOA 


(Hofmann, C. J. 1, 170; A. 66, 144; OlBve a. 
Bladin, Bl. [2] 41, 125). The mother-liquor 
oontains C^H^N* [182°] whioh yields the salts 
B'HClSaq (a red powder) and B'jHjPtCl*. The 
compound G 18 H 18 N 4 is also formed when 
p-toluidine is heated with oxalimido-ether at 
100° (Vorlander, B. 24, 805).— 9. Cyamvric 
chloride forms C 8 N 8 (NHC 7 H 7 ) 8 [283°] (Klason, 
J. pr. [2] 33, 294).— 10. Chloro-acetic acid 
(J mol.) forms C7H7NH.CHj.CO2H, while ohloro- 
acetamide forms C7H7NH.CH2.CO.NHj (P. F 
Meyer, B . 8, 1158). An alcoholic solution of 
chloro-acetic acid and HCyS yields CjoHjjNtSO* 
[176°~182°] (Nencki, J. pr. [2] 16, 1).— 11. Di- 
chloro-acetic acid forms tolylamido-methyl- 
oxindole. — 12. Chloral reacts, with forma- 
tion of CC1 3 .CH(NHC 7 H 7 ) 2 [115°] (Wallach, A. 
173, 278). When chloral is warmed with an 
alcoholic solution of p-toluidine there is also 
formed CCl 3 .CH(OEt).NHC 7 H 7 [77°]. — 13. 
Aldehyde forms crystalline CH 8 .CH(NHC 7 H 7 ) 2 
[c. 60°]. — 14. Furfur aldehyde added to a hot 
alcoholic solution of p-toluidine and its hydro- 
chloride forms brown amorphous C 18 H 22 N 2 0 2 , 
which yields B'HCl and B'HNO s both crystalli- 
sing in purple needles (Stenhouse, A. 156, 203). 

15. Nascent formic aldehyde produces a base 
C 17 H 18 N 2 [134°] which is converted by nitrous 
acid with evolution of C0 2 into C I8 H 18 N 4 O t 
[260°-264°] (Tollens, J. pr. [2] 36, 225). — 

16. Benzoic aldehyde at 100° reacts, forming 
C a H 5 .CH(NHC 7 H 7 ) 2 [100°] (326° i.Y. at723mm.h 
which changes at 160° into an isomeride [120°- 
125°] and is converted by Br in CS 2 into 
C 14 H n Br 2 N [160°-165°] (Schiff, Z. 1865, 400; 
Mazzara, J. 1880, 566 ; Pictet, B. 19, 1063). In 
the action of p-toluidine and its hydrochloride 
on benzoic aldehyde at 120° there is produced 
C 2l H lfl N 2 [178°] and C 8 H 5 .CH(C 6 H 8 Me.NH 2 ) J 
[186°] (c. 430°), which yield a di-aoetyl deriva- 
tive [218°] and a di-benzoyl derivative [196°] 
(Ullmann, J. pr. [2] 36, 267).— 17. p-Methoxy - 
benzoic aldehyde forms C a H 4 (OMe).CH:(NC 7 H 7 ) 
[92°] (Steinhart, A. 241, 332).— 18. p-Methoxy - 
benzophenone chloride yields the compound 
0 a H 4 (0Me).0Ph:N0 7 H 7 [96°] Hantzsch a. Kraft, 
B. 24, 3620).— 19. An ethereal solution of 
C a H s .CCl:NS0 2 Ph, obtained from benzene sul- 
phonic anilide and PC1 5 , forms the compound 
C a H 4 .0(NHC 7 H 7 ):N.S0 2 Ph, which separates in 
monoclinic crystals; a:b:c *= *650:1: *533; )3« 
69° 16', insol. water (Wallach a. Gossmann, 
A. 214, 216).— 20. Alcohol, S0 2 and nitrous 
acid form the sulphazide C, 4 H ia N 2 S0 2 [140°] 
(Limprioht, B . 20, 1241). — 21. Heated with 
persuiphocyanic acid it gives p-tolyl-thiobiuret 
(JB. 17, 584). — 22. On heating with sulphur it 
yields dehydrothiotoluidine and primuline ; v. 
Primuline.— 23. Diazobenzene chloride yields 
C 8 H S .N 2 .NHC 7 H 7 [85°] which is identical with 
the product of the action of p-diazotoluene 
chloride on aniline (NSlting a. Binder, B . 20, 
8005).— 24. Bromo-propio lie acid forms di- 
tolyl-acetamWine C I8 H,„N 2 [120°] (Mabery a. 
Krause, B. 22, 3807), which is also formed by the 
action of HOAo and PCI, on p-toluidine (Hof- 
mann, Pr. 15, 55). — 25. Itaconic acid in boiling 

. .. ' n „ xr/ CH 2 .gH.C0 2 H 

aqueous solution forms C^-N^qq .OE^ 

[185°] (Scharfenberg, A. 254, 150). — 26. J\>cet/yl* 
citric anhydride dissolved in ohloroform forma 
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C t H # 0(OO a H)(OO.NHC 7 H 7 ) 3 [189°] Klingemann, 
B. 22, 987).— 27. Malic acid at 160° yields 
0,H/)(C0.NH0 7 H 7 ) 2 [208°] (Bischoff, B. 23, 
2045). — 28. The hydrochloride heated with 
MeOH yields C 6 H 3 Me,(NH 2 ) [1:3:4] (Limpach, 

B. 21, 640). — 29. Ethylene oxide forms oxy- 

ethyl-p-toluidine (Demole, B. 7, 636). — 

30. SOCLj forms thionyl-totuidine ( q . v.). — 31. 
POOl, forms PO(NHG 7 H 7 ) 3 [192°], which yields 
POfNHGjHgBr), [180°] and P0(NH.C 7 H k .N 0 2 ) 8 
[247°] (Rudert, B. 26, 669). Another product of 
the aotion of POC1, is POC1(NHC 7 H t ) 2 , whence 
water forms HO.POfNHO^s [124°]. — 32. 
PSC1, forms PS(NHC 7 H 7 ), [185°]. 

Salts.— B'HCl. S. 22*9 at 11° ; S. (89 p.c. 
(alcohol) 26 at 17 °.— B'HAuC 1 4 .— B'^PtCl,. 
Not decomposed by boiling water (De Coninck, 
Bl. [2] 46, mj.-ByPtCl* (Gordon, B. 3, 177; 
Cochin, Bl. [2] 31, 499).— B' 2 BLPtCy 4 (Scholz, 
M. 1, 905). — BTtCljEt,PO g (Saillard, Bl. [2] 18, 
111). — B' 2 PtCl 2 Me 3 P0 8 . — B'PtCl 2 2Et 8 PO, 
(Cochin, J. 1878, 315). — B^ZnCl^aq (Lacho- 
vitch, M. 9, 613).— B' 2 H 2 ZnCl 4 (Grafinghoff, 
Z. 1865, 599). — B'aHgCL,. [125°]. Thick 
needles, sol. alcohol and ether (Klein, B. 11, 
743). — B' 2 NiCl 2 2EtOH. Green pp. (Lippmann 
a. Vortmann, B. 12, 81). — B' 2 CoC 1 2 . Blue 
needles. — B'jELjSnCl,,. Monoclinic crystals 

(Hjortdahl, J. 1882, 635).— B' 2 H 2 CuC 1 4 (Pomey, 

C. B. 104, 300).— B' 2 MnCl 2 (Leeds, J. 1882, 503). 

— B'jUrOjCLj.— B'HBr. Plates (Stadel, B. 16, 
28). — B'gHgBr^ [121°]. Plates (Klein, B. 13, 
835). — B' s ZnBr 2 . — B' 2 GdBr 2 . — B'HI. — B^EIgl,. 
[81®]. — B'HBiI 4 (Kraut, A. 210, 324). — 

B'gfB^SOJgHI, (Jorgensen, J. j pr. [2] 14, 386). — 
B'jZnlj. — B' 2 CdIj. — B'HN O,. S. 17*7 at 23-5°; 
S. (89 p.c. alcohol) 42 at 20°.— B',AgNO a . 
[101°] (Mixter, Am. 1, 239).— B' 2 Cd(NO,) 2 .— 
B 2 Hg 2 (NO,) 2 . — B'jE^SC^. S. 5*06 at 22°; S. 
(84 p.c. alcohol) 1-3 at 23°.— B F K 2 S0 4 . Crystals, 
converted into B , 2 H 2 S0 4 by water (Tollens, B. 
18, 3312). — B' 4 Ag 2 S0 4 2aq (Mixter).— B'H 3 P0 4 . 
Thick needles, v. si. sol. cold water (Lewy, B. 
19, 1717). — B' 2 (NH 2 Ph)H„CoCy 6 l£aq (Weselsky, 
/. 1869, 314).— B'ACoCy^aq.-B^gCy,.— 
B r HCr(SCy) 4 2NH 8 . Plates (Christensen, J. pr. 

E q 45, 362).— B' 2 CtLft(S0 8 ) 2 . Yellowish-white 
exagonal plates. — B'HgH^SO.J.j aq (Denig^s, 
C.R. 112, 870).— Oxalate B'K 2 C 2 0 4 £aq (Borne- 
mann, B. 22, 2710). S. *87 at 14° ; S. (84 p.c. 
alcohol) *48 at 22°. Insol. ether. — Chloro- 
acetates B'C 2 H 8 C10 2 [102°] (Baralis, J. 1884, 
698) . — B ' C 2 H 2 CL 2 0 2 . [141°]. (B.) [136°] (Duis- 
berg, B. 18, 194).— B'C 2 HC1 3 0 2 . [137°].— Tri- 
chloro-lactateB'C 3 H 8 Cl 8 0 8 . [135°].— Mu cate 
B*C„H l0 O g . Yellowish crystals, sol. hot water. 
— Piorate B'C 8 H 3 N 8 0 7 . [169°] (Smolka, M. 6, 
923). S. *54 at 18*5° ; S. (95 p.c. alcohol) 4-29 
at 18°. — Phenate [31*1°]. Got by heating 
p-toluidine with phenol (Dyson, O. J. 43, 468). 
Needles (from ligroin). — Compound with 
pier amide B'C a H 2 (NO a ) a NH 2 . Black needles 
with green reflex (Mertens, B. 11, 843). 

Formyl derivative C 7 H 7 .NK.CHO. [45°] 
(Hiibner a. Rudolph, A. 209, 371) ; [52°] (To- 
bias, B. 15, 2446) ; [53°] (Bamberger a. Wulz, 
B. 24, 2080). Formed by boiling p-toluidine 
with formic acid or, together with the oxalyl 
derivative G 2 0 2 (NHC 7 H T ) a [263°], by heating 
p-toluidine oxalate. Prisms. Converted by 
heatmg with P*S a into C.H 7 .NH.CHS [174°] 


(Senier, B. 18, 2294 ; C . J. 47, 766). Yield® 
C 7 H 7 .NNa.CHO aq. 

Acetyl derivative C 7 H 7 .NHAo. [147°] 
(Hiibner a. Wallach, A. 154, 302 ; Kelbe, C. *T. 
44, 915). (307°) (Beilstein a. Kuhlberg, A. 156, 
74). S. *089 at 22°. Dimorphous, crystallising 
in monoclinic forms; a:b:c- 1*216:1: *788; 
£ — 106° 7', and also in trimetric crystals ; a:b:c 
= *651:1: *329 (Panebianco, G. 9, 362). Oxidised 
by KMn0 4 to acetyl-p-amido-benzoic acid (Hof- 
mann, B. 9, 1299). Oxidised in like manner in 
the animal body (Jaffe a. Hilbert, H . 12, 295). 
PC1 5 forms a liquid product which solidifies 
when strongly cooled, the crystals doubtless 
being C7HyNH.CCl2.CH,. This readily splits up 
into HC1 and C 7 H 7 .N:CC1.CH 3 . This is a colour- 
less solid which is converted by Aq into acetyl- 
p-toluidine ; by toluidine into di-tolyl-acet- 
amidine. The chloro-imide C 7 H 7 .N:CC1.CH 3 at 
100° forms a base O, 8 H, 0 N 2 Cl [72°], which may 
be crystallised from alcohol. It is probably 
C 7 H 7 N:CMe.CH 2 .CCl:NC 7 H 7 . It is decomposed 
by moist air or water with production of 
MeC(NC 7 H 7 )NC 7 H 7 H, HOAc and MeCONHC 7 H 7 , 
and by heat with production of an amorphous 
base C 18 H, 8 N 2 (Wallach a. Fassbendqr, A. 214, 
202). Nitrous acid converts acetyl-p-toluidine 
into C 7 H 7 .NAc.NO [80°] (O. Fischer, B. 10, 959). 

Chloro-acetyl derivative 
C 7 H 7 NH.CO.CH 2 Cl. [162°]. Needles (Tommasi, 
Bl. [2] 19, 400 ; Meyer, B. 8, 1154). 

Di-chloro-acetyl derivative 
C 7 H 7 NH.CO.CHCl 2 . [153°] (Riigheimer a. Hoff- 
mann, B. 18, 2980). 

Tri-chloro-acetyl derivative 
C 7 H 7 NH.C0.CC1 8 . [80°] (C.); [102°] (J.). S. 
(alcohol) 12*5 at 14°. Formed from p-toluidine 
and (CC1 8 ) 2 C0 (Cloez, A. Ch. [6] 9, 145), and 
also from p-toluidine andCCVCOCl (Judson, B. 
3, 784). 

Bromo-acetyl derivative 
C.H.NH.CO.CH^r. [164°]. Needles (Abenius, 
J. pr. [2] 40, 433) converted by alcoholic potash 
into an azine and C7H7NH.CO.CH2.OEt [32°] 
which is v. e. sol. alcohol. 

Thio-acetyl derivative 
C 7 H 7 .NH.CS.CH 8 . [131°]. Formed from the 
acetyl derivative and P 2 S 8 (Jacobsen a. Ney, B. 
22, 906). Got also by heating tolyl-acetamidine 
with CS 2 at 100°, or di-tolyl-acetamidine with 
I^S (Bemthsen a. Trompetter, B. 11, 1759 ; 
Wallach a. Pannes, B. 13, 529). Converted by 
NaOEt and EtBr into oily C 7 H 7 N:CMe.SEt 
(272°) (Wallach a. Wiisten, B. 16, 147). 

a-Bromo-propionyl derivative 
C 7 H 7 NH.CO.CHBr.CH 3 . [125°] (Tigerstedt, B. 
25, 2921). Plates, v. sol. CHC1 3 . 

Benzoyl derivative C 7 H 7 NHBz. [158°]. 
(232°). Formed from p-toluidine and BzCl 
(Jaillard, Z. 1865, 440 ; Kelbe, B. 8, 875 ; Hiib- 
ner, A. 208, 310; Wallach, A. 214, 217 ; Gude- 
man, B. 21, 2553 ; Miiller, B. 22, 2404). Needles, 
v. sol. alcohol. Converted by PG1 # into 
C,H 7 N:OCl.C a H a [52°] (Just, B. 19, 980) crystal- 
lising from ligroin ih prisms. 

p-Nitro ^benzoyl derivative 
C 8 H 4 (NO a ).CO.NHC ? H 7 . [197°]. Formed from 
p-toluidine and p-nitro-benzoyl chloride. Yellow 
needles (Gattermann, B. 25, 1082). Converted 
by PC1 5 into C 8 H 4 (N0 2 ).CC1 2 .NHC 7 H 7 [119°] 
crystallising in golden prisms. 
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Phenacyl derivative 
C,H 7 NH.OH 2 .CO.C 6 H s . [127°]. Formed from 
u-bromo-acetophenone andp-toluidine in alcohol 
(Bisohler, B. 25, 2866). Yellow prisms, yielding 
B'HCl and an acetyl derivative [89 °] crystal- 
lising in white needles (from alcohol). 

Phthalyl derivative C 7 H 7 N:C 2 0 2 :C a H 4 . 
[206°] (Frdhlich, B. 17, 2679). 

References . — Bromo-, Dibromo-iodo-, Bromo- 
nitro-, Chloro-, Tri-chloro-nitro-, Iodo-, 
Nitbo-, and Nitroso- toluidines. 

TOLUIDINE SULPHONIO ACID v. Amido- 
toluene sulphonio acid and also Nitbo- and 

IODO- TOLUIDINB SULPHONIO ACID. 

TOLUIDINE THIOSULPHONIC ACID v. 

Amzdo-toluenb thiosulphonic acid. 

TOLU I DO- v. Tolyl-amido-. 
TOLUIDYL-CYANUKAMIDE v . Cyanic acids. 
TOLUlDYL-KELAtfINE v. Cyanic acids. 
TOLUISATIN v. Di -TOLYL-OXINDOLE. 
TOLU-(afi)-NAPHTHAZINE O l 7 H 12 N 2 U. 

CA <OttCH.Q|> c#HiMe Qi]. [180°]. 

Formed by oxidation of a mixture of tolylene-o- 
diamine (4 mol.) and (£)-naphthol (1 mol.) with 
K,FeCy a . Formed also, together with the iso- 
meride [169°], by the action of (j 8 ) -naphthoquin- 
one on tolylene-o-diamine (Witt, B. 20, 577). 
Dissolves in cone. H 2 S0 4 with violet-red colour. 
Forms with its isomeride a molecular compound 
[142°]. 

Tolu- (ajS) -naph thazine 0 17 H 12 N 2 i.e. 

C.H < < CH:CII -^>C a H. 1 Me gl]. [169°]. 

Formed as above, and also, together with amido- 
benzene p-sulphonic acid, by boiling sulpho- 
benzene-azo-(fi)-naphthyl-p-tolyl-amine with 
dilute ^ 804 , and by boiling ‘ wool black * 
C a H 4 (SO 8 H).N 2 .C e H 7 (SO,H).N 2 .C 10 H a .NHC 7 H 7 
with dilute H 2 S0 4 (Witt, B. 20, 577). Yellow 
crystals, v. si. sol. alcohol. Cone. BL,S0 4 forms 
a brownish-red solution. 

TOLUNITRANILIC ACID v. Nitro-di-oxy- 

TOLUQUINONE. 

TOLUOlN u. Di -METHYL-BENZOIN. 

TOLUOL v. Toluene. 

TOLUPHOSPHINIC ACID v. Phosphotoluio 

ACID. 

TOLUQUINOL v. Hydrotoluquinone. 

TOLU QUIN OLINE d. Methyl-quinoline. 

TOLUQUINONE C 7 H a O a i.e. 

CeB^MeO, [2:4:1]. [69°]. 

Formation . — 1. By oxidation of tolylene- 
jp-diamine or of o-toluidine (Nietzki, B. 10, 832, 
1934; A. 216, 158; Ladenburg, B . 10, 1128). — 
2. By boiling crude creosol with Mn0 2 and 
dilute R,S0 4 (Carstanjen, J, pr. [2] 23, 425). 
Separated from accompanying xyloquinone by 
reduction with S0 2 , crystallising the hydrotolu- 
quinone from benzene, and re-oxidising by 
fuming HNO r — 3. By oxidation of w-xylidine 
(Nfilting a. Baumann, B . 18, 1161). 

Preparation . — 20 g. of o-toluidine are dis- 
solved in 600 c.c. of water containing 160 g. of 
H 2 S 0 4 ; 20 g. of finely powdered potassium 
bichromate are added by degrees, with continual 
agitation, keeping the temperature at 10°-15°. 
After standing over night, 33 g. more Kfivfi^ are 
added; the quinone is then extracted with ether, 
dried over CaCU and the ether removed by dis- 


tillation. The yield is about 86 p.o. of the 
theoretical quantity (Schniter, B. 20, 2283). 

Properties.— Golden-yellow plates smelling 
like quinone. Very volatile. M. sol. hot water, 
v. sol. alcohol and ether. Its aqueous solution 
is turned brown by alkalis. S0 2 reduces it to 
hydrotoluquinone. Dilute (50 p.o.) H^80 4 changes 
it to isotoluquinone (C 7 H a 0 2 ) r , a powder not 
melted at 300° (Spica, G. 12, 225). An aqueous 
solution of toluquinone mixed with one of hydro- 
toluquinone deposits steel-blue needles of the 
quinhydrone [52°], v. e. sol. water. o-Nitro- 
aniline forms [2:1:4:63 0 6 H 2 Me0 2 .NH.C fl H 4 N0 2 
crystallising from alcohol in red crystals decom- 
posing at 200° (Leicester, B. 23, 2796). Nitro- 
p-toluidine C a H 3 Me(N0 2 ).NH 2 [1:3:4] forms a 
homologous body. 

Chlorimide C,H 3 Me<^j cl [l®]. [88°J 

(Hirsch, B. 18, 1514). Formed by the action of 
a solution of bleaching-powder on the hydro- 
chloride of amido-o-cresol. Yellow prisms (from 
alcohol) volatile with steam. Decomposes vio- 
lently at 100°-115°. By digestion with NaHSO, 
for several hours it is converted into amido- 
cresol sulphonio acid. 

Chlorimide C„H 3 Me<^ C1 [l®]. [76°]. 

Made in like manner from amido-w-cresol 
(Staedel, A. 259, 218). Yellow prisms (from 
alcohol), volatile with steam. 

Oxim C a H 3 MeO(NOH) [2:1:4]. Nitroso-o - 
cresol. [135°J. Formed by the action of nitrous 
acid on o-cresol (Nolting a. Kohn, B. 17, 370). 
Formed also by the action of hydroxylamine 
hydrochloride on toluquinone (Goldschmidt a. 
Schmid, B. 17, 2063). Needles (from water), 
decomposed by fusion. V. sol. alcohol and ether. 
Yields nitro-cresol [95°] on oxidation.— NaA'Baq. 
— KA' : brown needles, v. sol. water. 

Oxim C a H.,MeO(NOH) [2:4:1]. Nitroso-m - 
cresol. Formed by boiling nitroso-di-methyl- 
m-toluidine with dilute (10 p.c.) NaOHAq 
(Wurster a. Riedel, B. 12, 1799). Formed also 
by tho action of N0 2 .Sp a H on m-cresol and 
water at 0° (Bertoni, G. 12, 303). Small needles 
(from water). Decomposes at 145°- 150°. 81. 
sol. hot water. Gives Liebermann’s reaction. 
Forms an acetyl derivative O a H s MeO(NOAc) 
[92 3 ] crystallising in large prisms. 

Bi- oxim C a H 3 Me(NOH) 2 [2:1:4], Formed 
by the action of hydroxylamine on either mono- 
oxim (Nietzki a. Guitermann, B. 21, 430) or by 
boiling nitroso-o- or m-toluidine with hydroxyl- 
amine hydrochloride (Mehne, B. 21, 729). Yel- 
low needles, exploding at 220°-234°, v. si. sol. 
benzene, sol. hot water, alcohol, and ether. 
Reduced by tin and HClAq to tolylene-p-diamine. 
Alkaline KgFeOyg forms di-nitroso-toluene. Ac 2 0 
forms C a H 3 Me(NOAc) 2 [120°], crystallising from 
alcohol in colourless needles. 

Ditolylimid e C a H 8 Me(N0 7 H 7 ) 2 . [146°]. 

Formed by oxidation of tolylene-di-tolyl-diamine 
in alkaline solution (Green, C. /. 63, 1409). 
Red prisms, v. sol. alcohol, v. e. sol. benzene. 

References . — Di-bromo-, Chloro-, Iodo-, and 
Oxy- toluquinone. 

TOLU QUIN OXALINE v. Methyl- quin - 

OXALINE. 

o-TOLURIC ACID C^NO, i.e. 
C 7 H 7 .00.NH.CH 2 .C0 2 H. Toluyl - glycawll 
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[162*5°], Formed from toluyl chloride, amido- 
aoetio &sid, and NaOQ (Gleditsch a. Mdller, A. 
260, 876). Found in the urine of dogs that have 
taken o-toluic acid. Thiok plates, sol. water. 

m-Tolurio acid. [139°]. Formed as above, 
and also when w-xylene or w-toluic acid is 
administered to a dog (G. a. M. ; c/. Schultzen 
a. Naunyn, Z . 1868, 29). M. sol. water. — 
ZnA' 2 4aq.— GuA' 2 6aq. 

p-Toluric acid. [161°]. Formed from 
p-toluyl chloride and glycocoll (G. a. M.) and 
also by passage of p-xylene or p-toluic acid 
through the animal oody (Kraut, A . 98, 360). 
Plates (from water), si. sol. cold water, v. sol. 
aloohol. — CaA' 2 3aq. — BaA' 2 5aq.— AgA'. 

TOLTJYL. The radicle CH 8 .C a H 4 .CO. The 
same name has been given to the radicle 
OH a .O fl H 4 .OH 2 , which is isomeric with xylyl, 
and has also been called tolyl, but may be 
more conveniently named methyl-benzyl. Tolyl 
is GH # .0*H 4 . 

o- TOLUYL-ACETIC ACID 

Ethyl ether C a H 4 Me.C0.CH 2 .C0 2 Et. Oil, 
got by boiling the nitrile with alcohol and HC1. 
Gives a violet colour with FeCl 8 . 

Nitrile C 7 H 7 .CO.CH 2 .CN. [74*4°]. Formed 
by boiling o-toluyl-oyano-acetic ether with water 
(Haller, O. B. 108, 1117). Prisms, sol. alcohol 
and alkalis. Diazobenzene chloride and NaOH 
form G 7 H 7 .CO.CHCy.N 2 .C a H fi [126°]. Cold 
alcoholic HOI forms the hydrochloride of 
C 7 H 7 .CO.CH 2 .C(NH).OEt [116°]. 

TOLUYL-ACBYLIC ACID O n H 10 O t i.e. 
C fl H 4 (CH 3 ).C0.CH:CH.C0 2 H. [138°]. Formed by 
the action of A1C1 S on a mixture of maleic 
anhydride and toluene (Pechmann, B. 16, 888). 

TOLUYL ALCOHOL v. Tolyl-oarbinol. 

TOLUYLAMIDE v. Amide of Toluic acid. 

p-TOLUYL-o-BENZOIC ACID 0 J5 H 12 0 8 i.e. 
[1:4] C a H 4 Me.C0.C a H 4 .C0 2 H [1:2]. Phenyl tolyl 
ketone carboxylic acid . Mol. w. 240. [146°]. 
Formed by the action of phthalio anhydride on 
toluene in presence of AlCl a (Friedel a. Crafts, 

A. Ch . [6J 14, 447; C. B. 92, 833). Prisms 
(containing aq) (from alcohol-toluene), v. si. sol. 
hot water. Its dilute aqueous solution tastes 
sweet. Potash-fusion yields benzoic and p-toluic 
acids. Warm cone. H 2 S0 4 forms (Ol-methyl- 
anthraquinone. — BaA' 2 4aq. — CdA 1 \ £aq. — 
0 uA' 2 4aq. 

Methyl ether MeA\ [53°]. 

Ethyl ether EtA'. [69°]. 

Toluyl-benzoic acid C 7 H 7 .C0.C 6 H 4 .C02H. 
[222°]. Formed by oxidation of di-tolyl-methane 
and of w-di-tolyl-ethane (Weiler, B. 7, 1184; 
Ador a. Crafts, C. B . 86, 1163 ; O. Fischer, B . 
7, 1196; Anschutz, A . 236, 816). Slender 
needles (from MeOH), si. sol. hot water.— KA' : 
tufts of long needles.— AgA'. 

Reference.— Di-chloro-tolyl-benzoio acid. 

TOLUYLENE- v. Tolylene-. 

p-TOLUYL-PBOPIONIC ACID C n k 12 0 8 i.e. 
cA.OO.CH 2 .OH 2 .CO 2 H. [127°] (0.) : [120°] (B.). 
Formed by the action of succinyl 1 chloride or 
succinic anhydride on toluene and A1C1 3 (Claus, 

B. 20, 1378; Burcker, EL [2] 49, 448). Plates 
or needles (from water), v. sol. ether.— BaA/ 2 4aq : 
sol. hot water. — AgA' : small needles, insol. Aq. 

w-TOLUYL-TOLUIC ACID. Lactone 

0 * H *<00 : o°' H '- [93 °J‘ Got from nitro-tolyl- 


methylene-phthalide, HIAq, and P (Heilmann, 
B . 23, 8166). Thin prisms. Converted by al- 
coholic NH S into C fl H 4 <^^ H7 [196°]. 

00 - DITOLYL C 14 H 14 i.e . ’ 

[1:2] C a H 4 Me.C a H 4 Me [1:2]. Mol. w. 182. (272°). 
S.G. *9945. Formed from o-bromo-toluene 
and Na (Fittig, A. 139, 178). Liquid. 

wm-ditolyl [1:3] C fl H 4 Me.C a H 4 Me[l:3]. (280°) 
(Schultz, B. 17, 468) ; (288°) (Perrier, C. B. 
114, 484) ; (289°) (Stolle, B. 21, 1096). S.G. 

*9993. Formed by diazotising di-amido- 
o-ditolyl and boiling the produot with alcohol. 
Formed also by the action of Na on m-bromo- 
toluene (P.), and by reduction of di-oxy-m- 
ditolyl and di-chloro-m-ditolyl. Oil ; yields 
diphenyl di-m-carboxylic aoid and isophthalio 
acid on oxidation. 

jjp-ditolyl [1:4] C,H,Me.O,H 4 Me [1:<|. [121°]. 
S.V. 198*0. Formed by adding Na to a solution 
of p-bromo-toluene in toluene (Zincke, B. 4, 
396 ; Louguinine, B. 4, 614). Monoclinic prisms 
(from ether). Yields on oxidation j>-tolyl-benzoio 
acid [244°] and diphenyl di -^-carboxylic acid 
(Carnelley, C. J. 32, 663). SbCl 5 at 360° forms 
CC1 4 and per-chloro-diphenyl. ° 

om- Ditolyl [1:2] C fl H 4 Me.C 6 H 4 Me [1:3]. (270°). 
Formed from [2:4:1] CAMefNHJ.CAMetNH,) 
[1:3:4] by elimination of amidogen by the diazo- 
reaction (Schultz, B. 17, 471). Yields isophthalio 
acid on oxidation by Cr0 8 . 

op-Ditolyl [1:2] C 6 H 4 Me.C fl H 4 Me [1:4]. (272°- 
280°). Formed from crude bromo-toluene and 
Na. It is .also one of the products of the pas- 
sage of a mixture of benzene and toluene 
through a red-hot tube (Carnelley, (7. J. 37, 707 ; 
47, 687). Oxidised by CrO s and HOAc to o-tolyl- 
p-benzoic acid [180°] and terephthalic acid. 

Ditolyls have also been obtained by Barbier 
(C. R. 78, 1769) and Varet a. Vienne, BZ. [2] 47, 
919). 

References. — Di-amido-, Di-bromo-, Di-iodo- # 
Nitro-amido-, Oxy-amido-, and Oxy-ditolyl. 

p-TOLYL-ACETAMIDINE C 9 H 12 N 2 i.e. 
CH 3 .C(NH).NHO a H 4 Me [1:4]. [96°]. Formed 

from p-toluidine hydrochloride and acetonitrile 
(Bernthsen a. Trompetter, B. 11, 1767). Prisms. 
Alkaline in reaction. — B'^jP^Cl^.— B"E^C 2 0 4 . 
Prisms, v. sol. water and alcohol. 
Di-o-tolyl-acetamidine 

[1-2] C^Me.NH.CMeiNC^Me [1:2]. [136°] 

(W.) ; [140°] (L.). Formed by the action of PCI, 
on o-toluidine and HOAc (Ladenburg, B. 10, 
1262), and also by the action of o-toluidine on 
CMe(SEt):NC 7 H 7 or on CMeCl:NC 7 H 7 (Wallach 
a. Wiisten, B. 16, 148 ; A. 214, 208). Needles. 
Di-p-tolyl-aoetamidine 

[1:4] C 6 H 4 Me.NH.CMe:N.C a H 4 Me [1:4]. AceU 

tolyl-imid-tolyl-amide. [120°]. Formed from 
p-toluidine and CMeCl:NC 7 H 7 , which is the pro- 
duct of the action of PC1 A on acetyl-p-toluidine 
(Wallach a. Fassbender, A. 214, 203 ; B. 9, 1214 ; 
16, 148). Formed also from p-toluidine and 
bromopropiolic acid (Mabery a. Krause, B. 22, 
3307). Prisms (from benzene). Formed also 
from p-toluidine, HOAo, and PGl,*— B' t H 2 PtCl r 
— B'HCl. [200°]. 

op-Di-tolyl-acetamidine 

C^Me.NH.CMeiN C a H*Me. [142°]. Formed 
from o-toluidine and the produot of the action 
of PCI* on acetyl-p-toluidine, and also from 
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jp-toluidine and the product of the action of I 
PC1 S on acetyl-o-toluidine (Wallaoh a. Pannes, 

A . 214, 209). Formed also from p-toluidine and 
[1:2] QgH 4 MeN:CMe.SEt, and from o-toluidine 
and [1:4] C fl H 4 MeN:CMeSEt ; the compounds 
obtained, [143°] and [140°] respectively, being 
perhaps isomeric and not identical (Wallaoh, B. 
16, 148). 

o-TOLYL-ACETIC ACID C 9 H 10 O 2 is. 

[1:2] C a H 4 Me.0H 2 .C0 2 H. [89°]. Formed by 
saponification of its nitrile (Radziszewski a. 
Wispeck, B . 15, 1747 ; 18, 1281). Needles, si. 
sol. cold water. Yields phthalic acid on oxida- 
tion. — CaA'j 4aq. — AgA'. Plates, sol. hot water 
Amide [161°]. Plates, si. sol. ether. 

Nitrile (W*. (244°). S.G. & 1*0156. 
Formed from w-bromo-o-xylene and KCy. Oil. 

m-Tolyl-acetic acid [1:3] C a H 4 Me.CH 2 .CO i ,H. 
[61°]. Formed by saponifying its nitrile, which 
is obtained from w-bromo-ra-xylene (R. a. W.). 
Needles, sol. hot water.— CaA' 2 3aq. — AgA'. 
Amide [141°]. SI. sol. cold water. 

Nitrile (241°). S.G. & 1-0022. Oil. 
Methyl ether MeA'. (228°). S.G. 1*044. 
Liquid (Senkowski, M . 9, 854). 

Ethyl ether EtA'. (238°). S.G. l ll 1*018. 
p-Tolyl-acetic acid [1:4] CgH4Me.CH2.CO2H. 
[94°]. Formed in like manner from cu-bromo-jp- 
xylene (R. a. W. ; Strassmann, B. 22, 1230). 
Got also by reducing p-tolyl-glyoxylic acid with 
HI (Claus a. Kroseberg, B. 20, 2051). Needles, 
si. sol. cold water. Phthalic anhydride and 

NaOAo yield C 6 H,<^ c —-^>0 [151°]. 

whence HN0 2 at 0° forms the compound 

C « H<< Cc(NO,) .CH(N0 2 ) G,H, >° t 140 ^’ whioh 
is converted by treatment with boiling alcohol into 

C ‘ H <C(CN0 2 )C 7 H,>° [20r] ' and is reduoed 
by HI and P to C„H 4 <£q -g- c , H . [HG°] (Buke- 

mann,B. 24, 8965). — NaA': needles, boI. water. — 
CaA'„ 8aq. — AgA' : needles, sol. hot water. 

Ethyl ether EtA'. (240°). 

Amide C fl H,,NO. [185°]. Plates. Formed 
from the aoid, and also by the action of yellow* 
ammonium sulphide on j>-tolyl methyl ketone 
(Willgerodt, B. 21, 534). 

Nitrile O s H 9 .CN. [18°]. (243°). S.G. 
** *9922. 

Reference . — Nitro- and Oz^-Tolyl-acetic 
aged. 

m-TOLYL-ACETYLENE [1:3] OgH 4 Me.CiOH. 
Methylstyrene. (164°). Formed by distilling 
barium m-tolyl-propiolate with lime (Muller, B. 
20, 1215). Formed also by saturating a solu- 
tion of m-tolyl-acrylic acid with HBr at 0° and 
treating the product with NaOHAq. Oil, be- 
coming solid on standing. Gives an explosive 
red pp. with ammoniacal Cu 2 Cl 2 . Br forms 
C,H 7 .CHBr.CH 2 Br [45°]. 

Di-tolyl-aoetylene C 7 H 7 .0iC.C 7 H 7 . [136°]. 

Formed by heating C 7 H 7 .CHBr.CHBr.C 7 H 7 with 
alcoholic potash at 140° (Goldschmiedt a. Hepp, 

B. 6, 1505). Needles (from alcohol). 
DI-TOLYL-ACIPIPERAZINE v. Oxy-di- 

TOLYL-PYBAZINE. 

Di-tolyl-di-aoi-piperazine v . Di-oxy-di- 

TOLYn-PYRAZINB. 


ra-TOLYL-ACEYLIC ACID O 10 H 10 O a is. 

[1:3] C a H 4 Me.CH:CH.C0 2 H. Methyl-cinnamic 
acid . [111 0 ]. Formed by heating w-toluio alde- 
hyde with Ac a O and NaOAo (Bomemann, B. 17, 
1474 ; 20, 1382 ; Yon Miller, B. 20, 1213 ; 28, 1899). 
Silky needles, v, sol. alcohol, si. sol.ligroln. FeCl, 
gives a bright-yellow pp. in neutral solutions. 
Reduced by sodium-amalgam to m-tolyl-pro- 
pionic acid [43°]. KMn0 4 oxidises it to m-toluio 
acid. Br forms C 7 H 7 .C 2 H 2 Br 2 .C0 2 H [167°]. — 
BaA'a— AgA'. Crystalline powder. 
j)-Tolyl-aorylic acid 

[1:4] C fJ H 4 Me.CH:0H.C0 2 H. [197°]. Formed from 
p-toluic aldehyde, NaOAc, and Ac 2 0 (Von MiUer, 
B. 23, 1897; c/. Krober, B. 23, 1033). Needles 
(from benzene), si. sol. hot water. Reduoed by 
HI and P to jp-tolyl-propionic acid. Br forms 
C 6 H 4 Me.CHBr.CHBr.C0 2 H. 

TOLYL ALCOHOL v. Tolyl-oaebinol. 
jp-TOLYL-ALLYL-HYDRAZINE C 10 H U N 2 is. 
C 7 H 7 N(C 3 H 6 ).NH2. (160°-170° at 90 mm.). 
Got from tolyl-hydrazine and allyl bromide 
Michaelis, B . 26, 2178). OH. Yields B'HCl. 
129°]. Benzoic aldehyde forms the compound 
C 7 H 7 .N(C*H 5 ).N:GHPh [61°], while cinnamio 
aldehyde forms the corresponding hydrazide 
118°]. Ferric chloride gives the tefcrazone 
C 7 H 7 (CgH 6 )N) 2 N 2 [104°], 

o - TOLYL- ALLYL-THIO-SEMI-CAEBAZIDB 
C 7 H 7 NH.NH.CS.NHC 8 H r [105°]. Formed by 
warming o-tolyl-hydrazine with allyl thiocarb- 
imide (Avenarius, B. 24, 268). Needles, insol. 
water, v. sol. alcohol and CS 2 . 

p - Tolyl - allyl - thio - semi - oarbazide [128°]. 
Formed in like manner (A.). Needles. 

o-TOLYL-ALLYL-THIO-DEEA O u H l4 N 2 S is. 
C 7 H 7 NH.CS.NHC 8 H 5 TolyUthiosinamine. [98°]. 
Formed from o-toluidine and oil of mustard (Jail- 
lard, 1865,441 ; Maly,£. [2] 5, 258; Weith,B.8, 
1628 ; Prager, B. 22, 2998). Pearly crystals, m. sol. 
ether, v. sol. HOAc. According to Dixon (C. J. 
65, 622), it melts at 76°. Converted by heating 
with HClAq into tolyl-propylene-tf/-thio-urea 
[126°]. Cyanogen passed into its alcoholic 
solution forms C ls H 14 N 4 S, which on warming 
with dilute H 2 S0 4 and alcohol gives a pp. of 

oxalyl-tolyl-allyl-thio-urea C£><^g 7 ^^>0 2 0 f 
[157°]. 

Reference.— Oxy-tolyl-allyl-thio-ubea. 
o-TOLYL-AMIDO-ACETIC ACID C^NO, 
is. C a H 4 Me.NH.CH 2 .C0 2 H, Tolyl - glycocoll 
[150°]. Prepared by the action of chloro-acetic 
acid and aqueous NaOAo on o-toluidine (Staats, 
B. 18, 137 ; Cosack, B. 13, 1091 ; Ehrlich, B. 
16, 204; Bischoff a. Nastvogel, B. 22, 1787).— 
GuA ' 2 2aq. Small needles.— CaA' 2 8aq : needles, 
m. sol. water (Mauthner, M. 11, 377). 

Ethyl ether EtA'. (281°). S.G. fg 1*058. 
Oil (Biscjioff, B. 25, 2270). 

Acetyl derivative C 7 N 7 NAc.CH 2 .C0 2 H. 
[212°]. Tables (from dilute alcohol). 

Chloro -acetyl derivative 
C 7 H 7 N(C0.CH 2 C1).CH 2 .C0 2 H. [117°]. Formed 
from the acid and chloro-acetyl chloride in 
ether (Widman, J. pr . [2] 88, 804). Rectangular 
plates, v. sol. hot alcohol, si. sol. water. 

Bromo-acetyl derivative 
C 7 H 7 N(C0.CH 2 Br).0H,.00 2 H. [124°]. Rectan- 
gular plates. 
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Qlycolyl derivative 
C 7 H 7 N(0O.CH 2 .OH).CH 2 .OO 2 H. [144°]. Formed 
by boiling the chloro-acetyl derivative with oono. 
Na^COsAq (Abenius, J.pr. [2] 40, 503). Y. e. 
sol. water. Yields KA' aq, BaA' 2 7aq, and AgA', 
and is converted by heating at 160° into 

C,H,N < \GH^CO-^ > 0 [109°]. Whence alcoholic 

NH S produces C,H,N(CO.CH r OH).CH 2 .CO.NH 2 
[152°], crystallising in plates (from alcohol). 

o - Toluide C^.NH.CH^.CO.NHC.H,. 
[92°]. Formed by boiling chloro-acetic ether 
with o-toluidine (Ehrlich, B. 16, 205). Needles, 
insol. water and HClAq. 

m-Tolyl-amido-acetio acid 
[l:3]C a H 4 Me.NH.CH 2 .C0 2 H. Formed from 
chloro-acetic acid and ra- toluidine in ether 
(Ehrlich, JB. 15, 2011). Solid mass. — CuA' 2 2aq. 

Ethyl ether EtA'. [68 ]. Formed from 
chloro-acetic ether and m-toluidine. Six-sided 
plates, v. sol. alcohol and ether, b1. sol. Aq. 

p-Tolyl-amido-acetic acid 
[l:4]C a H 4 Me.NH.CH 2 .C0 2 H. [119°]. Formed, 
together with a compound [168°], from p- 
toluidine chloro-acetic acid and NaOAc (dis- 
solved in a little water) at 100° (P. J. 
Meyer, B. 8, 1158 ; 14, 1323 ; Staats, JB. 18, 
137 ; Schwebel, B. 10, 2047 ; Bischoff, B. 23, 
1997 ; 25, 2281). Got also by saponifying its 
ether. Needles (from water). When fused 
with potash it yields a product which, when 
dissolved in water, is oxidised by air to an 
indigo- derivative (Heumann, B. 24, 1346). 
When fused with p-chloro-acet-toluide it yields 
methyl-indigo (Eckenroth, B. 24, 693). The 
compound [168°], formerly supposed to be 
p-tolyl-amido-acetic acid, ought, according to 
Bischoff a. Hausdorfer (JB. 25, 2281) to be repre- 
sented as CO,H.CH 2 .N(C 7 H 7 ).OH 2 .CO.ONH 3 C 7 H 7 . 

Ethyl ether EtA'. [49°]. Formed from 
chloro-acetic ether and p-toluidine. Monoclinic 
plates, v. si. sol. hot water. 

Amide G 9 H, 2 N 2 0. [163°]. Formed by 

heating p - toluidine with ohloro - acetamide. 
Plates, v. si. sol. cold water. 

Anilide C 7 H 7 NH.CH 2 .CO.NHPh. [83°]. 
Formed by heating chloro-acetic acid with 
aniline. Needles (from hot water). 

p- Toluide C 7 H 7 .NH.CH 2 .C0.N0 7 H 7 . [136°]. 
Formed in like manner, and also by heating 
toluidine with the oompound of glyoxal with 
NaHS0 8 (Hinsberg, B. 21, 112). Plates, v. si. 
sol. hot water. Yields a chloro-acetyl derivative 
[158°]. 

Nitrile C 7 H 7 NH.CH 2 .CN. [126°]. A pro- 
duct of the action of heat on the amide. 

Acetyl derivative C7H7.NAo.CH2.OO2H. 
[175°]. Formed from chloro-acetic ether and 
C 7 H 7 .NAcNa, the product being saponified with 
potash (Paal a. Otten, B. 23, 2596). Plates 
(from water). — NaA' 3aq : plates, v. sol. water. 

Imide (C 7 H 7 .NH.CH 2 .CO)2NH. [210°]. 
Got by heating the acid at 200° ^and adding 
NH.,Aq to the product. Needles, kl. sol. water 
and NH a Aq (Bischoff). 

Di-o-tolyl-di-amido-acetic acid 
(C 7 H 7 NH) 2 CH.C0 2 H. [240°]. Formed by 

heating ai-chloro acetic acid with o-toluidine 
(P. Meyer, JB. 16, 925). Needles, insol. water, 
*sl. sol. alcohol, v. sol. aqueous acids and alkalis. 
Reference. — NiTRO-TOLYL-mmo-AOETic acid. 


p-TOLYL-AMIDO-ACETOPHENONE 

[l:4]C a H 4 Me.NH.OH 2 .GO.C a H a . Phmacylp* 
toluidine . [134°]. Formed from p-toluidine and 
bromo-acetophenone in alcohol (Lellmann a. 
Donner, JB. 23, 167). Tables, v. sol. benz- 
ene, m. sol. alcohol. Yields, on nitration, 
[l:3:4]C a H 8 Me(N0 2 ).NH.CH 2 Bz [165°] and a di- 
nitro- derivative [156°]. Forms B'HNO, and 
B'HCl. 

p-TOLYL-AMIDO-ACRYLIC ETHER 

[l:4JC 6 H 4 Me.NH.CH:CH.C02Et. [116°]. Formed 
from p-toluidine and formyl-acetic ether (Yon 
Pechmann, JB. 25, 1053). Yellow plates, insol. 
water and ligroin. Alcoholic potash yields 
plates [144°]. Ac 2 0 forms acetyl-toluidine. 

TRI-p-TOLYL-TRI-AMIDO-BENZENE 
C 27 H2 7 N 8 i.e. C a H a (NHC 7 H 7 ) s . [187°]. Formed 
by heating phloroglucin with p-toluidine at 
210° (Minunni, B. 21, 1984). Needles', v. si. sol. 
cold aloohol. Cone. H 2 S0 4 forms a bluish-green 
solution, turning black on heating. — B'"HC1 : 
amorphous; decomposed by water. — B"'2HC1: 
small needles.— B"' 2 H 2 PtCl a . 

Tri-acetyl derivative [193°]. Plates. 

Tri-benzoyl derivative [282°]. Minute 
prisms. 

p-TOLYL-AMIDO-BENZOYL- (a)-NAPHTHO- 
QTJINONE 0 a H 5 .00.C 6 H a <00 ; ^HC A Me. 

[197°]. Formed by boiling p-toluidine with 
benzoyl- (a) -naphthoquinone in alcoholic solu- 
tion for 15 minutes (Kegel, A . 247, 185). Red 
needles (from HO Ac), v. si. sol. alcohol. 

p-TOLYL-o-AMIDO-BENZYL-AMINE 
[4:1] C a H 4 Me.NH.CH 2 .C a H 4 .NH 2 [1:2]. [80-5°]. 

Got by reducing p-tolyl-o-nitro-benzyl-amine 
(Sdderbaum a. Widman, B. 23, 2187). Thin 
leaflets (from alcohol). Ac 2 0 yields a di-acetyl 
derivative [186°]. The mono-acetyl derivative 
C 7 H 7 NAc.CH 2 .C a H 4 NH 2 [99°] may be got by 
reducing C 7 H 7 NAc.CH 2 .C a H 4 N0 2 . 

o-TOLYL-a-AMIDO-tt-BUTYRIC ACID 
C 7 H 7 .NH.CHEt.C0 2 H. [84°]. Long prisms. 
Forms an acetyl derivative [116°] and yields 
propyl-o-toluidine on distillation. 

Ethyl ether EtA'. (278°). S.G. n 1*019. 
Got by heating o-toluidine with a-bromo-butyrio 
ether at 100° (Bischoff a. Mintz, B. 25, 2314). 

o-Tolyl-a-amido-isobutyric acid 
C 7 H 7 NH.CMe 2 .C0 2 H. [62°]. Formed together 
with the $- isomeride [110°] by the action of 
KOH and a current of steam on the ether [57°]* 
which‘is got by heating o-toluidine with a-bromo- 
isobutyric ether (Bischoff a. Mintz, JB. 25, 2334). 
The acid [110°] yields an acetyl derivative 
[219°], si. sol. ether. On distillation it forms a 
lactone [95°]. 

p-Tolyl-a-amido-n-butyric acid 
C 7 H 7 NH.CHEt.C0 2 H. [153°-156 0 ]. Got from 
the ether EtA' (279°) S.G. 1-011, whioh is 
produced when p-toluidine is heated with 
a-bromo-n-butyric acid at 105°. Leaflets. Yields 
propyl-p-toluidine on distillation. 

Acetyl derivative C7H7NAc.CHEt.CO2H. 
[149°]. 

p-Tolyl-a-amido-isobutyrio acid 
[1:4] CjH4Me.NH.CMej.COjH. [150°]. Formed, 
together with the /3- isomeride, by the action of 
hot potash in a current of steam on the ether 
EtA' [36°], which is got by heating p-toluidine 
with o-bromo-isob utyrio acid, Yields an aoetyi 
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derivative [146®]. Forms isopropyl-p-toluidine 
on distillation. 

p-Tolyl-3-amido-isobutyrio acid 
C r H 7 NH.CH 2 .CHMe.C0 2 H. [196°]. Formed as 
above. Gives an acetyl derivative [206°] and 
decomposes on distillation into p-toluidine and 

a lactone OAN<^^o>00 (?) [170°]. 

o-TOLYL-AMIDO-CBOTONIC ACID 

[1:2] C 8 H 4 Me.NH.CMe:CH.C0 2 H. 

Methyl ether MeA'. [31°]. Formed by 
the action of o-toluidine on methyl aceto-acetate 
(Conrad a. Limpach, B . 21,523). Prisms (from 
alcohol). 

Ethyl ether EtA'. Yellowish oil. 
p-Tolyl-amido-orotonic acid. 

Methyl ether MeA'. [60°]. Prisms. 
Ethyr ether EtA'. [29°]. Formed from 
acetoacetio ether and p-toluidine. 

TOLYL-AMIDO-CYANUBIC ACID v. 
Cyanuric acid , described under Cyanic acids. 
p-TOLYL-AMIDO-METHENYL-BENZAMID- 

OXIM GPh< N ^°>C.NH.C,H,Me [1:4.]. [135°]. 

Formed by heating p-tolyl-thiocarbimide with 
benzamidoxim (Koch, B . 24, 398). Plates 
(from alcohol), v. sol. ether. 

DI -p - TOLYL-AMIDO-METHYLENE-o-PHE- 
NYLENE DIAMINE C n H«N 4 i.e. 

C « H <nI>°<NH:cIh 7 - C 186 °]- (above 400»). 
Formed by heating C(NC 7 H 7 ) 2 with o-phenylene- 
diamine at 135° (Moore, B. 22, 1639 ; 3188). 
Tables (from alcohol), v. si. sol. boiling water. 
—Salts: B' 2 3HC1. Needles.— B' 4 3H 2 PtCl 8 8aq. 
— B'H 2 S0 4 . Needles, insol. ether, v. sol. hot Aq. 
Nitrosamine 

C « H <N(N0)> C ( NC > H ’- N0 ^ C130 ° ] - YeUow 
needles, v. sol. alcohol. 

Di-acetyl derivative [143°]. Needles. 
Di-benzoyl derivative [185°]. Prisms. 
Tetra-benzoyl derivative [274°]. 
Tetra-p-tolyl-tetra-amido - di - methylene - o- 
phenylene-diamine C 8 H 4 :N 2 (C(NHC 7 H 7 ) 2 ) 2 . 
[116°]. Formed by heating C(NC 7 H 7 ) 2 witho- 
phenylene-diamine at 200° (Moore, B. 22, 3195). 
Needles, v. sol. alcohol. Decomposed by dilute 
HClAq at 150° into di-p-tolyl-urea and o- 
phenylene-diamine.— B'2H 2 S0 4 . Needles, si. sol. 
cold water. — B' 2 3HC1. — B' 4 3ByPtCl fl 15aq. 
Tetra-acetyl derivative [115°]. 
Tetra-benzoyl derivative [146°]. 
DI-p-TOLYL- AMIDO - METHYLENE-o-PHE- 
NYLENE-PHENYL-GUANIDINE 

C,H^ ^>C:NPh^>C(NHC I H I ) 2 . [187°]. Formed 

by boiling C(NC 7 H 7 ) J with o-phenylene-phenyl- 
guanidine (Keller, B. 24, 2508). Needles (from 

boiling alcohol), si. sol. ether. 

DI - p - TOLYL - AMIDO - METHYLENE - o • 
PHENYLENE-p-TOLYL-GOANIDINE 
C fl H 4 :N 2 (CNC 7 H 7 ):C(NHC 7 H 7 ) 2 . [188°]. Formed 
by heating o-phenylene-p-tolyl-guanidine with 
C(NC 7 H 7 ) 2 at 220° (Keller, B. 24, 2513). Prisms 
(from benzene). 

DI -p - TOLYL - AMIDO - METHYLENE - o . 
TOLYLENE-p-TOLYL-GUAN IDINE 
C t H 4 :N,(C:NC 7 H 7 ):C(NHC 7 H 7 ) 2 . [210°]. Formed 
»by heating tolylene-tolyl-guanidine together 


with C(NC 7 H 7 ) 2 at 220° (Keller, B. 24, 2521). 
Needles, si. sol. alcohol. 

o-TOLYL- AMIDO - METHYL - MALONAMIC 
ETHEB C0 2 Et.CMe(NHC 7 H 7 ).C0.NH 2 . Formed 
by dissolving a-cyano-tolyl-a-amido-propionio 
ether in cone. H 2 S0 4 (Gerson, B . 19, 2966). 
Long needles, sol. hot water. Converted by 
boiling NaOHAq into tolyl-amido-propionio 
acid. 

p-TOLYL-AMIDO-p-METHYL-OXINDOLE 

Ci 6 H 16 N 2 0 i.e. ^6^s^ e< x0g[(NHC 7 H 7 )^ > ^^* 
[167°]. Formed by heating di-chloro* (or di* 
bromo-) acetic acid with p-toluidine (Dmsberg, 
B. 18, 190). Needles, v. sol. hot alcohol. Re- 
duces ammoniacal AgNO s , forming a mirror. 
Readily absorbs oxygen from the air, forming 

C 6 H 8 Me <c(NC*H*)> C0 . Alcoholic KOH forms 

a blood-red solution. — B'HCl : crystalline 
powder. 

Di-acetyl derivative C^H^o^O. 
[147°]. 

Nitrosamine C ]6 H 15 N 3 0 2 . [c. 220°]. 

p-TOLYL-AMIDO-METHYL-THI AZOLE 

CH=QMe 


s<; 


[125°]. Formed from 


C(NHC 7 H 7 ):N 
oxy-methyl-thiazole and p-toluidine (Hantzsoh 
a. Weber, B. 20, 3130). 

TBI-p-TOLYL-TRI-AMIDO-NAPHTHALENE 

°* h <c(nIc;I;);ch ho,h,) - ( igo °j- Ponned 

by heating nitroso-ethyl-(a)-naphthylamine with 
p-toluidine at 150° (Fischer a. Hepp, A. 266, 
244). Needles (from alcohol). Readily oxidised 
to di-methyl-ph^nyl-rosinduline. 

o - TOLYL . AMIDO - (a) - NAPHTHOQUINONE 
C 17 H, 3 N0 2 i.e. C, 0 H 6 O 2 (NHC 7 H 7 ). [142°]. Formed 
from o-toluidine and (a) -naphthoquinone (Els- 
bach, B. 15, 689). Rea needles, sol. NaOHAq. 

p-Tolyl-amido-(a)-naphthoquinone 
C 10 H 5 O 2 (NHC 7 H 7 ). [202°]. Formed from (a). 

naphthoquinone and p-toluidine in hot alooholio 
solution (Plimpton, C. J. 37, 638). Formed also 
by the action of p-toluidine on (jS)-oxy-(a)- 
naphthoquinone, and by heating p-tolyl-amido- 
(3) -naphthoquinone with HOAc at 150° (Elsbach, 

B. 15, 687). Red needles. Forms a crimson 
solution in cone. H>S0 4 . Insol. NaOHAq. 

n .. 7 ~ „ / C(NC 7 H 7 ):C.NHC 7 H y 

Ditoluide CA^cjNC^Hj-.CH 

[147°]. Formed by oxidation of tri-p-tolyl-amido- 
naphthalene (Fischer a. Hepp, A. 256, 246). 
Orange plates. 

o -Toly 1- amido - (3) -naphthoquinone 

C, 0 H 6 Oo(NHC 7 H 7 ) or C lo H 5 (OH)0(N0 7 H 7 ). [240®]. 
Formed from (d)-naphthoquinone and o-toluidine 
(Elsbach, B. 15, 689). Red needleB, sol. dilute 
NaOHAq. Not affected by heating with HO Ac 
at 150°. On heating with dilute HClAq it yields 
(3) -oxy- (af-naphthoquinone and o-toluidine. 

p - Tolyl - amido - (3) - naphthoquinone [246°]. 
Formed fronH(3) -naphthoquinone andp-toluidine 
(Elsbach, B. 15, 686). Red needles, sol. hot al- 
cohol and NaOHAq. On heating with HClAq 
at 130° it is split up into p-toluidine and (3)- 
naphthoquinone . 

Methyl ether MeA'. [150°]. Red crystals 
(Zinoke a. Brauns, B. 15, 1969). 

Ethyl ether EtA'. [137°]. 

Isopropyl ether PrA '. [132®]* 
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p-Toluide C 10 H 5 (NHC 7 H 7 )O(NC 7 H y ). [188° 
cor.]. Formed by heating di-bromo-(a)-naphthol 
withp-toluidine (Meldola, G.J. 45, 159). Formed 
also mom (0) -naphthoquinone oxim, p-toluidine, 
and HOAo (Bromme, B. 21, 891). Orange 
crystals with green lustre. 

DI-o-TOLYL-DI-AMIDO-OIAZTHIOLE 

OlH.AS i.e. S<^NHG§j:N- t 186 ^ Formed 
by boiling an alcoholic solution of o-tolyl-thio- 
urea with dilate HOlAq and H 2 0 2 (Hector, B. 
23, 368). V. sol. alcohol. Cyanogen passed into 
its alcoholic solution forms C ia H ]a N 4 SCy 2 [89°]. — 
B'HCl aq. [219°].— B' 2 HJPtCl a . [192°].— 
B'AgNO*. White pp.— B'^aHgCl,. [232°]. 
Needles.— Pi crate: B'C.H^O,. [201°]. 

Acetyl derivative C la H la AcN 4 S. [221°]. 

Benzoyl derivative C, a H la BzN 4 S. [214°]. 

Nitrosamine C la H 15 (NO)N 4 S. [135°]. 

Di - p - tolyl - di - amido - oiazthiole C, a H la N 4 S. 
[127°]. Formed in like manner from p-tolyl- 
thio-urea (Hector, B. 23, 364). Thick yellowish 
prisms, v. sol. alcohol. Cyanogen forms B'Cy 2 
[190°].— B'HCl. [233°]. White needles, be- 
coming reddish in air.— B' 2 EyPtCl a l£aq. [109°]. 
— B'AgNO s liaq. [177°].— B'.H.HgCl,. [114°- 
119°]. — P i or a t e [238°]. Yellow prisms, si. sol. 
alcohol. 

Acetyl derivative C Ja H 15 AcN 4 S. [166°]. 

Benzoyl derivative C 16 H la BzN 4 S. [186°]. 

Nitrosamine C 16 H 15 (NO)N 4 S. [247°]. 

o-TOLYL-m-AMIDO-PHENOL C 18 H )3 NO i.e. 
C^NH-C^OH. (c. 373° cor.). Formed from 
resorcin, o-toluidine, and CaCl 2 at 270° (Philip, 
J.pr. [2] 34, 70). Oil. Reduced by hot zinc- 
dust to hydro-acridine and acridine. 

Formyl derivative . [169°]. Tables. 

o-Tolyl-p-amido-phenol C 7 H 7 NH.C a H 4 OH. 
[90°]. (367° cor.). Formed from hydroquinone, 
o-toluidme and CaCl 2 at 240° (Philip, J. pr. [2] 
34, 57). White laminae (from light petroleum). 
Reduced by distilling with zinc to hydro-acridine 
and acridine. Converted by heating with cone. 
HC1 into hydroquinone and o-toluidine. 

Salt. — B'HCl : crystalline powder. 

Mono-formyl derivative [136-5°]. 

Di-acetyl derivative [106°]: needles. 

Di-benzoyl derivative . [171°]. 

p-tolyl-m-amido-phenol C IS H )S NO i.e. 
C 7 H 7 .NH.C a H 4 .OH. [92°]. (350° cor.). From 
resorcin, p-toluidine and CaCl 2 at 260° for 8 
hours (Hatschek a. Zega, J. pr. [2] 33, 209). 
Prisms or needles (from benzene mixed with 
petroleum ether). Distilled over zinc-dust, it 
gives C^NHPh. 

Salts. — B'HCl; decomposed by water. 

Formyl derivative . — 
C 7 H 7 .N(CHO).C e H 4 .OH. [146°]. V. sol. ether. 

Di-benzoyl derivative . — 
C 7 H 7 .NBzC a H 4 .OBz. [c. 105°]. Gives with fuming 
HNO s a di-nitro-derivative, [11C°]. 

Nit rosami ne.— G 7 H 7 .N(NO).C a H 4 .OH. Oxy- 
phenyl - tolyl - nitrosamine. [10c°]. Yellow 
needles (from dil. alcohol). 

p-Tolyl-p-amido-phenol C 7 H 7 .NH.C a H 4 .OH. 
[122°]. (350°-360°). From hydroquinone, p- 

toluidine, and CaCl 2 8 hours at 260° (Hatschek 
a. Zega, J. pr. [2] 38, 224). Plates. Heated 
with zinc-dust it gives pbenyl-p-tolyl-amine. 

Salt.— B'HCl. Powder, decomposed by Aq. 

Di-acetyl derivative. [101°]. Tables. 


Di-benzoyl derivative . [169°]. 
Nitroso - derivative C^.NJNOJ.C^.OH 
[180°] ; needles. Very unstable. 

o-TOLYL-a-AMIDO-PHENYL-ACETIC ACID 
NHC 7 H 7 .CHPh.CO ? H. [143°]. Formed from a- 
bromo-phenyl-acetio acid and o-toluidine (Stdck- 
enius, J. 1878, 781). Plates, almost insol. 
water. 

jp-Tolyl-a-amido-phenyl-acetio acid. Formed 
in like manner, using p-toluidine. Insol. water. 

Ethyl ether EtA'. [90°]. Yellowish 
prisms. 

o- TOLYL - AMIDO-TRI-PHENYL-METHANE 

CPh 8 .NHC 7 H 7 . [142°]. Formed from CPh,Br 
and o-toluidine (Wittich, B. 17, 705). Prisms 
(from ether). 

p-Tolyl-amido-tri-phenyl-methane [177°]. 
Crystals (from ether). 

Nitrosamine CPh s .NC 7 H 7 .NO. [145°- 
148°]. 

p-TOLYL-AMIDO-DI- PHENYL - NAPHTHO- 
QUlNOX ALINE. Phenylo- chloride 

C . N==gPh 

°^\C(NH.C a H 4 Me):CH. C . NPhOhCPh. 

Got by heating 0 lo H„(OEt)<^ phcl; £pk withj>- 

toluidine at 120° (Witt a. Schmidt, B. 25, 2005). 
Bronzed plates, v. sol. alcohol, forming a crim- 
son solution. Cone. H 2 S0 4 forms a slate-blue 
solution, becoming first blue and then violet on 
dilution. 

TBI^p - TOLYL - TRI - AMIDO - DI-PHENYL- 
TOLYL -CARBINOL G 41 H 39 N a O. Tri-tolyl-rosani- 
line. The salts are formed by heating rosaniline 
salts with p-toluidine (Hofmann, A. 132, 290). — 
C 41 H S8 N 3 C1. Small blue crystals (from alcohol), 
insol. water. 

T0LYL-AMID0-PIPITZAH0IC ACID v. 

ToZwtdo-PIPITZAHOIO ACID. 

o-TOLYL-a-AMIDO-PROPIONIC ACID 
CH s .CH(NHC 7 H 7 ).CO,H. [116°]. Formed by 
saponification of the nitrile (Tiemann a. Stephan, 
B. 15, 2038 ; C. C. 1886, 470). Got also by 
boiling o-tolyl-amido-methyl-malonic acid with 
NaOHAq (Gerson, B. 19, 2963). White crystals. 

Ethyl ether EtA' (278°). S.G. fg 1-047. 
Formed from o-bromo-propionio ether and 
o-toluidine (Bischoff a. Hausddrfer, B. 25, 2298). 

Acetyl derivative GyHyNAc.CHMeCOaH. 
[177°]. Leaflets. 

Amide. [125°]. Minute needles. 

Nitrile OH 8 .CH(NHC 7 H 7 ).CN. [73°]. 
Formed by digesting the cyanhydrin of acetic 
aldehyde (lactonitrile) with o-toluidine. 

p - Tolyl - o-amido - propionic acid. [153°]. 
Formed in like manner. Plates, si. sol. water 
and ether. May be sublimed. 

Ethyl ether EtA'. [35°]. Tables. 

Acetyl derivative [166°]. 

Amide. [145°]. Needles, sol. hot Aq. 
Nitrile . [82°]. Plates, si. sol. hot Aq. 
p-Tolyl-/8-amido-propionic aoid 
C a H 4 Me.NH.CH 2 .CH,.C0 2 H. [86°]. Formed from 
j8-iodo propionic acid and p-toluidine (Bischofl 
a. Mintz, B. 25, 2352). Pearly scales, v, e. soL 
ether. 

Reference. — Di-bromo-tolyd-amido-profio- 

NITRUiB. 

o-TOLYL- AMIDO- PYSOTARTEIMIDE 
CH r O§HC I iy.OO- [181°]- Obtained by sapool- 
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fication of o-tolyl-amido-pyrotartramic ether, 
which is formed by the action of H 2 S0 4 upon 
the o-oyano-a-o-toluido-butyric ether (Schiller- 
Wechler, B . 18, 1050). White needles. Y. sol. 
alcohol and benzene, si. sol. ether and hot water, 
insol. cold water and ligroin. Has both acid 
and basio properties. 

DIp-TOLYL-DI-AMIDO-SUCCINIC ACID 
C0 2 H.0H(NH0 7 H 7 ).CH(NH0 7 H 7 ).C0 2 H. [c. 

200°]. Formed, together with 4 di-tolil succin * 

0. 8 H lfl N 2 0 3 [228°], by boiling di-bromo-succinic 
acid with p-toluidine (Junghahn a. Reissert, B. 
26, 1766). Y. sol. alcohol, insol. water. Yields 
a di-nitroso- derivative [125°], and a di-acetyl 
derivative C 22 H 24 N 2 0 8 aq, which yields CaA" aq, 
BaA"aq, and anhydrides C^H^N^Ot [232°], and 
C^N.O, [222°].— -Na 2 A". — CaA". — CuA". 

Ethyl ether Et 2 A". [169°]. Needles. 

DIp-Tt>LYL-TRI-AMIDO-TOLUENE 
C 6 H 2 Me(NHC 7 H 7 ) 2 (NH 2 ) [1:2:5:4]. [166°]. Formed 
by reducing amido-toluquinone ditoluide with 
zinc-dust and HOAc (Green, G. J. 63, 1403 ; c/. 
Barsilowsky, B. 6, 1209). Plates (from dilute 
HOAc). A very feeble base. 

DI-p* TOLYL - DI - AMIDO - T0LUQUIN0NE 
C 8 HMe0 2 (NHC 7 H 7 ) 2 [1:2:5:4:6]. [178°]. Formed 
from azotoline, MeOH, and cone. H 2 S0 4 (Fischer 
a. Hepp, A . 262, 251). Brownish-red needles. 

Di-p-tolyl-di-amido-toluquinone 
C 8 HMe0 2 (NHC 7 H 7 ) 2 [1:2:5:3:6]. [241°]. Formed 
by boiling toluquinone with p-toluidine and al- 
cohol (Fischer a. Hepp, A. 256, 259). Yellow 
needles. 

Di-p-tolyl-di-amido-toluquinone p-toluide 
C 28 H 27 N 3 0. [191°]. Claret-red plates (Fischer 
a. Hepp, B. 21, 676). 

TOLYLAMINE is Toluidine (q.v.). 

Di-o-tolyl-amine NH(O a H 4 Me[l:2]) 2 . (312° 

1. V.) at 728 mm. (Graebe, A. 238, 363). Obtained, 
together with diphenylamine by heating o-tolu- 
idine with aniline hydrochloride at 280° (Girard 
a. Willm, Bl. [2] 25, 248). Formed also by 
heating o-cresol with ZnBr 2 , ammonia, and 
NH 4 C1 at 836° (Merz a. Muller, B. 20, 547). Oil. 

Di-m-tolyl-atnine NH(C 7 H 7 ) 2 , (322°). Formed 
in like manner (Cosack, B. 13, 1091 ; Merz a. 
Muller, B. 20, 549). Oil, volatile with steam. 
Bl. sol. acids, v. sol. alcohol. 

Acetyl derivative NAc(G 7 H 7 ) 2 . [43°]. 

Nitrosamine (G 7 H 7 ) 2 N.NO. [103°]. 

Di-p-tolyl-amine NH(0 7 H 7 ) 2 . [79°]. (331° 

i.Y.) (Graebe, A. 238, 363). Formed by heating 
p- toluidine with its hydrochloride (Girard, A. 
140, 346 ; Gerber, B. 6, 446). Formed also by 
heating p-cresol with ZnCL^ ammonia, and 
NH 4 C1 at 835° (Merz a. Miiiler, B. 20, 546). 
White needles. Its salts are decomposed by 

Nitrosamine (C 7 H 7 ) 2 N.NO. [103°]. 

Yellow trimetrio crystals (Lehne, B. 13, 1544 ; 
Oosaok). 

Acetyl derivative (C^J^Ac. [85°]. 

Benzoyl derivative (CjEyjNBz. [125°]. 

References. — Tetra-bromo- and Nitbo- Di- 

TOLYL- AMINE. 

DIp-TOLYL-ISOAMYL-AMINE 0 1# H«,N i.e. 
(C 7 H 7 ) 2 NC ft H n * (290°-300° at 15 mm.). Formed 
by heating dip- tolyl -amine with isoamyl alcohol 
and HOI in sealed tubes (Girard, Bl [2] 24, 
120 ). 

TOLYL-ANILINE v. Phknyl-toluimnr. 

Van. IV. 


TOLYL-ARSDTE v. Arsenic. 
TOLYL-AXTRAMHTE C 24 H 27 N a 1$. 
C^Me.NiCfO^NMe^j. Formed from auramine 
hydrochloride and p-toluidine (Fehrmann, B. 20, 
2858). Decomposed by B^S in alcoholic solution 
at 50° into CS^O^NMe^ and p-toluidine. — 
B' 2 H 2 PtCl 6 . Red flakes, v. si. sol. water. 

TOLYL-A ZI MI DO -TOLU ENB v. Azimido- 
COMPOUNDS. 

DI - p- TOLYL - TETRAZINE 0 lfl H 18 N 4 i.e.. 
C e H 1 Me.N<g=^ H >N.C s H t Me. [185°]. Moi. 

w. 269 (obs.). Formed by the action of chloro- 
form and alcoholic potash on p-tolyl-hydrazine 
(Ruhemann, G . J. 55, 248; 67, 51). Yellow 
plates (from hot alcohol). Yields a nitro- 
derivative C 18 H K) (N0 2 )N 4 [144°]. 

TOLYL - DISAZO - compounds v . Disazo* 

COMPOUNDS. 


TOLYL BENZ AMIDE v. Benzoyl derivative 
of Toluidine. 


p- TOLYL -BENZAMIDINE C 14 H l4 N 2 i*. 
C 8 H V C(NC 7 H 7 ).NH 2 . [99°]. Formed from benzo- 
nitrile and toluidine hydrochloride (Bernthsen, 
B. 8, 1319 ; 9, 429). Forms a crystalline nitrate 
and oxalate. 

Dip-toly 1-ben zamidine 

C 8 H 5 .C(NC 7 H 7 ).NHO,H 7 . [131°]. Formed by the 
action of p-toluidine on benzonitrile, and on a>- 
chloro-benzylidene-p-toluidine C 7 H 7 N:CC1.C 8 H 4 
(Bernthsen ; JuBt, B. 19, 981). May be sublimed* 
Reference . — Amido-tolyl-benzamidine. 
p-TOLYL-BENZAMIDOXIM C 14 H I4 N 2 0 i.e. 
0 8 H 5 .C(NOH).NHC 7 H 7 . [176°]. Formed by 

heating hydroxylamine hydrochloride with 
C 8 H V CS.NHC 7 H 7 and Na 2 CO„ at 100° (H. Miiiler, 
B. 22, 2406). White needles, si. sol. hot water.— 
B'HCl : white needles, si. sol. water. ClC0 2 Et 

converts it into G 8 H ft .C<^^pj^>CO. [163°J. 


T0LYL-BENZENE v. Methyl-diphenyl. 
Trip-tolyl-benzene C 27 H 24 i.e. C 8 H a (C 7 H 7 ) a . 
[171°]. Formed by passing dry HC1 into p-tolyl 
methyl ketone for some days (Claus, J. pr. [2] 
41, 402). Needles. Oxidised by CrO a to 
C 8 H 8 (C0 2 H) a . Yields C 27 H 21 Br a [212°]. 

p-TOLYL-BENZIMIDO PHENYL ETHER 
C 8 H v C(NC 7 H 7 ).OPh. [120°]. Formed from 
C 8 H a .CCl:NC 7 H 7 and NaOPh (Hantzsch, B. 
26, 927). 

om- TOLYL-BENZOIC ACID 

[1:3] C 8 H 4 Me.C 8 H 4 .C0 2 H [l':3']. [204°]. Formed 
by oxidation of [1:3] C 8 H 4 Me.C 8 H 4 Me [l r :B / ] with 
dilute HNO a (Perrier, C. R. 114, 484). Silky 
needles, sol. alcohol, m. sol. Aq. 
pp- Tolyl -benzoic acid 

[l:4]C 8 H 1 Me.C 8 H 4 .C0 2 H[l';4']. [244°]. Formed 
by oxidation of pp-ditolyl by CrO a and HOAc 
(Carnelley, J. 1877, 384). 81. sol. hot water.— 
AgA'. 

op-Tolf 1-benaoio aoid. [180°]. Formed by 
oxidation of [1:2] C^Me.C^.Me [l':4 / ] (Car- 
nelley, G . Jb 37, 707). Insol. water, sol. hot 
alcohol. 

TOLYL-BENZYL- AMINE v. Benzyl-tolu- 


p-TOLYL-BENZYL-ISOBDTYL-DBEA 

0 lt H, 4 N 2 0. [41°]. Got from p-tolyl-benzyl- 

earbamio chloride and isobutylamine (Hamme- 
rioh, B. 25, 1624). Crystals (from ligroInjL 
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p-TOLYL-BENZYL-CARBAMIC CHLORIDE 

(C fl H 4 Me)N(CH 2 Ph).COCl. Formed from *-tolyl- 
benzy] -amine and C0C1 2 (Hammerich, B. 25, 
1822). Oil. 

©-TOLYL-BENZYL-CARBINOL C„H, e O i.e. 

oX Me - CH ( OH )- OH * ph * [ 66 °]- ( above 8G0 °)* 

Formed by reducing jp-tolyl benzyl ketone in 
alcoholic solution by Na (Mann, B . 14, 1646). 
Small concentric needles, sol. aloohol and ether. 

^j-TOLYL-BENZYLENE-ACETAMIDINE 

C..H.A i.e. C.H 1 <^g^ e H ’. [79°]. Formed 

by reduction of the acetyl derivative of o-nitro- 
benzyl-p-toluidine in acetic acid solution with 
tin and HC1 (Lellmann a. Stickel, B. 19, 1610). 
Small glistening plates. Y. sol. alcohol, ether, 
and chloroform. 

^-TOLYL BENZYL KETONE C 15 H h O i.e. 
C fl H 4 Me.CO.CH 2 Ph. [109°]. (above 360°). Formed 
by the action of A1C1, on a mixture of phenyl- 
acetyl chloride and toluene (Mann, B. 14, 1646 ; 
Strassmann, B . 22, 1229). Plates, sol. alcohol 
and ether. Na added to its alcoholic solution 
forms the carbinol and an acid [93°]. 

Oxim [131°]. Plates, insol. water. 
o-TOLYL BENZYL OXIDE O u H u O i.e . 
[l:2]C fl H 4 Me.O.CH 2 Ph. (285°-290°). Oil (Stae- 
del, B. 14, 899). Converted by HNO, (S.G. 1-5) 
into a tri-nitro- derivative [146°]. 

ra-Tolyl benzyl oxide. [43°]. (300°-305°). 
Tables (from alcohol), v. sol. ether. 

y>-Tolyl benzyl oxide [41°]. Formed from 
C # H 4 Me.OK and CH^PhCl (Frische, A. 224, 154). 
Crystals. Converted by HNO, (S.G. 1*5) into 
di-nitro-n-cresol [84°]. 

TOLYL-BENZYL-ISOPHOSPHINE Cj.H^P 
or C 27 H 28 P 2 . [187°]. An indifferent body formed 
by the action of zinc on a mixture of benzyl 
chloride and C„H 4 MePCl 2 (Michaelis a. Gleich- 
mann, B. 15, 1963). 

^-TOLYL BENZYL 8ULPH0NE 
0 a H 4 Me.S0 2 .CH 2 Ph. [145°J. Formed by the 
action of benzyl chloride on sodium toluene 
-sulphinate (Otto, B. 13, 1278). Needles, sol. 
ot alcohol. 

jo-TOLYL-BENZYL-THIO-SEMICARB AZIDE 

C, 5 H I7 N,S. [121°]. Formed from benzyl thio- 
carbimide and j>-tolyl -hydrazine (Dixon, C. J. 
61, 1022). Prisms, si. sol. cold alcohol. 

o- T0LYL-BENZYL-THI0-UREA C lft H I8 N 2 S 
i.e . C <f H 4 MeNH.CS.NHCH 2 Ph. [139°]. Formed 
by boiling o-tolyl-thiocarbimide with benzyl- 
amine in alcohol (Dixon, C . J. 59, 556). Tufts of 
prisms, m. sol. hot alcohol. 

m-Tolyl-benzyl-thio-urea. [114°]. Formed 
from benzyl-thiocarbimide and w-toluidine. 
Vitreous crystals, v. si. sol. hot Aq. 

©-Tolyi-benzyl-thio-urea [121°]. Crystals. 
©-TOLYL-BENZYL-UREA 
CH 2 Ph.NH.CO.NHC a H 4 Me. [181°]. Formed 
from p-tolyl oyanate and benzylamine (Kuhn a. 
Hensohel, B. 21, 505). 

p-Tolyl-di-benzyl-urea C^H^NjjO i.e. 
(CHjPhJjN.CO.NHCjHjMe. [169°]. J Got from 
(CTH^aN.COCi and _p-toluidine (Hammerich, B. 
25, 1820). Needles (from alcohol), insol. ether. 

p-Tolyl-di-benzyl-urea C r2 H 22 N 2 0 i.e. 

CHjPhN (C a H 4 Me).CO.NH.CH 2 Ph. [85°]. 

Formed from tolyl-benzyl-carbamic chloride and 
benzylamine (H.). Prisms, v. soL alcohoi 
Di-jp-tolyl-beniyl-urea 0*H«N a O. [115°]. 


Formed from jp-tolyl-benzyl-carbamic chlorido 
and jp-toluidine. Needles, v. sol. hot aloohol. 

Di-p-tolyl-di-benzyl-urea 
(CH 2 PhN (C a H 4 Me)) 2 CO. [93°]. Got from y>- 
tolyl-benzyl-carbamio chloride and jp-tolyl- 
benzy 1-amine. Crystalline, sol. alcohol. 

DI-p-TOLYL-BIURET (C a H 4 MeNH.CO) 2 NH. 
[c. 220°]. Formed from #-tolyl-urea and^?-tolyl 
cyanate at 160° (Kuhn a. Henschel, B. 21, 506). 
White needles (from alcohol). 

Tri-p-tolyl-biuret 

(C 6 H 4 MeNH.CO) 2 NO a H 4 Me. [156°]. Formed 
from di-p-tolyl-urea and jp-tolyl cyanate. 

jo-TOLYL-BORIC ACID O fl H 4 Me.B(OH) 2 . 
[240°]. Formed by the action of water on boron- 
p-tolyl-dichloride (u. vol. i. p. 531). Needles, 
sol. hot water. HgClj gives a white pp. of 
C 7 H 7 HgCl. 

T0LYL-BE0M0-ETHYLENE v. Bromo-tolyl- 

ETHYLENE. 

TOLYL BE0M0-METHYL KETONE 

C (J H 4 Me.CO.CH 2 Br. [66°]. Formed by the ac- 
tion of hot water on di-cEO-bromo-eso-methyl- 
atrolactic acid (Bottinger, B. 14, 1598). Crystals, 
volatile with steam, sol. water and etner. 

p-TOLYL BROMO-METHYL SULPHONE 
C e H 4 Me.S0 2 .CH 2 Br. [92°J. Formed by the 
action of bromine on an aqueous solution of 
C 7 H 7 .S0 2 .CR,.C0 2 H (Otto, /. pr. [2] 40, 644). 
Formed also from C 7 H 7 .S0 2 Na and CH 2 Br r 
Thin monoclinic needles, sol. hot alcohol. 

^-Tolyl di-bromo-methyl sulphone 
C a H 4 Me.S0 2 .CHBr 2 . [117°]. Formed from 
tolyl-sulphono-acetio acid and Br (O.). Mono- 
clinic prisms, v. boI. hot alcohol. 

TOLYL-BUTANE v. Butyl-toluene. 

m-TOLYL-BDTYLENE C tf H 4 Me.CH 2 .C,H ft . 
(195°). Formed from C tt H 4 Me.CH 2 Cl, allyl 
iodide, and Na (Aronheim, B. 9, 1790). Oil. 
Yields a liquid dibromide. 

p-TOLYL-p-BDTYL-PHENYL-THIO-UREA 
C a H 4 Me.NH.CS.NH.C a H 4 .C 4 H B . [137°]. Formed 
from isobutyl-phenyl-amine and _p-tolyl-thio- 
carbimide (Mainzer, B. 16, 2024). Plates, sol. 
alcohol and ether. 

DI-jp-TOLYL-ISOBTTTYL-TJREA C 19 H 24 N 2 0. 
[119°]. Formed from (C 7 H 7 ) 2 N.C0C1 and iso- 
butylamine (Hammerich, B. 25, 1822). Prisms, 
v. sol. alcohol and ether. 

w-TOLYL-ISOBDTYRIC ACID 
C (j H,Me.CH 2 .CHMe.C0 2 H. [92°]. Formed by 
oxidation of w-isobutyl-toluene by dilute HNO, 
(Kelbe, B. 16, 620). Needles (from ligro’in). — 
AgA': pp. 

Reference.— Nitro-tolyl-isobutyric acid. 

o-TOLYL-CARBAMIC ACID C 8 H 9 NO a U. 
C^Me.NH.COjjH. 

Ethyl ether EtA'. [42°] (C.) ; [46°] (L.). 
Formed from o-toluidine and ClCO a Et (Cosack, 
B. 12, 1450 ; Nevile a. Winther, B. 12, 2324). 
Formed also from Ca^Me.CCkNCland alcoholic 
potash (Lachmann, B. 12, 1349). Tables, sol. 
alcohol and benzene. Volatile with steam. 
Yields o-tolyl cyanate on distilling with P 2 0,. 

Isobutyl ether Oja* A'. (275°-280°). Oil 
(Mylius, B. 5, 974). Partially decomposed on 
distillation into tolyl cyanate and isobutyl 
alcohol. 

Benzyl ether CH*PhA'. [84°]. Formed 
from o-tolyl cyanate and benzyl alcohol (Gatter- 
mann a. Cantzler, B. 25, 1087). Needles 
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Phenyl ether PhA r . [92°]. Formed by 
foiling di-o-tolyl-urea with di-phenyl carbonate 
lor some hours (Eckenroth a. Riickel, B. 23, 699). 
Crystals (from ligroin). 

m-Phenylene ether C 8 H 4 A' 2 . [154°]. 

Formed by heating o-tolyl cyan ate with resorcin 
at 120° (G. a. C.). Colourless plates. 

p-Phenylene ether C a H,A' 2 . [206*5°]. 
Formed by heating o-tolyl cyanate with hydro- 
quinone at 150°. 

o-Tolyl ether C 7 H 7 A'. [126°]. Formed 

from o-tolyl cyanate and o-cresol (G. a. C.). 
ee dles. 

0). Naphthyl ether C J0 H 7 A'. [149°]. 
Formed by heating o-tolyl cyanate with (&)- 
uaphthol at 160° (G. a. C.). Plates. 

Di-phenyl-ethylene ether C.JAPh 2 k' v 
£234°]. Formed by heating o-tolyl cyanate with 
hydrobeSzoin at 100° (Auwers, B. 24, 1778). 
Needles. An isomeride [163°] is obtained 
Irom isohydrobenzoin. 

m-Tolyl-carbamic acid 
{l:8]C a H 4 Me.NH.CO.JEL 

Ethyl ether C IO H 1S N0 2 . Prepared from 
#w-toluidine and chloro-formic ether (Cosack, B. 
13, 1090)* Oil, y. sol. alcohol and ether. 

p-Tolyl-carbamic acid 
£l:4]C a H 4 Me.NH.C0 2 H. 

Ethyl ether EtA'. [62°]. Formed from 
y>-toluidine and ClCO a Et (Hofmann, Pr. 19, 108 ; 
B. 3, 656). Monoclinio prisms, v. sol. alcohol 
((Levin, J. 1882, 384). 

Phenyl ether PhA'. [115°]. Formed by 
•distilling di^p-tolyl-urea with di-plienyl carbonate 
Eckenroth a. Riickel, B. 23, 698). Needles 
from hot ligroin). 

Di-p-tolyl-carbamic acid (CyH^N.COgH. 
Ethyl ether EfcA'. [62°]. Formed from 
<C 7 H 7 ) 2 N.C0C1 and NaOEt (Hammerich, B. 25, 
1824). Large plates, v. sol. alcohol and ether. 

Chloride (C tf H 4 Me) 2 N.COCl. [103°]. 
Formed from COCl 2 , a solution of di-p-tolyl- 
amine in benzene, and cone. NaOHAq (Ham- 
merich, B. 25, 1821). Needles (from alcohol), 
v. e. sol. ether. AgCy forms the compound 
(C 7 H 7 ) 2 N.CO.CN(AgGy) 2 crystallising in needles 
which begin to melt at 103°. 

o-TOLYL-CARB AMINE [l:2]C a H 4 Me.N:C. 
(184°). S.G. 2* *968. Formed by the action of 
alcoholic potash on o-toluidine and chloroform 
(Nef, A. 270, 309). Oil, volatile with steam. 
When heated at 245° for 3 hours it changes to 
the isomeric o-toluic nitrile. Heated with S in 
CS 2 at 130° it yields o-tolyl thiocarbimide. H^S 
at 100° forms C,H 4 Me.NH.CHS [101°]. 

Chloride C a H 4 Me.N:CCl 2 . (215°). Formed 
by passing chlorine into a chloroform solution 
of the carbamine. 

p-Tolyl-carbamine G a H 4 Me.N:C. (99° at 36 
mm.). Formed in like manner from jp-toluidine 
(Nef). Oil. 

Chloride C a H 4 Me.N:CCl 2 . (226°). Con- 
verted by p-toluidine into tri-p-tolyl-guanidine. 

o-TOLYL-SEMI-CARBAZIDE C 8 H n N,0 i.e. 
NH 2 .CO.N 2 H 2 C 7 H 7 . [160°]. Formed by heat- 
ing o-tolyl-hydrazine with urea (Pinner, B. 21, 
1219). Flat needles, m. sol. water. 

p-Tolyl-semi-oarbazide C s H n N s O. [158°]. 
fil. sol. cold water. Reduoes Fehling’s solution. 

Di-jp-tolyl-oarbaside COfNH.NHCA)- 
(201°]« Formed from jp-iolyl-hydrazine and 


carbamic ether (Preund, B. 24, 4197). Tables, 
insol. water, v. sol. hot alcohol. 

TOLYL-CARBIMIDE v. Tolyl isocyanate, 
vol. ii. p. 316. 

o-TOLYL-CARBINOL C 8 H 10 O U. 

[l:2]C a H 4 Me.CH 2 OH. w-Oxy-o-xylene. Mol.w. 
122. [34°]. (223° i.Y.). S.G. *2 1*02. S.linthe 
cold ; 1*5 at 100°. Formed by boiling w-bromo-o- 
xylene with KOHAq (Colson, BL [2] 43, 8 ; A. Ck. 
[6] 6, 116). Formed also by reducing the aldehyde 
C a H 4 Me.CHO (Raymann, Bl. [2] 27, 498), by the 
action of HN0 2 on the amine C a H 4 Me.CH 2 .NH 2 
(Krober, B. 23, 1028), and by reducing o-toluic 
amide in acid solution by % sodium-amalgam 
(Hutchinson, B. 24, 174).* Needles, v. sol. 
alcohol and ether, sol. hot water. Oxidised by 
alkaline KMn0 4 to o-toluic acid [103°]. 

m-Tolyl-oarbinol [l:3]C a H 4 Me.CH 2 .OH. 
(217°). S.G. 2 1*036 (C.); u *916 (R. a. W.). 
S. 6 in the cold. Formed by boiling the bromide 
C rt H 4 Me.CH 2 Br with alkalis (C.). Liquid, v. 
sol. alcohol and ether, si. sol. cold water. 
Yields m-toluic acid [108°] on oxidation. 

Ethyl ether C 7 H 7 .CH 2 .OEfc. (202°) at 740 
mm. S.G. *93. Oil. 

Acetyl derivative C 7 H 7 .CH 2 .OAc. (226°). 
Formed from C 7 H 7 .CH,jBr and KOAc (Radzi- 
szewski a. Wispek, B. 15, 1747). Oil. 

p-Tolyl-carbinol [l:4]C a H 4 Me.CH 2 OH. [69°]. 
(217°). Formed from p-toluio aldehyde and 
alcoholic potash (Cannizzaro, C. B. 54, 1225 ; 
A. 124, 255). Needles, si. sol. cold water. 

Ethyl ether C 8 H„.OEt. (203°) at 740 
mm. S.G. J- 1 *93. Formed from w-bromo-p- 
xylene and alcoholic potash (Radziszewski a. 
Wispek, B. 15, 1745). Oil. 

Di-tolyl-carbinol (C^MeJ.CH.OH. [69°] 
(W.); [62°] (Ador a. Crafts, B. 10, 2175). 
Formed by reducing di-tolyl ketone with sodium- 
amalgam (Weller, B. 7, 1184). Needles (from 
alcohol), insol. water. 

Reference . — O x y -tolyl- c arbin ol. 
TOLYL-CARBIN YL-AM1NE v . Methyl 

BENZYL- AMINE. 

DIp-TOLYL-CARBINYL AMINE 

(C 7 H 7 ) 2 CH.NH 2 . [93°]. Formed by reducing 

the oxim of di-p-tolyl ketone in alcoholic solu- 
tion with sodium-amalgam and HOAc at 60° 
(Goldschmidt a. Stdcker, B. 24, 2798). Tables. 
— B'HCl. [235°]. White needles. 

Acetyl derivative [159°]. Needles. 
TOLYL-CARBINYL-UREA v. Mkthyl- 

BENZYL-UREA. 

Dip- tolyl- oarbiny 1-urea 
NH 2 .CO.NH.CH(C 7 H 7 ) 2 . [152°]. Formed from 
the hydrochloride of the amine and KGyO 
(Goldschmidt, B. 24, 2799). Needles. 

DI-p-TOLYL-CARBONATE (C 7 H 7 0) 2 C0. 
[115°]. Formed, together with di-ethyl carbon- 
ate, by heating p-tolyl ethyl carbonate at 300° 
(Bender, B . 19, 2268). Y. si. sol. cold alcohol. 
DI-T0LYL DICARBOXYLIC ACID 
[3:4:l]C a H 8 Me(C0 2 H).C a H,Me(C0 2 H)[l:3:4] 
[over 300°]. Formed by heating its nitrile with 
dilute H 2 S0 4 (Ldwenherz, B. 25, 1036). Plates, 
insol. water, si. sol. hot alcohol. 

Nitrile C u lI l2 (CX) r [190°]. Formed from 
di-amido-ditolyl by Sandmeyer’s diazo- reaction* 
Needles, m. sol. cold alcohol. 

Reference. — Oxy-ditolyl digabboxylio acw, 
TOLYL CHLORIDE v. w-Chlobo-xyumi*. 

Bd2 
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jp-TOLYL CHLORO-BENZYL SULPHONE 

O i H 4 Me.SO r OHCl.C a H 6 . [203°J. Formed by 
heating sodium toluene jp-sulphinate with 
benzylidene chloride (Otto, J. pr. [2] 40, 519). 
Needles (from HO Ac). 

>TOLYL CHLORO-ETHYL SULPHONE 
[l:4]C 8 H 4 Me.S0 r CH01.CH s . [48°]. Formed by 
boiling CH s .CCl 2 .C0 2 Na (1 mol.) with 
0 r H 7 .80 2 Na (2 mols.) in aqueous solution. 
Formed also by heating ethylidene chloride 
(2*5 g.) with sodium toluene jp-sulphinate (4*5 g.) 
and alcohol at 150° (Otto,«Ljpr. [2] 40, 515,534). 
Trimetrio tables, v. sol. hot alcohol. Does not 
act upon C,H 7 .S0 2 Na even at 200°. 

p-Tolyl chloro-ethyl sulphone 
C a H 4 Me.80 2 .CH 2 .CH 2 Cl. [79°]. Formed from 
C a H 4 Me.80 2 .CH 2 .CH 2 .0H and PC1 5 (Otto, J.pr. 
[2] 30, 357). Needles or plates, v. sol. hot 
alcohol. 

jp-TOLYL CHLORO-METHYL SULPHONE 

C a H 4 Me.80 2 .CH 2 Cl. [84°]. Formed by heating 
an aqueous solution of CHCl^COjNa (1 mol.) 
with C 7 H 7 .S0 2 Na (2 mols.) on the water-bath 
(Otto, J.pr . [2] 40, 528). Tables (from benzene), 
v. sol. hot alcohol. 

p-Tolyl di-chloro -methyl sulphone 
C 8 H 4 Me.S0 2 .CHCl 2 . [114°]. Formed by passing 
chlorine into a warm aqueous solution of 
CyHy.SO 2 .CH 2 .CO 2 H (Otto, J. pr. [2] 40, 544). 
Crystals, insol. water, v. sol. hot alcohol. 

TOLYL-CRESOL C^Me.CHj.C^.OH. 
(250°~255° at 10 mm.). Formed by heating w- 
chloro-xylene with phenol and zinc filings 
(Mazzara, 0 . 9, 4211. Oil, sol. alcohol, ether, 
and alkalis. Not coloured by FeCl 3 . 

Acetyl derivative (250° at 9 mm.j. 
Decomposed in moist air into HOAc and tolyl- 
cresol. 

p-TOLYX-CUMINYL-AMINE C 17 H 21 N i.e. 
C 8 H 4 Me.NH.CH 2 .C 8 H 4 Pr. [36°]. (above 200°). 
Formed by the reduction by sodium-amalgam 
of the product of the action of cuminol on 
p-toluidine (Uebel, A . 245, 293). Plates or 
prisms. — B'HCl. Plates or needles, si. sol. hot 
Aq. 

Nitrosamine C^H^N.NO. [67°]. Prisms. 

®-TOLYL-CUMINYL-UBEA C^H^N.O i.e . 
G, 0 H, a .NH.CO.NHC a H 4 Me. [150°]. Formed from 
cuminylamine and p-tolyl cyanate (Goldschmidt 
a. Gessner, B. 22, 928). Needles, v. sol. alcohol. 

p-TOLYL-CUMYLIDENE- AMINE 
0 # H 4 Me.N:CH.C 8 H 4 Pr. [61°]. Formed from 
cuminio aldehyde (cuminol) and p-toluidine in 
alcoholic solution (Uebel, A. 245, 292). Yellow- 
ish plates (from alcohol). Decomposed into the 
parent substances by heating with acids and 
frlk al iflr 

©-T0LYL4-CUMYL-UBEA 
D g H 4 Me.NH.CO.NH.C 6 H 2 Me 3 . [218°]. Formed 
from ^-cumidine and p-tolyl cyanate (Gold- 
3ohmidt a. Bardach, B. 25, 1361). Needles. 

o-TOLYL-CY ANAMIDE C a H 4 Me.NH.CN. 

77°]. Formed by heating C 7 H 7 NH.CS.NH.OH 
ir by the action of hydroxylamine on o-tolyl 
thiocarbimide (Tiemann, B. 22, 1940 ; Yoltmer, 
B. 24, 381). Tables, v. sol. alcohol andKOHAq, 
m. sol. water. 

DI-o-TOLYL-CYANAMIDE C 15 H l4 N t i.e. 
D(NCyHX Carboditolylimide. (above 300°). 
Formed by heating the alkyl derivatives of di-o- 
tolyl-thioure (Will a. Bielsohowski, B. : 15, 


1317). Amorphous, v. sol. benzene. Converted 
by dilute HClAq into di-o-tolyl-urea. 

Di-p-tolyl-cyanamide C le H l4 N 8 SO or 
C(NC 7 H 7 ) 2 . [60°]. (above 230°). Formed by 
the action of HgO on a benzene solution of di- 
tolyl-thio-urea (Will, B. 14, 1488). Thick 
prisms, sol. benzene and ether. On heating 
with aniline it gives phenyl-di-tolyl-guanidine. 
Acids and alkalis convert it into di-p-tolyl-urea. 
On distillation it yields compounds melting at 
49° to 60° and at 149° (Schall a. Paschkowetzky, 
B. 25, 2892). Phenyl-nydrazine at 190° forms 
C afl H sg N e [163°], which crystallises from alcohol 
in plates, and yields B' a 4HCl and B'^HJPtCl,,. 
On heating with phenyl-hydrazine at 165° there 
is formed N 2 PhH:C(NC 7 H 7 ) 2 [138°], crystallising 
in pale-red needles, yielding B' 2 ByPtCl a (Wessel, 
B. 21, 2274). Tolylene-o-diamine at 140° forma 
C 22 H 24 N 4 [19 6°], which yields B' 2 3HU1 [143°] 
(Dahm a. Gasiorowski, B. 19, 3057). 

TOLYL CYANATE v. Cyanic acid. 

TOLYL CYANIDE v. Nitrile of Toluio acid. 

TOLYL-CYANURIC ACID v. Cyanic acids. 

TOLYLENE ALCOHOL v. Di-oxy-xylene. 

TOLYLENE - DI - ALLYL -DI-THIO-DI-UREA 
[1:2:3] C a H 8 Me(NH.CS.NHC J ,H ft ) 2 . f [152°]. 
Formed from c-tolylene-o-diamine and oil of 
mustard (Lellmann, A. 228, 246). Needles (from 
alcohol), decomposed on fusing into tolylene- 
thio-urea and di-allyl-thio-urea. 

Tolylene-di-allyl-di-thio-di-urea 
[1:3:4] C^MefNH.CS.NHCA),. [150°]* 

Formed from i-tolylene-o-diamine and oil of 
mustard (Lellmann, A. 221, 24). Decomposed 
by heat like the preceding isomeride ; melting a 
second time at 210°-230°. 

Tolylene-di-allyl-di-thio-di-urea 
[1:2:5] C 6 H 8 Me(NH.CS.NHC s H ft ) 2 . [175*5°]. 
Formed from tolylene-p-diamine and allyl thio- 
carbimide (Lellmann a. Wiirthner, A . 228, 209). 
Plates or prisms, nearly insol. ether. 

Tolylene-di-allyl-di-thio-di-urea. [151°]. 
Formed from tolylene-w ?-di-amine and allyl 
thiocarbimide. Prisms (from alcohol), insoh 
ether, v. sol. HOAc. Melts without decomposi- 
tion. 

T OLYLENE-DI-AMIDO-DI- ACETIC ETHER 

[1:2:4] C a H s Me(NH.CH 2 .C0 2 Et) 2 . [70°]. Formed 
from tolylene-m-diamine and chloro-aoetic ether 
(Zimmermann a. Knyrim, B. 16, 516). Needles 
(from water). 

c- TOLYLENE -o- DIAMINE C 7 H 10 N 2 i.e. 
C a HjMe(NH 2 ) 2 [1:2:3]. Mol. w. 122. [62°]. 

« . Formed from C a Hj,Me(NH 2 ) (N 0 2 ) [1:2:3] 
ucing with Bn and HC1 (Lellmann, A. 228, 
243). Reddish crystals, smelling of acetamide. 
— B"2HC1. Sol. water, ppd. by HC1. 

c-Tolylene-m-diamine CaHgMefNH*), [1:2:6]. 
[104°]. Formed by reduction of nitro-toluidine 
[92 °], or of liquid di-nitro-toluene (Ullmann, B. 
17, 19601. Prisms, sol. hot water. Gives a 
brown colour with nitrous acid. CrO, and FeCl, 
give a brown colour.-— B'HCl ; crystals, v. e. soL 

i-Tolylene-m-diamine C fl H,Me(NHj- [1:2:4]. 
[99°]. ( 0 . 280°). Formed by reducing di-nitro- 
toluene (Hofmann, Pr. 11, 518) by reducing 
(4,l,2)-nitro-toluidine (Ndlting a. Collin, J5.17, 
268), and by the action of SnClj on amido 
toluene-azo-amido-cresol (Graefi, A. 229, 848), 
Needles (from water), v. sol. alcohol, ether, and 
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toot water* Chloroformic ether, CICOjEt, forms 
fl:2:4] G 4 H 3 Me(NH 2 )(NH.C0 2 Et) [91°], and 
chiefly C a H 3 Me(NH.C0 2 Et) 2 [137°] (Schiff, 
it. 268, 314). Phenyl-thio-carbimide yields 
G0 2 Et.NH.C d H 3 Me.NH.CS.NHPh [155°]. Hep- 
toic aldehyde in the cold forms C 7 H d N 2 (C 7 H I4 ) 2 ,but 
when heated it yields an orange mass which forms 
a highly fluorescent solution (Schiff a. Vanni, A. 
253, 3 19) . Benzoic aldehyde forms C 7 H 6 (N : CHPh) t 
[122°-128°], while cinnamic aldehyde gives 
C 7 H - (NC u H 8 ) s [162°] (Schiff, A. 140, 98; 239, 

384). Cl.CO.COjEt forms 0 6 H 3 Me<;^g ^ 

[c. 260°] and [1:2:4] CAMefNHJ.NH.CO.CO^Et 
[170°], which yields an acetyl derivative [192°]. 
Phenyl-thiocarbimide forms the compound 
NHPh.CS.NH.C rt H 3 Me.NH.C0.C0 2 Et [155°] and 

C u H s Me<;^^ S 0 >NPh [198°] (Schiff, A. 268, 

807). Tolylene-w-diamine heated with citric 
acia at 125° forms C 1S H 12 N 2 0 4 , crystallising from 
boiling alcohol in minute octahedra, decom- 
posing at about 187° (Schneider, B. 21, 065). 
Acetyl-acetone at 100° forms a syrup, which 
when heeded with H^SC^ yields C, 2 H 14 N 2 [191°] 
(Combes, C. B . 108, 1252).— B"HC1.— B”2HC1. 
— B"2HBr. — B"H 2 S0 4 2aq : prisms. S. 5*6 at 
19*5 (Beilstein a. Kuhlberg, A. 158, 351).— 
B^EyPtCl^. — B "2HCy S. Prisms (Lussy, B. 7, 
1265). 

o-Acetyl derivative 

C fi H g Me (NHAc) N H 2 [1:2:4]. [140°]. Formed 

from C d H 3 Me(NH 2 )(N0 2 ) [107°] by acetylation 
and reduction (Wallach, A. 234, 350). Needles. 
— B' 2 H 2 PtCl a . 

j p-Acetyl derivative 

CgHgMefNHj) (NH Ac) [1:2:4]. [160°]. Formed 
by acetylating the diamine, and got also by 
reducing C a H 3 Me(N0 2 )(NHAc) [1:2:4] (Tiemann, 
B. 3, 221 ; Wallach, B. 15, 2826, 2831). Long 
white needles. 

Di-acetyl derivative G a H 3 Me(NHAc) 2 . 
£224°]. Got by boiling the base with Ac 2 0 or 
HO Ac (Koch, A . 153, 132 ; Tiemann, B. 3, 8 ; 
Ladenburg, B. 8, 1211). Needles. 

Benzoyl derivative 

C a HjMe(N0 2 )(NHBz) [1:2:4], [142°]. Got by 

reducing G a H 1 Me(N 0 2 ) (NHBz) (Bell, B. 7, 160 5). 

Di-benzoyl derivative [224°]. Tables, 
sj. sol. alcohol (Buhemann, B. 14, 2656). 

Thiobenzoyl derivative 
C a H 3 Me(NH 2 )NH.CSPh. [197°] (Bernthsen a. 
Trompetter, B. 11, 1760). 

Bhthalyl derivative 

C t H l Me<^g°°>C 6 H 1 . [192°]. Formed from 

the base and phthalic anhydride (Biedermann, 
B. 10, 1161). Needles, split up by dilute HC1 
into phthalic acid and a base C 37 H 34 N a 0 4 . 

Di-phthalyl derivative 
G tJ H 3 Me(NC g H 4 0 2 ) 2 . [233°]. Crystals, insol. 
water and alcohol. 

a-Tolylene-wt-diamine CJB^MefNHj), [1:3:5]. 
(284°). Formed by reducing s-di-nitro-toluene 
(Staedel, A. 217, 202). Syrup.— B"H£O v — 
B"H 2 SnCl 4 : Crystals, v. boI. water. 

Tolylene-p-diamine G 4 H s Me(NH s ) 2 [1:2:5]. 
[64°]. (274°). Formed by reducing (5,1,2)- and 
(2,1,5)- nitro-toluidines (Beilstein a. Kuhlberg, A . 
158, 852; Fileti a. Cross, <?• 18, 806), and 
O a H 4 Me.N r C - H 1 Me.NH 2 [2:1:5] or [5:1:2] 


(Nietzki, B. 10, 832, 1158). Plates (from benz- 
ene), v. sol. water, alcohol, and ether. Forms 
toluquinone on oxidation. FeCl, added to a 
solution of tolylene-p-diamine hydrochloride 
mixed with o-toluidine gives an intense green 
colour. — B"2HC1. Plates.— B'^SO*. 8^*84 at 
11-5°. 

Di-acetyl derivative C 4 H,Me(NHAo) r 
[220°]. Prisms (from dilute alcohol) (Nietzki, 

B. 10, 1157 ; 12, 2237). 

Tolylene-o-diamine C a H 3 Me(NH 2 ) 2 [1:3:4]. 

[88 5°]. (265°). Formed by reducing (3 1,4)- 
nitro-p-toluidine (Beilstein a. Kuhlberg, A. 158, 
351 ; Graeff, A . 229, 343). Plates, m. sol. oold 
water. Its aqueous solution quickly blackens 
when exposed to air. FeCl„ forms by oxidation 

C, 4 H i5 N 3 0, crystallising from wood spirit in 
brownish -red plates [247°] (O. FiBcher a. Sieder, 
B. 23, 3802). 

Reactions. — 1. Benzoic aldehyde at 140° 

forms C 21 H 18 N 2 or 0,H a <^ N < 0 jJ H ’)^.CPh [196-6°] 

(Ladenburg, B. 11, 591, 1656 ; Hinsberg, B . 19* 
2026; 20, 1585), which yields B'Mel [209°], 
B'Etl [181°], and B'EtI a [125°], and is oxidised 
by KMn0 4 to an acid C 21 H la N 2 0 2 [254°]. — 2. Fwr- 
furaldehyde , acting on the hydrochloride, forms 
C )7 H 14 N 2 0 2 [128-5°], which yields B'Mel [195*6°], 
B'Mel, [128°], and B'MeI 5 [109°]. — 3. Acetic 
aldehyde (2 mols.) added to a cold solution of 
the base (1 mol.) in glacial acetic acid forms 

CjH^j^CMe (Hinsberg).— 4. Anisic aide- 

hyde , added to a dilute aqueous solution of tolyl- 
ene-o-diamine hydrochloride containing a little 
alcohol, forms C^H^NA [152°-156°], which 
separates on addition of ammonia (L.). — 6 . Sali- 
cylic aldehyde at 110° forms [106° 

110°], and at 135° it forms azurine G 35 H 32 N 4 0, 
[250*5°], which exhibits blue fluorescence in 
alkaline solutions. — 6. Glucose (2 mols.) added to 
an alcoholic solution of tolylene-o-diamine forms 
C 7 H a (N:C a H, 2 0 6 ) 2 , crystallising in satiny needles, 
v.^sol. water [c. 160°], which gives a red colour 
with FeCl a . Glucose converts tolylene-o-di- 
amine acetate into amorphous 1 glycodiamido- 
toluene ’ C I3 H, 8 N 2 0 M m. sol. water (Hinsberg, B* 
20, 496 ; Griess a. Harrow, B. 20, 2209). Gin- 
coson C d H 10 O a acts in aqueous solution on 
phenylene-o-diamine, forming C J3 H la N 2 0 4 [o. 
180°] (E. Fischer, B. 22, 93).— 7. Arabvnose 
forms C l2 H 16 N 2 0 4 [238°] (G. a. H.).— 8. Acrolein 
in boiling aqueous solution forms tolylene-o-di- 
amine acroson [185°] (Fischer a. Tafel, B. 22, 
99).— 9. Formic aldehyde forms C,„H 20 N 4 [222°] 
(Fischer a. Wrezinski, B. 25, 2713).— 10. Butyric 
aldehyde forms tolylene-butenyl-diamine 

0,H.<^>OPr [168°], and the compound 

CuHjjNj or (Hinsberg, B. 

20, 1690).— ^1. Nitrous acid or, better, amyl 
nitrite acting on a salt of tolylene-o-diamine 
forms azimido- toluene O^N f [84°] (823°), 
which is v. sol. alcohol and hot toluene (Zinoke 
a. Lawson, A. 240, 115 ; c/. Ladenburg, B. 9, 
220 ; Bdssneck, B. 19, 1759 ; Ndlting a. Abt, B. 
20, 3001). Azimido-toluene forms the salts 
B'jHjPtCl* Na0 7 H t N t , -Hg(0 y H 4 N i ) 2 [285°], and 
AgGjH^Ng. AcCl converts azimido-tolusne into 
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the (3) -acetyl derivative C 7 H a <^^>NAo [94°], 
while the isomeric (a)-acetyl derivative 
C 7 H a <^^°J>N [132°] is formed by the action of 

nitrous acid on the acetyl derivative of tolylene- 
o-diamine. — 12. Boiling chloro-acetic ether forms 
oxytoluquinoxaline dihydride and a compound 
C 13 H lfl N 2 0 8 (?) [147°], whence HNO a forms a com- 
pound [248°] (Hinsberg, A. 237, 365). — 13. Isatin 
yields O^H^Ng [290°], si. sol. alcohol (Hinsberg, 

A . 237, 344).— 14. Equal mols. of tolylene-o-di- 
amine and acetoacetic ether when gently warmed 
together eliminate H 2 0, and form a condensa- 
tion product C 1S H, 8 N 2 0 2 [82°] ; if this is heated at 
100°~120° acetic ether is evolved, and a tolylene- 

ethenyl-o-diamine C tt H s Me<^^ ^>C.CH 8 is pro- 
duced (Ladenburg a. Rtigheimer, B. 12, 953; 
Witt, B. 19, 2977, 8299).— 15. Chloro-aceto - 
acetic ether forms C 7 H a (NH| 2 CMe.CHCl.C0 2 Et 
[110°], crystallising in needles (Autenrieth a. 
Hinsberg, J9.25, 606).— 16. Oxydehydracetic acid 
forms C 8 H 8 O ft (C a H 8 Me(NH 2 ) 2 ) [147°] (Feist, B. 
25, 325). — 17. o-Aldehy do-benzoic acid in hot 

water forms C 0 H a Me<^-^^C.C a H v CO 2 H [258°] 

(Bistrzycki, B. 23, 1043).— 18. Di-oxy-quinone 
forms di-oxy-methyl-phenazine C l8 H, 0 N 2 O 2 [c. 
265°j, which yields a di-acetyl derivative [160°]. 
19. Opianic acid gives, in alcoholic solution at 
0°, the acid 0 a H 3 Me:(N. 2 H):0.C 8 H 2 (0Me) 2 .C0 2 H, 
crystallising in needles, decomposing at 234° 
(Bistrzycki, B . 24, 627). — 20. Di-bromo-pyruvic 

acid (1 mol.) forms, on boiling, C 7 H B <^;£c 
[235°]. 

Salts.— B"2HC1. Needles (Hiibner, A. 209, 
364).— B"H 2 S0 4 Haq. Scales. S. 9*29 at 19*5°. 
— B"2H 2 C a 0 4 aq (Hinsberg, B. 16, 1532). 

Compound with pyrocateohin 
B"C a H„0 2 . [78°], Needles (from ligroin) (Merz, 

B. 19, 726). 

Compound with cyanogen B"Cy 2 aq. 
[c. 244°]. Formed by passing cyanogen into an 
alcoholio solution of the base (Bladin, B. 18, 
666). Crystals, m. sol. alcohol and ether. Con- 
verted by heating with water into NH 3 and two 
isomeric compounds C^H^NjO, one melting at 
290°, the other beginning to decompose at 230°- 
240°. B"Cy„ yields the salts B"Cy 2 HCl l}aq, 
B"Oy 2 2HCl, B^Oy^^PtClg 2aq, minute needles, 
(B"Cy 2 ) 2 H 2 PtCl 6 2aq, and B"Cy 2 H 2 S0 4 aq : minute 
tables. 

p-Acetyl derivative 

CgHgMetNHj) (NHAc) [1:3:4]. [131°]. Formed 

by reducing C 8 H a Me(N0 2 )(NHAc) with iron and 
dilute HO Ac (Boessneck, B. 19, 1757). Plates 
(from water). Converted by nitrous aoid into 
acetyl-azimido-toluene. On distillation it yields 

tolylene-acetamidineC 8 H 8 Me<^j^^:CMe [203°] 

(Niementowski? B. 25, 861). 

Di-acetyl derivative ^HjMefNAcH)^ 
[210°]. Formed by boiling the base with Ac 2 0 
(Bistrzycki, B. 23, 1878). Thin prisms (from 
Water). Yields HOAo and tolylene-aoetamidine 
on distillation. 

Di-propionyl derivative 
C f HgMe(NH.CO.Et) a . [133°]. Formed in like 


I manner (B.). Yields tolylene-propenyl-amine 
[166°] on distillation. 

Benzoyl derivative 

C 8 H # Me(NHJ (NHBz) [1:3:4]. [194°]. Formed 

by reduction of C 8 H 3 Me(N0 2 )(NHBz) with tin 
and HClAq (Hiibner, A. 208, 314). Crystals,, 
split up by distillation into water and tolylene- 
benzamidine [240°]. 

Di-benzoyl derivative C 8 H 3 Me(NHBz) 2 . 
[264°]. Got by shaking tolylene-o-diamine with 
BzCl and NaOHAq (Hinsberg, A. 254, 255), by 
the action of Bz a O on the diamine (Bistrzycki, 
B. 23, 1879 ; 24, 631), and by the action of BzCl 
on the benzoyl derivative (Hiibner, A . 208, 314). 
Needles (from HOAc). 

o-Chloro-benzoyl derivative 
C a H 3 Me(NH 2 ).NH.CO.C 6 H 4 Cl. [153°] ^Schreib, 
B. 13, 467). Converted by benzoyl chloride into 
C 8 H s Me(NHBz).NH.CO.C u H 4 Cl [178°]. 

Di-cinnamyl derivative 
C a H s Me(NH.CO.C 8 H 7 ) 2 . [206°]. Formed from 
tolylene-o-diamine and cinnamic anhydride (B.). 
Groups of small needles (from dilute alcohol). 

Ox alyl derivative C 2 0 2 (NH.C 7 H B .NH 2 ) 2 . 
[above 300°]. Obtained by the redaction of 
C 2 0 2 (NH.C 7 H 6 .N0 2 ) 2 (Hinsberg, B. 15, 2691). 
Small needles (from aloohol-ligroin). On fusion 
it splits up into Aq and C, 8 H 14 N 4 [193°]. — 
Salt s.— B"H 2 C1 2 aq. — B"H 2 PtCl 8 . - 
B"H 2 S0 4 5aq. Colourless needles. 

Phthalyl derivatives. 

The compounds C a H 3 MeN 2 H 2 (C 8 H 4 0 2 ) [104°) 
and C a BL 1 Me(NC 8 H 4 0 2 ) 2 [272°] are known (Bieder- 
mann, B. 10, 1165 ; Hadenburg, B. 10, 1125). 

Benzene-sulphonyl derivative 
C 8 H,Me(NHJ.NH.S0 2 Ph. The hydrochloride, 
B'HCl, is formed by the action of benzene sul- 
phonic chloride on tolylene-o-diamine in benz- 
ene (Bistrzycki a. Cybulski, B . 24, 633; c/. 
Lellmann, A. 221, 18). 

Phenyl-acetyl derivative 
C B H a Me(NH 2 ).NH.CO.CH 2 Ph. [195°]. Formed 
from tolylene-o-diamine and phenylacetyl chlor- 
ide (B. a. C.). Needles, v. sol. hot alcohol. 

Di-phenylacetyl derivative 
C a H 3 Me(NH.CO.CH 2 Ph) 2 . [176°]. Needles, in- 
sol. ether, v. sol. hot. alcohol. 

References.— Bboho-, Chloro-, and Nitbo- 
Toltlene-diamine. 

TOLYLENE-DIAMINE STJXPHINIC ACID V, 

Di-AMIDO-TOLUENB SULPHINIO ACID. 

TOLYLENE-o-DIAMINE SULPHONIO ACID 

C 8 H 2 Me(NH 2 ) 2 .SO,H [1:2:3:5]. Formed by re- 
ducing nitro-toluidine sulphonio acid (Nietzki a. 
Pollini, B. 23, 139). Needles. Forms azines 
with o-diketones. 

c-Tolylene-ra-diamine sulphonio aoid 
C 7 H 10 N 2 SO 8 i.e. C B H 2 Me(NH 2 ) 2 SO a H [1:2:6:4]. S. 
•07 at 14°. Formed from toluene n-sulphonio 
aoid by nitration and reduction (Sohwanert, A . 
186, 360; Marckwald, A. 274, 349). Prisms, 
not melted at 280°.— BaA' a 4aq.— HA'HCl 2aq. — 
HA'HBr2aq.— HA'HNO,aq: needles, si. sol. 
aloohol.— (HA') 2 H 2 S0 4 aq : plates. 

Tolylene-m-diamine sulphonio acid 
C a H 2 Me(NH 2 ) 2 .S0 3 H [1:2:4:5]. S. -1054 at 10\ 
Got by reduction of 0 a H 2 Me(N0 2 )(NH 2 ).S0 )l H 
[1:2:4:5] with SnCJ, (Limprioht a. Foth, B. 18, 
2185; A. 230, 309). Small prisms.— KA' aq.— 
BaA' t 5£aq, — HA'HCl aq.— HA'HBraq : prisms. 
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Tolylene-ra diamine snlphonio acid 

C 6 H 2 Me(NH 2 ) 2 .S0 3 H [1:2:4:®]. Formed from 
tolylene-w-diamine and fuming H 2 S0 4 (Wies- 
inger, B. 7, 464). Small prisms. — NaA'4aq. — 
KA' aq.— MgA' 2 5aq.— CaA' 2 6|aq.— SrA' 2 7aq.— 
BaA' 2 6|aq.— MnA' 2 3aq. 

TOLYLENE - DIAMINE THIOSULPHONIO 
ACID v . vol. i. p. 188. 

TOLYLENE-BENZAMIDINE v. Benzenyl- 

TOLYLENE-DIAMINE. 

TOLYLENE-BENZENYL-DIAMINE i>. Ben- 

ZENYL-TOLYLENE-DIAMTNE. 

p-TOI.YLENE-BENZYL-DI-AMINE 

[1:2:6] O a H,Me(NH 2 ).NHCH 2 Ph. Got by redu- 
cing p-nifcroso-benzyl-o-toluidine by alcoholic 
ammonium sulphide (Boeddinghaus, A. 263, 
809). — B''2HC1. Needles, si. sol. alcohol. 

TOI^TLENE BLUE 0 1 ,H 18 N 4 HG1. Formed by 
mixing solutions of nitroso-dimethyl-aniline 
hydrochloride and (l,2,4)-tolylene-m-diamine 
(Witt, C. J. 35, 358 ; B. 12, 931). Prisms (con- 
taining aq) with coppery lustre, forming blue 
solutions in water and alcohol. Acids turn the 
solutions reddish-brown. Alkalis pp. the base 
as a tarrv mass. Tin and HClAq reduce it to 
the leu<!o- base, which forms a deliquescent 
hydrochloride and crystalline (CjjHjjoNJHSnClg. 
On boiling tolylene-blue with water for some 
time part is reduced to leuco-tolylene blue and 
part oxidised to toiylene red C, 5 H 16 N r Tolylene 
blue heated in aqueous solution containing 
HOAc for 12 hours at 40° forms tolylene violet 
C, 4 H, 4 N 4 , characterised by an insoluble sulphate. 
Hydrated tolylene-violet C U H 14 N 4 aq is a scarlet 
powder which dissolves in alcohol and in ether, 
forming solutions with orange fluorescence. 
Tolylene red 

[14] C„H 3 (NMe 1! )<^>C.H. i Me(NH 2 ) [|:6:l] 

(Bernthsen a. Schweitzer, A. 236, 332 ; Andresen, 
B. 19, 2217). Orange-red needles (containing 
4aq). Forms a red fluorescent solution in al- 
cohol. Its neutral salts are red, its acid salts 
are blue. By elimination of NH 2 by the diazo- 
reaction it is converted into di-methyl-amido- 
methyl-phenazine. 

Isomeride of tolylene red 

[15] c a H a (NMe 2 )<g>O a H J Me(NH 3 )[®5:l]. 

Formed from chloro-di-nitro-toluene and di- 
methyl-p-phenylene-diamine and reduction of 
the product (Witt, B. 25, 3008). Coppery 
needleB, sol. warm water. 

TOLYLENE-BUTENYL-DIAMINE v. Bu- 

TENYL-TOLYLENE-DIAMINE. 

TOLYLENE-DICABBAMIC ETHER v. i- 

ToLYLENE-W-DIAMINE. 

TOLYLENE DICYANATE C 9 H a N 2 0 2 i.e. 
[1:2:4] C a H s Me(N:CO) 2 . [94°]. Formed from 
tolylene m-diamine and COCl 2 (Snape, C. /. 49, 
258). Needles, sol. ether. When heated with 
phenol at 130° it yields C 8 H 3 Me(NH.C0 2 Ph) 2 
[147*5°] crystallising in needles. 

TOLYLENE-ETHENYL-DIAMINE dH lt N, 

*.«. C,H,Mo<^^ H ^>CMe. [203°] (Niementowski, 

B. 23, 861). (350°) (Nolting a. Witt, B. 17, 81). 
Formed by boiling (1,3,4) -tolylene-o-diamine 
with HOAo (Ladenburg, B. 8, 677) by reducing 
the acetyl derivative of nitro-p-toluidine (Ho- 
brecker, B. 5, 920), and by adding aldehyde to a 


solution of tolylene-o-diamine in very dilute 
HOAo (Hinsberg, B. 20, 1689). Tables (from 
water). Forms with acetone and S0 2 the com- 
pound (C„H l0 N 2 C 3 H 9 O)SO s (Boessneck, B. 21 , 
1909).— B ' 2 H 2 Pt Cl d . — B'HN 0 3 . 

TOLYLENE-ETHENYL-ETHYL-DIAMINE 

0,>HiA ^H e ;CRG.NK> CMe - £ 166 °J* 

Formed from [1:3:4] C^H^MeJNHJ.NHEt and 
Ac 2 0 (O. Fischer, B . 26, 200). 
Tolylene-ethenyl-ethyl-diamine 

6H e ;cI:c:N Et > 0Me - c 93 °j- Got b y eth yi»- 

tion of tolylene-ethenyl- diamine (Hiibner, A. 
210, 351). Formed also by the action of alde- 
hyde (2 mols.) on tolyene-o-diamine (1 mol.) 
(Hinsberg, B. 20, 1585) and by heating 
C H H 3 Me(N0 2 )NEtAo with zinc-dust and HOAo 
(Niementowski, B. 20, 1884). Needles (contain- 
ing 3aq). Combines with ethyl iodide, forming 
B'Etl and B'EtI s [111°], which yield B'EtOH 
and B'EtgPtCl^ Salts. — K'HIaq [143°]. — 
B'HNOg aq. [99°]. Melts at 95° when anhy- 
drous. — B'C 6 H 3 N 8 0 7 . Crystals, si. sol. alcohol. 
TOLYLEN E-ETHYL-DIAMINE 


QMe:CH.Q.NH 2 
CH :CH.C.NHEt* 


[55°]. Formed by reduc- 


tion of nitro-ethyl-p-toluidine (Gattermann, B. 
18,1484; Fischer, B. 26, 199). White plates, 
quickly blackened by light and air. Rotates on 
water. 

Reactions . — 1. Bisulphide of carbon yields 
C a H 3 Me<£ Et >C.SH [139°].— 2. ACjO forma 


tolylene-ethenyl-ethyl-diamine [166°].— 8. Ben- 
zoic aldehyde yields C a H 3 Me<^ Et ^,CPh ; 


while o- and p-nitro- and o-oxy- benzoic alde- 
hydes from corresponding bodies [170°], [176°], 
and [78°]. 

Salts.- B'HCl. [17 6°]. — B' 2 H 2 O a 0 4 . [151°]. 
Tolylene-ethyl-diamine 

C a H a Me(NHEt).NH 2 [1:2:5]. (264° cor.). Formed 
by reducing nitroso-ethyl-o-toluidine (Koch, A . 
243, 307). Oil, v. sol. ether.-B"2HCl. [124°]. 
Crystals, insol. ether. 

Tolylene-ethyl-diamine 

C„H 3 Me(NH 2 )(NHEt) [1:2:4]. (282° uncor.). 

Formed by reduction of nitro-ethyl-p-toluidine 
(Nolting a. Strieker, B. 19, 549). Oil. Gives 
the reactions characteristic of w-diamines. 

Tolylene-di-ethyl-diamine 
C«H 3 Me(NHEt) 2 [1:3:4]. (265° uncor.). Oil 

(Hinsberg, A. 265, 191). Turns black in air. 

Toly)ene-di-ethyl-diamine 
C tt H 3 Me(NEt 2 )(NH 2 ) [1:2:5]. (240° i.V.). Formed 
by reducing nitro-di-etbyl-o-toluidine (Bernthsen, 
B. 25, 3138). Oil. FeCl 3 slowly gives a purple 
colour in an aqueous solution of the sulphate. 
Na 2 S.,0 8 and K 2 Gr 2 0 7 added to its solution in 
HOAc slowly ppt. SO^.S.C^IefNEyfNH,) 
[210°-215°]. — B'H-SO.. Large colourless tables. 

BI-TOLYLENE-BTHYLENE-TETBA-AMINB 
v. Ethylene-di-tolylene-tetba-amine. 

TOLYLENE-DI-ETHYL-DI-THIO -DI-UREA 
[1:3:4] MeC a H 3 (NH.CS.NHEt) a . [149°]. Got 
from ethyl mustard oil (5*5 g.) and tolylene-di- 
amine (3 g.) in alcohol (15 c.o.) (Lellmann, A. 
221, 23). Y. sol. alcohol, more sol. HOAo, si. soL 
water. Decomposes when melted into tolylene- 
thio-urea, Me,O a H 8 (NH) a CS, and CSfNHEi)* . 
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(1.2.4) -Isomeride [225°]. Formed from tolyl- 
ene-di-thio-di-urea and EtI at 105° (Lussy, B. 
8, 068). Crystals. 

TOLYLENE-DI-ETHYL-DI-TJREA 
[l:2:4]C a H a Me(NH.GO.NHEt) 2 . [175°]. Formed 
by heating tolylene-urea with EtI at 110° (Lossy, 
B. 8, 292V. Crystals, v. sol. alcohol and ether. 
TOLYLENE HYDRATE v, Phenyl-benzyl- 

OABBINOL. 

DI-TOLYLENE KETONE OXIDE 

[l®]o^,Me<go>O.H,Megl]. [166°]. 

Formed by heating oxytoluic acid with Ao 2 0 
(Weber, B . 25, 1745). White flakes, sol. alcohol 
and ether. 

TOLYLENE MERCAPTAN C^MefSH), 
[1:2:4], Dithiocresorcin . [87°]. (263°) 

(Klason, B. 20, 365). 

Di-tolylene mercaptan 

H8.Cja.Me.CAMe.SH. [113°]. Formed from 
the diazo- compound of di-amido-o-ditolyl by 
combination with potassium xanthate at 70°- 
75° and saponification of the resulting oil with 
alcoholic potash (Leuckart, J. pr. [2J 41, 214). 
Yellowish plates, v. sol. alcohol and ether. 
Methyl ether [118°]. Needles. 
TOLYLENE METHENYL-AMIDINE 0,H g N 2 

i.e. C.H a Me<^ H >CH. [114°]. Formed by 

boiling from (l,3,4)-tolylene-diamine with formic 
acid (Ladenburg, B . 10, 1123 ; 0. Fischer, B . 
22, 644). — B'jBLjPtCl.. Yellow prisms. 

TOLYLENE- METHENYL-DI AMINE v. 
Methenyl-tolylene-diamine and the preceding 
body. 

TOLYL-METHENYL - METHYL - DIAMINE 

: :OH.C.NMe> CH - t 94 ^ 
Formed by heating CJI^NHJ.NHMe with 
formic acid (0. Fischer, B. 26, 195). 

Isomeride ( 279 °>- 

Formed by heating tolylene-methenyl-amidine 
with Mel (0. Fischer, B. 22, 644). Formed also 
from (l,3,4)-tolylene-diamine and formic alde- 
hyde (Fischer a. Wreszinski, B. 25, 2711). Oil. 
— B'HI aq. — B'HCl. Prisms (from HClAq). 

TOLYLENE-METHYL-DIAMINE 
[1:3:4] CAMefNHJ.NHMe. [44°]. Formed by 
reducing nitro-metnyl-p-toluidine (Gattermann, 

B. 18, 1487 ; 0. Fischer, £. 26, 194). Formed 
also by heating methyl-p-amido-toluene-azo- 
benzene sulphonic acid with SnC^ and HClAq 
(Bamberger a. Wulz, B. 24, 2082). Four-sided 
tables. 

Reactions . — 1. Acetic anhydride yields 

C, H,<^® e ^CMe [142°].— 2. CS s reaets,forming 

C,H,<^^^ e ^>CS [194°]. — S. Benzoic aldehyde 

forms C,H,<]* Me ^>CPh [127°], while* o-nitro- 

and o-oxy-benzoio aldehyde form corresponding 
bodies [153°] and [180°]. 

Saifs.— B'HCL [175°-180°]. Plates (from 
alcohol).— B'H 2 C 2 0 4 . [124°].— B'O.H^.O,. 

[164°]. 

Tolylene-di- methyl-diamine 
0 6 HJde(NMe 2 )(NH s ) [1:5:2]. [28°]. (270°). 

Formed by reducing nitroao-di-methyl-m- 
tolnidine (Wurster a. Riedel, B. 12, 1801 ; 13, 


126). Needles or prisms, v. sol. water, alcohol, 
and ether. Yields toluquinone on oxidation. 

Acetyl derivative [158°L— 
B' 2 H 2 PtCl 6 4aq. 

Tolylene-di-methyl-diamine 
CAMe(NMe 2 )(NHJ [1:2:5]. [47°]. (240° i.V.). 
Formed by reducing nitro-di-methyl-o-toluidine 
(Bernthsen, B. 25, 3134). FeCl„ gives an intense 
bluish-red colour in neutral solutions. Na 2 S 2 O t 
and added to the acetic acid solution ppt. 

C a H 2 Me(NMe 2 )(NH 2 )S.SO JI H [c. 240°]. Salt.— 
B'jJjSO^ Needles, v. e. sol. water. 

Toly lene- 1 etra-me thy 1-diamine 
OAMefNMe,), [1:2:5]. (o. 260°). Formed by 
heating the preceding body with MeOH and HC1 
at 180° (W. a. R.). Liquid. Coloured blue in 
aqueous solution byFeCl,. 

Methylo-iodide B'Mel. [160°]. Needles. 
Tolylene-tetra-methyl-diamine 
C a H s Me(NMe 2 ) 2 [1:3:4] . (226°) at 717 mm. Got 
by methylation (Niementowski, B. 20, 1888). 
Liquid, v. si. sol. water. FeCl, at 40° to 60° 
gives a reddish-brown colour. HNO, added to 
its solution in H 2 S0 4 gives a red colouration. — 
B'iHJPtClg. — B'HHgCl,.— B'C tt H,N*0 7 .f, Yellow 
tables. 

Reference. — Nitro - tolylene - tetra-methyl- 

DIAMINE. 

TOLYLENE-METHYL-ETHENYL-AMIDINE 

C 10 H 12 N, i.e. 6H e ;CH:c:NMe> CMe - C 142 ^ 
Formed, together with C, 0 H, 2 N 2 O [163°], which 
crystallises with 2aq, by reducing the compound 
C 8 H a Me(N0 2 ).NMeAc (Niementowski, B . 20, 
1878), and by acting on tolylene-methyl- 
diamine with Ac 2 0 (0. Fischer, B . 26, 196). 
Needles (from hot water).— B'JELJPtCl, (dried at 
100°). [234°-244°].— : B'HCl ±aq.— B'MeL [221°]. 
— B'MeOH. [115°-135°]. 

TOLYLENE-TETRA-METHYL DI-PYRROLE 
TETRACARBOXYLIC ACID C^H^N.O, i.e. 

[l:2:4]0 # H a Me(N<^e;g ; CO i H^ > [2480] . SL 

sol. hot alcohol and ether. 

Ethyl ether Et 4 A lv . Formed by heating 
di-acetyl-succinic ether with tolylene-ra-diamine 
and HOAc at 150° (Knorr, A. 236, 314). Oil. 
TOLYLENE-METHYL-THIO-DREA 

CH e ;CH.o:NMe> OS - C 194 ^ Formed 
C 7 H a (NH 2 )(NHMe) and CS 2 (Fischer, J5. 26, 196). 
Needles (from alcohol). 

TOLYLENE-DI-OXAMIC ACID C n H 10 N 2 O, i.e. 
C a H 3 Me(NH.C0.C0 2 H) 2 [1:2:4]. Formed, together 
with the amide, by the action of alcoholic NH t on 
the ether. Crystalline. Very sweet. Decomposed 
by warm KOHAq into oxalic acid and tolylene- 
diamine. — Ag^". — PbA".— BaA" 2aq. 

Di-amide C a H,Me(NH.CO.CONH 2 ) a [1:2:4]. 
Formed from the ether and alcoholic ammonia 
(Schiff, A. 268, 3 3). White powder, m. sol. 
alcohol. 

Ethyl ether [ 1:2:4] 

CAMe(NH.C0.C0 2 Et) 2 . [130°]. Formed by boil- 
ing C a H,Me(NH 2 ).NH.CO.C0 2 Et with alcohol and 
oxalic ether (Schifl a. Vanni, A. 268, 340). 
Small needles (from ether). 

Amide - ether 

[l:f] [210°]. Formed 
from GAMe(NHJ .NHCO.CO.NH, by boiling 
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with alcohol and oxalic ether (Sohiff, A. 268, 
841). 

Amide ether 


*‘0 fl H»Me<^ NH ; 00 * C0 ^ Et 2 [l 4 J [c. 220°]. Got 

by fusing OaHaMejNHJ.HH.GO.OOgEt with ox- 
amic ether. 


TOLYX.EHE-OXAUIDK 0ja,Me^g>0,0 r 

[c. 260°]. Formed from (l,2,4)-tolylene-diamine 
and chloro-glyoxylic ether, and also by heating 
tolylene-diamine oxalate to 160° (Sohiff a. Vanni, 
A. 268, 812). 

TOLYLENE-PENTENYL-DIAMINE 


[l|] C,H 3 Me<;^ H ^.O.C 4 H B . [146°]. Formed 

by reducing the valeryl derivative of nitro-jp-tolu- 
idine (Briederici, B. 11, 1974 ; Hiibner, A. 209, 
865). Prisms (from ligroin), v. e. sol. alcohol. 

TOLYLENE - DI - PHENYL - DI - AMIDO- 
METHYLENE-DIAMINE O 20 H^,N 4 t.e. 

C,H„Me<^g>C(NHPh) 2 . [161°]. Formed from 

C(NPh) 2 and (1,3,4) -tolylene-diamine at 130°- 
149° (D>||bm a. Gasiorowski, B . 19, 3057). Needles 
(from benzene), v. sol. alcohol. — B'^HCl. [174°]. 
— B'H 2 S0 4 . Plates, v. sol. water and alcohol. 

TOLYLEN E-PROPENYL-DIAMINE 

C u H 3 Me<^ H >CEt. [166°]. Formed by die- 


tilling the dipropionyl derivative of tolylene-o- 
diamine (Bistrzycki, B. 23, 1879). Needles, m. 
sol. water, almost insol. ligroin. 

TOLYLENE BED v. Tolylene blue, 

DI-TOLYLENE BISULPHIDE 
CMe:CH.C.S.C.CH:OH . mfi01 
OH :CH.C.S.C.CH:CMe [116 * ormeab y the 
action of heat at 200°-260° on tolylene diazo- 
sulphide O ti H 3 Me<^g^>N [43°], obtained from 


ethenyl - ami do - tolyl mercaptan and HN0 2 
(Jacobsen a. Ney, B . 22, 911). Cone. H 2 S0 4 
gives an intense blue colour. 

TOLYLENE - DI - THIO - DI - CAEBAMIC 
ETHER [1:3:4] C d H 3 Me(N:C(SH).OEt) 2 [120°]. 
Formed by boiling tolylene- di-thiocarbimide with 
alcohol (Billeter a. Steiner, B . 20, 230). Plates 
(from benzene). Yields a yellewish-wnite silver 
salt. 

TOLYLENE - DI - THIOCARBIMIDE [1:2:4] 
C tf H,Me(N.CS). r [56°]. (c. 300°). Formed from 
tolyiene-w-diamine and CSC1 2 , and also by 
heating tolylene - di - thio - di - urea with cone. 
HClAq (Billeter a. Steiner, B. 18, 3292 ; 20, 230). 
Needles. Converted by NH,Aq into tolylene-di- 
thio-di-urea [206°], by aniline into di-phenyl- 
tolylene-di-thio-di-urea [168°]. Copper at 250° 
produces C # H a MeCy 2 [141°]. 

Tolylene-di-thiocarbimide [1:3:4] 
C d H $ Me(N.CS) 2 . [42°]. Formed from an aqueous 
solution of tolylene-o-diamine hydrochloride and 
CSCLj in CHClj (B. a. S.). Plates. Converted 
by HC1 at 200° into o-tolylene-thio-urea. 

TOLYLENE-DI-THIO-DIGLYCOLLIC ACID 
C c H 2 Me(S.CH 2 .C0 2 H) 2 . [152°). Formed from 
thio-oroin •C tt H,Me(SH) 2 [35°], chloro-acetic 
acid, and NaOHAq (Gabriel, B. 12, 1640). 
Needles, m. sol. hot Aq. 

T0XYX2HE THIO-UBEA C,H,Me<^|[>CS. 
Formed from OAMe(NH,HCl), [1:2:3] and 


excess of NH 4 SCN by boiling with water, 
evaporating, and heating to 120° (Lellmann, A. 
228, 245). Small red crystals (from aloohol). 
Does not melt below 326° ; may be sublimed. 
Insol. water, si. sol. alcohol, dissolved by* warm 
NaOH; re-ppd. byHCl. When boiled with lead 
acetate and excess of NaOH, no PbS is formed. 

Tolylene - thio - urea C fl H,Me<^^>GS. 

[284°]. Formed by heating (1,8, 4) -tolylene-o- 
diamine sulphocyanide at 180° (Lellmann, A . 
221, 10]. Formed also by the action of alcoholic 
NH 3 on o-tolylene di-thiocarbimide (Billeter a. 
Steiner, B. 20, 231). Silvery plates, sol. aloo- 
hol, HOAc, and cold NaOHAq, b 1. sol. water and 
CHC1 S . 

w-Tolylene - thio - urea C e H a Me<^]^>OS. 

[149°]. Formed from (1,2,4) -tolylene-diamine 
and alcoholic CS 2 (Lussy, B. 8, 293). Crystal- 
line powder, v. e. boI. alcohol. 

ra-Tolylene-di-thio-di-urea 
[1:2:4] C a H 3 Me(NH.CS.NH 2 ) 2 . [218°] (L.) ; 

[206°] (B. a. S.). Formed by heating tolylene- 
ra-diamine sulphocyanide (Lussy, B. 7, 1265; 
Gebhardt, B. 17, 3046 ; Billeter a. Steiner, B. 
18, 3293 ; 20, 228). Crystalline powder, insol. 
water and ether, nearly insol. alcohol, m. sol. hot 
HOAc. 

TOLYLENE-TOLENYL-AMIDINE C lft H u N, 

i.e. C a H 3 Me<^^^C.C a H 4 Me. Formed by re- 
ducing [1:4] C fi H 4 Me.C0.NH.C«H 3 (N0 2 )Me [4:3:1] 
(Hiibner, A. 210, 331). Needles, si. sol. water. — 
B'HCl. — B'HNO a . — B'-fHjSO,. Crystals, si. sol. 
water. 

TOLYLENE - DI - p - TOLYL - DI - AMIDO - 
METHYLENE-DIAMINE C 22 H 24 N 4 t.e. 

C a H 3 Me<”|>C(NH.C„H 4 Me) > . [196°]. 

Formed by heating C(NC # H 4 Me) 2 with (1,3,4)- 
tolylene-diamine (Dahm a. Gasiorowski, B. 19, 
3059). Needles (from alcohol).— B' 2 3HC1. 
[143°]. Deliquescent needles, v. sol. water. 

TOLYLEN E -TOLYL- DI AMIN E C 14 H 1# N 2 *.c. 
[1:3:4] CAMefNEyNHCAMetlA). Amido-di- 
p-tolyl-amine. [109°]. Formed by reducing 
nitro-di-p>-tolylamine (O. Fischer, B. 23, 3798 ; 
26, 187). Prisms (from ligroin), turning brownish- 
red in air. H 2 S0 4 forms a blue solution changing 
to green. FeCl, forms C^H^NjO [188°] crystal- 
lising in red plates, yielding B'^PtCl*. Boiling 
with acetic anhydride and sodium acetate 

produces C 7 H a <^ ^^ 7 ^CMe [95°] t which 
forms B' 2 H 2 PtCl a . Benzoic aldehyde forms 
C,H 3 < N ^’JW>CHPh [166°], whioh yields 

(C 2 ,H 20 N 2 ) 2 H 2 PtCl 3 and C 21 H 20 N 2 HA.uCi 4 . 

Salts .— B 'H. 4 C 2 0 4 . Nearly insol. cold Aq. — 
B'C a HjN 3 0 7 . Brownish-red crystals. 

Acetyl derivative [126°]. Prisms. 
Tolylene-n-tolyl-diamine 
[1:4:3] C a H 2 Me(NH 2 ).NHC ( ,H 4 Me [1:4]. [107°]. 

Formed from toluene-azo-toluene or s-di-^p-tolyl- 
hydrazine (hydrazo-toluene) in alcoholic solu- 
tion by the action of SnCl 2 and HCi (Tauber, 
B. 25, 1022; cf. Melms, B. 8, 554; Gold- 
schmidt, B. 11, 1626). Plates, v. e. sol. alcohoL 
NaN0 2 colours its solution in HjSO, deep 
blue (?). Benzoic aldehyde reacts, forming 
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C,H,< N ^’ Hl ^CPh [165°] (c/. Lellmann, B. 

16, 832). Benzil in alcohol and HC1 forms 
Cja^O [173°]. Ethyl nitrite and H 2 S0 4 
added to its alcoholic eolation form the azimide 

[93°]. On oxidation together 

with p-toluidine it forms the ditoluide of amido- 
toluquinone (Green, G. J. 63, 1408). 

Tolylene-di -p - toly 1-diamine 
[1:2:5] O a H3Me(NHC ? H 7 ) 2 . [113°]. Formed by 
heating hydrotoluquinone (40 g.) withp-toluidine 
(160 g.) and ZnCl 2 (80 g.) to 200°-280° for 5 hours 
(Green, 0. J. 63, 1408). Plates, sol. HOAc, insol. 
water. 

TOLYLENE-p-TOLYL-GUANIDINE 

C«H,Me<^**>0:NC I H r [198°]. Formed from 

tolylene-o-diamine and C(NC 7 H 7 ) 2 (Keller, B. 24, 
2518). Prisms (from alcohol), or tables (from 
benzene). Phenyl cyanate forms the compound 

C,H.<^ >0:NC^H .^>NPh [2S3°J, crystal- 

lising from hot alcohol in needles.— B'HCl.— 
B 2 H 2 PtCl # . — B' 2 H 2 S0 4 5aq. Needles, si. sol. cold 
water. 

Acetyl derivative C:NC,H,. 

[149°]. Needles, v. sol. alcohol. 

Di-benzoyl derivative [201°]. Needles. 
Nitrosamine C 7 H w :N 2 H(NO):C:NC 7 H 7 . [c. 
140°]. Decomposed on fusion. 

TOLYLEN E-p-TOLYL-THIO-URE A 

CMe-CH.ciNH ,H,) > c ® - [270°]. Formed from 
tolylene-tolyl- diamine and CS 2 in alcohol 
(Fischer a. Sieder, B. 23, 3799). Prisms, insol. 
water, si. sol. ligroin. Cone. H 2 S0 4 forms a 
green solution. 

TOLYLENE-UREA C 8 H 8 N 2 0 i.e. 
[l:®]c„H a Me<;^*[>CO. [292°]. Formed by 

heating tolylene-o-diamine with urea and got 
also by the action of HClAq at 140° on 

0,H,Me<^ I ^.C.OEt [163°], which is formed by 

the action of HN:C(OEt) 2 on tolylene-o-diamine 
hydrochloride (Sandmeyer,B. 19,2651). Formed 
also by heating CyH^NHJ.NH.CO.NPh, (Lell- 
mann a. Bonhbffer, B. 20, 2124) or the compound 
C 7 H B (NH 2 ).NH.CO.NHPh (Leuckart, J. pr. [2] 
41, 324, who states that it melts above 300°), 
and by heating tolylene-o-diamine in benzene 
with COCl 2 in toluene in sealed tubes at 100° 
(Hartmann, B. 23, 1048). Needles, si. sol. hot 
water. — B'HCl : prisms. 

TOLYLLNE - DI - UREA C # H 12 N 4 O a i.e. 
[1:8:4] C tt H s Me(NH.CO.NH 2 ) 2 . [282°]. Got from 
tolylene-diamine hydrochloride and potassium 
eyanate in aqueous solution (Lellmann, A. 221, 
14). Needles, si. sol. water and ohlo.oform, 
sol. alcohol and hot cone. HC1 ; v. sol. HOAc. 

Tolylene-di-urea C„H l2 N 4 0 2 i.e. t 
1:2:4] C tf H s Me(NH.CO.NH 2 ) 2 . [220°]. Formed 
rom tolylene-w-diamine sulphate and KCyO 
(Strauss, A . 148, 157). Formed also from tolyl- 
ene cyanate and ammonia (Lussy, B. 8, 291). 
Scales, si. sol. alcohol and hot water.— B"2HC1. 
T0L YLENE .VIOLET v. Tolylene blue. 
s-DI-TOLYL-ETHANE 

C«H l Me.CH 2 .CH 2 .C a H 4 Me. (296°). Formed from 


C 6 H 4 Me.CH 2 Cl and sodium (Vollrath, Z. 1866, 
489). Oil. 

w-Di-p-tolyl-ethane CH 3 .CH(0 <I H 4 Me) 2 . 

D . S.G. 2 ? ° *974. Formed by shaking paral- 
e with toluene and H 2 S0 4 at 0° (O. Fischer, 
B. 7, 1191). Formed also by heating di-a-tolyl- 
propionic acid with lime (Haiss, B. 15, 1476) 
and by the action of ethylidene chloride and 
AICI3 on toluene (Anschutz, B . 18, 664; A. 
235, 315). Oil. Yields toluyl-benzoic acid and 
di-tolyl ketone on oxidation. 

s-wp-Di-tolyl-ethane C 2 H 4 (C 7 H,) 2 . (297°- 

300°). Formed from ethylene bromide, toluene, 
and AlClj, (Friedel a. Balsohn, Bl . [2] 35, 52 ; 
A. Ch . [6] 1, 487). Yields isophthalic and 
terephthalic acids on oxidation. 

References.— Amido-, Chloro-, Tri-chloro-, 
M-NITRO-, and Oxy-tolyl-, ethanes. 

TOLYL ETHER v. Di-tolyl oxide. 
o-TOLYL-ETHYL ALCOHOL. Heza 

hydride CH,<^'^ Me >CH.CHMe.OH. 
(195°-200°). Formed, together with the tetra- 
hydride CH 2 <^ 2, ^ e ^,C.CHMe.OH (142° at 

50 mm.) by reducing C w H H Me.C0.CH 3 in moist 
ethereal solution by sodium (Kipping a. Perkin, 
jun., C. J. 57, 22). Oil. Yields an acetyl deri- 
vative (204°- 208°). 

p - TOLYL - ETHYL - m - AMIDO - PHENOL. 

Ethyl derivative C 7 H 7 .NEt.C 8 H 4 .OEt. 
Formed from C 7 H 7 .NH.C„H 4 .OH, potash, and EtI 
(Hatschek a. Zega, J. pr. [2] 33, 217). Oil. 

p-Tolyl-ethyl-p-amido-phenol. Ethyl deri- 
vative CpHjjNO i.e. C 7 H 7 .NEt.C 0 H 4 .OEt. (c. 
340°). From C 7 H 7 .NH.C 6 H 4 .OH, potash, and 
EtI(H. a. Z.). Oil. 

TOLYL-ETHYL-AMINE v. Ethyl-toluidine. 
Di-tolyl-ethyl-amine (C w H 4 Me) 2 NEt. (255°- 
260° at 20 mm.). Formed by heating di-p-tolyl- 
aminewith EtOH and HClat 250°- 280° (Girard, 
BL [2] 24, 120). Oil. 

o- TOLYL ETHYL CARBONATE C 10 H 12 O g i.e. 
[1:2] C fl H 4 Me.O.CO.OEt. (236°). Formed from 
sodium 0-cresol and ClC0 2 Et (Bender, B. 13, 700). 
Oil. 

ra-Tolyl ethyl carbonate. (246°). Formed 
in like manner from ra-cresol. Oil. 

p-Tolyl ethyl carbonate. (245°). Oil. By 
long heating at 300° it yields di-p-tolyl carbonate 
and di-ethyl carbonate (Bender, B. 19, 2268). 

DI - p - TOLYL - ETHYLENE C Jtf H Je i.e. 
C H H 4 Me.CH:CH.C 8 H 4 Me. Di-methyl-stilbene . 

[179°]. (above 300°). Formed by distilling 
(C^Me^CH.CCl* with zinc-dust (Goldschmiedt 
a. Hepp, B. 6, 1504 ; Elbs a. Forster, J. pr. [2] 
39, 300), and by heating di-p-tolyl fumarate, CO* 
being evolved (Anschutz, B. 18, 1948). Plates, 
v. sol. CHC1 S . Yields a dibromide [204°]. 

w-Di-tolyl-ethylene CH 2 :C(C 6 H 4 Me) 2 . (305°). 
Formed by the action of alcoholio potash on - 
CH 2 C1.CH(C 7 H 7 ) 2 (Hepp, B. 7, 1413). OiL 
Yields di-tolyl -ketone [94°] on oxidation. 

T«*tra-tolyl -ethylene O ao H 28 i.e. 
(C 7 H 7 ) 2 C:C(C 7 H 7 ) 2 . [215°]. A product of the 

action of chloroform and A1C1, on toluene 
(Schwarz, B. 14, 1529). Plates, with greenish- 
yellow fluorescence, sol. benzene. 

References . — Bromo- and Di-chlobo- tolyl* 
ethylene. 
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o-TOLYL-ETHYLENE-DIAMINE 

C 7 H;NH.C,H 4 .NH 3 . (c. 267°). Formed from 
o-tolylamido-ethyl-phthaiimide and HC1 (New- 
man, B . 24, 2194). Sol. water and alcohol. — 
B"2HC1. [168°-173°].--B''2CAN 3 0 7 . [148°]. 
Green needles. 

Di-benzoyl derivative [164*5°]. Needles. 
p-Tolyl-ethylene-diamine. Formed in like 
manner (N.). Liquid. — B"2HC1. [218°]. — 

B"H^PtCl a . Yellowish plates. 

Di-acetyl derivative [107°]. Needles. 
Di-benzoyl derivative [161°]. Cubes. 
Di-o-tolyl-ethylene-diamine C 16 H ?0 N„ i.e. 
G 7 H 7 NH.CH 2 .CH 2 .NHC 7 H 7 . [71°]. S. *3 at 100°. 
S. (cold alcohol) 9. S. (ether) 14. Formed by 
the action of o-toluidine on ethylene bromide in 
presence of Na 2 C0 3 (Bischoif, B. 23, 1982, 2031 ; 
25, 325>; cf. Mauthner a. Suida, M. 7, 230 ; 
Colson, Bl. [2] 48, 799). Plates (from ligroin), 
v. sol. alcohol. Yields indole on heating with 
zinc-dust. CH 2 CI.C0 2 H and NaOAo from di- 
tolyl-pyrazine hexahydride [154°].--B"2HC1. — 
B^H^PtCl,,. — B"H,S0 4 (dried at 100°).-~B"*2HBr. 
[222°J. S. 3 at 100°. 

Acetyl derivative C 2 H 4 (NAc.C 7 H 7 ) 2 . 
[153°]. 

Bromo-acetyl derivative 
C 2 H 4 (NC 7 H ; .CO.CH 2 Br) 2 . [205°]. SI. sol. cold 
HOAc and ligroin. 

Bromo-propionyl derivative 
[181°]. 

Bromo-n-butyryl derivative 
(C^H^NgBrPJCA (from benzene). [190®]. 

Bromo-isobutyryl derivatives 
C 7 H 7 NH.C 2 H 4 .NC 7 H 7 .CO.CBrMe 2 [137°] and 
CAN.BrA [173°]. 

Di-p-tolyl-ethylene-diamine [97*5°]. Formed 
by heating p-toluidine with ethylene bromide at 
150° (Gretillat, M. S. [3] 3, 383 ; Bischoff, B. 
25, 3260). Crystals, v. e. sol. alcohol.— Hydro- 
bromide [255°]. 

Acetyl derivative C 2 H 4 (NAc.C 7 H 7 ) r 
[139°]. 

Bromo-acetyl derivative C^H^N^BrA* 
[196°]. 

Bromo-propionyl derivative . [182°]. 
Bromo-n-butyryl derivative 
AH S0 N 2 BrA. [125°]. 

Bromo-isobutyryl derivative 
OANM- [175°]. 

Di-o-tolyl-di-ethylene-diamine C 18 H.^N 2 . 

[171°]. Formed, together with di-o-tolyl- 
ethylene-diamine, by heating o-toluidine with 
C 2 H 4 Br 2 (M a. S.). Needles, si. sol. alcohol. 
Forms indole when distilled with zinc-dust. 

Di-p-tolyl-di-ethylene-diamine [190°] . 

(360°). Formed by heating CACl.OH with 
p-toluidine at 220° (Wurtz, A . Suppl. 7, 94 ; 
Demole, A. 173, 138). Prisms, v. si. sol. alco- 
Jhol.— B'APtCl,. 

Tri-p-tolyl-tri-ethylene-triamine 
N,(C 7 H 7 h(C,H 4 ) r [186°]. Formed by heating 
p-toluidine with C 2 H 4 Br 2 (G.). Needles, v. si. 
sol. alcohol. Is perhaps identical with the pre- 
ceding body. Its hydrochloride melts at 189°. 

Referendt.— Nrrao - dx - tolyl - ethylene -di- 
AAONS. 

p-TOLYL ETHYLENE ETHYL DIOXIDE 

C f H 4 Me.O.CH r CH 2 .OEt. (244°). Formed from 
CjHj.O.O^Br and alcoholic potash (Schreib er f 
B. 24 , 195 ). 


DI-p-TOLYL ETHYLENE DIKETONE 

C, 8 H 18 0 2 i.e. CjH 4 (CO.C s H 4 M e )j. Di-toluyl - 
ethane. [159°]. Formed by the action of suc- 
cinyl chloride and AlCl a on toluene (Hollemann, 
R. T. C. 6, 70 ; Claus, B. 20, 1877). Needles, 
v. si. sol. cold alcohol, insol. alkalis. AcCl con- 
verts it into di-p-tolyl-furfurane C, g H, # 0 [164°]. 
Ammonium acetate and HO Ac on boiling form 
di-p-tolyl-pyrrole [197°]. P 2 S 4 forms di-p-tolyl- 
thiophene [171°]. 

DI-p-TOLYL - ETHYLENE - DI - METHYL-DI- 
AMINE C 18 H 2 ,N 2 i.e . C 2 H 4 (NMe.C tJ H 4 Me) 2 . [80°]. 
Formed by boiling its di-methylo-di-bromide 
with NH s Aq (Hiibner, A . 224, 337). Tables or 
prisms (from alcohol), v. si. sol. water. — 
B^H^HgCl,. [190°].-B"H 2 PtCl e . Orange- 
yellow powder. 

Methylo-iodide B"MeI. Needles. De- 
composed at 100°. M. sol. hot water. 

Methylo-bromide B"2MeBr. Formed by 
heating di-methyl-p-toluidine with C 2 H 4 Br 2 at 
105 J for some days. Yields B"Me 2 Hg 2 Cl a [159°- 
102°], B'Me 2 SnCl fl , B"Me 2 PtCl a , and 
B'^C^HjMeNA* [197°J, which crystallises from 
alcohol. 

TOLYL ETHYLENE OXIDE v . Ethylene 

ETHER OP CRESOL. 

DI-p-TOLYL ETHYLENE DISULPHONE 

(CA-SOJAA* [201°]. Made by boiling sodium 
toluene p-sulphinate with C 2 H 4 Br a and alcohol 
(Otto, J. pr. [2] 30, 354 ; 40, 534). Got also by 
boiling the same salt with CH 3 .CCl 2 .C0 2 Na. 
Needles or plates. Dilute KOHAq converts it 
into toluene sulphinio acid andC 7 H 7 .S0 2 .C 2 H 4 .0H 
[55 °], which yields C 7 H,.S0 2 .C 2 H 4 C1 [79"], 
C 7 H 7 .SO,.C 2 H 4 I [100°], C 7 H 7 S0 2 .C 2 H 4 0 Bz [176°] 
and (C 7 H 7 .S0 2 .C 2 H 4 ) 2 S [150°-160°]. Ammonia 
forms (C,H : .S0 2 .CAh NH » which yields a hydro- 
chloride [201°]. 

DI-p-TOLYL-ETHYLENE-UREA 

Ch“'.n{c H j> C0 - t 228 °^- Formed from d >- 
p-tolyl-ethylene-diamine and COCl 2 (Michler a. 
Keller, B. 14, 2184). Needles. 

p-TOLYL-DI-ETHYL-PHOSPHINE 
C 7 H 7 .PEt 2 . (240°). Formed from C 7 H 7 PC1 2 
and ZnEt 2 (Czimatis, B. 15, 2016). Liquid. — 
B'Mel. [137°]. — B^Me^tCl,,. Yellow plates. 

p-TOLYL ETHYL SULPHONE 
CA.SCVCA. [56°]. Formed by oxidation of 
C,H 7 .SEt and by the action of EtBr on sodium 
toluene p-sulphinate (Otto, B. 13, 1276; 18, 
161). Formed also by warming the acid 
C 7 H r S0 2 .CHMe.C0 2 H with KOHAq. Trimetric 
plates ; a:6:c » *526:1: *721. Sol. alcohol and 
ether. 

p-TOLYL ETHYL SULPHONE a-CARB- 
OXYLIC ACID C 7 H 7 .S0 2 .CHMe.C0 2 H. Tolyl - 
8tUphono-propionic acid. [37°]. Formed by 
heating C 7 H 7 .S0 2 Na with CH 8 .CHBr.C0 2 Et and 
alcohol* at 150° and saponifying the product 
(Otto, J. pr. [2] 40, 555). Crystals (from alco- 
hol), converted by Cl into CH,.CH0l.SO 2 .C r H 7 . 

TOLYL ETHYL DISULPHOXIDE v. Ethyl 
ether of Toluene thiosulphonio acid. 

TOLYL ETHYL THI0BIURET C.jH.AS,. 
[134°]. Formed from tolyl-thiobiuret, alcohol, 
aqueous NH„ and EtI (Tursini, B.' 17, 585). 
Needles (from alcohol). 

o-TOL YL-ETH YL-THI0 BE MIC ABB AZIDE 
C,H 7 NH.NH.CS.NHEt. [130°]. Formed o-tolyl- 
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hydrazine and an alcoholic solution of ethyl- 
thiocarbimide (Dixon, C. J. 57, 262). Needles, 
v. si. sol. cold water. CuS0 4 colours its alco- 
.holic solution deep blue. 

TOLYL ETHYL DI-THIO-CARBONATES 
CS(OEt).S.C*H 4 Me. The o-, m -, and p- com- 
pounds formed by the action of potassium xan- 
thate on cold solutions of o«, m -, and p-diazo* 
toluene chloride are oils (Leuckart, J. pr. [2] 41, 
188). They are converted into tolyl mercaptans 
by boiling with alcoholic potash. 

o- TOLYL-ETHYL-THIO-UREA 
CS(NHEt).NHC 8 H 4 Me. [84°]. Formed from 
o-tolyl-thiocarbimide and ethylamine (Staats, B. 
18, 136). Prisms, insol. water, -soL aloohol and 
ether. 

p-Tolyl-ethyl-thio-urea [96°]. Formed in 
like manner (Weith, B. 8, 1630). Tables, v. sol. 
hot water. 

o-Tolyl-di-ethyl-thio-nreaCS(NEy.NHC 7 H 7 . 
[102°]. Formed from o-tolyl-thiocarbimide and 
NHEt 2 (Gebhardt, B. 17, 8038). Needles or 
prisms. 

p-TOLYL-ETHYL-TOLUTRIAZINE DIHY- 
SBIDE C t ,H,X i.e. 

[168°J. Formed by heating toluene-azo-toluidine 
with propionic aldehyde at 140° (Goldschmidt a. 
Poltzer, B. 24, 1009). -Needles (from hot benz- 
ene). — B'HCl. [96°]. — Platinochloride 
[221°]. Small yellow needles. 

p-TOLYL-ETHYL-TJREA C 10 H 14 N 2 0 i.e. 
NHC 7 H 7 .CO.NHEt. Formed from p-toluidine 
and ethyl cyanate (Sell, A. 126, 162). Crystals, 
insol. water, v. e. sol. alcohol. 

DI-o-TOLYL-FORMAMIDINE C i5 H 18 N 2 i.e. 
NHC 7 H 7 .CH:NC 7 H 7 . [161°]. Formed by boil- 
ing the formyl derivative of o-toluidine for a 
long time, or by heating it with o-toluidine and 
PC1 ? (Ladenburg, B. 10, 1260). Formed also by 
distilling the thioformyl derivative of o-toluidine 
in vacuo (Senior, G. J. 47, 762). Prisms (from 
alcohol), insol. dilute NaOHAq. Yields crystal- 
line C 15 C l8 N 2 Br 2 . — B' 2 H 2 PtCl 8 . 

Di-w-tolyl-formamidine NHC 7 H 7 .CH:N C 7 H 7 . 
[123°]. Formed by boiling m-toluidine with for- 
mic acid (Niementowski, B . 20, 1893). Needles 
or plates, insol. water. Br in CS 2 yields crys- 
talline NHC 7 H 7 .CHBr.NBrC 7 H 7 . -B'HCl. [214°]. 
—B , 2 H 2 PtCl 6 .-B / C 8 H 3 N 3 0 7 . Yellow needles. 

Di-p-tolyl-formamidine [141°]. Formed by 
distilling CyHyNH.CHS in vacuo (Senier, C. J. 
47, 767 ; B. 18, 2296). Prisms.— B'^PtCL. 

DI-p-TOLYL-FURFURANE C 18 H i8 0 i.e. 

CH-0(c’h^|> 0- t 164 °]- Fonned by the action 
-of AcCl on CJBLiCO.OyHjJjj (Holleman, B. T. C. 
6, 72). Small plates, converted by P 2 S 4 into di- 
tolyl-thiophene, and by ammonium acetate into 
di-tolyl-pyrrole. 

p-TOLYL-GLYOXAL C 8 H 4 Me.CO.CB0. 

[102°]. Formed from the oxim by dissolving in 
aqueous NaHSO s , stirring the cryst n lline mass 
with aloohol and a little HOAo, filtering, and 
boiling with dilute H^SO* (Muller a. Pechmann, 
B. 22, 2656). Needles (from hot water), v. sol. 
alcohol. Reduces cold ammoniacal AgNO s , but 
not Fehling’s solution. When shaken with 
benzene (containing thiophene) and H 2 S0 4 it 
oolours the benzene green. Yields p-tolyl-gly- 
oxylic acid and p-toluic acid on oxidation* 


Phenyl hydraside 

C 7 H 7 .C(N 2 HPh).CH(N 2 HPh). [146°]. YeHow 
needles (from dilute alcohol). 

Oxim C 7 H 7 .CO.GH:NOjEL Tolyl nitro&o* 
methyl ketone. [100°]. Formed from tolyl methyl 
ketone, amyl nitrite and NaOEt. Needles (from 
benzene). 

Acetyl derivative of the syn-oxim 
CjH^.CO.CHjNOAc [68°]. From the oxim and 
Ac 2 0 (Sdderbaum, B. 25, 3461). Tables (from 
MeOH). Cold NaOHAq splits it up into NaCy 
and p-toluic acid. Cone. H 2 S0 4 acts in like 
manner. Ao 2 0 at 100° forms C 7 H 7 .CO.CN [52°], 
whence boiling NaOHAq forms p-toluic acid. 

Acetyl derivative of the anti-oxim 
C 7 H 7 .C(OH) 2 .CH:NOAc. [148°]. From the oxim 
and AcCl at 0°, followed by water. Cold 
NaOHAq forms C^.CHfOHJ.COsH [146°], v. 
sol. ether. Cone. H 2 S0 4 converts this acetyl 
anti-oxim into the oxim. Converted by KCy 
dissolved in dilute alcohol into p-toluyl-formoln 
C,H 7 .CO.CH(OH).CO.CO.C 7 H 7 [161°] (Sdder- 
baum, B. 25, 3473). 

p- TOLYL -GLY0XALINE C 10 H 10 N g i.e. 

C,H,N<CH-N H - (286°). Got by warming 

with dilute HNO, (March- 

wald, B. 25, 2365). Pale-yellow crystals, si. soL 
water. Smells like mushrooms. — B'jRjPtCl*. — 
B'AgNO s . — Picrate. [179°]. Golden needles. 

p-TOLYL-GLYOXALYL MERCAPTAN 

[205°]. Got by action of 

boiling HClAq on the product of the action of 
amido-acetal on p-tolyl thiocarbimide (Marck- 
wald, B. 25, 2363). Silvery leaflets, m. sol. hot 
water. Yields (C I0 H 10 N 2 S) 2 PtCl 4 . Mel in alcohol 
forms (C 10 H fl MeN 2 S)HI [95°], which yields the 

base C A N<Cf s = ; ^ H [90°], whioh forma a 
picrate [140°]. 

p-TOLYL-GLYOXYLIC ACID C.ftO. U. 
C 8 H 4 Me.C0.C0 2 H. [97°]. Formed by the ac- 
tion of Aid, on a mixture of toluene and 
Cl.CO.C0 2 C 5 H,, (Roser, B. 14, 1750). Formed 
also by oxidising p-tolyl methyl ketone with cold 
alkaline K 8 FeCy 6 (Buchka a. Irish, B. 20, 1762, 
2213). Needles (from ligroin), si. sol. hot water, 
v. sol. alcohol and ether. Yields p-toluic and 
terephthalic acids on oxidation. Benzene (con- 
taining thiophene) when shaken with tolyl-gly- 
oxylic acid and HgSC^ is turned red, and finally 
bluish-violet. 

Salts.— KA'.—NaA' $aq (Claus a. Krose- 
berg, B. 20, 2048). — BaA',. — BaA' s 8aq. — CaA' s aq. 
— AgA'. Needles, v. soL hot water. 

Ethyl ether EtA'. (260°-270°). 

Amide C^H^NO*. [160°]. Prisms. 

Phenyl hydraeide [144°]. 

DI-o-TOLYL-GUANIDINE C lft H l7 N, i.e. 
C(NH)(NHC 7 H 7 ) r [179°]. Formed by the ac- 
tion of NH S , lead acetate, and KOHAq on di-o- 
tolyl-thio-urea (Berger, B. 12, 1855). Crystals* 
sol. ether. Cyanogen passed into its alcoholic 
solution forms the dicyanide G, f H, 7 N. [174°] 
whioh is converted by HC1 into the oxalyl deri- 
vative C 17 H l6 NjO a [207°], whence boiling with 

alooholic HOI forms CO<^^|;^. [214°]. 
The dicyanide is converted by boiling with ani- 
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line into O^H^N*, which yields crystalline 
B r H01 aq. — B'^PtCl,, : yellow pp. 

Di-p-tolyl-guanidine NH.C(NHC 7 H 7 ) 2 . [168°]. 
Formed by passing cyanogen chloride into fused 
p-toluidine (W. Wilson, C. J, 3, 154; A. G. 
Perkin, C, J. 37, 696). Formed also by de- 
sulphuration of di-tolyl-thio-urea in presence of 
NHg (Hofmann, B. 7, 1739). Needles (from 
ligro'in). Nitric acid (S.G. 1*5) gives a di-nitro- de- 
rivative [197°], which forms crystalline B'HN0 3 . 
Alcohol and HNO s (S.G. 1*4) produce di-nitro- 
p-tolyl-urea. Cyanogen passed into its ethereal 
solution forms C lft H, 7 N s Cy 2 , crystallising from 
ether in prisms, converted by dilute HClAq into 

[l88 ' 50] ( Land g rebe - b - io - 
1587). Tne cyanide is converted by boiling in 
alcoholic solution with aniline hydrochloride into 
CJB^Nafaq [110°-115°].-Salt B' 2 H 2 PtCl fl . 

Tri - o - tolyl - guanidine C^H^Ns i.e . 
C(NC 7 H 7 )(NHC 7 H 7 ) 2 . [131°]. Formed by the 
action of o-toluidine in alcoholic solution in 


presence of lead oxide on di-o-tolyl-thiourea 
(Berger, B. 12, 1857 ; cf. Girard, B. 6, 445). 
Formed also when di-o-tolyl-thiourea is boiled 
for a long* time (Barr, B. 19, 1769). Minute 
prisms. Yields a dicyanide C^H^N* [141°], con- 
verted by cone. HClAq in alcoholic solution into 
G 24 H 2 ,Nj, 0 2 [179°].-B' 2 H 2 PtCl a : yellow prisms. 

Tri-p-tolyl-guanidine C 2 .,H 23 N g . [123°]. S. 
(alcohol) 7*4 at 0°. Formed by heating di-p- 
tolyl-thio-urea with copper (Merz a. Weith, Z. 
1868, 610), or, in alcoholic solution, with p- 
fcoluidine and PbO (Hofmann, B. 2, 459). Got 
by heating p-toluidine with PC1 S and p -tolyl 
cyanate (Weith, B. 9, 820). Formed also when 
di-p-tolyl-urea is boiled for a long time (Barr, B. 
19, 1768), and likewise by the action of 
p-toluidine on the product of the action of 
chlorine on tolyl cyanate (Nef, A. 270, 322). 
Needles (from ligro’in). Yields a dicyanide 
C 24 H 23 N 5 [184 °], which forms B'HC13aq and 
B'jjHjjPtCla and is converted by boiling with 
alcoholio HC1 into di-tolyl-parabanio acid. 

Salts . — B'HCl aq. S. *6 at 0°.— B' 2 H 2 PtCl a . 
S. *045 at 0°.— B'HNO s . S. *07 at 0°.— B'^SO,. 
Plates (from hot water). Neutral in reaction. 

p-TOLYL HEPTADECYL KETONE 
[l:4]O a H 4 Me.GO.C 17 H 35 . [67°]. (278° at 15 mm.). 
Formed from toluene, stearyl chloride, and 
A1C1* (Krafft, B. 21, 2268), Oxidised by HNO* 
(S.G. 1*12) to p-toluic acid. 

p - TOLYL - HEXYL - TOLTTTRIAZINE DI- 
HYDRIDE 0 21 H 2 ,N 8 i.e. 

t 166 ^ Formed b ? 

heating oenanthol with toluene-o-azo-toluidine 
at 175° (Goldschmidt a. Poltzer, B. 24, 1010). 
Needles, sol. hot benzene.— BHC1. [96°]. — 
B'jELPtCl-. [171°]. Yellow crystalline pp. 

o-T0LYL-HYDANT0iN [176®]. 

Formed by heating o-tolyl-amido-acetio aoid 
with urea at 180° (Ehrlich, B. 16, 742). Light- 
yellow plates, sol. alcohol and hot water. On 
boiling with baryta-water it gives o -tolyl - 
hydantolo acid, which, when set free from its 
salts, at once* splits up into water and o-tolyl- 
hydantoin. 

p-Tolyl-hydantoin O 10 H 10 N 8 O a U 



Formed, together with p-tolyl-hydantoio aoid 
C0(NH 2 ).N(C j H 7 ).CH 2 .C0 2 H, by fusing p-tolyl- 
amido-acetic acid with urea (Schwebel, B. 11, 
1128). Needles (from water), v. sol. alcohol. 
p-Tolyl-hydantoio aoid is crystalline, 
si. sol. hot alcohol and hot water. 

Di-o-tolyl-hydantoin 

[275°]. Got from o-tolyl-amido-acetio toluide 
and COCLj (Bischoff, B. 25, 2276). 

Di-jp-tolyl-hydantoin CO<^jggj;^ ; 

[175°]. Formed from p-tolyl-amido-acetic toluide 
and COCl 2 (Bischoff, B. 25, 2280). Plates (from 
alcohol), si. sol. ligroin. 

TOLYL - HYDRAZIDO - METHYL-THIAZOLE 

DIHYDBIDE ^ ^ C.NH.NHC,H,. Formed 

by heating tolyl-allyl-thio-semicarbazide with 
cone. HClAq at 100° (Avenarius, B. 24, 270). 
The p- compound melts at 133°. Both the 
o- and the p- compounds form crystalline 
hydrochlorides. 

o- TOLYL -HYDBAZIDO -PROPIONIC ACID 

C tt H 4 Me.NH.NH.CHMe.C0 2 H. [143°]. Formed 
by the action of sodium-amalgam on the o-tolyl- 
hy dr azide of pyruvic acid (Japp a. Klingemann, 
C. t T. 53, 519). Small needles (from MeOH). 

o-TOLYL-HYDRAZINE C^.NH.NH^ [53°] 
(P.); [56°] (F.); [59°] (Gallinek a. Richter, B. 
18, 3175). Prepared from o-toluidine in the 
same manner as phenyl -hydrazine is obtained 
from aniline (Fischer a. Bdsler, A. 212, 338 ; 
Preund, B . 24, 4200). Glittering plates, slowly 
oxidised by air, forming a brown oil. — B'HCl aq : 
needles.— B'HNO„ : plates. With SOCl* and 
ether it forms CjB^NH.NiSO, a yellow oil 
smelling like geraniums (Michaelis, A. 270, 119). 
Glucose yields o-tolyl-glucosazone C^H^N^ 
[201°] (Raschen, A, 239, 229). Di-methyl di- 
ketone forms CH 3 .C(N 2 HC 7 H 7 ).C(N 2 HC 7 H 7 ).OH 3 
[198°] (Japp a. Klingemann, A. 247, 224). 

Formy l d erivative C tt H 4 Me.NH.NHCHO. 
[121°] . Formed from o-tolyl hydrazine and 
formamide. Needles (Gattermann, B. 25, 1078). 

Acetyl deriva fiv 0 C 7 H 7 .NH.NHAc. [104°]. 
Formed from o-tolyl-hydrazine and Ao a O (G.). 

Propionyl derivative 
C 7 H 7 .NH.NH.C s H 4 0. [84°]. Formed from o- 
tolyl-hydrazine and propionic acid (G.). Colour- 
less tables. 

Benzoyl derivative C 7 H 7 .NH.NHBz. 
[180°]. Got from the hydrazine and BzCl in 
Et 2 0 (G.). Needles. Gives off all its nitrogea 
in the free state on boiling with Fehling’s solu- 
tion (Strache a. Iritzer, M. 14, 38). 

m- Tolyl -hydrazine C^.NH.NH*. (242°> 
(Buchka a. Schachtebek, B. 22, 841} cf, V. 
Meyer a. Lecco, B, 16, 2976). Oil. — B'HCl. 
Needles, v. sol. water and alcohol. 

p - Tolyl - hydrazine C 7 H 7 NH,NH 2 . [61°]. 
(242°). Obtained from p-toluidine (Fischer, B, 
8, 589 ; 9, 890). White plates (from ether), si. 
sol. water. • 

Reactions,— 1. With SOC^ and ether it. 
forms C 7 H 7 NH.N:SO [112®], crystallising in 
yellow needles (Michaelis a.Ruhl,u4.270, 118). — 
2. C a H ? PCl* forms C 7 H 7 NH.N:PO a H s [162°]„ 
crystallising in » prisms. — 8. POG1* forma 
(0 7 H 7 NH,NH),PO < [189°]. — 4 . Acetone forms 
GMe 1 (N 2 H;C 7 H 1 ) [52% — 5. AcetoaceHc ether 



762 


TOLYL-HYDRAZINE. 


forms C„H 18 N 2 0 2 [93°] (Knorr, B. 17, 550).— 
6 . Oxalic ether forms NHO^.NH.CO.CO^Et 
[133°] (Freund, B. 24, 4198).— 7. Di - methyl 
diketone yields CH s .C(N 2 H0 7 H,).C(N.HC 7 H 7 ).CH j| 
[230°], and CH 3 .C(N-,HC 7 H 7 )Ac [161°] (Japp, C. J. 
53, 544). 

S a 1 t.— B'C^PHA. [148°] (Michaelis, A. 
270, 134). 

Tol uene-p-phosph ina te B'C 7 H 7 PH 2 0 2 . 
[161°]. 

Formyl derivative 

C 8 H 4 Me.NH.NH.CHO. [164°]. Formed by heat- 
ing the alcoholic solution of p-tolyl-hydrazine 
with chloroform and potash. Formed also by 
heating p-tolyl-hydrazine with formamide at 
180° (Buhemann, C. J . 55, 248). Plates (from 
water), v. sol. alcohol. 

Acetyl derivative C fi H 4 Me.NH.NHAc. 
[121°]. Formed from p-tolyl-hydrazine and 
AcOH (Gattermann, B. 25, 1080). Plates. 
Fropionyl derivative [170°]. Needles. 
Dibenzoyl derivative [188°] (Fischer). 
Di-o-tolyl-hydrazine. 

Formyl derivative (C 7 H 7 ) 2 N.NH.CHO. 
[139°]. Formed from C 7 H 7 NH.NH.CHO and 
CuS0 4 (Gattermann, B. 25, 1078). Plates. 

Acetyl derivative (C 7 H 7 ) 2 N.NHAc. 
[191°]. Formed in like manner from acetyl-o- 
tolyl-hydrazine and CuS0 4 . Needles. 

Fropionyl derivative [167°]. Needles. 
Benzoyl derivative [209°]. Needles. 
u-Di-p-tolyl-hydrazine (C 7 H 7 ) 2 N.NH 2 . [172°]. 
Formed by reduction of di-tolyl-nitrosamine 
with zinc-dust and HOAc (Lehne, B. 13, 1546). 
Plates, v. sol. alcohol and benzene. — B'HCl. 

Formyl derivative (C 7 HJ 2 N.NH.CHO. 
[146°]. Formed from formyl-p-tolyl -hydrazine 
and CuS0 4 (Gattermann, B. 25, 1079). Plates. 
Acetyl derivative . [176°]. Needles. 
Fropionyl derivative [171*5°]. Needles. 
Benzoyl derivative . [187°]. Needles. 
a-Di-o-tolyl-hydrazine C 7 H 7 NH.NHC 7 H 7 . 
o-Hydrazo-toluene . [165°] (P.) ; [146°] (S.). 

Formed by reduction of o-toluene-azo-toluene by 
sodium-amalgam (Petrieff, B. 6 , 557 ; Schultz, 

B. 17, 467). Converted into di-amido-ditolyl 
t3:4:l]C,H 8 Me(NH 2 ).C w H 8 Me(NH 2 )[l:3:4] [128°] 
by heating with HC1. The diamido-derivati ve 

C, H 6 (NH 2 ).NH.NH.C 7 H 6 (NH 2 ) [180°] is a product 
of the action of sodium-amalgam on nitro-p- 
toluidine (Buckney, B, 11, 1453). 

s-Di-m-tolyl-hydrazine C 7 H 7 NH.NHC 7 H 7 . 
Formed by reducing m-toluene-m-azo-toluene by 
Alcoholic ammonium sulphide (Goldschmidt, B. 
11, 1626; Barsilowsky, A . 207, 116). Liquid, 
-converted by H. 2 S0 4 into a di-amido-ditolyl. 

s-Di-p-tolyl-hydrazine C 7 H.NH.NHC 7 H 7 . 
[126°]. Formed in like manner fromp-toluene- 
jp-azo-toluene (Melms, B . 8 , 553) and by the ac- 
tion of zinc-dust and NaOHAq on, p-nitro- 
toluene (Janovsky, M. 9, 829). Tables or needles, 
v. e. sol. alcohol. In alconolic solution it is 
readily oxidised by air to C r H 7 .^ 2 .C 7 H 7 . Dilute 
H,S0 4 converts it into toluidine and toluene- 
azo-toluene. On treatment in alcoholic solution 
with hydrochloric acid it changes to tolylene- 
tolyl-diamine. The di-amido-derivative 
[l:2:4]C fl H 3 Me(NH 2 ).NH.NH.C 8 H 8 Me(Nm[4:l:2] 
obtained from C 8 H s M 8 (NH 2 ).N 2 .C 8 H 8 Me(NE^) by 
seducing with sodium-amalgam, is crystallise 


and yields B"H 2 S0 4 , B"2HC1, B"2HBr, and 
B"H 2 PtCl e (Graeff, A. 229, 352). 

Deference Oxy-tolyl-hydrazinh. 
o-TOLYL-HYDBAZINE SULPHONIC ACID 
C e H s Me(N 2 H,).S0 8 H [1:2:4]. Formed by adding 
o-diazo-toluene p-sulphonio acid to a cold solu- 
tion of SnCl 2 (Limpricht, B. 18, 2193). Colour- 
less needles, v. sol. hot water, nearly insol. 
alcohol. — KA' 2aq : orange-red prisms. — BaA' t : 
yellow crystalline powder. 

o-Tolyl-hydrazine sulphonic acid 
C ti H a Me(N 2 H 3 ).SO J H [l:a?:2]. Formed by heating 
o-tolyl-hydrazine (1 pt.) with cone. H 2 S0 4 (5 pts.) 
at 100° (Gallinek a. Iiichter, B. 18, 3175). Thin 
needles (containing £aq). By boiling with 
aqueous CuS0 4 it is quantitatively decomposed 
into a toluene sulphonic acid and nitrogen. — 
NaA' 3 f *aq.— BaA' 2 4aq. — ZnA' 2 3aq. — PbA' 2 6aq. 
— Pb 3 A' 2 (OH) 4 . Sparingly soluble needles. 

p-Tolyl-hydrazine-o-sulphonic acid 
C tf H 3 Me(N 2 H 8 ).S0 3 H [1:4:2], [274°]. Formed 

by reducing p-diazo-toluene o-sulphonic acid 
with Na 2 SO s (Brackett a. Hayes, Am. 9, 401) or 
HC1 and SnCl 2 (Pasche, B. 21, 3416). TableB, 
si. sol. cold water. Decomposed by fusion. Not 
attacked by warm H 2 S0 4 . v 

p-Tolyl-hydrazine m-sulphonic acid 
C^HjMetNoHjJ.SOaH [1:3:4]. Obtained by re- 
ducing p-diazotoluene m-sulphonic acid by 
cooled SnCl 2 (Limpricht, B. 18, 2193). Slender 
prisms, sol. hot water. FeCl 3 evolves nitrogen 
in the cold. Cone. H 2 S0 4 at 80° forms a red 
amorphous substance (Schneider, Am. 8, 271). 

p-Tolyl-hydrazine disulphonic acid 
C a H 2 Me(N 2 H 8 )(S0 8 H) 2 . Formed by adding 
p-diazo-toluene disulphonic acid to a cold solu- 
tion of SnCl 2 (Limpricht, B. 18, 2193). Nodules, 
v. sol. water. — BaH 2 A" 2 2|aq: tables. 

Di-tolyl-hydrazine disulphonic acid 
C 8 H 3 Me(S0 g H).NH.NH.C u H 3 Me(S0 8 H). A pro- 
duct of the reduction of the corresponding azo- 
compound by SnCl 2 (Neale, A. 203, 72). Crystal- 
line powder (containing 2£aq), si. sol. water. — 
BaA" 5aq.— CaA" 3 £aq : monoolinio efflorescent 
prisms. 

Reference.— Nitro - tolyl - hydrazine sul- 
phonic acid. 

o-TOLYL-IMIDO-DIACETIC ACID 

[l:2]C 8 H 4 Me.N(CH 2 .CO ? H) 2 . [c. 160°]. Formed 
by heating o-tolyl-amido-acetio acid (1 mol.) 
with chloro-acetic acid (1 mol.), Na 2 CO s (l£ 
mols.) and a little water at 140° (Bisohoff, B . 
23, 1994 ; 25, 2270). White crystals, insol. 
ligroin, si. sol. ether, m. sol. alcohol. — NH 4 A'. 
[160°]. V.soLAq. 

Amide C 7 H 7 N(CH 2 .CO.NH 2 ) 2 . [164*]. Plates. 
Di -o - toluide C^NtCHj.CO.NHC^H,),. 
[150°]. 

Imide C 7 H j N<q^qq>NH. [146°]. 

Prisms (from alcohol), si. sol. water. 
o-Tolylamic acid 

C 7 H 7 N(CH 2 .C0 2 H).0H 2 .C0.NHC 7 H 7 . [148°]. 

Crystals (from alcohol). 

p-Tolylimido-diacetic acid 
[l:4]C 8 H 4 Me.N(CH 2 .C0 2 H) 2 . Diglycotolylamic 
acid . [c. 140°]. Formed by the action of 
CHjCl.COjH on p-tolyl-glyooooll (Meyer, B. 14, 
1323; Bischoff, B. 23, 2000). Needles (from 
water). Very unstable. — CuA' a aq: green 
needles.— AgjA' (NO,) : needles. — p-T o 1 u i d i ne 
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salt (C/HjNEyHA'. [119°]. Crystals, sol. 
hot water. 

Mono-amide . [222°]. A product of the 
action of Ac 2 0 on the compound [168°] got from 
chloro-acetic acid and p-toluidine (Bischoff, B. 
25, 2280). 

Di-amide C 7 H 7 N(CH 2 .CO.NH 2 ) 2 . [250°]. 

Di-p-toluide C 7 H 7 N(CH 2 .CO.NHC 7 H 7 ) 2 . 
[251°]. Long needles (from alcohol). 

Amide p-toluide 

C 7 H 7 N(CH 2 .CO.NH 2 )CH r CO.NHC 7 H 7 . [210°]. 

p-Tolylamic acid 

C 7 H 7 N(CH 2 .C0 2 H).CH 2 .C0NHC 7 H 7 . [222°]. 

Needles, insol. water, sol. hot alcohol. 

p-TOLYL-IMIDO-DIACRYLIC ETHER 
C 6 H 4 MeN(CH:CH.CO*Et) 2 . [73°]. Formed from 
p-toluidine and formyl-acetic ether (Von Pech- 
mann, B. 25, 1053). Yellow needles (from 
dilute alcohol). 

o - TOLYL. £ - IMIDO . BENZYL - MALONIC 
ETHER C 21 H 21 N0 4 i.e. 

C*H a .C(NC 7 H 7 ).CH(C0 2 Et) 2 . [95°]. Formed by 
the action of w-chloro-benzylidene-o-toluidine 
upon sodium-malonic ether (Just, B. 19, 985). 
Crystals, v. sol. ether. Split up by dilute HClAq 
at 120° i&to acetophenone and o-toluidine. The 
p-isomeride is liquid. 

o-TOLYL-£-IMIDO-BUTYRIC ACID 
C a H 4 Me.N:CMe.CH 2 .C0 2 H. [112°]. Formed by 
heating acetoacetic ether with o-toluidine at 
150° (Knorr, B. 17, 542; Pawlewski, B. 22, 
2203). Needles (from hot water), converted by 
cone. H 2 S0 4 into (Py. l)-oxy-(B. 4, Py. 3) -di- 
methyl-quinoline. 

p-Tolyl-)8-imido-butyric aoid. Formed in 
like manner from p-toluidine. Crystals. Con- 
verted by H 2 S0 4 into (Py, l)-oxy-(B. 2, Py. 3)- 
di -methyl -quinoline. 

p-TOLYL IODO-ETHYL SULPHONE 
C 7 H 7 .S0 2 .CH 2 .CH 2 I. [100°]. Formed from 

tolyl oxy-ethyl sulphone and HIAq at 160° 
(Otto, J. pr. [2] 30, 357). Crystals, v. sol. hot 
alcohol. 

TOLYL IODO-METHYL SULPHONE 

C 7 H 7 .S0 2 .CH 2 I. [126°]. Formed by heating 

sodium toluene sulphinate with CH.^ and 
alcohol (Otto, B . 21, 655). Small needles, v. e. 
sol. hot alcohol. 

DI-p-TOLYL KETONE COfO^Me),. [92°]. 
(333°) at 725 mm. Formed by oxidation of di- 
tolyl-methane (Weiler, B. 7, 1183), of w-di-tolyl- 
ethane (O. Fischer, B. 7, 1195), and of w-di- 
tolyl-ethylene (Hepp, B . 7, 1414) by chromio 
acid mixture. 

Preparation.— SO g. AlCl a , 65 c.c. toluene, 
60 o.c. CS 2 , and 11 c.c. of a solution of COCl 2 in 
CS t saturated at 0° are put into a corked half- 
litre flask and gently warmed. After 20 minutes 
HClis allowed to escape and a second 11 c.c. of 
CS 2 saturated with phosgene is added. The 
operation is repeated 2 or 3 times ; the yield is 
60 p.c. of the calculated (Elbs, J. pr. [2] 35, 467 ; 
tf. Ador a. Crafts, B. 10, 2174). 

Properties . — Crystals (from alcohol). Con- 
verted by HNO, at 250° into benzoyl-terephthalic 
acid. Reduced by HI and P to di-tolyl-methane 
(Ador a. Rilliet, B. 12, 2303). 

Oxim (0 7 H 7 ) 2 C:N0H. [163°]. Prisms (Gold- 
schmidt, B. 23, 2746). Decomposes on keeping 
with sudden evolution of nitrous fumes. Cone. 


H 2 S0 4 at 100° forms the p-toluide of p-toluic 
acid. 

Di-p-tolyl diketone C 7 H 7 .CO.OO.C ; H 7 . 
p-Tolil. [105°]. Formed by boiling toluo’in 
(1 pt.) with HNO, (2 pts.) (Stierlin, B. 22, 381). 
Yellow plates (from warm alcohol). Gives a 
violet colour when boiled with alcoholic potash. 

(a)-Oxim C 7 H 7 .C(NOH).C(NOH).C 7 H 7 . 
[217°]. Plates or needles, si. sol. alcohol. Yields 
a diacetyl derivative [134°]. 

(3 )-Oxim [225°]. Formed, together with 
the (a) -oxim, by the action of hydroxylamine 
hydrochloride on the ketone. Needles, v. soL 
alcohol. Yields a di-acetyl derivative [144°]. 
Di-p-tolyl tetraketone 

C 7 H 7 .CO.C(OH) 2 .CO.CO.C 7 H 7 . [88°]. Formed 
by the action of nitric acid (S.G. 1*3) on 
C 7 H 7 .CO.CH(OH).CO.CO.C 7 H 7 (Soderbaum, B. 
25, 3474). Prisms (containing (C 1B Hi„0 6 ) 2 CS 2 ) 
(when crystallised from CSJ. 

Di-oxim 

C 7 H r C(NOH).CO.CO.C(NOH).C 7 H 7 . tl81°l. 
Plates (containing EtOH) (from alcohol). 
Di-oxim 

C.H 7 .CO.C(NOH).C(NOH).CO.C 7 H 7 . So called 
1 (3)-nitro-cymene. > [125°J. Mol. w. 324 (by 
Raoult’s method). Formed by the action of 
nitric acid on cymene and on p-tolyl methyl 
ketone (Holleman, B. T. C. 6, 60 ; cf . Landolph, 
B. 6, 937 ; Fittica, A. 172, 314). Needles, v. sol. 
warm alcohol. Converted by NaOHAq into p- 
toluic acid. Zinc-dust and HOAc reduce it to 
C ? H 7 .CO.CH 2 .CH 2 .CO.C 7 H 7 [159°]. Alcoholic 
NH, forms p-toluic amide and C 10 H B N 3 O 2 [162°]. 
Boiling Ac a O forms C IB H I6 N 2 0 4 Ac 2 0 [167°]. 
Befcrcnce . — Oxy-di-tolyl ketone. 
TOLYL-MALONAMIC ACID v. Malonio acid. 
TOLYL-MELAMINE v. Cyanuramide in the 
article on Cyanic acids. 

o-TOLYL-MERCAPTAN [l:2]C;H 4 Me.SH. 
[15°]. (188°) (H.); (193°) (V.). Formed by re- 
ducing (4,l,2)-bromo-tolyl mercaptan (Hiibner, 

A. 169, 30 ; Vallin, B. 19, 2953). Prepared by 
boiling o-tolyl ethyl dithiocarbonate with alco- 
holio potash, the yield being 70 p.c. of the 
theoretical amount (Leuckart, J. pr. [2J 41, 188). 
Plates. — Pb(SC 7 H 7 ) 2 . Brick-red pp., turning 
white in air. 

7?i-Tolyl mercaptan [l:3]C a H 4 Me.SH. 
[c. 200°]. Formed by reducing toluene w-sul- 
phonic chloride with tin and HC1 (Hiibner, A . 
169, 51) and by boiling w-tolyl ethyl xanthate 
with alcoholic potash (L.). Colourless liquid 
with intense odour of mercaptan. Volatile 
with steam. In ammoniacal alcoholic solution 
it is oxidised by air to m-tolyl disulphide. 

p-Tolyl mercaptan [l:4]C 6 H 4 Me.SH. [43°]. 
(188°) (J.) ; (191°) (Crafts, B. 19, 8130 ; Otto, 

B. 19, 8129); (194°) (Vallin, B. 19, 2953). 
Formed by reducing toluene p-sulphonic chloride 
with tin and HC1 (Marcker, A. 136, 79 ; Javorsky, 
Z. 1865, 222). Formed also by heating p-tolyi 
ethyl xanthate with alcoholic potash (L.). Formed 
also from di-p-tolyl disulphide, alcohol, and H 2 S 
(Otto a. Rdssing, JB. 19, 3130). Unctuous laminae 
(from ether), volatile with steam. Cone. H 2 80 4 
forms a blue solution. Readily oxidised to di* 
p-tolyl disulphide [46°]. Chloro-acetone forma 
C 7 H 7 .S.CH 2 .CO.CBf a 051° at 16 mm.) ; S.G. 
ui 1*0986 which yields a phenyl -by dr azide 
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[62°] (Delisle, A. 260, 268).-Hg(SC 7 H 7 ) 2 .— 
C 7 H 7 S.HgCl. Plates. 

Ethyl ether C 7 H 7 8Et. (221°). S.G. « 
1*0016. Colourless oil (Otto, B. 13, 1277). 

References. — Amido- and Bromo- tolyl 

MERCAPTAN. 

o-TOLYL-MESITYL-THIO-UREA 
C 7 H 7 .NH.CS.NHC fl H 2 Me 3 . [167°]. Formed 
from o-toluidine and mesityl thioearbimide 
(Eisenberg, B. 16, 1014). Needles, insol. Aq. 

DI-TOLYL-METHANE CH 2 (C 7 H 7 ) 2 . [23°]. 

(286°). 

Formation . — 1. From formic aldehyde (or 
methylal), toluene, and ELjSO* (Weiler, B . 7, 
1181). — 2. By reducing di-tolyl ketone with HI 
and P (Ador a. Rilliet, J3. 12, 2302).— 3. A pro- 
duct of the action of A1C1, and toluene on 
CH 2 Cl a , on CHjCl, or on CC1 3 .N0 2 (Friedel a. 
Crafts, A. Ch. [6] 11, 266 ; Bl. [2] 43, 60 ; Elbs 
a. Wittich, B. 18, 347). 

Properties . — Prisms, v. sol. ether. Oxidised 
by chromic acid mixture to di-tolyl ketone, 
toluyl-benzoic acid, and C0(C fl H 4 .C0 2 H) 2 . Yields 
a di-nitro- derivative [164°]. 

Tri-tolyl-me thane CH(C 7 H 7 ) 8 . [73°]. (377°). 
Obtained fromtri-amido-tri-tolyl-carbinol (Rosen- 
stiehl a. Gerber, A. Gh. [6] 2, 353). Crystalline. 

References. — Di-bromo- and Di-ghloro-, di- 

TOLYL-METHANE. 

o-TOLYL-METHYL-p-AMIDO-PHENOL 

Methyl derivative C 7 H 7 NMe.C a H 4 OMe. 
(336° cor.). From C 7 H 7 NH.O fl H 4 OH, KOH, and 
Mel (Philip, J.pr. [2] 34, 69). Oil. 

TOLYL-METHYL-AMINE v. Methyl- 
toluidine, Methyl-benzyl-asiine, and Amido- 
xylkne. 

Di-p-tolyl-methyl -amine (C 7 H 7 ) 2 NMe. (235°- 
240° at 20 mm.). Formed from ditolylamine, 
MeOH, and HC1 at 250°-280° (Girard, Bl. [2] 
24, 120). Does not combine with acids. 

DI-TOLYL-DI-METHYL-DI-TRIAZYL 
E.N(C 7 H 7 K 0 C< N(C 7 H 7 ).N (2 o e o) 

CMe.N CMe* >• 

Formed by boiling p-tolyl-hydrazine cyanide 
(C 7 H 7 NH.NHJ 2 Cy 2 with Ac 2 0 (Bladin, B. 22, 
3114). Crystals (from alcohol), m. sol. alcohol. 

p-TOL Y L-METHYL-B EN ZYL KETONE 
C a H 4 Me.COCH 2 .C e H 4 Me. [102°]. Got by re- 
ducing p-toluoin with zinc and alcoholic HC1 
(Stieriin, B. 22, 383). Needles, insol. water, v. 
sol. benzene. 

o-TOLYL-METHYLENE-AMINE 

C^NiCHj (?). Formed by adding o-toluidine 
to a solution of formic aldehyde (Wellington a. 
Tollens, B. 18, 3307). Colourless syrup. 

p-Tolyl-methylene-amine 0 7 H 7 N:CH 2 (?). 
[c. 122°]. Formed, together with a polymeride 
si. sol. benzene and aloohol, by adding p-toluidine 
to a solution of formic aldehyde (W. a. T.). 
Crystals, v. sol. benzene. 

Di-o-tolyl -methylene-diamine (C 7 H 7 NH) 2 CH 2 . 
(over 350°). Formed, together with the follow- 
ing solid isomeride, by heating o-tchuidine with 
CRjCL, at 110°-116° (Griinhagen, A. 256, 305). 
Liquid, v. sol. ether and aloohol. — B'jHjPtClj : 
brown amorphous powder. 

Isomeride [o. 135°]. Crystalline powder, 
si. sol. cold alcohol. — Salts: B"2HC1. — 
B''2HBr.— B"H 2 S0 4 . — B"2H i P0 4 . — B"3H t G s 0 4 . 
— B''2HaC g 0 4 . Radiating aggregates. 


Di-p-tolyl-methylene-diamine 
(C 7 H 7 .NH) 2 CB^. (above 850°). Formed, together 
with the solid isomeride, by heating p-toluidine 
with CHjCla (G.). Oil, v. sol. ether.— B"H01.— 
B'^PtOl,.— B"HAu01 4 . 

Isomeride C^H^Ny [o. 166°]. (over 860°). 
Amorphous, si. sol. ether. — B"2HC1 (?). — 
B'^PtCl*.— B"2HAuCl 4 .— B'^HaO^. Crystal- 
line crusts. 

Di-p-tolyl-di-methylene-diamine 
C 7 H,N <®g 2 >NO,H ? . [90°]. A product of the 

action of CHgC^ on p-toluidine at 100° (Grun- 
hagen, A. 256, 296). Granules, sol. hot alcohol. 
Converted by nitrous acid into a crystalline 
nitroso- derivative (C 7 H 7 N) 2 C 2 H 2 (NOH) (?) — 
B"2HC1.— B'^HAuCV— B"2HBr.-B"H 2 S0 4 . 

o-Tolyl-trimethylene-diamine 
C s H 6 (NH 2 ).NHC 7 H 7 . (281°). Formed by re- 
ducing o-tolyl-pyrazole dihydride in alcoholic 
solution by sodium (Balbiano, G. 18, 354). Oil. 

p-Tolyl-trimethylene-diamine 
C 8 H h (NH 2 ).NHC 7 H 7 . [o. —15°]. (287°). A 

product of the action of Na on an alcoholio 
solution of p-tolyl-pyrazole (Balbiano). Liquid. 
Oxalate. [208°]. Spherical groups of minute 
needles. 

p-TOLYL METHYLENE METHYL 8XTL- 
PHONE KETONE C 7 H 7 .S0 2 .CH 2 .C0.CH 3 . [61°]. 
Formed from chloro-acetone and sodium toluene 
p-sulphinate (Otto, J. pr. [2] 36, 401). Silky 
needles. Yields a bromo- derivative [130°]. 
m-TOLYL-METHYLENE-PHTHALIDE 

C.H t < ^ C ^)> 0. [153°]. Formed by heat- 

ing w-tolyl-acetio acid with phthalic anhydride 
and a little NaOAo (Heilmann, B. 23, 3157). 
Needles (from ligroin), si. sol. ether. 

p-Tolyl-methylene-phthalide CjeH^Oj. 
p-Xylal-phthalide. [151°]. Formed m like 
manner from p-tolyl-acetic acid (Ruhemann, B. 
24, 3965). Yellow needles (from alcohol), si. sol. 
ether. Nitrous acid passed into its solution in 

chloroform forms O.H 4 <^|^f^>0 
[140°], which may be reduced to the compound 

0 * h ‘<oo.6' 0,H7 - [U6 ° ] - 

Reference. — Nitbo-tolyl-methylene-phthal- 
ide. 

m-TOLYL-METHYLENE-PHTHALIMIDINE 
0.H 4 < ^ CH0 ^> NH. [165°]. Formed by 

heating m-tolyl-methylene-phthalide with alco- 
holic ammonia (Heilmann, B. 23, 8161). Yellow- 
ish needles. 

p-Tolyl-methy lene-phthalimidine O] a H ls NO. 
[204°]. Formed by heating p-tolyl-methylene- 
phthalide with alcoholic NHa, the compound 
NH 2 .GO.C 3 H 4 .CO.GH 2 C 7 H 7 being first formed 
(Ruhemann, B . 24, 3968). Converted by passing 
nitrous acid through its solution in chloroform 

into [227°]. 

Isomeride 0 ,H 4 <^qq [228°]. Formed 

by heating with alooholio 

ammonia (R.). 

Reference. — NlTRO-TOBTL-METHYIJWE-PHTHAL- 
XUXDXNE, ■ . mV 
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BI-p-TOLTL TRIMETHYLENE DISTIL. 
PHONE 0 # H a (S0 s q 7 H 7 ) 2 . [125°]. Formed from 
trimethylene bromide and sodium toluene j?-sul- 
phinate (Otto, B. 24, 1834). Plates. Converted 
by alcoholic potash at 120° into the oompound 
0(CH 2 .CH 2 .CH 2 .S0.G 7 H 7 ) 2 [80°J. 

TOLYL-METHYL-IMESATIN v. Toluide of 
Methyl-iskTix. 

m-TOLYL METHYL KETONE 0 7 H 7 .C0.CH 8 
Methyl-acetophenone . (219°). Formed by dis- 
tilling calcium m-toluate witn calcium formate 
(Buchka a. Irish, B. 20, 1766). 

Tolyl methyl ketone. (226°). S.G. ^ *9891. 
Y.D. 4*58. Formed, together with the p- com- 
pound, by the action of AcCl on toluene and 
A1C1 S (Essner a. Gossin, BL [2] 42,95). This is 
perhaps the o- compound. 

y?-Toljtl methyl ketone. (217°) (M.) ; (230° 
cor.) (W.). Formed by the action of A1C1 3 on a 
mixture of toluene and Ac 2 0 or AcCl (Michaelis, 
B. 15, 185 ; Claus, B. 19, 234). Formed also by 
heating toluene with HO Ac, ZnCl 2 , and POCl 3 
(Frey, J. pr, [2] 43, 114) and as a by-product in 
the oxidation of (a)-nitro-cymene (Widman, B . 
19, 587). Oil. Yields a dibromide Cj,H 8 Br 2 0 
[100°]. IDJn0 4 forms terephthalic acid. Alkaline 
K 3 FeCy fl forms jp-toluic and j>-tolyl-glyoxylic 
acids (B. a. K.). HNO, forms C 18 H h N 2 0 4 [125°], 
which is reduced by zinc-dust and HOAc to 
C 2 H 4 (CO.C 7 H 7 ) 2 (Hollemann, R. T. G. 10, 211). 

Oxim [88°]. Crystals (from ligroin). 

Phenyl -hy dr azide [97°J. Prisms. 

Reference.— Amido-, Iodo-, and Oxy-, tolyl 

METHYL KETONE. 

o-TOLYL METHYL KETONE TETRA- 
HYDRIDE CH^^ p^^C.OO.CH,. (206°). 

Formed from aw-di-acetyl-pentane by treatment 
with cone. 11*804 (Kipping a. Perkin, jun., C. J . 
57, 18). Oil, smelling like peppermint. Does 
not combine with NaHSO s . In moist ether it is 
reduced by Na to the hexahydride. 

Oxim C„H 1& NO. Liquid. 

Phenyl hydrazide C 15 H 20 N 2 . Oil. 

Tolyl methyl ketone hexahydride v. Methyl- 

HEXAMETHYLENYL METHYL KETONE. 

w-TOLYL-METHYL-MALONIC ACID 

[l:3]G„H 4 Me.CH 2 .CH(C0 2 H) 2 . [133°]. Formed 

by saponification of the ether (Poppe, B. 23, 110). 
Ehombohedra, si. sol. water. — kJa." : needles. 

Methyl ether Me 2 A". (c. 300°). 

Ethyl ether EtjA". (320°). Formed from 
«*-bromo-m-xylene and sodium malonio ether. 
Oil. Converted by alcoholio NH, at 150° into 
C 8 H 4 Me.CH 2 .0H(G0 2 Et).G0.NH 2 [186°], which on 
warming with water forms the ammonium salt 
C 8 H 4 Me.0H 2 .CH(00 2 Et).C0 2 NH 4 [77°]. Et*A" is 
converted by methylamine into the methylamide 
C 6 H 4 Me.CH 2 .OH(GO»Et).OONHMe [120°], and 
by aniline into CLH 4 Me.OH 2 .CH(CO.NHPh) 2 
[188°]. 

Di-m* tolyl-di-methyl-malonic ether 
(0 6 H 4 Me.CH 2 ) 2 C(G0 2 Et) 2 . [122°]. A product of 
the action of w-bromo-w-xylene on sodium 
malonio ether (Poppe, B . 23, 109). 

o-TOLYL-METHYL-OXAZOLINE O n H 13 N O i.e. 

( 2E8 °)- Formed b 7 boilin 8 
C^Hj.OO.NH.CEL.OHMeBr with alcoholic potash 
(Salomon, B. 26, 1828). Oil.— B'O^N,O r 
[129°]. — B'jHjPtOlr 
vol. rvT 


jp-Tolyl-methyl-oxazoline O u H l8 NO. (265°). 
Formed from the bromopropyl-amide of p-toluio 
acid (Salomon, B. 26, 1326). Oil.-— Piorate 
BC^NA. [183°]. — B'jH^jPtClg. [184°]. 

p-TOLYL-DI.METHYL-PHOSPHINE 
C^PMe*. (210°). Formed from C 7 H 7 PC1 2 and 
ZnMe 2 (Czimatis, B. 15, 2014). Oil, oxidised by 
HgO to C 7 H 7 PMe 2 0. CS 2 forms CAPMeaGS, 
[110°] crystallising in red plates. 

Methylo -iodide B'Mel. [255°]. Needles. 
Yields B'Melj and B' 2 Me 2 PtCl 6 . 

Benzylo-chloride. Yields 
B' 2 (C 7 H 7 ) 2 PtCl 8 [226°], a yellow crystalline pp. 

p-TOLYL-METHYLPHTHALI M IDE 
[4:2:l]C 8 H J Me:C 2 0 2 :N.C ( ,H 4 Me. [180 J. Formed 
by distilling (4,2,l)-methyl-phthalic aoid with 
jp-toluidine (Niementowski, M. 12, 630). Crystal- 
line mass, v. e. sol. chloroform, in sol. water. 
jp-TOLY L-METHYL-PHTHALIMIDINE 

[149°]. Formed 

from p-tolyl-methylene-phthalimidine, HI and P 
(Ruhemann, B. 24, 3969). Needles. 

DI-p-TOLYL-METHYL-PIPERAZINE 
C, p H 24 N 2 . [105°]. Formed from di-p-tolyl- 

propylene-diamine, ethylene bromide, and 
Na 2 C0 3 . Needles (from alcohol) (Bischoff, B. 
25, 3278). 

o-TOLYL- METHYL - PROPYLENE - * - THI0- 

TJBEA cn^N> c - N Me-C,H,. (o. 296°). Formed 

from o-tolyl-propylene-^-thio-urea and Mel 
(Prager, B. 22, 2999). Yields (j8) -methyl -taurine 
on oxidation.— B'C a H 8 N 3 0 7 . [138°]. — B'HI. 
[166°].— B’ 2 H 2 PtCl 6 . Decomposes over 200°. 

p-TOLYL-DI-METHYL-PYRROLE 

(C 7 H ? )N<^;£g. [46°]. (255°). Got by heat- 

ing the di-carboxylio acid (Knorr, B. 18, 308). 
Crystals, volatile with steam. 

Reference . — Amido-tolyl-di-methyl-pyrrole. 

p-TOLYL-DI-METHYL-PYRROLE DICARB- 

OXYLIC ACID (0,H I )N<^«;^gg. Got by 

saponifying its ether, which is formed by mixing 
acetic acid solutions of di-acetyl-succinic ether 
and jp-toluidine (Knorr, B. 18, 304). Needles, 
decomposes at about 250°, with evolution of COp 
— K 2 A". — AgHA". 

Ethyl ether Et 2 A". [67°]. Tables. 
Reference. — Amido-tolyl-di-methyl-pyrrole 
DICAIU30XYLIO ACID. 

p-TOLYL-DI-METHYL-SULPHAMIDE 
S0 2 (NMe 2 ).NHC 7 H 7 . [91°]. Formed from 

NMe 2 .S0 2 Cl and p-toluidine (Behrend, A . 222, 
129). Crystals, v. sol. alcohol and ether. 

p- TOLYL METHYL SULPHONE 
C 7 H 7 .S0 2 .CH„. [87°]. Formed by the aotion of 
cone. KOHAq on jp-tolyl-sulphono-acetio acid 
(Otto, B. 13, 161). Got also from CA.SOjjNa 
and Mel (Otto). Needles (from very dilute 
alcohol), v. soi. hot water. 

o-TOLYL-METHYL-THIAZOLINE 

(284°-296°). Formed by 

heating o-tolnie bromo-propylamide with P,S, 
at 150° (Salomon, B. 26, 1828). Oil. — 
BW.Or [186°]. 

c-Tolyl-methyl-thiaioline 0,,H„NS. (295*). 
Oil.— B'C,H,N,O r . [141°].-B' t H t PtCl.. 

a e 
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TOLYL-METHYL-THIOHYDANTOIN. 


o-TOLYLMETHYL-THIOHYDAJITOfif 

HMe <NH.CS , ’ H ^ C 198 °]- Formed from 

o-tolyl-thiocarbimide and alanine (Marckwald, 
B. 24, 3281). Crystals. 

p - Tolyl-methyl - thiohydanto’in. [197°]. 
Formed in like manner from p-tolyl-thiocarb- 
imide and alanine (Asohan, B. 17, 427). Minute 
prisms. On heating with alcoholic potash it is 
converted by hydrolysis into a salt of the oily 
NHC 7 H 7 .CS.NH.CHMe.C0 2 H, which slowly 
changes, in the free state, back into the 
hydantoin. 

o-Tolyl-di-methyl-thiohydantoin 

[175°]. Formed from o-tolyl- 

thiocarbimide and a-amido-isobutyric acid 
(Marckwald, B. 24, 8284). Needles, v. sol. hot 
alcohol. 

p - Tolyl -di- methyl -thiohydanto'in. [85°]. 
Formed in like manner from p-tolyl-thiocarb- 
imide. Crystals, v. sol. most solvents. 

o-TOLYL-METHYL-THIO-UREA 
NHMe.CS.NHC 7 H 7 . [153°]. Formed from 
methyl- thiocarbimide and o-toluidine in alcohol 
(Dixon, C. J. 55, 622). Pearly crystals, m. sol. 
hot water, sol. alcohol. 

p-Tolyl-methyl-thio-nrea. [126°]. Formed 
in like manner from p-toluidine. Vitreous prisms, 
v. sol. hot water. 

Reference . — Tolyl-thio-gbea. 
o - TOLYL- (a) -N APHTHYL AMINE C 17 H 15 N 
i.e . C, 0 H 7 .NH.C a H 4 Me. [95°]. Formed by heat- 
ing (o)-naphthol (1 mol.) with o - toluidine 
(2 mols.) and CaCl 2 (1 mol.) in sealed tubes at 
290°, the yield being 37 p.c. of the theoretical 
amount (Friedlander, B. 16, 2084). Flat needles, 
v. sol. alcohol and ether. 

o-Tolyl- (8) -naphthylamine O 10 H 7 NH.C a H 4 Me. 
[96°]. Formed by heating a mixture of 
(0)-naphthol with o-toluidine and CaCl 2 at 280°. 
Silvery plates (from ligroin), v. sol. alcohol. — 
B'2C a H 8 N a 0 7 . [HO 0 ]. Reddish-brown needles. 
Benzoyl derivative [118°]. Plates. 
p-Tolyl- (a) -naphthylamine C I7 H, a N. [79°]. 
(860° at 528 mm.). Formed by heating (a)-naph- 
thol with p-toluidine and CaGl* at 280°, the 
yield being 50 p.o. Short prisms (from alcohol). 
Its solutions exhibit bine fluorescence. 

p-Tolyl-(0) -naphthylamine. [104°]. Formed 
by heating p-toluidine hydrochloride with 
(0)-naphthol for 8 hours at 200° (Witt, B. 20, 
578 ; c/. Friedlander, B. 16, 2078). Plates (from 
alcohol). Its solutions have violet-blue fluor- 
escence. Dissolved in isoamyl alcohol it is re- 
duced by Na to a hydride [44°] (Bamberger a. 
Muller, B. 22, 1309). With nitroso-dimethyl- 
aniline hydrochloride and HOAo it yields a 
saffr&nine C 1 0 H 6 N 2 C1 (C 7 H 7 ) :C^H„N Me 2 (Witt, B. 
21, 724). p-Tolyl-naphtbyl-amine (10 g.), heated 
with nitroso-dimethylaniline hydrochloride (4 g.), 
ZnClj (10 g.), and HOAo (100 c.c.), forms 
C 20 H 12 (NH.C a H 4 Me) 2 [225°], whkh yields an 
acetyl derivative [225°]. 

Acetyl derivative [85°]. Needles. 
Benzoyl derivative [139°]. Needles. 
Reference . — Tetba-bbomo-tolyl-naphthyl- 

AMINB. 

DI-p-TOLYL-N APHTHYLEN E-Dl AMI N E 

CjoH^^HCiH*)*. [287°]. Formed by heating 
di-oxy-naphthalene with p-toluidine and p-tolu- 


idine hydrochloride (Annaheim, B. 20, 1873). 
Needles (from xylene). Gives a red colour on 
heating with solid ZnCl 2 . 

o-TOLYL-(a)-NAPHTHYL-THIO-TOEA 
CS(NHC J0 H 7 )(NHC 7 H 7 ). [168°]. Formed by 
the action of o-tolyl thiocarbimide on (a)-naph- 
thylamine or of (a)-naphthyl thiocarbimide on 
o-toluidine (Mainzer, B. 15, 1416). Short 
needles, sol. alcohol. Split up by cone. HClAq 
at 150° into o-toluidine, (a) -naphthylamine, 
o-tolyl-thiocarbimide, and (a)-naphthyl thio- 
carbimide. 

o - Tolyl - (0) - naphthyl - thio - urea [194°]. 
Formed from o-tolyl thiocarbimide and (j8) -naph- 
thylamine (M.). 

p - Tolyl - (o) - naphthyl - thio - urea [168°]. 
Formed from p-tolyl thiocarbimide and (a) -naph- 
thylamine (M.). Slender white needle". 

p - Tolyl - (0) - naphthyl - thio - urea [164°]. 
Formed from p-tolyl thiocarbimide and (0)- 
naphthylamine (M.). Decomposed by HClAq at 
150° into p-toluidine, (0)-naphthylamine, p-tolyl 
thiooarbimide, and (0) -naphthyl thiocarbimide. 

p-TOLYL p-NITRO-BENZYL OXIDE 
C a H 4 Me.0.CH 2 .C a H 4 .N0 2 . [91°]. Formed from 
p-nitro-benzyl chloride and alcoholic C 7 H 7 ONa 
(Frische, A. 224, 144). Yellowish plates, sol. 
ether. 

TOLYL NITROSO-METHYL KETONE v. 
Oxim of Tolyl-glyoxal. 

TOLYL-OXAMIC ACID v. vol. iii. p. 654. 

TOLYL-OXAMIDE v . Oxalic acid. 

O-T0LYL-0XAZ0LINE £^>0.0,3,. 

(255°). Formed by dissolving o-toluio bromo- 
ethyl-amide in hot water and adding alkali 
(Salomon, B. 26, 1822). Oil. Evaporating with 
aqueous HC1 (1 mol.) forms the compound 
C 7 H 7 .CO.O.CH 2 .CH 2 .NHo, while excess of HC1 
gives C 7 H 7 .CO.NH.CH,;.CH a Cl. — B'C^NA. 
[145°] . — B' 2 H 2 PtCl a . [189°]. 

p-Tolyl-oxazoline C 10 H n NO. [66°]. (265°). 
Formed by decomposing C 7 H 7 .CO.NH.CH 2 .CH 2 Br 
with alkali. Needles.- B'C^NgO,. [188°].— 
B^HgPtOlg. [186°]. 

DI-o-TOLYL OXIDE (C a H 4 Me) 2 0. Oresyl 
ether . (272°-278°). S.G. 1-047. Aproduot 
of the distillation of Al(OC 6 H 4 Me) s (Gladstone a. 
Tribe, C. J. 49, 27). Oil, smelling like geranium 
leaves. 

Di‘-w- tolyl oxide (C 7 H 7 ) 2 0. (284°-288°). 
fi a 1*5576 at 16°. V.D. 193*9. A produot of 
distillation of aluminium thymol Al(OO l0 H, s ) s 
(Gladstone a. Tribe, O . J. 41, 18). Oil. 

Di-p-tolyl oxide (C 7 H 7 ) 2 0. [50°]. (270°-800°). 
Formed by distilling aluminium p-oresol (G. a. 
T.). Prisms (from alcohol). 

Isomeride [165°]. Formed by heating 
p-cresol with ZnOL, (Busch, B. 17, 2688). Crys- 
tals, volatile with steam. 

DI-TOLYL-OXINDOLE 0,H 4 <^§' H »)»>CO 

Tohdsatin. [200°]. Formed by adding toluene 
to a solution of isatin in HgS0 4 (Baeyer a. 
Lazarus, B. 18, 2638). Needles, v. sol. aloohol 
and ether, soL aqueous alkalis. Yields an acetyl 
derivative CJ3, 8 0(NAc) [148°] and an ethyl 
derivative OaHnOfNEt) [108°], both being crys- 
talline. 



DI-TOLYL-PROPYLENE-DIAMINB. 
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TOLYL-OXY -ACETIC ACID v. Tolyl derivative 
© f GlycoiiLIO acid and Oxy-tolyl-acetic acid. 

©-TOLYL OXY-ETHYL 8TJL PHONE 
C t H 7 .S0 2 .CH 2 .CH 2 0H. [55°]. Got from sodium 
toluene p-sulphinate and glycol chlorhydrin 
(Otto, J. pr . [2] 30, 355). Needles (from alcohol) 
with bitter taste. Heating with KOHAq gives 

A, H.,A0 4 [84°]. 

Benzoyl derivative C 7 H 7 .S0 2 .C a H 4 .0Bz. 
£176°]. Needles, si. sol. hot alcohol. 

DI-o-TOLYL-PARABANIC ACID C 17 H 14 N 2 0 3 

i.e. [203°]. Formed by boiling 

an alcoholic solution of oxalyl-di-tolyl-guanidine 
with cone. HClAq (Berger, B . 12, 1856). Small 
needles. 

Di-p-tolyl-parabanic add [144°]. Formed 
by boiling di- (or tri-) p-tolyl-guanidine dicyanide 
with alcohol and HC1 (Landgrebe, B. 11, 978). 
Plates. Oxidised by potassium permanganate to 
C0 ^N(C a H 4 .C0 2 H).Q0 m ggo o-i 
t/U \N(C <J H 4 .C0 2 H).C0 Lioa /J ‘ 
j^-TOLYL PENTADECYL KETONE 
C 15 H 31 .CO.C fl H 4 Me. [60°]. (262° at 15 mm.). 

Formed from palmityl chloride, toluene, and 
A1C1* (Kiafft, B. 21, 2266). Needles (from 
alcohol). Yields p-toluic acid on oxidation, 
o- TOLYL-PENTHIAZOLINE C n H ls NS i.e. 

C 7 H 7 Q.S — QH 2 ^ q 0 ^ ky heating trimethylene 

chlorobromide with thio-o-toluic amide (Pinkus, 

B. 26, 1081). Oil, volatile with steam. Its 
hydroohloride gives a white compound with 
Hg01 2 . 

n-Tolyl-penthiazoline [53°]. 

p-TOL YL-PHEN TBLAZ INE . Dihydride 

q jj [151°]. Formed by the action 

of HN0 2 on o-amido-benzyl-^-toluidine hydro- 
chloride (Busch, B. 25, 450). Yellow plates 
(from aloohol).~B'H01.-B' 2 H 2 PtCi 6 . [190°].— 
B'C tf H 3 N s 0 7 . [132°]. Dark-yellow needles. 

p-TOLYL-PHENYL-ACETAMIDINE C lfl H lfl N a 
ie. 0„H 5 .CH 2 .C(N.C (j H 4 Me).NH 2 . [119°]. Formed 
by heating phenyl-acetonitrile with p-toluidine 
hydrochloride (Bernthsen, A . 184, 842). Crys- 
tals (from alcohol). — B^HjjPtClg : yellow prisms. 

DI - p - TOLYL - DIPHENYLACETYLENE - 
DIAMINE Cja^N, i.e. C 7 H 7 N:0Ph.CPh:N0 7 H 7 . 
[161°]. Formed, together with Bz.CPh:NC 7 H 7 
[116°], by heating benzil (1 mol.) with p-toluid- 
ine (2 mols.) at 130° (Bandrowski, M . 9, 690). 
Triclinic plates. 

DI - TOLYL - PHENYLENE -DIAMINE v. 

PlI ENYLENE-DI-TOLYL-DIAMINE. 

TOLYL PHOSPHATES. 


Tri-o-tolyl-phosphate (C 7 H 7 0) 8 P0. Formed 
by heating o-cresol with rOCl 8 , the yield being 
95 p.o. (Heim, B. 16, 1767; Rapp, A . 224, 173). 
Oil, sol. alcohol and ether. 

jp-Tolyl phosphate POfOC.H.HOHU [116°]. 
Formed by the action of water on POfOCjHJCl* 
which is a product of the action of POC1, on 
p-cresol (Bapp, A. 224, 168). Plates, soL alcohol, 
ether, and water. 

Tri-jp-tolyl phosphate PO(OC 7 H 7 ) f . [78°]. 
Formed by heating p-cresol with P0C1„ the 
yield being 95 p.c. Colourless tables, insol. Aq. 

p - TOLYL - PHOSPHINE C r H 7 NH 2 . [4°]. 
(178°). Formed by the action of A1C1, on a 
mixture of toluene and PCI,, the resulting 


t 


GtHjPCI* [20°] (245°), being converted by water 
into C 7 H 7 P(OH) 2 , which splits up on heating into 
tolyl-phosphine and toluene phosphonio acid 
C 7 H 7 PO a R 2 (Michaelis, B. 12, 1009; 13, 658; 

A. 212, 230). Oil with strong odour. Rapidly 
oxidised by air to CyH^PfOHJ^ HI forms 
C^PHal, crystallising in colourless needles. 

p - TOLYL - PHTHALIDE 0 lft H l8 0 f i.e. 

C ti H »<CcH(C^H )^°* C 129 °]‘ Formed by re- 
ducing C 7 H 7 .C0.C (J H,.C0 2 H in alcoholic solution 
with Zn and HC1 (Gresly, A. 234, 235). Needles, 
sol. hot alcohol, insol. NH 3 Aq. 

Di - p - tolyl - phthalide C d H 4 <^|^"^“p>0. 

[116°]. Formed by heating phthalyl chloride 
(100 g.) with toluene (450 g.) and A1C1 3 (Berchem, 
Bl [2] 42, 168 ; c/. Friedel a. Crafts, Bl [2] 85, 
505). Prisms, sol. alcohol and ether. 

TOLYL - PHTHALIMIDE v. Tolylimide of 
Phthalic acid. 

tn- TOLYL-PEOPIOLIC ACID GA.CrC.CO^. 
[109-5°]. Formed by boiling di-bromo-tolyl- 
propionio acid C 7 H 7 .CHBr.CHBr.C0 2 H with 
alooholic potash (Muller, B. 20, 1215). AgNO f 
gives an explosive white pp. 

o-TOLYL-PBOPIONIC ACID C 7 H 7 .0 3 H 4 0* 
Monoclinic prisms (Young, B. 25, 2102). 

m-Tolyl-propionio acid CjHj.CH^CHa.COjH. 
[43°]. Formed by reducing m-tolyl-acrylic acid 
with sodium-amalgam (Muller, B. 20, 1214 ; von 
Miller, B. 23, 1899). Needles (from li^oin), sol. 
water, alcohol, and ether. Volatile with steam. 

m-Tolyl-propionic acid [125°]. Formed by 
oxidation of m-isobutyl-toluene byHNO a (Effront, 

B. 17, 2330)u Needles, si. sol. hot water.— AgA' : 
crystals, sol. hot water. 

p-Tolyl-propionic acid. [116°] (Von Miller, 
B. 23, 1898); [120°] (Krdber, B. 23, 1033). 
Formed by reducing p-tolyl-acrylic acid. Con- 
densed by hot H 2 S0 4 to oxy-methyl-indonaph- 
thene. 

Di-a-tolyl-propionic acid CH 3 .C(C 7 H 7 ) r C0 2 H. 
[152°]. Prepared by adding toluene to a solu- 
tion of pyruvic acid in BL(80 4 at ~ 10°(B6ttinger, 
B. 14, 1596; 15, 1474). Monoclinio crystals, 
sol. hot alcohol. Give w-di-tolyl-ethane on 
distillation with lime. Oxidised by KMn0 4 to 
di-phenyl-ethane tri-carboxylio acid. — AgA'. 
Ethyl ether EtA'. [145°]. Prisms. 
References. — Bkomo-, Nitro-, and Oxy-, 

TOLYL-PROPIONIO ACIDS. 

p-TOLYL-PROPIONIC ALDEHYDE 
C 7 H 7 .CH 2 .CH 2 .CHO. (223°). S.G. 12 *9941. 
Formed by the aotion of water on the compound 
of Cr0 2 Cl 2 with the oymene got from camphor 
and P 2 0 4 (Richter a. Sohiichner, B. 17, 1931). 
Got also by distilling calcium p-tolyl-propionato 
with calcium formate (Miller, B. 23, 1082). Oil, 
smelling like peppermint. Volatile with steam. 
Yields j?-toluic and terephthalio acids on oxida- 
tion. 

DI-o-TOLYL-PROPYLENE-DIAMINE 
CHMe(NHCA).CH 2 .NHC 7 H 7 . (280° at 120 mm.). 
Got by heating o - toluidine with propylene 
bromide (Bischoff, B. 25, 8276). 

Acetyl derivative [120°]. 

Di-p-tolyl-propylene-diamine 
C # H # (NHO T H 7 ) 2 . (277° at 48 mm.) (Bisohoff, B. 
25, 3277). Got from p-toluidine and C t H 0 j8r r 
Oil. 


8x8 
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DI-TOLYL-PROPYLENE-BIAMINE. 


Acetyl derivative C 21 H 2 „N 2 0 2 . [114°]. 
Benzoyl derivative C 3I H S0 N 2 O 2 . [152°]. 

o-TOLYL-PROPYLENE-^-THIO-UREA 

C 7 H ; NH.C<^ ^ Me . [126°]. Formed from 

s-o-tolyl-allyl-thio-urea and HOI (Prager, B. 22, 
2999). Tables, si. sol. hot water.— B' 2 H 2 PtCl 6 . 
[178°]. Prisms. — B'C tt H 3 N 3 0 7 . [176°]. Cubes. 

DI-o-TOLYL-PROPYLENE UREA 
CjH B <^Q 7 g T ]>CO. [93°]. Formed from di-o- 

tolyl-propylene-diamine and OOCl 2 (Bischoff, B. 
25, 3276). Prisms (from dilute alcohol). 
Di-p-tolyl-propy lene-ur ea. [130°]. 
d-TOLYL ISOPROPYL KETONE 
G fi H 4 Me.CO.Pr. (236°). Formed from toluene, 
isobutyryl chloride and A1C1 3 (Claus, J. pr . [2] 
46, 480). Oil, with bitter taste and aromatic 
odour. Yields p-toluio and terephthalic acids 
on oxidation. Yields an oxim [92°]. May be re- 
duced top-tolyl-isopropyl-carbinol ; an oil boil- 
ing above 300°. 

DI-o-TOLYL-PYRAZINE HEXAHYDRIDE 
OjHjMe.N <ch^CH 7 > N ' C '‘ H * M e- M-o-tolyl- 
piperazine. [171°]. Formed from ethylene 
bromide, o - toluidine, and Na 2 C0 8 at 160° 
(Bischoff, B. 22, 1781 ; 23, 1982 ; cf. Mauthner 
a. Suida, M. 7, 233). Crystals (from ether). 

Isomeride. [154°]. Formed by heating di- 
o-tolyl-ethylene-diamine with chloro-acetic acid 
and NaOAc (Bischoff, B. 23, 2031). Thin needles 
(from alcohol). 

Di-p-tolyl-pyrazine hexahydride 
C I H I .N<^;^>N.C r H 7 . [188°]. Formed 

from p-toluidine and C 2 H 4 Br 2 in presence of 
NaOAc or Na 2 C0 3 . Prisms, si. boI. alcohol. 
With NaN0 2 and HOAc it yields a di-nitroso- 
derivative [167°]. 

o-TOLYL-PYRAZOLE CH^™;^' C ' H ‘ Me 

(246-5° oor.). S.G. g 1-0868 ; « 1-0763. Formed 
by boiling epichlorhydrin (1 mol.) with o-tolyl- 
hydrazine (2 mols.) and benzene, boiling off the 
benzene, and heating the residue at 150° (Bal- 
biano, O. 18,368). Not reduced by boiling with 
alcohol and Na.— B' 2 H 2 PtCl a . [201°].— B'Etl. 
[100°]. Needles, v. e. sol. water. 

Dihydride OgHjN^H,. (271°). S.G. g 
1*084. Formed from acrolein tolyl-nydrazide 
and dilute (2 p.c.) H 2 S0 4 . Oil. Sol. fuming 
HClAq, but reppd. by water. K 2 Cr 2 0 7 and 
H 2 SO, give an indigo-blue colour. 

p-Tolyl-pyra*ole. [33°]. (259° cor.). 

Formed, in like manner, from epichlorhydrin and 
p-tolyl-hydrazine. Yellowish plates, si. sol. hot 
water .—B , 2 H 2 PtCl # 2aq : needles. [184°].— B'Etl. 
[105°]. Prisms, v. sol. water. 

Dihydride , [60*5°]. (282° i.V.). Formed 
from acrolein p-tolyl-hydrazide and dilate H 2 S0 4 . 
Got also by reducing p-tolyl-pyrazole in alcoholic 
solution by Na. Iridescent plates, si. sol. hot 
water. Its acidified solution is coloured violet- 
red by K^Cr^Oj. 

p-TOLYL-PYRIDINE HEXAHYDRIDE 

G„H 4 Me.N.O !i H lft . (262°). Formed by heating 
piperidine with p-bromo-toluene at 270° (Lell- 
mann a. Just, B. 24, 2099)* V. sol. alcohol and 
benzene. 


p-TOLYL-PYRROLE C n H u N is. 

CH-CH> NC « H ' Me - Got dr y distillation of 

p-toluidine mucate (Lichtenstein, B. 14, 933). 
Converted by AcCl into crystalline C 7 H 7 NC 4 Ac 4 . 

— B'jjHgClj. 

DUp-tolyl-pyrrole ch!o(C 7 H 7 )> NH - 
[197°]. Formed by treating di-p-tolyl-furfurane 
or (C 7 H 7 .CO) 2 C 2 H 4 with NH 4 OAo (Hollemann, 
B. T. C. 6, 73). Small plates with bluish lustre. 
Does not form a K derivative. Boiling HClAq 
gives a red resin. With isatin, after several 
days, it gives an intense red colour. 

o-TOLYL-QUINAZOLINE DIHYDRIDE 

Oi S H u N 2 i.e. C 6 H 4 <^ h ^ H Me Formed by 

reducing the formyl derivative of o-nitro-benzyl- 
o-toluidine with tin and HClAq (Paal a. Busch, 
B. 22, 2701). Oil. — B'HSnCl.,.— B HC1 : amor- 
phous. — B'.JH^PtCl,,. [210°]. Noodles (from al- 
cohol containing HC1). 

p-Tolyl-quinazoline dihydride, [120°]. 
Formed in like manner. Plates, v. sol. alcohol. 
—B'HSnCl,. [165°].— B'HCl 2aq. [85°].— 
B'HCl. [25 1°]. — B' 2 H 2 PtCl # . [216 01 , Yellow 
needles 

Methylo-iodide B'MeL [186°]. Needles. 
p-Tolyl-quinazoline tetrahydride 

c « H 4<CcH 2 .N^H 4 Me ’ £ 127 °]* by re- 

ducing the dihydride in alcoholic solution by 
sodium. Needles, m. sol. alcohol. Yields a 
nitrosamine [100°]. Yields a crystalline hydro- 
chloride. 

Reference. — Oxy-tolyl-quinazoline. 

(Py. 3)-o-T0LYL-QUIN0LINE C 16 H 18 N is. 

=^c? a H 7 Me‘ t 77 ^* Formed dls ' 

tilling oxy-tolyl-quinoline (pseudoflavenol) with 
zinc-dust (Weidel a. Bamberger, M. 9, 108). 
Silky needles (from benzene). — Byi 2 PtCl 6 (dried 
at 105°). Orange tables. 

ro-Tolyl-isoquinoline C 0 H 4 <^ G ;^’ C > H ’. 

[52°]. Formed by heating (ll-chloro- (3)-m- 
toly 1-isoquinoline with HI and P for three hours 
at 170° (Heilmann, B. 23, 3168). Needles (from 
MeOH). 

p-Tolyl-isoquinoline C fl H 4 <^^;^ 7 ^ 7 . 

[78°]. Formed in like manner (Ruhemann, B. 
24, 3975). Needles.— B'HI.— B'H 2 Cr0 4 .-~ 

B' 2 H 2 PtCl s . — B'C tt H 3 N 8 0 7 . Yellow needles. 
Reference.— Oxy-tolyl-quinoline. 
TETRA-w-TOLYL-SILICANE Si(C 7 H 7 ) 4 . 
[151°]. (above 550°). S.G. ^ 1*1188. Formed 
from m-bromo-toluene, SiCl 4 , and sodium (Polis, 
B. 19, 1021). Prisms (from ether), v. sol. benz- 
ene. 

Tetra-p-tolyl-silicane Si(C 7 H 7 ) 4 . [228°]. 

(above 450°). S.G. 1*0793. Formed from 
SiCl 4 , p-bromo-toluene, ether, Na, and a little 
EtOAc (Polio, B. 18, 1642 ; 19, 1019). Mono- 
clinic crystals (from chloroform). Decomposed 
by cone. HNOj, forming silica and di-p-nitro- 
toluene [72°J. 

TETjt Ao-TOLYL SILICATE Si(00 7 H 7 ) 4 . 
(o. 437°). Formed by heating o-cresol with 
SiCl 4 , the yield being 90 p.c. of the theoretical 
quantity (Hertkom, B. 18, 1686). Oil, v. sol* 
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alcohol. Decomposed by hot water into silica 
and o-cresol. 

Tetra-w-tolyl silicate Si(00 7 H 7 ) 4 . (445°) 

at 720 mm. Syrup (H.). 

Tetra-p-tolyl silicate Si(OC 7 H 7 ) 4 . [70°]. 

(444°). Tables or prisms, v. sol. benzene (H.). 

p- TOLYL SILICO-CHLOBIDE C 7 H 7 SiCl 3 . 
(219°). Formed from Hg(C 7 H 7 ) 2 and SiCl 4 at 
310° (Ladenburg, A. 173, 165). Liquid, converted 
by d ilute aqueous ammonia into C 7 H 7 .SiO.OH 
[c. 150°] , which is converted at 200° into solid 
(C 7 H 7 .Si0) 2 0. 

TOLYL SULPHATES. 

o-Tolyl sulphuric acid 

[1:2] G 3 H 4 Me.0.S0 2 .0H. Occurs in small quan- 
tity in the urine of horses (Preusse, H. 2, 355). 
Prepared from 0 B H 4 Me.OK and K 2 S 2 0 7 (Bau- 
mann, 3. 11, 1911). The K salt crystallises in 
plates, m. sol. water. 

w-Tolyl sulphuric acid C e H 4 Me.0.S0 2 .0H. 
Occurs in very small quantity in horses’ urine 

(*.)• I 

p-Tolyl sulphuric acid CJB^Me.O.SOo.OH. 
Occurs in the urine of horses and cows (Bau- 
mann, B . 9, 1389, 1716 ; Stiideler, A. 77, 18). 
Formed by boiling potassium p-cresol with 
KjS 2 0 7 . The K salt is si. sol. cold alcohol. 

DI-o-TOLYL-SULPHAZIDE C 14 H lb N 2 S0 2 i.e. 
[2:1] C b H 4 Me.NH.NH.S0 2 .0 ti H 4 Me [1:2]. Tolyl- 
toluene-sulphazide. [142°]. Obtained by the 
action of S0 2 upon o-diazo-toluene in alcoholic 
solution. White glistening needles (Limpricht, 
B. 20, 1241). When boiled with baryta-water it 
decomposes into o-toluene-sulphinio acid, 
toluene, and nitrogen. 

Di-p-tolyl-sulphazide C,,H lfl N 2 S0 2 i.e. 
[4:1] C a H 4 Me.NH.NH.SO. r C b H t Me [1:4]. Tolyl- 
toluene-sulphazide. [140°]. Formed in like 
manner from p-diazo-tolueno (L.). Small 
needles. By boiling with baryta-water it is de- 
composed into p- toluene -sulphinic acid, toluene, 
and nitrogen. 

Reference.— Nitro-di-tolyl-sulphazide. 

DI-p-TOLYL SULPHIDE S(C«H 4 Me) 2 . [57°]. 
(above 300°). Formed by distillation of lead 
p-tolyl-mercaptide (Otto, B. 12, 1175). Small 
needles, insol. water, sol. alcohol. Yields di-p- 
tolyl sulphone on oxidation by KMn0 4 . 

Di-ra-tolyl disulphide C 14 H, 4 S 2 i.e. 
(C tt H 4 Me) 2 S 2 . Formed from m-tolyl mercaptan 
by treatment with dilute HNO, (Hubner a. Post, 
A. 169, 51). Liquid at —22°. Decomposed on 
boiling or by atmospherio oxidation of its am- 
moniacal alcoholic solution (Leuckart, J. pr. [2] 
41,189). 

Di^p-tolyl disulphide (C a H 4 Me) 2 S 2 . [43°]. 
Formed from p-tolyl mercaptan by atmospherio 
oxidation (Marcker, A. 136, 88) or by the ac- 
tion of ClSO s H (Beckurts a. Otto, B. 11, 2066), 
or by treatment with IOy (Thurnauer, B. 23, 
769). Formed also by the action of H 2 S on a 
warm dilute solution of toluene p-sulphinic acid 
in alcohol (Otto, J.pr. [2] 37, 211). Crystals, 
v. e. sol. ether. Begins to boil at 307° i.V. but 
decomposes, on distillation. Alcoholic K 2 S 
forms p-tolyl mercaptan (Otto a. Bossing, B. 19, 
•3129). 

Di p-tolyl tetrasulphide (C fl H 4 Me) 2 S0 4 . 

175°]. Formed by the action of H,S on a cone, 
solution of toluene p-sulphinic acid (Otto, J. pr. 


[2] 37, 211). Small plates, insol. water, v. sol. 

ether. 

References. — Di-amido-, Di-bbomo-, and Ox*- 

DI-TOLYL-SULPHIDE. 

o- TOLYL SULPHOCY, ABIDE C tt H 4 Me.S.CN. 
(c. 245°). Formed by adding cuprous sulpho- 
cyanide in KSCy to a solution of o-diazo-toluene 
■ (Thurnauer, B. 23, 770). Yellowish-red oil with 
unpleasant odour. 

p-Tolyl sulphocyanide. (c. 248°). Formed in 
like manner, and also by passing CyCl through 
alcohol containing lead p-tolyl mercaptide. 
Liquid, solidifying below 0°. 

DI-p-TOLYL SULPHONE (C b H 4 Me) 2 S0 2 . 
[158°]. (405°) at 714 mm. Prepared by the 

action of A1C1 3 on a mixture of toluene and 
toluene p-sulphonic chloride (Beckurts a. Otto, 
B. 11, 2068; 12, 1177; cf. Michael, B. 10, 684). 
Formed by the action of fuming H 2 S0 4 or SO, 
on toluene (Deville, A. 44, 306 ; Otto a. Grtiber, 
A. 154, 193) and by the action of KMn0 4 and 
HOAo on di-p-tolyl sulphide. Prisms (from 
benzene), si. sol. cold alcohol and ether. Potash- 
fusion yields p-cresol and diphenyl (Otto, B. 19, 
2426). 

D1T0LYL DISULPHONIC ACID 

[1:4:5] C e H 3 Me(S0 3 H).C 6 H 3 Me(S0 3 H) [5:1:4]. 
Formed from di-amido-ditolyl disulphonic acid 
by diazotisation followed by boiling with alco- 
hol (Halle, A. 270, 363). Crystals, v. e. sol. 
water, m. sol. alcohol, insol. ether. — K 2 A". Hexa- 
gonal plates. — KHA" : prisms. — BaA"6aq. 

Chloride C^H^S-ACl*. [229°]. 

Amide C 14 H, 2 S..6 4 (NH 2 ) 2 . Needles. 

p-TOLYL-SULPRONO- ACETIC ACID 
C 0 H 4 Me.SO 2 .CH,COJEL [118°]. Formed from 
sodium benzene sulphinate and chloro-acetic 
acid (Gabriel, B. 14, 834). Crystals (from benz- 
ene), si. sol. hot water. Cl passed into its 
aqueous solution forms C 7 H 7 .SOo.CHCL 2 [114°]. 
Br forms C 7 H 7 .S0 2 .CHBr 2 and C 7 H 7 .S0 2 .CH 2 Br 
(Otto, J.pr. [2] 40, 542). — AgA' : trimetric tables. 

Ethyl ether EtA\ Converted by bromine 
(2 mols.) at 90° into C 7 H 7 .S0 2 .CBr r C0 2 Et which 
on saponification by cold NaOHAq yields 
C 7 H 7 .S0 2 .CHBr 2 [117°]. 

p-TOLYL-SULPHONO-ACETONE 
CH 3 .CO.CH,.SO v .C b H 4 Me. [51°]. Formed by 
heating sodium toluenep-sulphinate with chloro- 
acetone in alcohol (Otto, J. pr. [2] 36, 426). 
Needles, v. sol. alcohol. Bromine forms 
CH 2 Br.C0.CH 2 .S0 2 C 7 H 7 [130°], m. sol. alcohol. 

Di-p-tolyl-di-sulphono-acetone 
CO(CH 2 .S0 2 .C 6 H 4 Me) 2 . Formed by heating 
CH 2 Br.C0.CH 2 .80.,C 7 H 7 with sodium toluene p- 
sulphinate in alcoholic solution. Plates, v. sol. 
hot HOAo and chloroform. 

DI-T0LYL DI - SULPHONO - DI - ETHYL - 
AMINE NH(C 2 H 4 .S0 2 .C 7 H 7 ) 2 . Formed by heat- 
ing di-tolyl ethylene disulphone with NH*Aq 
(Otto, T. pr. [2] 30, 859).— B'HCL [201°].— 
B'HAuCL : dark-yellow needles. 

DI - TOLYL - DI - SULPHONO - DI - ETHYL 
OXIDE 0(C 2 H 4 .S0 2 .C 7 H 7 ) 2 . [84°]. Formed by 
the action of cone. KOHAq on C 2 H 4 (SO ? C T H T ), 
and as a by-product in the preparation of 
C 7 H 7 .S0 2 .C 2 H 4 0H [55°] by the action of dilate 
KOHAq on the same body (Otto a. Trdger, B. 
26, 944 ; cf. J. pr. [2] 30, 171, 321). 

TOLYL DISULPHOXIDE v. ToVyl ether of 
Toluene thiosulpuonic iqrp. 
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Di-p-tolyl sulphozide 80(GJEL 4 M*) r [92°]. 
Formed from toluene, SOCl 2 , and A1C1, (Parker, 
B. 23, 1844). Flat needles (from ligroln), v. e. 
sol. benzene. Beduoed by sodium and alcohol 
to di-tolyl sulphide [66°]. KMn0 4 in HOAo 
forms di-tolyl sulphone [158°]. 

DI-o-TOLYL-TETRAZINE C ia H, a N 4 t.e. 

0 7 H 7 N<^^>NC,H 7 . [HI 0 ]. Formed from 

o-tolyl-hydrazine, chloroform, and alcoholic 

? otash (Ruhemann, C. J. 57, 52). Crystals. 

ields crystalline 0, 6 H l5 (S0 8 H)N 4 and 
0 li H 1 .(NO ii )N 4 [207°]. — B'HCl : needles. 

Methylo-iodide B'Mel. [198°]. Nodules. 
Di-p-tolyl-tetrazine C 16 H lfl N 4 . Formed in 
like manner. B'HCl : very unstable white needles. 
Methylo-iodide B'Mel. [242°]. Needles. 
o-TOLYL-THIAZOLE DIHYDRIDE 

O^Me.G^^Q^. (282°). Formed from thio- 

o-toluic amide and ethylene bromide (Gabriel a. 
Heymann, B.24, 786). Got also by heatmgo-toluic 
bromo-ethyl-amide with P 2 S 5 (Salomon, B. 26, 
1329). Converted by bromine- water into taurine 
and o - toluic acid. — B'aELjPtCl*. [199°]. — 
B'C,H S N ,0 7 . [132°]. 

p-Tolyl-thiazole dihydride. [81°]. Prepared 
In like manner. Tables. 

p-TOLY L-THIOBITJRET C 9 H n N 8 S 2 . [158°]. 
Formed by fusing p-toluidine (2 pts.) with per- 
BUlphooyanic acid (1 pU (Tursini, B. 17, 584). 
Minute needles, sol. NaOHAq. Yields O fl H 10 N 8 S 2 Et 
[134°], crystallising from alcohol in needles, and 
C 9 H I0 AcN g S 2 [166°], crystallising in needles. 

o-TOL Y L-/3-THIOC ARB AMIC ACID 
[l:2]O a H 4 Me.NH.CS.OH. 

Ethyl ether C 7 H 7 N:C(SH).OEt. Tolyl-thio - 
urethane . Formed by heating o-tolyl-thiocarb- 
imide with alcohol at 180° (Liebermann a. 
Natanson, B. 18, 1576; A, 207, 161). Oil, sol. 
alkalis.— O J0 H 12 AgNSO : white pp. insol. NH 3 Aq. 
Converted by Mel into C^NJOEtJ.SMe, and by 
Etlinto O^NfOEtj.SEt, both being oils boiling 
above 250°. 

m-Tolyl-jB-thiocarbamic acid 
[l:8]C tf H 4 Me.NH.CS.OH. 

' Ethyl ether C 7 H 7 N:C(SH).OEt. [68°]. 
Formed in like manner (L. a. N.). Yields 
C 10 H 12 AgN8O and oily C 10 H J2 EtNSO. 

p-Tolyl- j8-thiocarbamio acid. Ethyl ether 
C^HjNCfSHJ.OEt. [87°]. Formed in the same 
way (L. a. N.). Triclinio crystals. Ammoniacal 
AgNO, added to its alcoholic solution ppts. 
CyH^NCfOEtJ.SAg, which is converted by Mel 
into CyHjNCJOEtJ.SMe, and by EtI into 
CTHjNCJOEtJ.SEt, both being oils boiling above 
250°. C 7 H 7 N C(OEt).SEt is decomposed by dilute 
H 2 80 4 at 180° into p-toluidine and thiocarbonic 
e ther . 

o-Tolyl-a-thiocarbamic acid C 7 H 7 NH.CO.SH. 
Methyl ether MeA'. (70°]. Formed by 
heating 0 7 H 7 NH.C(NC T H 7 ).SMe with dilute 
11,804 at 140° (Will a. Bielschowiki, B. 15, 
1317). Plates. 

Ethyl ether EtA '. [60°]. Tables. 
p-Tolyl-o-thiocarbamic acid NHC T H r OO.SH. 
Methyl ether MeA'. [107°]. Formed by 
heating 0 7 H 7 NH.C(NC T H 7 ).8Me with dilute 
H.,804 at 170°. Needles, v. sol. alcohol and 
ether. 

Wfhttl Athitr Tilt A'. P72°1. Pnrm«f! frnm 


p-toluidine and Cl.CO.6Et. Needles. Yields 
EtSH and tolyl cyanate on distillation. 
Ethylene derivative 

00 <S (G ^>°A- C 88 °]- Long slender 

needles. 

o-Tolyl-di-thio-carbamic acid 
C 7 H 7 NH.CS.SH.— NiA' 2 . Brown needles, insoL 
water.— BaA' 2 . Plates (Losanitsch, B, 24, 8027). 
Forms di-o-tolyl-thio-urea on heating. 

Methyl ether MeA'. [132°]. Formed 
from the Ba salt and Mel. White needles. 

Ethyl ether EtA'. [72°]. Formed by 
heating C 7 H 7 NH.C(NC 7 H 7 ).SEt with CS 2 at 160* 
(Will a. Bielschowski, B. 15, 1817). Prisms. 
Ethylene derivative CjoHjjNS* i*» 

CS< g (C?H, ^> Q 3 H 4 . [129°]. Formed by heating 
0,H 7 N.C<®^>C s H 4 with CS 3 at 200°. Yield* 

C 10 H n NS 2 MeI, crystallising in prisms [151°]. 

m-Tolyl-di-thio-carbamio acid 
C 7 H 7 NH.CS.SH. 

Salts.— BaA' 2 . Formed from m-toluidine, 
CS 2 , and Ba(OH), in alcohol (Losanitson, B. 24, 
3027). Needles, sol. water, insol. cold alcohol.— 
NiA' 2 . Yellowish-brown plates. 

Methyl ether MeA'. [89°]. Needles. 
p-Tolyl-di-thio-oarbamic acid C^NH-CSJEL 
Salts . — NH 4 A'. Formod from p-toluidine, 
CS 2 , alcohol, and NHaAq (Losanitsch, B. 24, 
3026). Yellowish prisms, sol. water, insol. alco- 
hol. — BaA' 2 . Needles. — NiA' 2 . Formed from 
p-toluidine, CS 2 , ammoniacal NiS0 4 , and alcohol. 
Brown needles, sol. alcohol, insol. water. 
Methyl ether MeA'. [84°]. Prisms. 
Ethyl ether EtA'. [74°]. Formed by 
heating NHC 7 H 7 .C(NC 7 H 7 ).SEt with CS 2 atl60° 
(W. a. B.). Needles, split up by heat into 
p-tolyl thiocarbimide and EtSH. 

Ethylene ether > CjS 4 . 

[126°]. Crystals. Yields a methylo-iodide [I07°], 
which is converted by aniline into C I6 H I6 N 2 S 
[128°], and by o-toluidine into C 17 H lg N 2 S [82°]. 
Reference . — Nitko - tolyl - thiocarbamic 

o - TOLYL - THIOCARBAZIC ACID o- Tolyl 
hydrazide C 7 H 7 NH.NH.CS.SNH,.NHC 7 H 7 . 
Formed from o-tolyl-hydrazine, ether, and CS 2 
(Preund, B. 24, 4200). Prismatic tables, insol. 
ether, decomposed by water and aloohol. The 
p-isomeride melts at 109°. 

DI-o-TOLYL-THIOCARBAZIDE C I5 H 18 N 4 SiA 
CS(NH.NHC 8 H 4 Me) 2 . [130°]. Formed from 
o-tolyl-thiocarbazic acid and o-tolyl-hydrazine 
at 90° (Preund, B. 24, 4201). Needles, sol. alco- 
hol, insol. Aq. 

Dl-p-tolyl-thiocarb&zide. [121°]. Formed 
in like manner at 110° (Preund, B, 24, 4194). 
Plates, v. sol. hot alcohol. 

Di-o-tolyl-thiosemicarbazide O la H J7 N g S i.e, 
NHC 7 H 7 .CS.NH.NHC 7 H 7 . [149°]. Formed by 
heating o-tolyl-thiocarbisdde (1 mol.) with 
o-tolyl-hydrazine (1 mol.) in alcohol (Dixon, 
O.J. 61, 1017). Ootahedra, m. sol. hot alcohol, 
insol. Aq. 

Di-p-tolyl-thiosemiearbaiide. [154°]. Formed 
in like manner (D.). Prisms, v. e. sol. hot alco- 

bnl 
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op-Di-tolyl-thiosemioarbaside 
[4:l]G tt H 4 Me.NH.CS.NH.NHC s H 4 Me [1:2]. [142°]. 
Fonned from p-tolyl-thiocarbimide and o-tolyl- 
hydrazine (D.). Prisms, si. sol. hot alcohol. 
Isomeride 

[2:1] C 8 H 4 Me.NH.CS. NH.NHC a H 4 Me [1 :4] . [163°] . 
Formed from o-tolyl-thiocarbimide and p-tolyl- 
hydrazine (Dixon, C. J . 61, 1016). Prisms, m. 
sol. hot alcohol. 

DI-oTOLYL-THIOCAEBAZONE C 15 H lfl N 4 Si.e. 
C 7 H 7 N:N.CS.NH.NHC 7 H 7 . [168°]. Formed from 
di-o-tolyl-thiocarbazide and alcoholio potash 
(Preund, B. 24, 4201). Blue-black needles, v. 
sol. chloroform, si. sol. alcohol. Cone. H 2 S0 4 
forms a bluish-green solution. 

Di-p-tolyl-thiocarbazone. [105°]. Formed 
in like manner. Dark-blue amorphous flakes. 

o-TOLYL-THIOCARBIMIDE C 8 H 7 NS i.e. 
[l:2]C fl L. ,Me.N :CS. (289°). Formed from di-o- 
tolyl-thio-urea by distilling with P 2 0 4 (Staats, 
B. 13, 136), by heating with aqueous H,P0 4 
(Hofmann, B. 16, 986 ; Mainzer, B . 16, 2017), 
or by boiling with fuming HClAq (Girard, B. 6, 
446). Oil. 

Reactions . — 1. Chlorine torme C 7 H 7 .NC1.CSC1 
(218°), which is converted by alcohol into a 
mixture of di-o-tolyl-urea and o-tolyl-carbamio 
ether (Lachmann, B. 12, 1349). — 2. Ghloro-acetic 

acid and aloohol at 150° form C,H 7 .N:0 <q^q 2 

crystallising in needles [120°], decomposed by 
boiling baryta-water into o-toluidine, C0 2 , and 
thioglycollic acid (Vdltzkoff, B. 13, 1680). — 
3. PhOMe and A1C1, on warming form 
C 7 H 7 N H. CS. C„H 4 OMe [95°] (Tust a. Gattermann, 
B. 26, 3628). PhOEt and A1C1 S give C J8 H 17 NSO 
[116°]. 

w-Tolyl-thiocarbimide C 7 H 7 .N:CS. (244°) 
at 732 mm. Formed by boiling di-w-tolyl-urea 
with cone. HClAq (Weith a. Landolt, B. 8, 719). 
Heavy oil. Converted by copper-powder at 220° 
into m-toluio nitrile. 

p-Tolyl-thiocarbimide [1:4] C 8 H 4 Me.N:CS. 
[26°]. (237°). Formed by heating di-jp-tolyl- 
thio-urea with P 2 0 5 or aqueous H 3 P0 4 of S.G. 
1-7 (Hofmann, B. 1, 173 ; 16, 986 ; Staats, B. 
13, 135). Formed also, together with phenyl- 
thiocarbimide, by heating PhN:C:NC 7 H 7 with 
CS 2 at 190° (Huhn, B. 19, 2409). Needles (from 
ether), v. sol. alcohol. 

Reactions.— X. Ammonia forms tolyl -thio- 
urea, and other bases act in like manner.— 
2. Bromine forms G^NBr.CSBr, which readily 
gives off Br, leaving (C 7 H 7 NCS) 2 Br 2 crystallising 
in plates decomposing at 210° (Helmers, B . 20, 
790).— 2. Chlorine forms (C^NCS^Ol*, whence 
dilute alcohol gives (C 7 H 7 NCS) 2 0 [139°] crystal- 
lising in needles.— 3. CHgCl.CO^ and alcohol 

at 160° form 0,H 7 N:C<q^q s [162°] (Y6ltz- 

koff, B . 13, 1679). — 4. Warmed with toluene and 
A1C1, it gives C 7 H 7 NH.CS.C 7 H 7 [166°].— 
6. Heated with AlCl a it yields (C^N.CS).^ 
[176°] (Friedmann a. Gattermann, B. 26, 3525). 
6. CfHgOMe and AlC^ react, with formation of 
C 7 H 7 NH.CS.C f H 4 .OMe [157°].— 7. C g H s OEt and 
A1C1, give • G,*H 17 NOS [151°], which may be 
oxidised to C,.H l6 NOS [170°]. 

DI-p-TOLYL DI-THIO-CARBONATE 
CO(SC 4 H 4 Me) r [91°]. Formed from p-tolyl 
mercaptan and COCl^ It is also a by-product 


in the action of jp-diazo-toluane chloride on 
potassium xanthate (Leuokart, J. pr. [2] 41, 
190). Needles (from aloohol). 

TBI-TOLYL TBI-THIOCY ANURATE 


(C 8 H 4 Me.SCy) s . [114°]. Formed from sodium 
i?- tolyl mercaptan and cyanurio ohloride 
(Klason, J . pr. [2] 83, 120). Crystals (from 
HO Ac). 

o-T0LYL-THI0HYDANT0fN C # H 10 NSO U 

CS <NH!c&, e) > C0, f 136 °J- Formed from 

o-tolyl-thiocarbimide and amido-acetio acid 
(Marckwald, B. 24, 3281). Plates, v. sol. alcohol, 
si. sol. ligroin. 

jp-Tolyl-thiohydantoln [210°] (M.). Formed 
as above (M. ; cf. Aschan, B. 17, 426). Flat 
prisms, sol. alkalis. 

Isomeride [183°]. Formed by fusing 
CH2C1.C0.NHC 7 H 7 with thio-urea (P. Meyer, B. 
10, 1966). Small crystals. 

jo-Tolyl-^-thiohydantoio aoid 
0 7 H 7 N:C(NHJ.S.CH 2 .C0 2 H. [176° - 182°]. 

Formed by boiling chloro-acetio acid with 
ammonium sulphocyanide, p-toluidine, and 
alcohol (Jager, J. pr. [2] 16, 21). Prisms, not 
attacked by Ac 2 0 and Br. 


DI-p-TOLYL-THIOPHENE 

QH:C(C u H 4 MeV 


CH : C(C fl H 4 Me' 


3 > s - 


[171°]. 


Formed by 


heating di-p-tolyl-furfurane with P 2 S ft (Holle- 
mann, R. T. C. 6, 74). Small plates (from 
aloohol). Gives an intense dark -green colour 
with isatin and H 2 S0 4 . 


o-TOLYL-THIO-UREA NH 2 .CS.NH0 8 H 4 Me. 
[155°]. Formed from o-tolyl thiocarbimide and 
NH a Aq (Staats, B. 13, 136). V. sol. hot water 
and alcohol, si. sol. ether. 

Acetyl derivative NHAo.CS.NHCaHjMe. 
[184°]. Formed from acetyl thiocarbimide and o- 
toluidine in alcohol (Dixon, C. J. 55, 304). Pale 
lemon-yellow prisms, insol. water, sol. alcohol. 
Benzoyl derivative 

NHBz.CS.NHC a H 4 Me. [119°]. Formed in like 
manner (Dixon, O. J. 66, 623). Pale-yellow 
prisms, blackened by AgNO r 

Di-o-tolyl-thio-urea CS(NH.C 8 H 4 Me) 2 . [158°]. 
Formed from o-toluidine and CS 2 (Girard, B. 
4, 985; Berger, B. 12, 1864; Ador a. Billiet, 

B. 12, 2301). Long needles, v. sol. hot alcohol. 
Converted by heating with Mel into the hydro- 
iodide of di-tolyl-methyl-thiourea C,„H 1# N 2 S, 
which may be represented as ‘methyl di-o-tolyl- 
imido- thiocarbamate ’ C 7 H 7 N:C(SMe).NHC 7 H 7 . 
This body melts at 60°, while the corresponding 
ethyl derivative melts at 51°. The ethylene de- 
rivative [91°] may be represented by the formula 

C, H,N:C<g (Will a. Bielschowski, 

B. 15, 1316). The isomeric compound 

ri:21C,H,Me.N:C< , gt^P. Me[ 1: 4]N > p 20] ig 

got by boiling the methylo-iodide of the ethylene 
derivative of jp-tolyl-di-thio-carbamic acid with 
o-toluidine. 

m-Tolyl-thio-urea NHC 7 H,.CS.NH a . [103°]. 
Formed from m- tolyl thiooarbimide and am- 
monia (Weith a. Landolt, B. 8, 719). Prisms, 
m. soL not water, v. soL alcohol and ether. 

Di-m-tolyl-thio-urea CSfNHCyH,)*. [122®]. 
Formed from m-toluidine, CS a , and alcohol (W. 
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a. L.). Needles, v. sol. alcohol, nearly insol. hot 
water. 

p-Tolyl-thio-urea NHC 7 H 7 .CS.NH 2 . [188°]. 
(0. a. W.) ; [182°] (S.). Formed by heating p- 
toluidine hydrochloride with ammonium sul- 
phocyanide (De Clermont a. Wehrlin, C. R. 83, 
847). Formed also from p-tolyl-thiocarbimide 
ammonia (Staats, B. 18, 136). Plates (from 
alcohol) with bitter taste, si. soL cold water, m. 
sol. alcohol. 

Acetyl derivative NHC 7 H 7 .CS.NHAc. 
[176°]. Formed from acetyl sulphocyanide and 
p-toluidine (Miguel, Bl. [2] 28, 103). Needles, 
v. e. boI. hot alcohol, v. sol. ether. 

Di-p-tolyl-thio-urea CS(NHC 6 H 4 Me) 2 . [176°]. 
Formed by boiling p-toluidine with CS 2 and 
alcohol (Sell, A. 126, 160). It is also a product 
of the action of allyl-thiocarbimide on an 
alcoholic solution of p-toluidine (Maly, Z. [2] 6, 
268). Trimetric prisms (Levin, J. 1882, 884), in- 
sol. water, nearly insol. cold alcohol. In 
alcoholic solution it is converted by HgO into 
di-p-tolyl-urea. In benzene solution COCLj forms 
C J6 H 14 N 2 SO [116°] (Will, B. 14, 1487). CSC1* 
forms C 18 H 14 N 2 S 2 [109°] (Freund a. Wolf, B. 26, 
1466). Mel forms C 7 H 7 N:C(NH0 7 H 7 ).SMe 
[128°], crystallising in needles, split up by heat 
into C(NC 7 H 7 ) 2 [60°] and HSMe, converted 
by heating with acids or alkalis into di-o-tolyl- 
urea and MeSH, and forming the salts B'HCl 
[173°] and B'H 2 S0 4 [166°]. EtI forms the corre- 
sponding C 17 H 20 N 2 S [87°], while ethylene bromide 

gives [112°], which yields 

B'R 2 S0 4 [191°] and a" hydrochloride [219°] (Will 
a. Bielsohowski, B. 14, 1492 ; 16, 1309). 

References . — Nitro- and Oxy- tolyl-thio- 
urea. 


p-TOLYL - TOLTTTRIAZINE DIHYDRIDE 

0 H N ie CH :OH.C.N.QH 2 a 0 

v l5 n. lh ix 3 i.e. CMe:CH.C.N.NC 6 H 4 Me ’ 11/8 J * 

Formed by heating o-amido-azo-toluene with 
formic paraldehyde and alcohol at 140° (Gold- 
schmidt a. Poltzer, B. 24, 1008). Prisms, v. 
sol. hot alcohol.— B'HCl. [220°].— B'jftPtCl.. 
[216°]. Yellow crystalline pp. 

o-TOLYL-URAZOLE C # H 0 N 8 O 2 i.e. 

°’ H ’ N <caNH- 


[170°]. Got by heating o- 


tolyl-hydrazine hydrochloride with urea (Pinner, 
B. 21, 1219). White leaflets, v. sol. hot water. 

p-Tolyl-urazole. [274°]. Yellowish needles, 
v. si. sol. hot water. 

o-TOLYL-TJREA G 8 H 10 N 2 O i.e. 
NH 2 .CO.NH.C a H 4 Me [1:2]. [186°]. Formed from 
o-toluidine hydrochloride and potassium cyanate 
(Cosack, B. 13, 1089). Plates, sol. alcohol, ether, 
and hot water. 

Benzoyl derivative CO(NHBz).NHC 7 H 7 . 
[210°]. Formed from o-tolyl cyanate and benz- 
amide at 126° (Gattermann a. Cantzler, B . 26, 
1088). Needles. 

m-Tolyl-urea NH 2 .OO.NHO a H 4 Me [1:3]. 

[142°]. Formed from m-toluidine hydrochloride 
and potassium cyanate (Cosack, B. 12, 1460 ; 
18, 1089). Needles or tables (from alcohol) or 
plates (from water). 

p-Tolyl-urea NH,.CO.NHC 8 H 4 Me [1:4]. 

[172°] (O.); [180°] (St.; P.). Formed in like 
manner (C.; cf. Sell, C. J. 16, 190). Formed 
also by the action of p-toluidine on mercuric 


fulminate (Steiner, B. 8, 619), and also from p* 
toluamidoxim, benzene sulphonio aoid, NaOH, 
and CHClj (Pinnow, B. 24, 4167). Needles, 
sol. hot water, v. si. sol. ligroin. 

Di-o- tolyl- urea COfNH^H,),. [246°] (B.); 
[264°] (W.) ; [266°] (Barr, B. 19, 1769). 

Formation . — 1. By the aotion of alcohol or 
water at 100° on the diohloride of o-toluio 
nitrile (Lachmann, B. 12, 1349).— 2. From o- 
toluidine hydroohloride and cyanamide (Berger, 
B. 12, 1869). — 3. From tolyl cyanate and water 
(Nevile a. Winther, B. 12, 2325). — 4. From o- 
toluidine and COOL* (Girard, B. 6, 444).— 6. By 
heating o-toluidine with urea (G.).— 6. A pro- 
duct of the distillation of o-tolyl-amido -acetic 
acid (Widman, J. pr. [2] 38, 803). — 7. By the 
action of Ac 2 0 and benzene on the o-toluide of 
o-tolyl-imido-diacetic acid (Bischoff, B. 23, 
1995). 

Properties. — Needles (from HO Ac), insol. 
ether, si. sol. alcohol. Not volatile with Bteam. 

Di-m-tolyl-urea CO(NH.C e H 4 Me) 2 . [203°] 
(G. a. C.) ; [217°] (O.). Formed from m-tolyl 
cyanate and m-toluidine (Gattermann a. Cantz- 
ler, 25, 1089), by the action of ClC0 2 Et on m- 
toluidine, by heating m-tolyl-carbaraio ether 
with water, and by heating ra-tolyl-urea with 
w-toluidine at 160° (Cosack, B. 12, 1450; 13, 
1090). Needles (from alcohol), insol. water. 

Di-p-tolyl-urea CO(NH.C ti H 4 Me) 2 . [255°]. 

Formation . — 1. By boiling an alcoholic so- 
lution of di-p-tolyl-thio-urea with HgO as long 
as HgS is formed (Sell, C. J . 16, 190 ; A. 126, 
161).— 2. By passing COCl 2 into p-toluidine dis- 
solved in chloroform (Michler, B. 9, 710 ; Kuhn, 
a. Henschel, B. 21, 605).— 3. By heating tolyl- 
urea with p-toluidine at 160° (Weith, B. 9, 821). 
4. From p-tolyl -cyanate and p-toluidine (Gat- 
termann a. Cantzler, B. 25, 1089). 

Properties. — Needles, insol. water, si. sol. cold 
alcohol. 

Tri-p-tolyl-urea C 22 H 22 N 2 0. [189°]. Got from 
(C 7 H 7 ) 2 N.C0C1 and p-toluidine (Hammerich, 
B. 25, 1822). Needles, sol. warm benzene, in- 
sol. ether. Gives a benzoyl derivative [137°]. 

Tetra-p-tolyl-urea C^N.O. [80°]. Got 
from (C 7 H 7 ) 2 N.C0C1 and di-p-tolyl-amine. 
Needles, v. e. sol. alcohol. 

References.— Amido-, Nitro-, and Oxy- 
tolyl-urea. 

TOLYL-XYLIDINE C 16 H 17 N i.e. 
C a H 4 Me.NH.C 8 H 3 Me 2 . [70°]. (o. 800° at 487 
mm.). Silky needles (from alcohol) (Girard a. 
Vogt, Bl. [2] 18, 69). 

o- TOLYL w-XYLYL KETONE C I6 H J6 0 i.e. 
[1:2] C a H 4 Me.CO.C 6 H g Me a [1:2:3]. (330°) at 

728 mm. Formed from o-toluio ohloride and 
m-xylene (Smith, B. 24, 4050). Oil. Converted 
by hydroxylamine at 120° into a mixture of 
anilides. 

TONKA BEANS, the fruit of Dipterix ado* 
rata , contains coumarin ( q . v.) (Boullay a. Bou- 
tron-Oharlard, J. Ph. 11, 426 ; [3] 7, 160). 

TBAGACANTH GUM. Exudes from Astra- 
galus verus , a tree growing in Armenia and the 
north of Persia. It swells up in water, about 
one-half of it dissolving. It contains arabin, 
bassorin, starch, and water. 

THAN SPIR ATION. Graham, in 1846 and 
1849, applied the term * transpiration * to the pas- 
sage of gases through capillary tubes into a 
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vacuum (v. T. 1646. 578 ; 1849. 849). The rates 
of transpiration of different gases bear oonstant 
relations to each other; but these rates have 
not been connected in any definite ways with 
the compositions of the gases. M. M. P. M. 

TREE GUM v . Xylan. 

TREHALOSE v% Sugar. 

TREHALTTM 0 24 H 4 ,0 21 . S. -06 at 17° ; 1*8 
at 100°. [a] D = + 179°. Occurs in Trehala 
marma (Scheibler a. Mittelmeier, B. 26, 1331). 
Tasteless, minute prisms. Very hygroscopic. 
Does not reduce Fehling’s solution. Does not 
react with phenyl-hydrazine. Boiling dilute 
H 2 S0 4 forms glucose. At 180° it slowly forms 
trehalin, which is v. sol. water and ppd. by alco- 
hol. Trehalin dissolves in phonyl-hydrazine. 
Iodine colours trehalum and trehalin violet. 
Diastase, yeast, and invertin have no action. 
Ac 2 0 and NaOAo yield an acetyl derivative 
[above 240°]. 

TRI-. In the alphabetical arrangement of 
this dictionary the prefix ‘tri,’ when indicating the 
presence of three radicles, is treated as if it did 
not form part of a name, except where the en- 
tire name is numerical, as in * tridecane.’ 

TRIANOSPERMIN. A crystalline substance 
occurring in Trianosperma ficifolia , a climbing 
plant of Brazil (Peckholt, Ar. Ph . [2] 113, 104 ; 
Parodi, Ph . [3] 10, 667). It has a pungent 
taste, is alkaline in reaction, sol. water, alcohol, 
and ether, and is ppd. byPb(OAc) 2 and PtCl 4 . 

TKIAZOLE Pyrrodiazole. 

[120-6°]. (260°). V.D. 2-39 (calo. 2-49). Formed 
by heating its carboxylic acid alone or with 
boiling water (Andreocoi, B. 25, 229 ; Bladin, B. 
25, 745). Needles (from ether), v. sol. water and 
alcohol, may be sublimed. The di-oxy- deriva- 
tives of alkyl-triazoles N j Nil* named by 

Pinner ‘urazoles,’ are obtained by heating 
hydrazines with urea (Pinner, B. 20, 2358). 

TRIAZOLE CARBOXYLIC ACID 

KcfcO^NH' E 137 °]- Obtained by oxi- 
dising methyl-triazole (Andreocci, B, 25, 229) or 
amido-phenyl-triazole carboxylic acid and alka- 
line KMn0 4 (Bladin, B. 25, 744). Amorphous 
powder. — CuA' 2 aq. Green crystalline powder. 

TRICARBALLYLIC ACID v. vol. i. p. 679. 

TRICOSANE v. Tri-igosane. 

TRIDECANE O ia H». [-6°]. (234°). S.G. 
J *771 ; V *761. Formed by reduction of methyl 
dodeoyl ketone or of tridecoio acid by HI and P 
(Krafft, B. 15, 1699). Formed also by distilling 
barium myristate with NaOMe (Mai, B. 22, 
2134). 

TRIDECOIC ACID C l2 H M .C0 2 H. [41°]. (236° 
at 100 mm.). Formed by oxidation of methyl 
tridecyl ketone (Krafft, B. 12, 1669). Crystals. 
— AgA'. 

Amide G, 2 H 25 .GO.NH 2 . [98*5°]. Formed 

by digesting the nitrile with cone. H 2 S0 4 and 
pouring into water (Lutz, B. 19, 1439). Plates 
(from alcohol). 

Nitrile C^IL^CN. (275°). Formed from 
tridecylaminet Br, and NaOH. Oil, v. sol. 
alcohol and ether. 

TRIDECYL ALCOHOL (C fl H 13 ) 2 CH.OH. [42°]. 
Formed by reducing di-hexyl ketone (Kipping, 
C. J. 57, 536). Plates (from dilute alcohol), 


insol. water. May be distilled. HBr forms 
(C fl H ls ) 2 CHBr [39°]. 

TRIDECYLAMINE O i 8 H2 7 NH2. [87°]. (265°). 
Formed by boiling myristyl-tridecyl-urea with 
KOHAq (Lutz, B. 19, 1487). Unctuous mass, 
v. sol. alcohol and ether. Absorbs water and 
C0 2 from the air.— B'HCl: needles, decomposing 
at 100°. — B'jELjPtClg. — B' 2 H 2 S 0 4 • needles, insol. 
cold water. 


TRIDECYLENE G 18 H 2a . (233° cor.). S.G. 

*8445. Ocours in petroleum from Burmah 
(Warren a. Storer, Z. 1868, 232). 

TRIDECYL-UREA. Myristyl derivative 
C 28 H m N 2 02 i.e. C ls H 27 NH.00.NHC n H 27 0. [103°]. 
Formed by the aotion of Br and KOHAq on the 
amide of myristio acid (Reimer a. Will, B. 18, 
2016). Crystals (from aloohol), almost insol. 
cold water, sol. ether. 

TRIGENIC ACID v. Ethylidene-biuret. 

TRIGONELLIN C 7 H 7 N02 i.e. 
a,CH — C c- CO 

CH<f >CH | • Occurs in the seeds of 

X)H:NMe/ O 

Trigomlla Faenum-gr cecum (Jahns, B. 18, 2518 ; 
20, 2840). It is also produced by saponification 
of the product of the reaction of Mel on potas- 
sium pyridine (£)-carboxylate (Hantzsch, B. 19, 
31). Colourless prisms (oontaimng aq), converted 
by HClAq at 265° into pyridine (0)-oarboxylio 
acid (q. v. t Reaction 4). — B'HCl. — B' 2 H 2 PtCl 6 . — 
B'HAuOl, [198°].— B' 4 3 HAuC 1 4 . [186°]. Slender 
Udodlss* 

w-TRI-ICOSANE C 23 H 48 . [48]. (234°atl5mm.). 
S.G. 4 t 8 *7785 ; Y *7570. Formed from laurone 
(CnH^CO by treatment with PC1 5 and reduction 
of the resulting (C n H 2 3 ) 2 CCl 2 with HI and P at 
240° (Krafft, B, 15, 1712). Obtained also by 
fractional distillation of paraffin oil from brown 
coal (Krafft, B. 21, 2263). Glittering plates 
(from ether-alcohol), si. sol. alcohol. 

TRI-ICOSANE DICARBOXYLIC ACID 
C 28 H 4a (C0 2 H) 2 . [102*5°]. Formed by heating 

di-oxy-penta-icosylene with soda-lime (Starcke, 
A. 223, 300). Flocoulent pp. (from ligroin-ether). 
— PbA". 

TRI-ICOSYL ALCOHOL (O n H 28 ) 2 CH.OH. 
[76°]. Formed by reduoing laurone witn Na and 
water (Kipping, C. J . 57, 983). Plates (from 
ether), insol. water. Yields an aoetyl derivative 
(O n H 23 ) 2 CH.OH [35°]. 

TRI-ICOSYL ALCOHOL 02*H 4r .0H. [82°]. A 
wax-like body extracted by hot alcohol from 
flax fibres (Cross a. Bevan, C. N 59, 135). Yields 
an acetyl derivative [65°]. 

TRIMELLITIC ACID v. vol. iii. p. 201. 

TRIME3IC ACID v. vol. iii. p. 230. 

TRIMESITIC ACID v . Pyridine tricarb- 
oxylic ACID. 

TRIMETHYLENE v . vol. iii. p. 904. 

TRITICIN CjjH^Ojj. [a] D ss — 43*6° (Reide- 
meister, J. Th. 1881, 69). Extracted by dilute 
alcohol irom the root of couch-grass (Tritimm 
repens) (H. Muller, Ar, Ph . [3] 2, 500 ; 8, 1). 
Tasteless hygroscopic powder, v. sol. water, insox. 
alcohol and ether. Lavorotatory. On boiling 
with water, especially in presence of acids, it 
changes into lasvulose. Its solutions are not 
ppd. by metallic salts, nor coloured by iodine. 

TROFASOLINES v, Azo- compounds. 

TROPElNEI. A name given by Ladenbuxg 
to alkoyl derivatives of tropine (g. v.). 
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TROPIC ACID 0. OXY-PHEN TL-PROFIONIC 
JLCZD. 

TROPIDINE v . Methyd-ethylene pyridine 

TBTXAHYDRIDE. 

(a) - Me i hyl- tropidine CJI 1S N i.e. 
CH,:CH.CH:CH.CH:CH.CH 2 .NMe 2 (Ladenburg) 

orOH<^|;^j^>CH.CH 2 .NMe J (Merling). 

Formed by distilling tropidine methylo-hydroxide 
with water (Roth, B . 17, 157 ; Merling, B . 24, 
8118). Oil. HClAq forms ‘ hydrochloro-(o)- 
methyl- tropidine 1 which gradually changes into 
the isomeric tropidine methylo-chloride. — 
JB'ftPtCl*. [174 °]. — B'HAuC 1 4 : golden-yellow pp. 
Methylo-iodide B'Mel. [162°]. Needles. 
(j8)-Methyl-tropidine C a H lfl N. (205°). S.G. 
A* *922. Formed by heating (a)-methyl-tropidine 
at 150°-200°. Oil. Converted by HCl into 
tropilene. 

TROPIGENIN C 7 H„NO. [161°]. Got by 
oxidation of tropine by alkaline KMn0 4 (Merling, 
B. 15, 287). Got also by boiling 1 homohydro- 
apotropine’ with baryta-water (Pesci, G.12, 329). 
Needles, sol. water and alcohol. Reconverted by 
Mel into tropine. Oxidised by chromic acid 
mixture to ecgonic acid and a small quantity of 
tropio acid (Liebermann, B. 24, 615). — B'HI. — 
B' 2 C0 2 : crystalline pp. — B'.^RjPtClg aq. — 
B'HAuG 1 4 : golden-yellow plates, sol. alcohol. 
TROPILENE C 7 H 10 O i.e. 

OH *<oi:C^> CH OH °P) ( Merlin 8) (182°) 

Oi.); (187°) (M.). S.G. * 1-0091. V.D. 102-3 
(calc. 110). Formed by distilling tropidine 
methylo-iodide with KOH (Ladenburg, B. 14, 
2403 ; 15, 1028 ; A. 217, 138). Formed also from 
(0) -methyl-tropidine and cold HClAq (Merling, 
JB. 24, 3123). Oil, smelling like oil of bitter 
almonds ana acetone, sol. dilute HClAq, v. sol. 
alcohol and ether. Reduces warm ammoniacal 
AgNO s , forming a mirror. Reduces Fehling’s 
solution and KMn0 4 in the cold. Not attacked 
by AoCl. Combines with NaHSO, (M.). Nitric 
aoid forms an adipic acid GgH 10 O 4 . Slowly 
combines with methylamine, forming (j8)-methyl- 
tropine. 

TROPILIDENE Cft i.e. 

0H< ^ch!ch ! > C:CH s - s g - i * 9129 - 

Formed by distilling methyl-tropine methylo- 
iodide with KOH (Ladenburg, A. 217, 133 ; B. 
14, 2403; 26, 1067). Formed also, together 
with methylamine, by distilling tropine with 
soda-lime. Oil, smelling somewhat like toluene, 
but combining readily with bromine, forming 
G 7 H„Br 2 . Gives no pp. with ammoniacal Cu 2 Cl 2 . 
Oxidised by CrO, to benzoic aldehyde and acid 
(Merling, B. 24, 3122). 

TROPINE C a H Ift NO ue. 

^Se CW0 VadenW g)M 

mrcI >° A0H NMt ( MerUn «)- Meth v l -oxy- 
eihyl-pyridvne tetrahydride. [6 a 0 ] (229°). 
Formed, together with tropio acid, by hydro- 
lysis of atropine or hyoscyamine by baryta or 
HClAq (Kraut, A. 128, 281 ; 183, 87 ; Laden- 
burg, A. 206, 292 ; 217, 115; B. 18,608; 20, 
1658 ; 23, 1780 ; 26, 1067). Hygroscopic tables 
(from ether), v. e. sol. water and alcohoL Does 
not absorb C0 2 from the air. Its aqueous solu- 


tion ppts. metallic oxides from their salts. Not 
attacked by nitrous acid. Not volatile with 
steam. According to Eykman (B. 26, 1400} the 
refractive index agrees best with Merling’* 
formula. 

Reactions. — 1. Decomposed by distilling with 
soda-lime into tropilidene, methylamine, and 
H a O. — 2. Loses H*0, being converted into tropi- 
dine by heating with fuming HC1 and HOAc at 
180° or by heating with H 2 S0 4 (1 pt.) and water 
(1^ pts.) at 230°. — 8. Cone. HIAq and red P at 
150° form tropidine and tropidine periodide, but 
at 140° they form ‘tropine iodide * C^H^NI* 
which crystallises from water in prisms [115°J, 
whence silver chloride followed by PtCl 4 give 
(C M H l7 NICl)gPtGl 4 crystallising in red octahedra. 
By treatment with Ag 2 0 followed by HOI and 
PtCl 4 very soluble (C„H 17 NCl 2 )PtCl 4 is got. — 4. 
Alkaline KMn0 4 formB tropigenin anu, finally, 
oxalic acid and NH 3 (Merling, A. 216, 841). — 5. 
CrO s forms tropinic acid C e H„N(C0 2 H) 2 . — 6. 
Aqueous HOC1 yields prisms [111°], whence 
alcohol produces C„H 5 NC1 4 .CH.0H [108°], whioh 
forms a hydrochloride [162°] crystallising in 
plates (Einhorn a. Fischer, B. 25, 1391). 

S a 1 1 b . — B'HCl. -B'^H^PtClg. Orange-red 
monoclinic crystals. [200°] (Schmidt, A. 208, 
214). — B'HAuCl 4 . [212°]. — B'HClOHgCLj. [246°] 
(Ladenburg, B. 24, 1631).— B'C^NA. 

Nitroxyl derivative C 8 H )4 (0N0 2 )N. 
Nitro-bropeXn. Formed by warming tropine (2 g.) 
with HNO s (12 g. of S.G. 1*25) at 100° (Laden- 
burg, B. 15, 1025). Alkaline liquid, sol. water, 
alcohol, and ether. Yields KNO a on boiling with 
KOH. — B'aByPtCIg. Needles. — B'HI. Prisms. 

Benzoyl derivative C 8 H, 4 (OBz)N. 
Benzoyl-tropeXne. Formed by heating tropine 
hydrochloride with benzoic acid and dilute HCl 
(Ladenburg, B. 13, 1083 ; A. 217, 96). Crystallises 
asC l5 H 19 N0 2 2aq[58°], C 15 H, e N0 2 Jaq[37°], or an- 
hydrous [42°]. SI. sol. water, v. sol. alcohol and 
ether. — B'HNOg. — B'jRjPtOl,, 2aq. — B'C a H s N 8 0 T . 

o-Oxy ‘benzoyl derivative 
C 8 H, 4 (0.C0.C p H 4 .0H)N. Salicyl-trope'ine. 

Formed in like manner, using salicylic acid 
(Gaebe a. Caro, B. 13, 106; L.). * Silky plates. 
Feeble poison, *025 g. killing a frog in a few 
hours. Has no apparent effect on the pupil. — 
B'HCl.— B'HJPtCl*. — B'HA uC 1 4 : yellow plates. 

m-Oxy-benzoyl derivative C, 5 H,„N0 8 . 
[226°]. Small plates, v. si. sol. water. Acts 
slightly on the pupil of the eye. — B'HCl. — 
B 12 H 2 S0 4 4aq. — B' 2 H 2 PtCl a : orange plates. 

p-Oxy-benzoyl derivative C lft H 19 NO r 
[227°]. Trimetrio plates (containing 2aq). — 
B'HNOj,.— B'jfHJPtCla 2aq. Orange plates. 

Phenyl-acetyl derivative C ]8 H 2l NO f 
i.e. C„H, 4 N(O.CO.CHjPh). PhenylacettropeXne. 
Aromatio oil.— B'HBr. — B'jH^PtCl*. — B'HA uC 1 4 . 
— B'jjH 2 S0 4 . Soluble tables. 

Mandelyl derivative C^H^NO, i.e . 
C 8 H u N(O.CO.CHPh.OH). Homatropine. Formed 
by heating tropine with mandelic acid, HCl 
(1 pt.), and water (40 pts.), the yield being 60 p.c. 
of the theoretical amount (Ladenburg, O. B . 90, 
921 ; A . 217, 82). Deliquescent prisms (from 
ether), sL sol. water. A solution 1 of its hydro* 
chloride is ppd. by potassio-mercurio iodide, but 
not by tannin. It enlarges the pupil of the eye 
almost as energetically as atropine, but the en- 
largement passes off much more rapidly (Ydlkers, 
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A. 2 17, 86 ; Berthe&u, Berl. Klin, Wochenschrift, 
1680, No. 41 ; Tweedy a. Ringer, Lancet , 1880, 
No. 21).— B'HBr, Trimetrio crystals; a:b:o 
- *414:1: *472.— B , 0 e H s N 8 0 7 . Yellow plates.— 
B'HAuCl,.— B'^SO,. Needles. 

Oinnamoyl derivative C^H^NOj. [70°]. 
Small plates (from dilute alcohol). Gives pps. 
with tannin, picric acid,potassio-merouTic iodide, 
and 1 in KI. Strong poison, *08 g. killing a frog 
in three minutes. Has little action on the pupil. 
— B'HOl.— B'aH^PtCl,.— B'HAuCl,. Needles. 

Atropyl derivative CyE^NC^. Atrop - 
tropeine. Oil. — B'HAuCl*. Small needles. 

Atrolactyl derivative C^H^NO* 
Pseudo-atropine . [120°]. Formed from atro- 
lactic acid, tropine, and dilate HOI (1:400) by 
repeated evaporation (Ladenburg, A. 217, 87). 
Needles (?~om water). Resembles atropine in 
physiological action, two drops of a 1 p c. solu- 
tion expanding the pupil and paralysing accom- 
modation for a week. — B'HAuCl,. [114°]. 

Phthalyl derivative 0 24 H 22 N 2 0 4 . [70°]. 
Formed, in very small quantity, by evaporating 
phthalic aoid with tropine and dilute HC1. 
Mass of silky needles.— B'HjjPtCl*. 

Methylo-iodide O g H, 5 NOMeI. Small 
crystals, nearly insol. alcohol. Yields B'MeOH 
and B'jjMe^PtC^ (Merling, B. 14, 1829 ; Laden- 
burg, A, 217, 131). 

Ethylo-iodideB'RtI . Crystalline. Yields 
B'jEtjPtClg, a yellow crystalline powder. 

(a)-Methyl-tropine C g H 14 MeNO. (248°). 
Formed by distilling tropine methylo-iodide. 
Liquid, v. sol. water and alcohol. Strongly 
alkaline. Its hydrochloride, distilled with solid 
KOH, yields dimethylamine. — B'HAuCl,. Very 
unstable. 

Methylo-iodide (C g H 14 MeNO)MeI. Deli- 
quescent needles, decomposed by distilling with 
solid KOH into tropilidene and trimethylamine. 
— (OgHjjMeNOJjMeaPtCl,,. Orange crystals. 

(0) -Methyl- tropine C g H J7 NO. (198°-205°). 
Formed by shaking tropilene with an aqueous 
solution of dimethylamine (Ladenburg, B. 14, 
2404). Liquid, split up by gaseous HC1 into 
tropilene and NMegH. — B'HAuCl,. Prisms. 

0y) -Methyl-tropine C*H l7 NO. Formed in 
small quantity by distilling the methylo -hy- 
droxide of (a)-methyl-tropine (Merling, B. 15, 
288). V. si. sol. Aq.— B'^PtCl.. Y. si. sol. Aq. 

Metatropine OgH 15 NO. (238°). Formed by 
shaking tropine iodide with water and Ag 2 0. 
Not solid at -30°.— B'HOl: tables. 

Hydrotropidine C 8 H 15 N. (168°). S.G.fl-937; 
1* *926. Formed by reducing tropine iodide 
OftHuNIa with zinc-dust and HClAq (Ladenburg, 

B. 16, 1408). Liquid, m. sol. water.— B'HOl : 
deliquescent crystals.— B'aH 2 PtGl g . Tables. 

Norhydrotropidine C 7 H„N. [60°]. (161°). 

Formed by distilling hydrotropidine hydro- 
chloride in a current of HOI (Ladenburg, B. 
20, 1649). Crystalline.— B'HOl. [281°].— 
B'jH^PtClg. — B'HHgCl*. — B'C g H t N g 0 7 . Needles. 

Nitrosamine 0 7 H 12 N a O. [117®]. Cubes. 

Faratropine O^uNO. (202°). Formed 
from hydrotropine ana K t FeCy ft (Ladenburg, B. 
24, 1626). — B'jfBLjPtOlg. [197°].-B'HAuCl,. 

[182°]. — B'HC16Hg01 r [225°]. Y. sol. water. 

^-Tropine OjH^NO. [108°]. (242°). Formed, 
together with tropic acid, by warming hyoscine 
with baryta-water (Ladenburg, B. 13, 1551 ; 17, 


151 ; Liebermann, 24, 2587). Formed also by 
dissolving its benzoyl derivative in hot cone. 
HClAq (Hesse, A . 271, 210). Hygroscopic prisms 
(from chloroform), v. e. sol. water. Yields tro- 
pinic and eegonio acids on oxidation. — B'^B^SO,. 
Hygroscopic crystals. — B'HAuC 1 4 . [198°] 
(Ladenburg); [202°] (H.); [225°] (Lieber- 

mann). — B'gHjPtClg 4aq. [206°, anhydrous]. 
Trimetric prisms ; a:b:c ~ *702:1: *879. 

Methylo-iodide B'Mel. [270°]. Rhom- 
bohedra. Yields B'MeCl and B'jMe^PtOl.. 
[216°] crystallising from water. 

Benzoyl derivative 0 1& H 1!t N02. [48°]* 
Occurs in the leaves of Java coca (Liebermann, 
B. 24, 2336 ; Hesse, A . 271, 208). Colourless 
plates (from ether). — B'HOl. [270°]- — 
B' 2 H JPtCi tf . Pale-yellow needles. — B'Mel. — 
B'MeCl.— B'MeAuCl,.—B'Me 2 PtCl 6 2aq. 

Mandelyl derivative * 
0 8 H 14 N0(C0.CH(0H).0 g H ? ). ty-Homatropine. 
Formed by heating ^-tropine with mandelic an- 
hydride at 200° (Liebermann a. Limpaoh, B. 25, 
931).— B'HOl.— B'^PtCl*.— B'HAuCl,. 

Propyl derivative OgH^NO^^HjOa). 
Isomeride of hyoscine. [88°]. [a] D — 4*9°. 
Nodules, insol. water, sol. alcohol. — B'HOl. 
[183°]. — B' 2 H 2 PtCl g . — B'HAuCl 4 . [135®]. 

Atropyl derivative . [129°]. Formed 

from tropide and ^-tropine at 200°. Crystals, 
sol. water. Split up by HClAq into atropic acid 
and ^-tropine. 

Oxy-tropine carboxylic acid 

hydroeegonine. Formed by oxidising hydro- 
eegonine with KMn0 4 and aqueous Na 2 CO s at 1° 
(Einhorn a. Rassoff, B. 25, 1395). Decomposes 
at 280°. Y. e. sol. water and MeOH, insol. 
EtOH.— B'HOl. [251°].— B'O Hj,N # O r — KA'. 

Methyl ether MeA'. [139°J. Tables, v. 
e. sol. CHClg. Yields B'jH.PtOlg. [210°]. 

Benzoyl derivative of the methyl 
ether C 5 H 7 MeN.CH(0H).CH(0Bz).C0 2 H. 

[108°]. Needles.— B'HNO g . [2 16°]. -B'HOl. 
[203®].— B'HAuCl,. [173°].— B'jftPtOl,. [208°]. 

Di-benzoyl derivative of the methyl 
ether O g H 7 MeN.CH(OBz).CH(OBz).CO a H. 
Needles.— B'HNO s . [190*].— B'HOl. [280®>— 
B'sftPtCl.. [205°]. — B'HAuCl 4 . [208°]. 
Reference. — Oxytbopink. 

TROPINE DIHYDRIDE O g H 17 NO U. 

**«***-. 

Methyloxyethylpyridme hexahydride . (283°). 

Formed from oxy-ethyl-piperidine and KMeSO, 
(Ladenburg, B. 24, 1622). Y. sol. water and 
alcohol. - B'HC15Hg01 a . [214®]. — B'HAuCl,. 
[170®]. Crystals. 

TROPINKJ ACID 0 g H 13 N0 4 . [258°] (L.) ; 

[220°] (M.). A product of oxidation of tropine 
and of ec u onine by chromic aoid mixture (Mer- 
ling, A. 216, 348 ; Liebermann, B. 23, 2519). 
Needles, v. sol. water, si. sol. alcohol, insol. 
benzene. Gives off C0 2 when heated. Forms 


Readily reduced.— 
Golden prisms.— 


salts with acids 
groscopic.— CaA' r — AgA '. 

(HA^PtCl,.— HA'HAuCl 4 . 

HA'HOlaq. 

TROPYLENE v. Tropilene. 

TRUXENE (CAL Formed by heating 
truxone with red P and HIAq (8.G. 1*7) at 180° 
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(Liebermann a. Bergaml, B. 22, 786 ; 23, 317). 
Formed also by heating hydrindone with oono. 
HClAq, and by heating phenyl-propionic acid 
with P*O ft (Hausmann ; Kipping, 0. J. 65, 269). 
NeedleB or plates, melting above 360°, insol. 
CHC1 3 . Oxidised by boiling HOAc and OrO s to 
crystalline 4 tri-benzoylene-benzene,* which is 
not melted at 360°. HNO„ forms (4,2,l)-nitro- 
phthalic acid. 

(a) -TRTJXILLIC ACID 0 18 H 18 0 4 i.e. 

OO^-CH— CHp C h° 2H (y)-Isatropic acid. 

[274°]. Formed, together with (j8)-truxillic acid, 
by the action of boiling HClAq on isatropyloo- 
caine, which is a by-product in the preparation 
of cocaine (Liebermann, B. 21, 2342 ; 22, 124, 
783, 2242). Small needles (from alcohol), sol. 
hot HOAc. Yields cinnamic acid on distillation. 
Nitric acid (S.G. 1*52) forms two di-nitro- deri- 
vatives, [229°] and [290°]. Yields two isomeric 
sulphonio acids. — Na 2 A" lOaq (Drory, B. 22, 
2256). — BaA" 8£aq. Crystalline, v. sol. water. — 
CaA" aq. — Ag^A". Flocculent pp., sol. NH^Aq. 
Methyl ether Me 2 A". [174°]. (c. 300°). 
Ethyl ether EtA". [146°]. H.C.p. 
2,720,900 (Liebermann, B. 25, 92). Yields 
C, 8 H 12 (N O a ) 2Et 2 0 4 [138°] (Homans, B. 24, 2590). 

Isoamyl ether (C a H n ) 2 A". [83°]. Prisms. 
Ac a O at 150° forms (a)-truxillic anhydride, while 
at 170° the product is ( 7 )-truxillic anhydride. 

Di-amide C, 8 H I4 0 2 (NH,) 2 . [265°]. Needles, 
v. si. sol. hot water, si. sol. alcohol (Drory, B. 
22, 2261). 

Di-piperidide C la H, 4 (CO.N C ? H , 0 ) 2 . [259°]. 
Got from the chloride and piperidine (Herstein, 
B. 22, 2264). Crystalline powder, sol. alcohol. 
Mono -pip eridide 

C ltt H 14 (C0 2 H) .CO.N C 5 H, 0 . [250°]. Yields MeA' 
[151°] crystallising from ether in needles. 

Anhydride [191°]. Mol. w. 

1712 (1703 obs. by Raoult’s method). Formed 
by heating the acid with Ac 2 0 and NaOAc at 100°. 
Needles (from benzene-li groin). Gives no fluor- 
esoein. When heated for an hour at 200° it 
changes to ( 7 )-truxillic anhydride. 

(0)-Truxillic acid C 18 H 18 0 4 i.e . 
QHPh.gH.C0 2 H, 9 , 

CHPh.CH.C'0 2 H W 

(ti)-Isatropic acid. [206°]. Formed at the 
same time as the (a)- acid (Liebermann, B. 21, 
2842; 22, 783, 2243; 25, 90; 26, 837). More 
sol. water than the (a)- isomeride. Yields benzil 
on oxidation. Nitric acid (S.G. 1*52) forms a 
di-nitro- derivative [216°] (Homans, B . 24, 2590). 
Forms cinnamic acid on distillation. — Na-jA" 2aq. 
— BaA" 2aq. SI. sol. water.— CaA"3 aq.— Ag 2 A". 

Methyl ether Me *A". [76°]. Mol. w. 309 
(by Raoult’s method) ; calc. 324. H.C.p. 
2,422,900. Monoclinio prisms ; a;6;c — 

•826:1:2 019; 0«89° 22'. 

Ethyl ether ‘Et t A ,t . [47°]. 

Chloride C I8 H M 0 2 Cl g . [96°]. Tabular 
prisms, v. sol. ether (Drory, B. 22, 2260). 

Monopip eridide 0, e H 14 (C0 2 H) .CON C 6 Hi 0 . 
[224°]. Formed from (j8)-truxillic anhydride and 
piperidine (Herstein, B. 22, 2264). Needles, si. 
Bol. cold alcohol. 

Dipiperidine O^H^CO.NCaHj^ [180°]. 
.Formed from the chloride and piperidine. 
Prisms, v. sol. alcohol. 


Phenylimide Q,.H 14 <qJ£>NHi. [180°]. 

Mol. w. 351 (obs.). Got by heating the anhydride 
with aniline. Colourless needles (from alcohol). 
Cold alcoholic potash forms the compound 
C0 2 H.C le H 14 .C0.NHPh [197°]. 

Phenyl hydrazide Ci 8 H 14 <^qq 

[218°]. Formed from the acid, phenyl-hydrazine, 
and HOAc on warming. Crystals (from HOAo). 

Fluorescein 

Formed by heating the acid or its anhydride 
with resorcin at 240°. Amorphous brownish -red 
powder, sol. alkalis forming fluorescent solutions, 
v. sol. alcohol, insol. benzene. 

Anhydride C, 8 H 14 0 3 . [116°]. Mol. w. 

278 calc., 289 obs. by Raoult’s method. Does 
not change to an isomeride when heated. 

( 7 )-Truxillic acid C 18 H 18 0 4 . c-Isatropic acid. 
[228°]. Formed by heating the anhydride of the 
(a) -isomeride with HC1 at 160°. Needles (from 
dilute alcohol), v. si. sol. hot water, v. sol. ether. 
Yields cinnamic acid on distillation. Gives the 
same anhydride as the (a) - isomeride (Ladenburg, 

B. 22, 124). Heated with HClAq 260° it is 
changed to (o)-truxillio acid. HNO a (S.G. 1*52) 
forms a di-nitro- derivative [293°]. 

Salts.— BaA" llaq.— CaA"3Aaq.— 

CaA" 6|aq.— Ag.^A" : crystalline pp. 

Methyl ether Me 8 A". [126°]. Needles. 
Mol. w. *332 (calc. 324). 

Mono-ethyl ether C, 8 H 14 (C0 2 H).C0 2 Et. 
[172°]. Formed, together with the di-ethyl ether, 
by saturating an alcoholic solution of the acid 
with HC1 (Liebermann, B. 22, 2240). Needles, 
yielding AgA'. At 320° it is converted into a 
mixture of (a)-truxillio acid and (a)-truxillio 
ether. 

Di-ethyl ether Et^A". [98°]. Needles, v. 
sol. alcohol (Drory, B. 22, 2260). 

Mono -pip eridide 

C, fi H 14 (CO.N CjH^J.CO-jH. [261°]. Plates (from 
water or dilute alcohol). Yields MeA' [201°J 
and a piperidine salt (CjHjjNJHA' 3aq [218°), 
which crystallises (with 3aq) from aloohol (Her- 
stein, B. 22, 2262). 

Di-piperidide C I8 H H (CO.NC a H l0 ). [248°]. 
Needles, insol. water, sol. aloohol. 

Mono-anilide C, a H, 4 (CO.NHPh) .COjjH. 
[220°]. Formed by heating the acid with aniline 
(Liebermann, B. 26, 838). Needles (from dilute 
alcohol). 

Aniline 0 16 H J4 (C0.NHPh) 2 . [255°]. 
Anhydride C, 8 H, 4 0 8 . Mol. w. 282 (calc. 
278). Gives no fluorescein. 

(5)-Truxillic acid C 18 H 18 0 4 . [174°]. Formed 
by fusing (£)-truxillic acid with potash. Needles 
(from water), v. sol. alcohol (Liebermann, B. 22, 
2250; Hesse, A. 271, 205). Yields a di-nitro- 
derivative [226°]. Yields cinnamic acid on distilla- 
tion. — CaA" : rosettes of needles. — BaA" 4aq : 
prisms, si. sol. Aq. — CuA" 2aq. — Ag^A". 

Methyl ether Me 2 A". [77°]. Needles. 
Reference. — Oxy-tbuxillio acid. 

TBUXONE (CftOLa) - 2 or 3J289 0 ]. Formed 
from (a)-truxillio acid and fuming H 8 S0 4 (S.G. 
1*96) at 15° (Liebermann a. Bergami, 3. 22, 
784 ; 23, 320). Plates (by sublimation), insol. 
water, acids, and bases. Not attacked by HNO a . 
Yields (C 9 H 8 Cl a ) g [178°]. Aniline and HOAo on 
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boiling form the anilide (0 B H 6 :NPh) x crystallising 
in needles, [270°], decomposed by fusion. 

Phenyl-hy dr azide (GgH^NjjHPh)*. [c. 
270°]. Needles, v. si. sol. alcohol. 

Oxim (OaH^iNOH)*. Very unstable, easily 
changing to an anhydride. Boiling Ac 2 0 yields 
(B^iNOAc)* [261°], m. sol. HOAo. 

TULUCUNIN O^H,^,. Occurs in the bark 
of Tarapa Tulucuna (Caventou, J. Ph. [3] 35, 
189). Light-yellow amorphous resin, with very 
bitter taste, si. sol. water, v. sol. alcohol, insol. 
ether. Turned blue by cold H.,S0 4 . 

TUNGSTATES, and derivatives of; v. Tung- 
sten oxyacids, salts, and derivatives of, p. 802 ; 
also Tungsten thio-acids, and salts of, p. 810. 

TUNGSTEN. W. (Wolfram.) At. w. 183*6. 
Mol. w. is unknown. S.G. 18*77 (Waddell, Am. 
8, 280) ; 18*77 (Moissan, C. R. 116, 1225) ; 19*13 
at 4° (Kobcoe, G. J. [2] 10, 286) ; for other de- 
terminations v. Bernoulli (P. Ill, 576), Zettnow 
(P. Ill, 16). S.H. (6° to 15°) *035 (De la Rive 

а. Marcet, A. Ch. [2] 75, 113). S.Y.S. c. 9*7. 

Historical. — In 1785 a new acid was prepared 
by J. and F. d’Elhujar from the mineral wolfram- 
ite , and shown to be identical with an acid ob- 
tained three years before from tungstein by Scheele 
(i Opusc . 2, 119). The metal of the new acid was 
isolated by J. and F. d’E. For many years the 
new metal was known as wolfram or tungsten 
(from Swedish = heavy stone) ; the latter name 
has gradually driven out the former in England 
and France, but the metal is generally called 
wolfram in Germany ; the symbol W is univer- 
sally employed. 

Occurrence. — Never uncombined. Wolfram- 
ite (tungstate of Fe and Mn) is found in con- 
siderable quantities in Cornwall, Saxony, Bohe- 
mia, Ac. ; tungstenite, or scheelite (tungstate of 
Ca), scheeletine (tungstate of Pb), and some 
other tungstates occur in various localities; 
wolframine or wolfram-ochre^ 0 3 , is also found. 
Some tin ores contain compounds of W, and W 
is therefore not infrequently found in specimens 
of tin. 

Formation . — 1. By reducing W0 3 by heating 
to redness in H (Berzelius, P. 4, 147 ; Wohler, 
A. 77, 262 ; Zettnow, P. Ill, 16 ; Roscoe, C. N. 
26, 61, 78). — 2. By heating W0 8 with Na and 
NaCl (Z., lx.). — 3. By reducing WO, by mixing 
with 10 p.c. charcoal and 2 p.c. resin, and 
heating in a closed crucible for some hours to a 
white heat (Filsinger, S. C . 1. 1878. 229). — 4. By 
passing vapour of oxychloride of W and H 
through a red-hot tube (von Uslar, A. 94, 255). 

б. By heating WC1 5 in H, in a zinc bath 
(Roscoe, lx.). — 6. By strongly heating the salt 
(NH 4 ) 2 W0 4 in a carbon crucible (Bucholz, P. 
Ill, 676).— 7. By strongly heating the nitride 
(2. v. f p. 800) in H (W5hler, A. 73, 190). 

Preparation. — 1. Pure WO, is heatea to bright 
redness, in a Pt tube, in a stream of pure dry H 
(t>. Formation , No. 1). — 2. A mixture of pure 
WO, and dry lampblack is heated in an electric 
furnaoe (Moissan, C. R. 116, 1225). 

WO, is prepared from wolframite by heating 
the very finely powdered mineral with cone. 
HClAq, pouring off the solution from time to 
time and adding more HClAq, and after some 
time adding a little HN O s Aq until most of the 
brown solid is changed to yellow WO,.a;H 2 0, 
washing the residue thoroughly by decantation, 


adding a considerable quantity of NH,Aq and 
warming, filtering from quartz, unchanged 
wolframite , &o., evaporating the solution until 
small lustrous crystals of an acid ammonium 
tungstate separate, boiling these crystals for a 
long time with HN0 3 Aq, washing, and heating 
the residue (Scheibler, J. pr. 83, 239 ; cf. Ber- 
noulli, P. Ill, 590). 

Properties.— A steel -grey, hard, brittle, crys- 
talline powder (Riche, A. Ch. [3] 60, 6). By re- 
ducing the nitride in H, Wohler (A. 73, 190) ob- 
tained W as a black powder. By reducing WO, 
by C in an electric furnace, Moissan (C. R. 116, 
1228) obtained a lustrous, very hard, greyish 
white solid. As produced by passing the vapour 
of W0 2 C1, mixed with H through a red-hot tube, 
W forms a shining, dark steel-grey, mirror-like 
deposit, which can be detached from the tube in 
hard, brittle crusts (von Uslar, A. 94, 255). W 
can be melted in the O-H flame, part of it burn- 
ing to W0 3 (Riche, l.c.) ; or by using a current 
from 600 Bunsen cells, in an atmosphere of N 
(Desprez, C. R. 29, 549). Considerable masses 
may be melted by employing the current from a 
dynamo (u. Huntington, G . N. 46, 163). W was 
regarded by Faraday as diamagnetic (T. 1846. 
49). The emission spectrum is described by 
ThaJin (A. Ch. [4] 18, 202). W is unchanged in 
air, but when the pulverulent metal is heated it 
burns to W0 3 ; compact W burns in air only at 
very high temperatures ; as obtained by reducing 
WCl a by H, W is said to be pyrophoric. Water 
is decomposed by W at a red heat. The metal 
is scarcely acted on by HClAq or II^SC^Aq ; it is 
oxidised by HNO,Aq to WO s .tH 2 0; the pulve- 
rulent metal dissolves slowly in caustic alkali 
solutions. Finely divided W reduces and ppts. 
many metals from solutions of their salts. W 
combines directly with Br, Cl, I, or S. W is not 
acted on by heating in NH 3 nor in CO ( v . Rideal, 
C. J. 55, 45 ; Smith a. Oberholtzer, Zeit . /. 
anorg. Chenvie, 5, 63). 

The at. w. of W nas been determined (1) by 
reducing WO s in H, and again oxidising W to 
WO, (Berzelius, P. 4, 151 [1825]*, Schneider, 
J. pr. 50, 158, 161 [1850] ; Marchand, A. 77, 263 
[1850] ; von Borch, J.pr. 54,254 [1851] ; Riche, 
A. Ch. [3] 50, 10 [1856] ; Dumas, A. Ch. [3] 65, 
143 [1859] ; Bernoulli, P. Ill, 697 [1860] ; Persoz, 
A. Ch. [4] 1, 93 [1864] ; Roscoe, C. N. 25, 61, 
73 [1872] ; Waddell, Am. 8, 280 [1887]) ; (2) by 
determining H,0 in BaW 4 0, 3 .9H,0 (Scheibler, 
J. pr. 83, 324 [1861]) ; (3) by reducing WO, in 
H and determining H 2 0 produced (Bernoulli, P. 
Ill, 597 [I860]) ; (4) by analysing Ag 4 W0 4 , and 
FeW0 4 (Zettnow, P. 130, 16, 240 [1867]) ; (5) by 
analysing WC1, (Roscoe, C. N. 25, 61, 73 [1872]) ; 
(6) by determining S.H. of W (De la Rive a. 
Marcet, A. Ch. [2] 75, 113 [1840]) ; (7) by deter- 
mining V.D. of WC1 S , WCl fl and WOCl 4 (v. these 
compounds). The older determinations gave 
values for at. w. varying from 186 to 189 ; the 
most recent determination (by Waddell) gave 
184*04 ; Rcscoe’s determinations, made by re- 
ducing WO, to W and oxidising W again to WO„ 
by finding the ratio of WC1 6 to AgCl and to Ag, 
and by reducing WC1, in H, gave values varying 
from 183*25 to 183*77. The number 183*6 is 
probably correct to half a unit. The atom of W 
is pen ta valent in the gaseous molecule WGly 
and hexavalent in the gaseous molecule WG1*. 
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W is kite fourth member (the third is as yet 
unknown) of the even series, or chromium, family 
of Group VI. in the periodic arrangement of the 
elements. W is followed in its family by U, and 
it succeeds Mo and Cr. W very closely resem- 
bles Mo ; like that element W is both metallic 
and non -metallic; the balance of these proper- 
ties being, however, not quite so evenly main- 
tained in W as in Mo. It is doubtful whether 
any definite salt has been isolated derived from 
an oxyacid by replacing H by W. The oxide 
WO s acts as a fairly acidic oxide ; like Mo0 8 it is 
remarkable for the large number of compounds 
it forms, simultaneously, with oxides that are more 
basic and oxides that are less basic than itself. 
The chemical relations of W are discussed in the 
article Chromium group of elements, vol. ii. p. 
168 . 

Reactions, — 1. Heated in air burns to W0 3 ; 
finely divided W bums easily ; compaot W only 
at a very high temperature (v. Roscoe, G.N . 25, 
61, 73).— 2. Heated to redness in steam gives H 
and oxide (?WO a ). — 8. Reacts with hot nitric 
acid , or aqua regia, to form W0.,.:cH 2 0 ; the same 
product is obtained by heating W with cone, sul- 
phuric or hydrochloric acid, but oxides inter- 
mediate between W0 2 and WO s are formed at 
first (Riche, A. Ch . [3] 50, 15). — 4. Pulverulent 
W dissolves in boiling cone, potash solution , 
giving H and a tungstate of K (Riche, l.c.). 
5. Heated in carbonyl chloride to 150°-200° 
WOCl 4 is produced, mixed with C (Smith a. Ober- 
holtzer, Zeit . /. anorg. Chemie, 5, 63). — 6. By 
heating to redness with sulphur chloride a red, 
crystalline thiochloride, probably W 2 S 7 C1 8 , is 
formed as a sublimate, unstable in air (S. a. 0., 
l.c,). — 7. Finely divided W reduces solutions of 
several metallic salts ; AgNO s and AuCl s solu- 
tions are reduced to Ag and Au, HgCl 2 to HgCl, 
Cu, Pd, Pt and Rh are partially ppd. from solu- 
tions ; Bi, Cd, and Pb are not ppd. (Smith, Zeit. 
/. anorg. Chemie, 1, 360). 

Combinations. — 1. Heated in oxygen , WO g is 
formed. — 2. Combines with chlorine, to form 
WC1 8 , at 0. 300° ; with bromine, to form WBr 6 , 
at a higher temperature ; and with iodine, to 
form WI 2 , when strongly heated. — 8. Heated 
with sulphur, forms WS*. — 4. The compound 
W3P4 is said to be formed by strongly heating 
W in phosphorus vapour (W6hler a. Wright, A. 
79, 244). 

Detection and Estimation . — Compounds of 
W form colourless beads with borax or micro- 
cosmic salt in the outer blowpipe flame. The 
borax bead is yellow in the inner flame if a con- 
siderable quantity of a compound of W is present. 
The microcosmic salt bead is blue in the inner 
flame in the absence of compounds that them- 
selves form coloured beads ; in presence of iron 
compounds the bead is blood-red, but addition 
of tin causes it to become blue. Soluble alkali 
tungstates are formed by fusion with alkali 
carbonate or nitrate; addition of excess of 
HgSOfAq, HClAq, H 8 P0 4 Aq, K 2 G 2 0 4 Aq, or 
HCjjHjOaAq to an aqueous solution of a tung- 
state, followed by immersion of a piece of zinc 
in the liquid, produoes a blue colour ; addition 
of H 2 S to an acidulated solution of a tungstate 
gives no pp., but a blue colour. According to 
Mallet (C.J. 28, 1228), the successive addition 
of small pieces of sine to the solution obtained 


by adding excess of eono. HClAq to an alkaline 
tungstate produces various oolours, the most 
marked of which is a brilliant magenta-red. By 
adding KCNSAq and then small pieces of zinc to 
a solution of an alkaline tungstate in excess of 
cone. HClAq, a deep green colour is produced 5 
and an amethyst colour is notioed when 
KCNSAq is added to the solution of an alkaline 
tungstate, the solution is then diluted, HClAq is 
then added, and lastly zinc is placed in the 
liquid. Very minute quantities of W can be 
detected by adding SO^Aq and Zn to solution 
of an alkaline tungstate, whereby a light-blue 
colour is obtained (M., l.c., p. 1233). W is esti- 
mated as WO a , obtained by evaporation and 
strongly heating; for separation from other 
elements a Manual of Analysis must be con- 
sulted. 

Tungsten, alloys of. By reducing mixtures 
of WO a with oxideB of Sb, Bi, Co, Cu, Pb, Ni, or 
Zn, Bernoulli (P. Ill, 573) obtained alloys of 
W with these metals, provided there was not 
more than 10 p.c. of the foreign metal present. 
An alloy with aluminium, approximately WA1 4 , 
was obtained by Wbhler a. Michel (A. 115, 102) 
by heating a mixture of W0 3 , Al, cryolite, and 
NaCl and KC1. W alloys with iron; v. Poleck 
a. Griitzer (B. 2G, 35) for an alloy approximately 
WgFe. An alloy of 9 or 10 p.c. W with steel is 
extremely hard ( v . Bernoulli, l.c. ; Philipp, Hof- 
mann's Ber . ilber chem. Industrien , 745 ; 
Le Guen, C. R. 56, 593 ; 59, 786 ; 63, 967 ; 64, 
619 ; 68, 592 ; Caron, A. Ch. [3] 68, 143 ; Os- 
mond, C. R. 104, 985 ; Gruner, C. R. 96, 197). 

Tungsten, amidonitrides of, v. Tungsten 
NITRIDES, AND ALLIED COMPOUNDS, p. 799. 

Tungsten, bromides of. The elements com- 
bine when heated together to form WBr 5 , and 
by partial reduction in H this gives WBr r 

Tungsten pentabromide WBr 4 . The 
formula is probably molecular, from the analogy 
of WC1 4 . Prepared by heating W in excess of 
Br vapour, taking care that every trace of water 
and O are excluded. Dark, violet-brown needles, 
resembling I ; melts at 276° and boils at 833°, 
giving off a dark-brown vapour ; decomposed on 
distillation, with separation of Br; moist air 
or water forms HBrAq and blue oxide of W ; 
heated to 350° in a stream of H, WBr 2 is formed 
(Roscoe, C. N. 25, 73 ; cf. Borck, J. pr. 54, 254 ; 
Blomstrand, J. pr. 82, 408). 

Tungsten dibromide WBr r Obtained, as a 
bluish-black, velvety solid, when WBr 4 is heated 
at c. 350° (in a bath of ZnCl*) in a stream of 
dry H ; WBr 4 , WOBr 4 , and Br distil over, and 
WBr 2 remains. Heated above c. 400° in H gives 
W and HBr ; with HNO^Aq gives WO„ HBrAq, 
and NH 4 NO,Aq (Roscoe, l.c.). 

Tungsten, ohlorides of. When W is heated 
in Cl the compound WCl g is formed, and by re- 
duction in H or C0 2 this gives WC1 4 , WC1 4 , and 
WC^. Great confusion existed about the com- 
positions of the chlorides of W until Rosooe’s 
researches in 1872 established the formula. 

Tungsten hrxachloride WC1*. Mol. w. 
895*82. Prepared by heating W in Cl (Roscoe, 
C. N. 25, 61). The materials must be perfectly 
dry, and every trace of air must be excluded, 
else WOCl 4 is formed ; the WCl/Sublimes on the 
cooler part of the tube, and is then distilled 
several times in a stream of dry Cl, and then in 
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a current of dry H (a small quantity of WC1 5 is 
formed, and distils off with the H). Teolu (A. 
187, 255) obtained WC1, by heating WO, and 
PCI, in a sealed tube at 170°. WCl a forms dark- 
violet crystals ; crystallises from CS 2 in brown, 
six-sided tablets, from POCl s in steel-blue, metal- 
like, regular crystals (T., lx.). Melts, out of 
contact with air, at 275°, and ooils at 846*7° at 
760 mm. pressure (R., he .). V.D. 190 at 350° 
(Debray, C. R. 60, 820 ; Roscoe, he.) ; V.D. 168*8 
at 440° (D., he.; R., l.c.; Rieht, B. 3, 666). 
Dissolves readily in CS 2 , or POC1, (T., lx.). 
Distilled in C0 2 gives WC1 5 and 01 ; this fact 
taken in connection with V.D. at 440° shows that 
at somewhat above b.p. WCl a probably disso- 
ciates to WC1, and Cl. WCl a is unchanged in 
air ; but if a trace of WOCl 4 is present, HClAq 
and WO are formed. Hot water produces WO, 
and HClAq. Heated in air, or in O, forms 
WOCl 4 (Roscoe, l.c . ; Blomstrand, J.pr. 82, 417). 
WOCl 4 is also formed by heating WO, with 
WCl a . WCl a interacts with NH„ at the ordinary 
temperature, to form NH 4 C1 and W^N, (Rideal, 
C. J. 55, 44). 

Tungsten pentachloride WC1 s . Mol. w. 
360*45. Prepared by repeatedly heating WCl fl 
somewhat above its b.p. (346*7°) in a stream of 
dry H, and when a solid residue has been formed 
removing the WC1 5 from less volatile lower 
chlorides by heating in C0 2 (Roscoe, C. N. 25, 
61). Black, lustrous, needle-shaped crystals; 
very deliquescent ; melts at 248°, and boils at 
275*6° (R., lx.). V.D. 175*6 to 179*9 at 350° ; 
185*7 to 186*4 at 440° (R., he.). Slightly soluble 
in CS 2 forming a blue liquia ; forms an olive- 
green solution in water, but is mostly decom- 
posed to HClAq and blue oxide of W. Heated 
in O forms WOCl 4 and Cl (R., he. ; cf. Blom- 
strand, J.pr. 82, 425 ; 89, 230). 

Tungsten tetrachloride WC1 4 . This com- 
pound is present in the solid residue obtained by 
heating WCl a in H in the preparation of WC1, 
(v. supra) ; it is prepared by distilling this resi- 
due, in a bath of H 2 S0 4 , in a stream of dry C0 2 , 
returning the distillate to the distilling vessel and 
heating again, and repeating these processes 
several times (Roscoe, he.). A soft, crystalline, 
greyish-brown powder; very hygroscopic; has 
not been fused or volatilised ; heated strongly, 
it gives WC1, and WC1*. Heated in H to c. 440° 
pyrophoric W is produced. Decomposed by 
water to WO s and a greenish-brown solution 
<B., he.). 

Tungsten dighloride WC1*. Prepared by 
heating WC1 4 , in a bath of zino, in a stream of 
dry C0 2 ; WC1 4 distils off and WC1 2 remains. A 
loose, grey, amorphous powder; water forms 
W0 2 and HClAq, with evolution of H ; interacts 
with H which has been passed through HNO t Aq 
to form WO t , HC1, and NH 4 NO, (R., he.). 

Tungsten, cyanides of. No cyanides of W 
have been isolated; according to Wyroubofif 
(A. Ch. [51 8, 444 ; cf. Atterberg, Bh [2] 24, 855), 
compounds containing W, E, and FeCy, are ob- 
tained by adding HClAq to a mixture of K 
tungstates andK ferrocyanide. 

Tungsten, fluorides of. No fluoride of W 
has been isolated. According to Berzelius (P. 
4, 147), when absolution of WO,. 11,0 in HFAq is 
evaporated and the residue is treated with water, 
a solid remains which is free from F after being 


heated in NH S . According to Riche (A. Ch. [8] 
50, 41), a solution of tungstic hydroxide in 
HFAq gives crystals of WO,.H,0 on evapora- 
tion. 

Tungstoxy fluorides. ( Fluotungstates .) 
By dissolving tungstates of the form M 2 W0 4 
in HFAq, Marignao obtained a series of com- 
pounds of the forms 2M I F.W0 2 F 2 .ccH,0 and 
M ii F 2 .W0 2 F 2 .eH 2 0, and also a few compounds of 
the form M'F.WO^H./) (A. Ch. [8] 69, 67). 
These compounds may be regarded as salts of 
the hypothetical acids HjjWO^ and HWO 2 F, ; 
they are similar to some classes of the com- 
pounds described as fluomolybdates (this vol. p. 
425). 

The lungs toxyfluorides etch glass even when 
dry ; they react slowly with acids, giving 
WOj.HjO. The salts of the forms M 1 2 W0 2 F 4 
and M 11 W0 2 F 4 were prepared by dissolving 
M 1 5 jW 0 4 and M ir W0 4 in HFAq and evapora- 
ting ; in some cases also by dissolving WO,.H 2 0 
in HFAq, adding MOH, and evaporating. The 
salts of the form M^O-jF, were formed by dis- 
solving acid tungstates in HFAq and evapora- 
ting. The following compounds were isolated : 
(1) M i 2 W0 2 F 4 .jcH 2 0 ; M«NH 4 , £c = 0; M = K, 
05 — 1; M«=Na, « = 0; (2) M«W0 2 F 4 .a:H 2 0 ; 
M = Zn, a>»= 10 ; (3) MWO^zHjO ; M « NH 4 , 
x = l; M = K, a? « 1. The salts 
(NH 4 ) 4 W0 2 F 6 .(NH 4 ) 2 W0 4 and CuWO^NH, 


were also obtained. 

By dissolving K^WCXjF^RjO in 4 p.c. H 2 0,Aq, 
and crystallising from dilute H 2 0 2 Aq containing 
a little HF, Piccini (Zeit. f. anorg. Chemie , 2, 
21) obtained E,WOJ? 4 .H,0. P. calls this com- 
pound fluoroxypertungstate ; it might also be 
named pertungstoxy fluoride. 

Tungsten, haloid compounds of. When W is 
heated in a stream of Cl the compound WCl* is 
formed, and this by reduction in H gives WC1 5 , 
WC1 4 , and WC1,. The compound WBr, is 
formed by heating W in Br vapour, and WBr 2 is 
obtained by partially reducing WC1, in H. 
Small quantities of WI 2 are obtained by heating 
W in vapour of I. No fluoride of W has been 
isolated. Oxychlorides and oxybromides of the 
forms WOX 4 and WO^ are obtained by beating 
W oxides in Cl or Br, and in other ways. The 
following compounds have been vaporised, and 
the simplest formulas are molecular : WCi„ 
WCl a , WOCl 4 . The formulas WBr„ WOBr 4 , 
WOjjCLj, and WO^r, are probably molecular; 
but if the analogy of the chlorides and bromides 
of Mo of the form Mo^X,* is to be followed {v. 
vol. iii. pp. 427, 428) it is probable that the mole- 
cular formulae of the dichloride and dibromide of 
W are not less than W,X r 

Tungsten, hydroxides of, v. Tungsten oxides 

AND HYDRATED OXIDES (p. 800), also TUNGSTEN 
OXYACIDS (p. 802). 

Tungsten, iodide of, Wig. This, the only 
iodide of W that has been isolated, is obtained, 
in very small quantities, by passing I vapour, 
mixed with CO„ over red-hot W. It forms a 
metal-like, greenish crust ; heated in air it gives 
off I and leaves WO, ; it is not decomposed by 
water (Roscoe, C. N. 25, 73). 

Tungsten, nitrides of; and allied com • 
pounds. Compounds of W with N, and pro- 
bably also with N and H, are formed by heating 
WClgOr WOCl 4 in NH, ; the interaction of NH, ana 
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WO g probably produces a compound, or com- 
pounds, of W, N, H, and 0 ; and a compound of 
W, N, and 0 is perhaps formed by heating WO, 
with NH 4 C1. 

Tungsten nitrides. By passing dry NH, 
over WC1„ and washing away the NH 4 C1 pro- 
duced, by water, Bideal (0. J. 65, 44) obtained a 
black lustrous powder, agreeing fairly with the 
composition W 2 N,. This substance is insoluble 
in HNO»Aq, dilute H 2 S0 4 Aq, or NaOHAq; hot 
cone. H 2 S0 4 produces NH, and WO, ; fusion 
with NaOH forms Na tungstate ; heating in air, 
or with aqua regia , oxidises it to WO, (R.y lx.). 

By continued heating WCl a in NH„ to a 
temperature difficult to regulate, as slightly too 
high a temperature produces W, Uhrlaub ob- 
tained a black substance to which he gave the 
formula W,N 2 (Die Verbindungen einiger Metalle 
mit Stickstoffy Gdttingen, 1859). 

Tungsten amidonitrides. By the action of 
NH, on WC1 6 , Wflhler (A. 73, 198) obtained a 
black substance containing from 86*76 to 90*8 
p.c. W, and 8*24 p.c. N ; W. supposed this 
substance to be a mixture of two amidonitrides, 
2WN 2 .W (NH 2 ) 2 and 2WN.W(NH 2 ) 2 . W. obtained 
similar black substances, which he did not 
analyse, by heating chlorides of W with NH 4 C1 
(A. 105, 258). 

Compounds of tungsten with JV, H, and 0. 
Wdhler (A. 73, 198) obtained a black substance by 
heating WO, to dull redness in dry NH, ; the per- 
centage of W in this substance varied from 87*65 
to 88*47, and it contained 7*15 p.c. N, and c. *2 p.c. 
H. To this substance W. gave the formula 
W 8 N 10 H 4 O 4 ( = 4WN 2 .W 2 (NH 2 ) 2 .2W0 2 ). Rideal 
(C. J. 66, 44) passed dry NH, over WO, heated 
to a dull redness until the yellow WO, was 
changed to a black, amorphous powder; he 
allowed to cool, and removed excess of NH, by 
passing a current of dry air through the tube. 
The black substance thus obtained contained 
85*26 p.c. W, and 7*4 p.c. N ; assuming c. *3 p.c. 
H, the numbers agreed fairly with the formula 

w 4 n 8 h,o 6 . 

Compound of tungsten with N and 0. 
Bideal $.c.) obtained a black powder, agreeing 
in composition approximately with the formula 
WN 2 .WO„ by heating WO, with NH 4 C1 until 
the weight became constant. According to 
Bideal (Lc.) finely divided W does not change 
when heated in a stream of dry NH„ after 
having been heated to redness in dry H; nor 
does NH, react with the blue oxide of W when 
heated therewith. 

Tungsten, oxides and hydrated oxides of. 
When powdered W is heated in 0 it combines 
to form WO, ; by heating this oxide in H a blue 
oxide is formed, to which various formulae inter- 
mediate between WO, and W0 2 have been as- 
signed ; by further heating in H, or with 0, the 
dioxide WO, is produced. There are indications 
of an oxide with more 0 than WO,. W0 2 dis- 
solves in acids, but corresponding salts have not 
been isolated; the blue oxide separates from 
these solutions ; WO, is also soluble in alkali 
solutions. WO, is insoluble in acids ; it dis- 
solves in alkali and alkaline carbonate solutions, 
forming tungstates (v. under Tungsten oxvagids, 
p. _ 802). WO, combines with many acidic 
oxides to form compounds which react as acids 
(o. p. 801). WO, is the anhydride of more than 


one tungstic acid (o. p. 801). None of the oxides 
has been vaporised; the mol. w. of none is 
known. 

Tungsten dioxide WO,. (Brown oxide of 
tungsten.) 

Formation . — 1. By heating a mixture of 
WO, and C to redness (Buchholz, 8 . 8, 1). — 
2. By heating WO, to incipient redness in H 
(Wdhler, A . 78, 198 ; 77, 262). — 8. By decompo- 
sing W01 4 , or W01 2 , by H 2 0 (Roscoe, C. N . 25, 
61, 73). — 4. By the reaction of Zn andHClAq on 
WO, (Wdhler, P. 2, 345), or on solution of a 
metatungstate (Riche, lx.). 

Preparation.— WO, is placed in a porcelain 
tube closed at one end and provided with a long 
opening in the middle ; this tube is placed inside 
another porcelain tube which is kept at red heat, 
while H is passed through as long as water con- 
tinues to be formed (Wdhler, A. 77, 262 note) ; 
the product is allowed to cool in H, and is kept 
in H for 24 hours (Riche, A. Ch. [3] 50, 29). 

Properties. — A brown powder with a slight 
violet sheen ; prepared by reducing WO, by Zn 
and HClAq, the oxide is obtained in metal-like 
lustrous crystals, pseudomorphs of WO,. S.G. 
12*11 (Karsten, S. 65, 394). 

Reactions . — 1. Moist W0 2 oxidises rapidly in 
air to WO s ; as prepared by reducing WO, in 
H it is pyrophoric, but if allowed to oool slowly 
in H the produot is not pyrophorio (Berzelius, 
P.4,147; 8, 267; Wdhler, l.c.; Riche, l.c.).— 

2. Heated strongly in hydrogen gives W. — 

3. Chlorine forms W0 2 C1 2 when heated with 
W0 2 (Roscoe, l.c.y p. 63). — 4. Heated to dull red- 
ness in a stream of ammonia y a compound, or 
compounds, of W with N, H, and 0 is formed 
(v. Compounds of W with N, H, and 0, under 
Tungsten nitrides, supra). — 5. By heating 
with sal ammoniac , Rideal (G. J . 55, 44) obtained 
a black powder approximately WN 2 .WO, (v. 
Compound of W with N and 0, supra ). — 
6. Moist W0 2 dissolves easily in warm hydro- 
chloric or sulphuric acidy forming reddish-brown 
solutions from which blue oxide of W separates. 
W0 2 prepared in the dry way is scarcely acted 
on by acids, except aqua regia t whioh oxidises 
it to W0 9 . — 7. W0 2 dissolves in cone, potash 
solution y giving oft H, and forming K tungstate. 
8. Reduoes mercuric chloride to HgCl, and 
ppts. Cu 2 0 from solutions of copper salts (Riche, 
A. Ch. [3] 50, 6). — 9. Heated in nitric oxide to 
below 600° gives the blue oxide; oxidised to 
WO, by heating in nitrogen dioxide to c. 300° 
(Sabatier a. Senderens, C.R. 114, 1429 ; 116,236). 

Blue oxide op tungsten. Blue compounds 
of W and 0 are obtained by heating WO, with 
reducing agents ; analyses lead to formulas such 
as W 2 0 5 , W,0„ or W 4 O n , intermediate between 
W0 2 and WO,. Malaguti (A Ch. [2] 60, 273) 
gave the formula W 2 0 5 to the blue product of 
heating WO, in H to o. 250°; von Uslar 
(B&itrdge ssur Kenntniss des W und Mo [Gottingen, 
1855]) gave the formula W,0,. Gmelin said 
that a blue oxide of the composition W 4 O n is 
formed by strongly heating WO, in CO. 

Blue compounds are also obtained by strongly 
heating NH 4 tungstates out of contact with air 
(Malaguti, lx . ; von Uslar, lx.). Aqueous solu- 
tions of WO, or tungstates are coloured blue by 
the action of very weak reducers, e.g. by exposing 
moist WO, on paper to sunlight (Liesegang, 
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C. C. 1865. 943), or by the action of SnCl^Aq on 
tungstates (Bunsen, A. 138, 289 ; v. also 
Soheibler, J. pr. 83, 813). Cone. H 2 S0 4 oi 
HOlAq gives a blue colour when heated with W 
(Biche, A, Ch. [3] 50, 15). Tungstates boiled 
with acetic acid and then electrolysed give blue 
coloured substances (Smith, B. 13, 753). 

Peroxides op tungsten. Fairley (G. J. 31, 
141) obtained indications of an oxide with more 
O than W0 8 , by dissolving W0 S .2H,0 in 
ELjOjjAq, and evaporating over H. z SO, in vacuo ; 
the green, transparent, yellow scales thus ob- 
tained dissolved in water, forming a solution 
which could be titrated with KMn0 4 Aq, with 
separation of W0 3 .a£H 2 0. Cammerer (Chem. 
Zeitung , 15, 957) found that W0 3 dissolved in 
boiling H 2 0 2 Aq, with evolution of 0 ; on 
spontaneous evaporation he obtained a 
yellow powder, to which he gave the formula 
WO3.BLpj.H2O (cf. reaction of H 2 O Aq with 
OrO a Aq, vol. ii. p. 166). According to Pochard 
(G. R. 112, 1060), a salt Na 2 0.W 2 0 7 .2H 2 0 is 
formed by boiling Na paratungstate solution 
with HpjAq and evaporating in vacuo . 

Tungsten trioxide W0 8 . ( Tungstic anhy- 
dride. Sometimes erroneously called tungstic 
acid.) 

Occurrence . — As tungstic ochre or wolframine 
in Cumberland, Connecticut, North Carolina, &c. 

Formation. — 1. By strongly heating in air 
tungstate of NH 4 or of Hg 1 . — 2. By strongly 
heating W0,.icH 2 0. — 3. By burning W in air 
or O. 

Preparation.— An aqueous solution of com- 
mercial Na 2 W0 4 is poured into boiling HClAq 
(1:1) ; the ppd. WO* is washed with HClAq until 
NaCl is completely removed ; it is then washed 
with water to remove all HOI, and dissolved in 
NH 3 Aq ; the solution is evaporated to dryness, 
and the NH 4 salt thus obtained is heated in an 
open crucible until every trace of NH, is driven 
off (Roscoe, C.N. 25, 73). Bernoulli (P. Ill, 590) 
recommends to boil the NH 4 salt fora long time 
with successive quantities of HNO*Aq (to remove 
traces of Na salts), and to wash the residual 
WO* quite free from acids (cf. Zettnow, P. 130, 
16, 240). WO g is obtained in crystals by very 
strongly heating the amorphous oxide (Bernoulli, 
P. Ill, 595 ; Schafarik, W. A. B. 47, 246) ; by 
dissolving W0 8 in molten borax (Nordenskjold, 
P. 114, 612); by strongly heating the oxide in a 
current of HC1 (Debray, C. R. 55, 287) ; or by 
heating to whiteness a mixture of NajjWC^ and 
Na 2 C0 3 imbedded in NaCl, when orystals of 
WO, sublime (D., l.c.). 

Na. 2 W0 4 may be prepared from wolframite 
by heating a mixture of 150 pts. of the finely 
powdered mineral with 100 pts. calcined Na 2 CO s 
and 15 pts. NaNO„ for four or five hours, in an 
iron vessel, lixiviating with water and crystal- 
lising (v. Franze, J. pr. [2] 4, 238 ; cf. Hunting- 
ton, B. 17, 203 ; Soheibler, J.pr. 83, 239). 

Waddell (Am. 8, 880) prepares pure WO a from 
timgstenite , by treating the powdered mineral 
with aqua regia, washing the residue, fusing it 
with KHS0 4 , dissolving in water, and fractionally 
ppg. by HgNO,Aq ; the first pps. are then de- 
composed by aqua regia, the WO, thus obtained 
is dried and fused with NapO,, the fused mass 
Is dissolved in water, tartaric acid is added, and 
ELS is passed into the solution ; the filtrate 
. Von. IV. 


from ppd. MnS, Ac., is boiled till H 3 S is ex- 
pelled, and is then fractionally ppd. by 
HgNOgAq ; the later pps. are collected, washed, 
and decomposed by heating in an open vessel. 
For a method of preparing WO, from wolframite 
v. Preparation of Tungsten, p. 797. 

Properties. -A heavy, canary -yellow powder ; 
becoming orange-coloured when heated (Roscoe, 
G. N. 25, 73). Crystalline WO, is described as 
wine-yellow, very lustrous, rhombic tablets (Nor- 
denskjold, P. 114, 612). A trace of Na tungstate 
gives a green colour to WO, (R., he.). S.G. : 
amorphous, 7*13 to 7T6 (Zettnow, P. 130, 16, 
240 ; Karsten, S. 65, 394) ; crystalline, 7*23 at 
17° (Z., l.c .) ; 6-38 (N., l.c.). S.H. (8 3 to 98°) 
•07983 (Regnault, A. Gh. [3] 1, 129) ; (22° to 
52°) -0894 (Kopp, T. 1865. 71). Melts readily 
in the blowpipe (Riche, A. Ch. [3] 50, 29) ; can 
be sublimed by mixing with Na 2 C0 3 and heating 
to whiteness (Debray, C. R. 56, 287) ; also by 
strongly heating in HC1 (Schafarik, W. A. B. 47, 
246). Not decomposed at m.p. of Pt (0. 1750°) 
(Read, G. J. 65, 313 [1894]). On exposure to light 
W0 3 turns greenish, owing to partial reduction 
(Roscoe, l.c. ; cf. Liesegang, C. O. 1865. 943). 
WOg is insoluble in water or acids, even in boil- 
ing cone. H 2 S0 4 ; it dissolves in hot KOHAq, 
NH„Aq, or K.,CO s Aq, also in molten K 2 CO a , 
KHS0 4 , or KjW0 4 ; also in molten alkali chlorides, 
in air, with evolution of Cl (Schultze, J. pr. 
[2] 21, 437, 441). W0 3 acts as an acidic 

oxide, forming tungstates (v. Tungsten oxyacids, 

p. 802). 

Reactions . — 1. Heated in hydrogen , WO* is 
reduced to the blue oxide, then to W0 2 , and 
finally to W ( v . Blue oxide of tungsten, p. 800 ; 
Tungsten dioxide, p. 800 ; and Tungsten, 
p. 797).— 2. Reduction to W0 2 or W is effected 
by heating with carbon. — 3. Heated with 
potassium or sodium , W0 3 gives W.— 4. Reduc- 
tion to the blue oxide, and then to W0 2 , is 
brought about by zinc and hydrochloric acid , by 
stannous chloride, and also by heating with water 
and different organic compounds. — 5. Heating 
with carbon in chlorine produces W0 2 C1 2 and 
WOCl 4 . — 6. WOCl 4 is formed by passing vapour 
of tungsten hexachloride over heated W0 8 
(Roscoe, C. N. 25, 63). — 7. A mixture of W0 8 and 
calcium chloride heated to redness in carbon 
dioxide gives W0 2 C1 2 (Schultze, J. pr. [2] 21, 
441). — 8. Mixed with carbon and heated in 
bromine, WO a gives WOBr 4 ^ and WOjBr, is 
formed by passing vapour of tungsten penta- 
bromide over hot WO, (Roscoe, lx. p. 73). — 
9. WO a is said to dissolve in molten alkali 
chlorides , in air, giving off Cl ; heated in ab- 
sence of air (in a stream of 0O 2 ) with chloride 
of calcium , cobalt , iron , magnesium , or nickel , it 
is said to give W0 2 C1 2 and MW0 4 (Schultze, 

I. c.). — 10. Heating with phosphorus pentachoride 
produces WC1 8 and POCl, (Teclu, A. 187, 255) ; 
but WO./llj and WOCl 4 are also formed, accord- 
ing to the relative masses of WO a and PC1 5 , and 
the temperature (Schiff, A. 197, 185). — 

II. W0 2 C1 2 , WOCl 4 , and 0O 2 are formed by 
heating W0 8 in vapour of carbon tetrachloride 
(Watts a. Bell, C. J • 83, 442).— 12. Compounds of 
W with N, H, and O (v. p. 800) are formed by 
heating W0 8 in ammonia', and a compound of 
W with N and O is probably produced by heat- 
ing WO s with sal ammoniac (v. p. 800). — 13. WS 2 
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is formed by passing sulphur vapour, or hydrogen 
sulphide , over WO, heated to whiteness 
(Berzelius) ; also by heating to redness a mix- 
ture of WO* with 6 pts. of mercuric sulphide 
(B. ; Brook, J. pr. 54, 254). 

Hydrates op tungsten trioxede. Various 
compounds of the form W0,.a;H 2 0 have been 
isolated ; as these compounds act as acids, they 
are described under Tungsten oxyacids. 

Tungsten oxyacids, salts, and derivatives of. 
Several hydrates of WO a that react as acids are 
known. WO, also combines with many acidic 
oxides— such as P 2 0 5 , B 2 0,, Si0 2 , Ac.— and the 
compounds so formed combine with basic oxides 
to form salt-like bodies. 

TUNGSTIC ACIDS. The hydrates of WO, 
fall into two classes : tungstic acids , which are 
insoluble, or nearly insoluble, in water; and 
inetatungstic acids , which dissolve in water. 

Tungstic acids. The monohydrate W0,.H 2 0, 
or orthotungstic acid W0 2 (0H) 2 , is obtained by 
dissolving WO, in hot alkali or alkaline carbonate 
solutions, and boiling these solutions with excess 
of a mineral acid. It is also said to be obtained 
by decomposing an ammoniacal solution of WO, 
by Cl (Dumas, A. Ch. [3] 55, 144) ; and also by 
boiling powdered wolframite with aqua regia. 
This acid is a yellow solid ; it reddens litmus ; 
is insoluble, or almost insoluble, in water. Ac- 
cording to Braun (J. pr. 91, 39), it is changed to 
2W0,.H20 at 100°; according to Zettnow (P. 
130, 16, 240), this change is effected at 50°. The 
acid is slowly reduced by Zn and HClAq, the 
final product being W0 2 (O. v. d. Pfordten, B. 
16, 508). 

The dihydrate WO,.2H 2 OiB said to be formed 
by adding a mineral acid to a dilute solution of 
an alkali tungstate M 2 W0 4 , and drying in the 
air; also by decomposing WCl a , WOCl 4 , or 
W0 2 C1* by water (Forcher, W. A. B. 44 [2], 
173 ; cf. Riche, A. Ch. [3] 60, 86 ; Anthon, J. pr. 
9, 6). Forms WO,.!^ by drying over H 2 S0 4 
(Braun, J.pr. 91, 39). This hydrate is described 
as an amorphous, white solid ; reddens litmus ; 
somewhat soluble in water, but insoluble if a 
little acid is present. By boiling with dilute 
acids is said to give W0 3 .H 2 0. 

The hemihydrate 2W0,.H 2 0, or ditungstic 
acid H 2 W 2 0 7 , is said by Braun (l.c.) to be formed 
by heating the monohydrate to 100° ; the change 
is complete at 60° according to Zettnow (P. 130, 
16, 240). 

Metatungbtio acids. Acids of the com- 
position 4WO,.®H^O are obtained by decom- 
posing hot cone. BaW 4 0„Aq by the equivalent 
quantity of H. 2 S0 4 , filtering from BaS0 4 , and 
evaporating (Scheibler, J. pr. 83, 310) ; also by 
decomposing PbW 4 0„Aq by H 2 S, filtering, and 
evaporating (Forcher, W. A. B. 44 [2], 173). The 
composition of the acid formed by evaporating 
in vacuo over H>S0 4 is probably H 2 W 4 0„.7H. 2 0 
(Scheibler, l.c . ; cf. Persoz, C. B. 84, 185 ; Lotz, 
A. 91, 52). BaW 4 0„ is obtained by ppg. a 
hot cone, solution of (NH 4 )„W 4 0„ by 
BaOljAq ; PbW 4 0„ by ppg. (NH 4 ) 2 W 4 0„Aq by 
P^CjHgOjLAq ; fNBCj 2 W 4 0„ is formed by boil- 
ing (NH 4 ) 2 W0 4 with WO,Aq and evaporating. 

According to Zettnow (P. 130, 16, 240), the 
pp. obtained by decomposing Na^WO^q by a 
mineral acid has the composition 
4WO,.H 2 0( « H 2 W 4 0„) after drying at 200°. 


Metatungstic acid crystallises in 'sulphur- 
yellow octahedra ; the acid is readily soluble in 
water, forming a very sour, intensely bitter 
liquid. A cone, solution gives a pp. of WO,.2BL i O 
on standing ; when a dilute solution is boiled it 
coagulates and gives a pp. of white WO,.2HjO, 
and then of yellow WO,.H 2 0. The heats of 
neutralisation of H 2 W 4 0„Aq by Na 2 OAq, K 2 OAq, 
BaOAq, and SrOAq are given by Pdohard (C. B. 
108, 1167) ; the values are nearly the same as 
those for HNO,Aq and HjSC^Aq. When four 
equivalents of base are added to H 2 W 4 0„Aq, 
orthotungstates M 2 W0 4 are formed (P., l.c.). 

By long-continued boiling 2 pts. Na 2 W0 4 
with 1 pt. As 2 0 6 , evaporating, treating with 
alkali solution, and repeatedly crystallising, 
Lefort (A. Ch. [5] 25, 205) obtained fine, very 
lustrous crystals, which were very soluble in 
water and in alcohol ; to this acid L. gave the 
composition H 2 W 4 0„.6H 2 0, and the name luteo- 
metatungstic acid. 

Colloidal (meta ?) tungstic acid. By adding 
to 5 p.c. Na 2 W0 4 Aq rather more HClAq than 
sufficed to neutralise the Na, and dialysing, with 
addition from time to time of a little HClAq, 
Graham ( C . J. 17, 318) obtained a solution in 
water of tungstic acid. The solutir n was not 
gelatinised by acids, salts, or alcohol at the 
ordinary temperature ; it remained clear at 
200°. According to Saban6e£f (J. B. 21, 515; 
Abstract in C. J. 68, 1215), determinations of 
the freezing-point of an aqueous solution 
of Graham’s soluble acid point to the formula 
3W0,.H. 2 0( » BLjWjOjo). As the values for mol. w. 
obtained by S. varied from 679 to 995, there 
seems little reason for adopting the formula 
H 2 W,O, 0 (713) rather than H 2 W 4 0 1S (944). 

TUNGSTATES. A great many tungstates 
have been prepared. The proportion of basic to 
acidic radicle varies much in these compounds. 
The better studied tungstates have been divided 
into three classes- orthotungstates MO.WO,, 
par atung states 8M0.7W0,, or perhaps 
5M0.12W0,, and metatungstates M0.4WO, — 
but as many tungstates are known which do not 
fit into any of these classes it seems better to 
adopt a nomenclature and arrangement similar 
to those employed for the molybdates (cf. vol. iii. 
p. 423), based on the number of WO, radicles in 
the salts. Arranging the tungstates on this plan 
we get the following table. R * divalent metal, 
or two atoms of a monovalent metal. 

(Ortho) Monotungstates RO.WO f or RW0 4 ; 
derived from the acid H 2 W0 4 . 

Ditungstates R0.2WO, or RW 2 0 7 ; derived 
from the acid H 2 W 2 0 7 . 

c 3:7 tungstates 3B0.7W0, or B,W t O, 4 . 

(ParaW 6:12 twig states 6R0.12W0, or 
i R»W l2 0 41 . 

2:5 tungstates 2R0.5W0, or R 2 W 5 0, 7 . 

3:8 tungstates 8R0.8W0, or B,W,0 27 . 

Tritungstates BO.SWO, or BW,O w ; ?derived 
from Graham’s colloidal acid. 

(Meta) Tetratungstates B0.4WO, or BW 4 0„ ; 
derived from the acid H 2 W 4 O w . 

Pentatungstates BO. 5 WO, or BW 4 0„. 

Hexatungstates B0.6WO, or BJV^O,,. 

Octotungstates B0.8WO, or BW^O^. 

The tungstates whioh have been most 
thoroughly examined are the* monotungstates 
or orthotungstates; the paratungstates, which 
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are either 3:7 or 6:12 salts; and the tetra- or 
metatungstates. 

For thiotungstates v. Tungsten, thio-acids 
AND SALTS 07, p. 810. 

Obthotungstates or Monotungstates, 
BO. WO, or RW0 4 . Salts of H 2 W0 4 , which is 
the monohydrate of WO,. The alkali ortho- 
tungstates are obtained by dissolving WO a or 
WO,.H,Oin alkali or alkali -carbonate solutions; 
or by fusing WO, with alkalis, alkaline oar- 
bonates, or alkali acid sulphates, and dissolving 
in water. The other orthotungstates are generally 
obtained from solutions of the alkali salts by 
ppn. ; also by strongly heating WO, with metallio 
oxides or carbonates ; also by fusing the alkali 
salts with metallic chlorides, and washing with 
water (Manross, A. 81, 243 ; 82, 356 ; Geuther a. 
Forsberg, A. 120, 268; Schultze, A. 126, 56). 
The orthotungstates are insoluble in water, 
except the alkali salts and the Mg salt. Solu- 
tions of the alkali salts give pps. of W0 s .H*0 
(yellow) or W0,.2H.,0 (white), with dilute 
H,S0 4 Aq, HClAq, HNO*Aq, or H 3 P0 4 Aq; the 
pp. by HClAq dissolves in a considerable excess 
of cono. HClAq (Mallet, G. J. 28, 1228) ; cold 
solutions of metatungstates are not ppd. by acids. 
Acoordir j to Marignac (A. Gh. [3] 69, 5) the pp. 
obtained by adding an acid to a solution of an 
alkali tungstate sometimes contains alkali, and 
sometimes the ppg. acid, according to the rela- 
tive quantity of acid used, the dilution, and pro- 
bably also the temperature. Orthotungstates 
which are insoluble in water, and the metals of 
which form carbonates that are insoluble in 
alkali carbonate solutions, can be brought into 
solution by fusion with alkali carbonates and 
treatment with water. 

Solutions of orthotungstates give a white pp. 
with HgNO,Aq ; a bluish- white pp. with 
Cu(NO a ),Aq ; a brown flocculent pp. on adding 
K 4 FeCy fl Aq, after adding HClAq ; no pp. with 
tincture of galls until an acid is added, when a 
copious chooolate-coloured pp. is formed ; and a 
yellow pp. with SnCLjAq, which pp. turns blue 
when it is warmed with a little HClAq or 
H^SC^Aq. For the reactions with Zn and acid, 
and with KCNSAq, Zn and acid, v. Tungsten, 
DETECTION 07, p. 798. 

Barium orthotungstate BaW0 4 . Prepared 
by fusing 7 parts BaCl, with 4 partB NaCl and 
2 parts Na 2 W0 4 , and washing with water ; white 
octahedra (Geuther a. Forsberg, A. 120, 270); 
fusible with difficulty (Zettnow, P. 130, 256) ; 
S.G. 5-0035 at 13-5° (Clarke, Am . S. [3] 14, 281). 
Hydrates : (1) 2BaW0 4 .H*0, by ppg. a hot solu- 
tion of 8Na 2 0.7W0 t by BaOAq (Soheibler, 
B. B. 1860. 208); (2) BaW0 4 .H 2 0 and 

BaW0 4 .2H,0, by adding four equivalents BaO in 
solution to H,W 4 0„Aq (Pochard, G. R. 108, 1167). 

Cadmium orthotungstate CdW0 4 . Obtained 
ns a yellow crystalline powder by fusing together 
11 parts CdClp 16 parts NaCl, and 4 parts 
Na 2 W0 4 (G. a. F., lc. t p. 268 ; Z., Z.C., p. 240). 
The dihydrate CdW0 4 .2H„0 is obtained by ppg. 
a solution of a salt of Cd by Na 2 W0 4 Aq (Anthon, 
J. pr. 8, 399 ; 9, 337 ; Smith a. Bradbury, B. 24, 
2935). 

Caloium orthotungstate CaW0 4 . Occurs 
native as scheelite t S.G. 6*02 (Bernoulli, J. 13, 
783). Obtained by adding K*W0 4 Aq to CaCLAq. 
.Quadratic octahedra are formed by fusing 


Na*W0 4 with excess of CaCI 2 (Manross, A . 81, 
243 ; 82, 348) ; also by heating the ppd. salt 
with CaO in a stream of HOI (Debray, O . R. 55, 

287). 

Chromium orthotungstate Qr^OXSOILfi. 
Obtained as a green pp. by adding Na 2 W0 4 Aq to 
CrCl a Aq ; loses 130,0 at 100° (Lots, A. 91, 66). 

Cobalt orthotungstate CoW0 4 .2H,0. A 
violet powder ; obtained by ppg. Co salt solutions 
by K 2 W0 4 Aq (Anthon, J.pr. 9, 344). 

Copper orthotungstate CuW0 4 .2H,0. A 
green powder, melting at a red heat and cooling 
to chocolate-coloured crystals ; formed by ppg. 
Cu salts by Na 2 W0 4 Aq (A., IxX 

Ferrous orthotungstate FeW0 4 . Obtained 
as opaque crystals by heating WO, and Fe,0, in 
a stream of HOI (Debray, C. R . 55, 288) ; also 
by fusing 2 parts FeCl„ 2 parts NaCl, and 1 part 
Na 2 W0 4 (Geuther a. Forsberg, A. 120, 273 ; 
Zettnow, P. 130, 30). The trihydrate 
FeW0 4 .3H,0 was obtained by Anthon (J. pr. 9, 
343) as a brown powder by ppg. a ferrous salt 
by K 2 W0 4 Aq. Double compounds of the form 
7wFeW0 4 .wMnW0 8 with the ratios m:n=» 7:1, 
4:1, 8:1, 3:2, 1:2, and 1:7 were obtained by fusing 
FeCl 2 , MnCl 2 , NaCl, and Na,W0 4 in varying pro- 
portions (G. a. F., l.c. p. 270 ; cf. Z., l.c . p. 250). 
Wolframite has approximately the composition 
FeO.MnO.WO^. 

Lead orthotungstate PbW0 4 . Occurs native 
as scheeletine; obtained, as a white pp., by 
adding K 2 W0 4 Aq to solution of a salt of Pb 
(A., l.c., p. 342) ; quadratic octahedra are formed 
by fusing 10 parts Na,W0 4 with 47 parts PbGl*, 
S.G. 8*235 (Manross, A. 82, 367). 

Magnesium orthotungstate MgW0 4 . Formed, 
in white octahedra, by fusing 2 parts MgOl, 
with 2 parts NaCl and 1 part Naj,W0 4 (G. a. F., 
l.c. p. 272). 

Manganese orthotungstate MnW0 4 . Gar- 
net-brown, lustrous, rhombic crystals ; S.G. 6*7 ; 
obtained by fusing 2 parts MnCL,, 2 parts NaCl, 
and 1 part Na 2 W0 4 (G. a. F., l.c.; Z., IxX 

Mercurous orthotungstate Hg 2 W0 4 . A 
yellow pp., formed by adding solution of a 
mercurous salt to solution of an alkali tungstate 
(A., lx.). 

Nickel orthotungstate NiW0 4 . Formed by 
fusing 2 parts NiCl, with 2 parts NaCl and 
1 part Na 2 W0 4 ; brown, lustrous crystals 
(Schultze, A. 126, 56); S.G. 6*8845 at 20*5°, 
6*8522 at 22° (Clarke, Am. S. [3] 14, 281). The 
hexahydrate, NiW0 4 .GH,0, is obtained by ppn. 
(A., lx.). 

Potassium orthotungstate K,W0 4 . White, 
triclinio needles ; obtained by boiling WO, 
with an equivalent weight of KOHAq or 
KjCOjAq, and evaporating (Marignac, A. Oh. [3] 
69, 18 : Anthon, J. pr. 8, 899 ; 9, 337). Decre- 
pitates when heated; melts at red heat (M., 
l.c.), taking up CO, (Ullik, W. A. B. 56 [2], 148 ; 
cf. Knorre, J. pr. 27, 89). Various hydrates are 
obtained by crystallising a solution of WO* in 
ELC0 8 Aq under different conditions (M., lx. ; A., 
lx. ; Bichb, A. Ch. [3] 50, 45). 

Silver orthotungstate Ag 2 W0 4 . A pale- 
yellow, amorphous pp. by adding Na,W0 4 Aq to 
solution of a salt of Ag; melts below redness, 
and beoomes crystalline on cooling; easily soluble 
in HNO t Aq; soluble in NH,Aq (Zettnow, P. 
130, 30 ; cf. Muthmann, B. 20, 984 ; Wdhler a« 

3 v 2 
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Rautenberg, A . 114 , 120). By evaporating a 
solution in NH*Aq over OaO and NH 4 C1, Wid- 
mann obtained the compound Ag 2 W0 4 .4NH s 
(Bl. [21 20, 64). 

Sodium orthotungstate Na^WO^H/). Ob- 
tained by crystallising a solution of W0 3 in the 
equivalent quantity of NaOHAq or Na 2 C0 3 Aq. 
Transparent, 1 colourless, rhombic tablets (Ma- 
rignac, A. Ch . [3] 69, 22). Effloresces in vacuo , 
or in dry air. Loses all H 2 0 at 100°. S.G. 
8*2588 at 17*5°, 3*2314 at 19° ; S.G. of Na 2 W0 4 
-4*1743 at 20*5°, 4*1833 at 18*5° (Clarke, Am. 
8 . [3] 14, 281). Solubility = 41 at 0°, 55 at 15°, 
123*4 at 100° (Riche, J. pr. 69, 10). For S.G. of 
NSj^WO^q of different concentrations, v. Franz 
(J. pr. [2] 4, 238). For E.C. of Na 2 W0 4 Aq u. 
Walden (Z. P. C. 1, 529). 

Strontium orthotungstate SrW0 4 . Obtained 
by ppn (Anthon, l.c.) ; also by fusing 2 parts 
SrCIj, 2 parts NaCl, and 1 part Na 2 W0 4 (Zett- 
now, l.c. ; Schultze, A. 126, 56). 

Zinc orthotungstate ZnW0 4 . Colourless 
tablets ; formed by fusing 2 parts ZnCl 2 with 
2 parts NaCl and 1 part Na 2 W0 4 (Geuther a. 
Forsberg, A. 120, 270; cf. Zettnow, P. 130, 
240). 

Pahatungstates. A number of acid tungstates 
have been isolated, the composition of which is 
expressed by one of the formula 3R0.7W0, or 
5R0.12W0,. The former formula was given by 
Lotz (A. 91, 49) and Scheibler (J. pr. 83, 273) ; 
the latter formula by Laurent (A. Ch. [3] 21, 54) 
and Marignao (A. Ch. [3] 69, 5). The two 
formula represent salts of almost identical com- 
position, and no way has been found of deciding 
which formula is the better (cf. Knorre, J. pr. 
[2] 27, 83). The acid tungstates of this series 
are more easily formed and crystallise better 
than the other acid salts; they are generally 
called paratungstates , following the suggestion 
made by Marignao. 

The alkali paratungstates are obtained by 
saturating hot alkali solutions with W0 3 and 
crystallising ; most of the other paratungstates 
are prepared by ppn. from solutions of the 
alkali salts. The alkali salts are soluble in 
water, the other salts are insoluble. Solutions 
of alkali paratungstates give, with dilute HClAq, 
white pps. which become yellow on boiling 
(WO a .®H 2 0). Metatungstates, R0.4WO s , are 
formed by gradually adding HClAq to boiling 
solutions of paratungstates ,* meta- salts are also 
formed by boiling para- salts with WO s .H 2 0. 
Solutions of paratungstates are not ppd. by 
SOjAq, HlAq, citric, tartaric, or oxalic acid ; but 
the presence of one of these acids does not 
hinder ppn. by HClAq. Solutions of alkali 
paratungstates give pps. with salts of almost all 
the heavy metals. H 2 S reacts with alkali para- 
tungstates in solution to form solutions of thio- 
tungstates which give brown pps. with acids, 
soluble in (NH 4 ) 2 SAq. Paratungstates eadily 
react with H 8 P0 4 , HgAsC^, <ftc., to form complex 
acids (v. p. 807), solutions of which ar* not ppd. 
by acids, except these are added in considerable 
excess; solutions of paratungstates are, there- 
fore, not ppd. by HClAq in presence of Hj,P0 4 , 
H s As0 4 , HJB.^0 4 , <fec. For the reactions of para- 
tungstates with Pt0 4 H 4 v. Rosenheim (B. 24, 
2397 ; the reaction is rather indefinite). 

If the simpler (8:7) formula is adopted, the 


paratungstates are represented as 8 Rj.jO. 7WO* 
3R»0.7W0 8 , and R l « 2 O a .7WO a , i.e. as salts of 
the hypothetical acid H tf W 7 0 24 , wherein 6H are 
replaced by 6R 1 , 3R n , or 2R m ; if the less simple 
formula (5:12) is adopted, the paratungstates of 
monovalent and divalent met/ Is are regarded as 
salts of the hypothetical acid H l0 W, 2 O (1 
( = 12W0 3 .5H 2 0), wherein 10H are replaced by 
10R 1 or 5R U ; paratungstates of R IU must be 
represented in this scheme by the complicated 
formula R m i 0 (W I2 O 4 ,) 3 . In the paratungstates 
which have been best examined R* — NH 4 , Li, 
Hg, K, Ag, and Na ; R 11 = Ba, Cd, Ca, Co, Cu, Pb, 
Mg, Mn, Ni, Sr, and Zn ; and R tn = A1 and Cr. 
The simpler formula) are # employed in the de- 
scriptions of the individual salts. 

Aluminium paratungstate A1 2 W 7 0 24 .9H 2 0. 
A flocculent pp., drying to gum-like lumps ; ob- 
tained by adding (NH 4 ) fl W 7 0 24 Aq to a solution 
of a salt of A1 (Lotz, A. 83, 65 ; Anthon, J. pr. 

8, 399 ; 9, 337). 

Ammonium paratungstate 

(NH 4 ) h W 7 0 24 .GH 2 0. Obtained by dissolving 
WO r H 2 0 in NH 3 Aq and crystallising at the 
ordinary, or a little above the ordinary, tem- 
perature (Lotz, A. 91, 55). Crystallises in 
white, rhombic needles (Marignac, A. Ch. [3] 
69, 25 ; Kerndt, J. pr. 41, 190) ; also in rhombic 
tablets (M., l.c.) ; and is, therefore, dimorphous. 
Solubility = 2*8 to 4*5 at 15°-22° ; when the 
solution is boiled the very soluble meta- salt 
(NH 4 ) 2 W 4 0 I3 is formed. Loses 3*9 p.c. H 2 0 at 
100° ; when heated to redness the blue oxide of 
W remains mixed with compounds containing N 
M., l.c.). Marignao (l.c.) gave the formula 
NH 4 ) 10 W, 2 O 4 ,.llH 2 O to this salt ; Berzelius, and 
Anthon (l.c.) gave the formula (NH 4 ) 2 W 2 0 7 .H 2 0 ; 
and Riche (v. Marignac, l.c.) the formula 
(NH 4 ) 2 W 4 0 13 .5 or 6H 2 0. 

Various double salts have been isolated ; 
with Na (J W 7 0 24 (v. Knorre, B. 19, 821 ; Gibbs, 
Am. 7, 236) ; with K tt W 7 0 24 ( v . Laurent, A. Ch. 
[3] 21, 59 ; Marignac, A. Ch. [3] 69, 55) ; with 
Mg 3 W 7 0 34 v. M. (Z.c.), Lotz (A. 91, 61) ; with 
Zn 8 W 7 0 24 v. Lotz (l.c.); with Cd 3 W 7 0 24 v. L. 
(l.c.) ; with Hg 3 W 7 0 24 v. Anthon (/. pr. 8, 399 ; 

9, 337). 

Barium paratungstate Ba s W 7 0 24 .8H 2 0. A 
white pp. formed by adding (NH 4 ) a W 7 0 24 Aq to 
excess of BaCl 2 Aq, washing and drying over 
H 2 S0 4 (Lotz, A. 93, 60 ; cf. Knorre, B. 18, 327 ; 
19, 820). Forms a double salt with Na a W 7 O a4 
(Scheibler, J.pr. 83, 314). 

Cadmium paratungstate Cd 8 W 7 0 24 .16H 2 0 ; 
white needles, obtained by adding Na 3 W 7 0 24 Aq 
to excess of solution of a salt of Cd (Gonzalez, 
J.pr. [2] 36, 44). 

Calcium paratungstate Ca a W 7 0 24 .18H,0 ; a 
crystalline pp. formed by ppg. excess of CaCLjAq 
by Na H W 7 0 24 Aq, and drying in the air (Knorre, 
B. 18, 328). Forms a double salt with Na a W r O* 
(Gonzalez, l.c.). 

Chromium paratungstate Cr^O^H./) ; a 
grey powder, obtained by heating CrCl a with 
(NH 4 ) fl W 7 0 24 ; insoluble in water, but dissolves in 
CrClgAq (Lotz, A. 91, 66). 

Cobalt paratungstate Co 3 W 7 0 2l .25H a O (Gon- 
zalez, l.c.) ; forms a double salt with Na tf W 7 0 24 
(G., lx.). 

Copper paratungstate Ca 8 ‘W 7 0 w .19H*0 ; A 
pale-green pp. formed by adding Na 6 W 7 O w Aq to 
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excess of CuS0 4 Aq (Knorre, B. 19, 826 ; v . also 
Gonzalez, J. pr . [2] 86, 44). Forms a double 
salt with Na tf W 7 0 24 (K., lx.). 

Lead paratun estate Pb a W 7 0 24 ; a white pp. 
formed by adding (NHJ^WjO^Aq to Pb(N0 3 ).Aq 
(Lotz, A. 91, 49). Forms a double salt with 
Na fl W 7 0 24 (Gonzalez, lx.). 

Lithium paratungstate Li fi W 7 0 24 .19H 2 0. 
Large prisms, unchanged in air; obtained by 
boiling the proper quantities of W0 8 and Li,CO s 
in water, and allowing to crystallise (Scheibler, 
J ; pr. 83, 321). 

Magnesium paratungstate Mg 3 W 7 0 24 .24H. 2 0 ; 
obtained by ppn. (Knorre, B. 19, 824). Forms 
a double salt with Na a W 7 0 24 (K., l.c.). 

Manganese paratungstate Mn 8 W 7 0 24 .34H 2 0 
(Gonza’ez, J. pr. [2] 3G, 44). Forms a double 
salt with Na B W 7 0 24 (K., l.c.). 

Nickel paratungstate Ni 3 W 7 0 24 .14H 2 0 (An- 
thon, J. pr. 9, 344). 

Potassium paratungstate K 0 W 7 O 24 .6H 2 O 
(Marignac, A. Ch . [3] 69, 33, gave the formula 
K, 0 W, 2 O 41 .llH 2 O). Prepared by saturating hot 
KOHAq with WO^zH./), and allowing to cool ; 
by boiling K 2 W0 4 with H 2 0 ; or by fusing 
wolframite with | of its weight of K 2 C0 3 , boil- 
ing the product with water, saturating the 
aqueous solution with C0 2 , and crystallising (M., 
l.c.). White rhombic crystals, isomorphous 
with the NH 4 salt (M., l.c.). Decomposed, by 
melting, to K 2 W0 4 and 5K0.14W0,, without 
forming any meta- salt (Knorre, J.pr. [2] 27, 91). 
Solubility = 2*15 cold water, 6*6 boiling water. 

Various hydrates have been obtained ( v . 
Zettnow, P. 130, 241 ; cf. Lefort, A. Ch. [5] 9, 
93; 15, 321 ; 17, 470; 25, 200). Forms double 
salts with Na <j W 7 0 24 ( v . Marignac, A. Ch. [3] 69, 
65»; Laurent, A. Ch. [3] 21, 54). 

Silver paratungstate Ag a W 7 0 24 ; a yellow, 
crystalline pp. formed by adding Na a W 7 0 2l Aq to 
excess of AgNO,jAq (Gonzalez, J.pr. [2] 30, 44). 

Sodium paratungstate Na 6 W 7 0 24 .16Ii 2 0. 
This formula is given by Scheibler (J.pr. 83, 285) ; 
the formula Na 10 W 12 O 41 is given by Laurent (l.c.), 
Marignac (l.c.), and by Friedheim a. Meyer, 
(Zeit. f. anorg. Chemie, 1, 81). Prepared by satu- 
rating hot NaOHAq, or Na 2 CO a Aq, with 
W0 3 .a;H 2 0 and evaporating to the crystallising 
point ; also by passing C0 2 into Na 2 W0 4 Aq until 
the reaction is only faintly alkaline. Large, 
well-formed, white, triclinic crystals (Scheibler, 
l.c. ; Marignac, A. Ch. [3] 69, 39). Effloresces in 
air ; loses c. f of its H 2 0 over H 2 S0 4 ; is dehy- 
drated without decomposition at 300° (S., lx .) ; 
heated to dull redness leaves a residue, insoluble 
in water, containing more than 5WO, to Na 2 0 
(M., l.c. ; also Knorre, J. pr. [2] 27, 71). 
Melts above dull redness, giving Na 2 W0 4 and 
Na 2 W 4 0 48 (meta- salt). Heated with water to 
150° gives much meta- salt (K., lx.). Solubility 
8 to 9 at 85° to 40° ; for the salts obtainable 
from an aqueous solution v. M. (l.c.), and also 
K. ( B . 18, 2362). By boiling a solution with 
Na 2 CO, transformation to Na^VO* is complete 
(v. Schmidt, Am. 8, 16). A hydrate with 21H 2 0 
has been obtained (M., l.c.). Forms double salts 
with SrjWyO^ (Gonzalez, J.pr . [2] 86, 44), and 
with Zn s W 7 O w (Knorre, B. 19, 828). 

Strontium paratungstate SrjWyO^.SHD 
(guerre, B. 18, 827). 


Zinc paratungstate Zn/WfOaj.&HjO (Gon- 
zalez, J. pr. [2] 36, 44). 

Metatungstates or Tetratungstates, 
B l, 0.4WO, or B u W 4 O is . Salts of the acid 
H 2 W 4 0, 3 (v. Metatunostio acids, p. 802). The 
metatungstates may be obtained by causing 
metatungstic acid H 2 W 4 0„.icH 2 0 ( v . p. 802) 
to interact with carbonates, chlorides, or 
nitrates ; also by the reaction of a weak acid 
(H 3 P0 4 Aq is the best) with orthotungstates, the 
acid being added as long as the pp. of 
WOg.ajH^O which is at first formed re -dissolves ; 
also from the alkali salts by double decomposi- 
tion, or better from the Ba salt by interacting 
with sulphates; the alkali metatungstates are 
prepared by boiling solutions of the ortho-tung- 
states for some time with WO a .a?H 2 0. 

Most of the metatungstates are very soluble 
in water and are crystallisable from aqueous 
solutions ; aqueous solutions are not ppd. by 
acids in the cold, but pps. are obtained after 
long standing or boiling. Metatungstates are 
changed to ortho- salts by excess of alkali; 
when strongly heated, orthotungstates are 
| formed. Solutions of metatungstates are not 
ppd. by H 2 S ; (NH 4 ) 2 SAq gives a blue pp. ; pps. 
are not obtained with salts of the heavy metals 
except Pb and Hg 1 ; K 4 FeCy fl Aq does not form a 

pp. 

Ammonium metatungstate 
(NHJ 2 W 4 0 )2 .8H 2 0. This formula is given by 
Scheibler (J. pr. 83, 303) ; more complicated 
formula) are given by Margueritte (A. Ch. 

[3] 17, 477), Laurent (A. Ch. [3] 21, 62), and 
Lotz (A. 91, 55). Obtained by boiling the 
para- salt (NH 4 ) B W 4 0 l3 .a;H 2 0 with W0 3 .H,0 
(Margueritte, A. Ch. [3] 17, 477) ; also by boiling 
the para- salt with a little HNO a Aq (Laurent, 
A. Ch. [3] 21, 62) ; also by heating the ary para- 
salt to 250°-300° (Scheibler, J. pr. 83, 304 ; cf. 
Persoz, A. Ch. [4] 1, 101 ; and Marignac, A. Ch. 

[4] 3, 71). White octahedra ; effloresces in air ; 
loses 72^0 at 100°. Solubility in cold water 
-120 (Lotz, lx.), » 286 (Biche, A. Ch. [8] 50, 
45). The solution is optically refractive. In- 
soluble in alcohol or ether. Forms a double 
salt with NH 4 NO s (Marignac, A. Ch. [3] 69, 61). 

Barium metatungstate BaW 4 0 18 .9H 2 0. Ob- 
tained by adding BaO^Aq to a hot cone, solution 
of Na 2 W 4 0 18 acidified by HClAq (Scheibler, 
J. pr. 83, 304). Crystallises in large, white, 
tetragonal octahedra ; S.G. 4*298 at 14° ; loses 
6H 2 0 at 100° ; easily soluble in hot water, de- 
composed by much oold water to WO, and 
BaW,O, 0 .6H 2 O, which dissolve again on heating. 

Cadmium paratungstate CdW 4 O„.10H 2 O. 
Lustrous, white octahedra ; unchanged in air ; 
obtained by decomposing BaW 4 0„Aq by 
CdS0 4 Aq (S., l.c., p. 273). 

Calcium metatungstate CaW 4 O|„.10I£,O. 
Quadratic octahedra; obtained by dissolving 
CaCO, in H 2 W 4 0 I8 Aq and crystallising (S., lx., 
p. 314). 

Cobalt metatungstate CoW 4 O lJ .9H 2 0 (&, 
lx. p. 317). 

Copper mrtatung8tate CuW 4 0 4I .11H 2 0 (S., 
lx p. 317). 

Magnesium metatungstate MgW 4 0„.8H 2 0 

(S., lx.). 

Manganese metatungstate MnW 4 O, r 10BLjO 
(S.j lx. p. 27?). 
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Xerourous metatungstate Hg 2 W 4 0 ir 25H 2 0. 
Obtained, as a white pp., by adding HgN 0,Aq to 
solution of or a meta- salt (S., l.c., 

p. 819). 

Nickel metatungstate NiW 4 0. r 8EL0 (S., lx., 
p. 278). 

Potassium metatungstate K,W 4 0 1S .8H,0. 
Lustrous ootahedra ; obtained - by boiling 
K,W 7 0 24 Aq with WO a ^cH 2 0 ; very soluble in hot 
water, considerably leBS soluble in cold water (S., 
J.C., p. 803). A pentahydrate was obtained by 
Marignac (A. Ch. [4] 3, 71). 

Silver metatungsfcate Ag 2 W 4 0„. Obtained, 
as a crystalline crust, by adding AgNO,Aq to 
Na,W 4 0 lt Aq, evaporating, separating from 
Ag*W0 4 , and evaporating again (S., lx. p. 318). 

Sodium metatungstate Na 2 W 4 O„.10H 2 O. 
Obtained by boiling Na 4 W 7 0 24 Aq with WO^xHaO 
and allowing to evaporate ; white, lustrous 
octahedra ; S.G. 3*8647 at 13° ; very soluble in 
hot, but less in cold, water (S., lx. p. 803). 

Strontium metatungstate SrW 4 0„.8H 2 0 (S., 
lx. p. 314). 

Zino metatungstate ZnW 4 O 18 .10H 2 O (S., l.c. 
p. 273). 

Tungstates other than ortho-, para-, and 

META- SALTS. 

Ditungstates. Salts of the form 
R* 2 0.2W0, = B x s W 2 0 7 . Salts of K and Na of this 
composition were said by Lefort (A. Ch. [5] 17, 
470) to be formed by neutralising cold solutions 
of K 2 W0 4 and Na2W0 4 by acetic acid ; Knorre 
(/. pr. [2] 27, 83) obtained only metatungstates, 
R,W 4 0|„ by this method. 

Two to five tungstates . The existence 
of salts of the class 2R 2 I 0.6W0,“R 4 I W 5 0 I7 is 
doubtful. Marignac obtained a salt to which he 
gave the formula Na 4 W ft 0 17 . 1111*0 along with 
the para- salt Na„W 7 0 24 .16H 2 0 (A. Ch. [3] 69, 50). 
The same salt seems to have been obtained by 
Lefort ( l.c. ; cf. Forcher a. Gibbs, J. 1880. 341) 
by adding acetic acid and alkali to Na,W0 4 Aq 
and allowing to stand for some time (cf. also 
Schmidt, Am. 8, 16). 

Three to eight tungstates. A salt 
(NH 4 ) 6 W,0 27 .8H 2 0 = 3(NH 4 ) 2 0.8W0 s . 8H 2 0 seems 
to have been prepared by Marignac (A. Ch. [3] 
69, 61). 

Tritungstates B n O.3WO,®B u W s O 10 . 
Lefort (A. Ch. [5] 17, 470) prepared a salt to 
which he gave the formula Na 2 W,O 10 .6H 2 O, by 
pouring a boiling solution of Na 2 W 2 0 7 .6H,0 (ob- 
tained by adding acetic acid to Na 2 W0 4 Aq until 
the liquid shows an acid reaction) into boiling 
acetic acid, allowing to cool, separating the 
lower syrupy layer, and crystallising it. A 
corresponding salt 2 ^, 0 , 0 . 211,0 was obtained 
by a similar method ; and a series of tritungstates 
was prepared by mixing equivalent quantities of 
the Na salt and metallic acetates, in solution, 
and adding alcohol. L. describes the tritungstates 
as easily decomposing in aqueous solutions to di- 
and tetra- salts. The following salts were formed 
by L. : — BaWgO^ABL/) ; CdW,O 10 .4H 2 O ; 
OaW § O ir 6H a O ; CoWgO.^O ; FeW 8 O 10 .4H 2 O ; 
PbW,O 10 .2H„O; MgW t 0 l# .4H 2 0 ; MnW,O 10 .5H 2 O ; 
NiW,0 1# .4H,0 ; %W # O 10 .2H,O ; Na 2 W,O 10 .4H 2 O ; 
SrWjO^.SHjO. Knorre’s experiments led him 
to regard Lefort ’s tritungstates as mixtures 
(J.pr. [2] 27, 83). 

jpenta* ana octo* tungstates. Salts 


of K and Na of the composition R^WjO,,, and 
BjjWgCXj, are said to have been isolated, the 
former by fusing mixtures of R 2 W0 4 and WO,, 
the latter by fusing B*W 4 0„ w* r ;h (Knorre, 

J.pr. [2] 27, 81, 91). 

A few tungstates that do not find places in 
any of the foregoing classes have been described 
by different observers ( v . especially Lefort, A. Ch. 
[5] 9, 93; 15, 324; 17, 470; 25, 200; also 
Scheibler, J. pr. 83, 237 ; Gonzalez, J.pr. [2] 36, 
44 ; Knorre, J. pr. [2] 27, 93 ; Lotz, A. 91, 49 ; 
Feit, B. 21, 133 ; Cleve, Bl. [2] 43, 170 ; Hdgborn, 
Bl. [2] 42, 2). 

Pertungstates. By boiling a solution of the 
paratungstate Na 8 W 7 0 24 .16H 2 0 with HgO^q, 
and then evaporating in vacuo, Pochard ( C . B. 
112, 1060) obtained small white crystals of a salt 
to which ne gave the formula Na .0.W 2 0 7 .2H 2 0 = 
NaW0 4 .H 2 0; and by treating (NH 4 ) 4 W 7 0 !l4 .6H 2 0 
in a similar way he isolated the corresponding 
NH 4 pertungstate. According to P. these salts 
are decomposed by alkalis with evolution of O ; 
solutions of them se’t free I from KIAq, and 
react with HClAq, giving off Gl. 

Tungsten bronzes. Bright-coloured, lustrous, 
metal-like, crystalline solids, obtained by the 
action of reducers — such as H, coal-gas, Sn, or 
Fe — on tungstates of Li, K, or Na ; also by the 
electrolysis of these tungstates when molten. 
The composition of these compounds, which are 
known as bronzes and are used as pigments, is 
represented by the formula M x (WOj,)„, where 
M = Li, K, or Na. The constitutions of the com- 
pounds are not known ; they may be represented 
as compounds of tungstates with W0 2 , by the 
general formula ®M 2 0^W0,.«W0,; they may 
also be represented as compounds of M. 2 0 with a 
radicle composed of W and O in a ratio greater 
than W:20 and less than W:80 — that is, as 
compounds of M 2 0 with oxides intermediate 
between W0 2 and WO,. The tungsten bronzes 
are insoluble in most acids, also in alkali 
solutions. 

Sodium tungsten bronzes. These compounds 
are formed by the interaction of Na tungstates 
and H (Wdhler, P. 2, 350), Sn (Wright, A. 79, 
221), coal-gas (Schnitzler, D. P. J. 211, 484), 
Zn or Fe (Zettnow, P. 130, 261), or by electro- 
lysing Na tungstates ( Scheibler, J. pr. 83, 321), 
According to Philipp (B. 15, 499), the different 
processes yield the same bronze if the same 
tungstate is used, and the more WO a there is in 
the tungstate employed the richer in WO a is the 
bronze produced. All the compounds are in- 
soluble in acids or alkalis; they dissolve in 
NaClOAq; heated with NHgAq and AgNO,Aq 
they give Ag and WO, (cf. P. a. Schwebel, B. 
12, 2234 ; 15, 500 ; Knorre, J. pr. [2] 27, 51). 
These compounds are slowly oxidised to tung- 
states by heating to redness in air (K., l.c.), 
Philipp ( l.c. ) gave S.G. of all the sodium bronzes 
as 7-2 to 7-8 at 16° to 18°. 

Purple-red bronze Na*W,0, ~NajjO.2WOg.WO, 
« N a 2 O.W,0, » N 0 4 .W 2 0 9 . Prepared by 
fusing for c. half an hour a mixture of 10*9 g. 
NajjCOj,, 71*7 g. WO, and 20 g. tinfoil, and boil- 
ing successively with H s O, NaOHAq, and HClAq. 
Bed cubes; the powder transmits green light 
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melting 60 to 80 g. of a mixture of Na^WO* and 
WO* in the ratio 2NaaW0 4 :W0*, adding 80 g. 
tinfoil, and keeping molten for 1 to 2 hours. 
Red-yellow cubef\; the powder is brownish 
vellow, and transi jits blue light when suspended 
in water (P., l.c.). 

Gold-yellow browse Na 5 W fl O, 8 = 

5N a 2 0.7 WO,.5W 0, = SNa/XW^O,,. Prepared by 
heating Na*W 2 O r to dull redness in H, powdering 
and again heating in H, and then boiling with 
H*0, HClAq, and Na*CO*Aq successively. Golden 
yellow, crystalline powder (P., l.c. ; of* WOhler, 
P. 2, 350; Wright, A. 79, 221). 

Blue bronze Na^W 6 O w = Na.3O.4W 0 3 .W 0 2 = 
Na 3 O.W 6 O l4 . Prepared by fusing Na 2 W0 4 with 
more than 2 WO*, and adding tinfoil ; also by 
melting Na a W 7 0 24 (paratungstate) and electro- 
lysing with 6 Zn-Pt elements (P., l.c. ; Scheibler, 
J. pr. 83, 321 ; cf. Knorre, J. pr. [2] 27, 49 ; and 
Zettnow, P. 130, 261). Dark-blue cubes, with a 
red sheen ; S.G. 7*28 at 17°. 

Potassium tungsten bronzes. The com- 
pound K 8 W 4 0, 2 » KjO.3WOj.WO* « KjO.W.O,, 
Beems to be the only one of this class that has 
been isolated. Prepared by fusing KjW0 4 with 
WO* and adding tinfoil ; also by fusing K,CO a 
with from 3WO* to 4WO*, and reducing by H or 
coal gas ; also by electrolysing a molten mixture 
ofK a W0 4 andW0 8 . Reddish-violet prisms, giving 
a blue powder, which transmits greenish light 
when suspended in water ; S.G. 0. 7*1 (Laurent, 

A. Ch. [2] 67, 219; Zettnow, P. 130, 262; 
Knorre, J, pr. [2] 27, 63). 

Lithium tungsten bronzes. A compound of 
this class, probably LijW 6 0 15 , is obtained by 
fusing Li a W 7 0* 4 (paratungstate) with tin. Dark- 
blue crystals (Scheibler, J. pr. 83, 821 ; Knorre, 
l.c., p. 69 ; Felt, B. 21, 133). 

A potassium sodium bronze and a potassium 
lithium bronze have been obtained (Knorre, l.c . 
p. 66 ; Feit, l.c.). 

COMPLEX TUNGSTIC ACIDS AND 
SALTS. Tungstic oxide WO* combines with 
several anhydrides, e.g. B 2 0*, P 2 O fi , Ab 2 O s , Si0 2 , 
&c., and water, to form acidic compounds, and 
also with these anhydrides and basic oxides to 
form salt-like compounds; the whole of these 
compounds are usually grouped together as 
complex tungstic acids and complex tungstates , 
and they are divided into such classes as arseno - 
tungstates , phosphotungstates , &c. 

Antimonosotungbtic acids and salts. Ac- 
cording to Lefort (A. Ch. [5] 17, 487), the com- 
pounds Sb2Oj.6WOj1.4H2O and Sb2O3.6WO3.8H2O 
are formed by dissolving tartar emetic in 
Na/LSWO^q and Na20.2W0*Aq respectively. 
Gibbs (Am. 7, 892) obtained 
4Ba0.6Sb 2 0*22W0,.36E^0 and 
6K 2 0.4Sb*0*.12W0 t .25H. i 0. 

Arsen oTTJNGBTic acids and salts. Compounds 
of tike form AB 2 0 5 16W0,.arH f 0 have been ob- 
tained by Kehrmann (A. 245, 45 ; cf. Fremery, 

B. 17, 296) ; and series of compounds of As 2 0* 
with WO* and basic oxides (Na 2 0, K*0, BaO, 
Ac.), in which the ratio of As 2 0*:W0* is 1:6 and 
1:8, have been described by Gibbs (Am. 7, 813). 
Compounds of WO* with ASgO* ana bases, and 
also with ASjOrand As 2 0* and bases, and finally 
with As*0* and P*0* and bases, are described by 
Gibbs (Lc.). 

• Borotungstic acids and salts. Two com- 


pounds of B 2 0* and WO* have -probably been 
isolated, in which the ratios of the oxides are 
1:14 and 1:9 respectively ; compounds of each of 
these with bases are known (Klein, A. Ch. [51 
28, 350). 

Borotungstic aoid and salts 
B2O5.i4WO3.xH2O. A solution containing B 2 0* 
and W0 8 in the ratio 1:14 is obtained by boiling 
Na.,jW0 4 Aq with B 2 0*Aq, «ppg. by HgNO*Aq, 
decomposing the pp. by 11*8, and expel- 
ling H. 2 S from the filtrate by warming (for 
details v. K., l.c.). Compounds of the form 
®M0.B 2 0,.14W0 3 .2/Hj0 have been formed, 
where x = 2, 3, and 4, and M is Ba, K2, Ag*, Na* 
and Sr. 

Tungstoborio acid and salts. The com- 
pound B3O3.9WOg.xH2O, usually known as tung- 
stoborio acid, is obtained in yellowish octahedra 
by evaporating the solution of borotungstic acid. 
A considerable number of compounds of bases 
with B 2 O s and WO*, in the ratio B 2 0 3 :9W03, 
has been obtained; most of them are of the 
form 2MO.B3O3.9WO3.xH3O, M - (NH 4 ) 2 , Ba, Cd, 
Ca, Co, Cu, Li 2 , Mg, Mn, Hg 2 , Ni, K*, Na*, TL, ; 
a few salts 2M 2 0,.B 2 0,.9W0*.xH*0 (M-Al or 
Cr) are also described by Klein (l.c.). 

Fluotunostates and allied compounds ; v. 
TUNG8T0XYFLU0RIDE8 (p. 799). 

Iodotungstates. Blomstrand (J. pr. 40, 827) 
described a compound 2K2O.I3O5.2WOg.3H2O, 
obtained by adding the calculated quantity of 
HIO, to K 2 W0 4 Aq. 

Phosphotungstio acids and salts. The oxides 
WO* and P*0 5 combine in several proportions, in 
presence of HjO, to form complex acids which 
contain large quantities of WO, relatively to the 
P 2 0 6 . A great many compounds are known 
containing WO* and P*0 6 combined with basic 
oxides. 

Phosphotungstio acids. Compounds of the 
form PjOg.xWOg.T/^O ; compounds wherein 
** 24, 21, 20, 16, and 12 seem to have been 
isolated. The existence of these compounds 
was made known by Scheibler (B. 5, 802) ; they 
have been investigated chiefly by Gibbs (Am. 2, 
217, 281; 4, 377; 5, 361, 391; 7, 813, 392; 
Pochard, C. R. 109, 801; 110, 754; and Kehr- 
mann, B. 20, 1805, 1811 ; 24, 2326 ; 25, 1966 ; 
A. 245, 45 ; Zeit.f. anorg. Chemie> 1, 428; also 
Drechsel, B. 20, 1452 ; and Brandhorst a. Kraut, 
A. 249, 373). The phosphotungstio acids are ob- 
tained by boiling H*P0 4 Aq with H 2 W 4 0 Js .xH 2 0 
(meta- acid) ; by decomposing the merourous 
salts by HClAq ; and by boiling Na a W 7 0* 4 .xH 2 0 
(para- salt) with NajjHP0 4 Aq, decomposing by 
HClAq, and dissolving the acids thus formed in 
ether. The phosphotungstio acids are unchanged 
in solutions in dilute acids ; these solutions are 
scarcely acted on by H2S, and very slightly by 
zinc ; they give phosphates and tungstates when 
boiled with alkalis ; characteristic pps. are pro- 
duced with alkaloids, urea, albumen, <ftc. 

PhospLoduodecitungstic acid and salts 
P 2 0 5 .24 W Og-xHjO and yM0.P 2 0 6 .24W0 g .xH*0. 
The acid is obtained by evaporating a solution 
of H*P0 4 and H 1 W 4 0,*^cH 2 0 in the proper pro- 
portion (Pochard, lx.) ; by boiling a solution of 
tungstate and phosphate of Na, in the ratio 
24Na2W0 4 :2Na2HP0 4 , acidulating with HNO.Aq, 
ppg. by HgNO*Aq, decomposing the Hg salt by 
HClAq, filtering, and evaporating 4m vacuo 
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{Gibbs, Am. 2, 2X7) ; by boiling H 3 P0 4 Aq with 
BaW0 4 in the proper proportion, decomposing 
by a small excess of HJ30 4 Aq, removing HgS0 4 
by BaOAq, filtering, and evaporating (Sprenger, 
J. pr. [2] 22, 418). The acid crystallises in 
white, regular octahedra, or cubes. The value 
for x in the formula P 2 0 8 .24W0 8 .xH 2 0 varies 
according to different observers, from 40 to 68, 
69, and 61. The salts yMO.PA.24WO3.xH3O 
are obtained by mixing tungstates (normal or 
para- salts) with H 3 P0 4 Aq or a phosphate, and 
decomposing by slight excess of HClAq, HNO s Aq, 
or H 2 S0 4 Aq ; in most cases the salts ppt. as fine, 
white powders ; in some oases it is advisable to 
evaporate to dryness, extract with alcohol and 
ether, and evaporate. The salts have been de- 
scribed by Gibbs (l.c.) ; Kehrmann ( Zeit.f . anorg. 
Chemie , 1, 430) ; K. a. Freinkel ( B . 24, 2327) ; 
Sprenger (J.pr. [2] 122, 418) ; and Brandhorst a. 
Kraut (A. 249, 373). Salts have been obtained 
wherein MO = (NHJ 2 0, BaO, OuO, KjO, Ag 2 0, 
and Na 2 0, and y = 1, 2, and 3. 

Phospholuteotungstic acid and salts. 
PA.l6WO3.xH3O and yM0.PA-16W0 8 .xH ? 0. 
The acid is obtained by boiling Na 2 W0 4 Aq with 
H,P0 4 Aq, acidulating with HNO„Aq, adding 
NH 4 01 and boiling, crystallising the pp. from 
NH 4 01Aq, evaporating the NH 4 salt thus pro- 
duced with aqua regia , and crystallising the 
acid so formed from water (for details v. K., l.c.). 
To an acid obtained by decomposing the K salt by 
H 2 SiF„Aq, or the Ag salt by HClAq, K. gives the 
formula P 2 0 5 .18W0 3 .xH 2 0 ; and he says that 
the salts are yM0.PA.18W0 3 .xH 2 0. The acid 
forms citron-yellow, six-sided tablets; it melts 
by the heat of the hand, and is very soluble in 
water. According to K. (B. 20, 1805 ; A. 245, 
45), salts of this series are obtained by boiling 
any phosphotungstates with excess of H 3 P0 4 Aq 
in presence of an alkali salt. It is probable that 
two series of salts exist— one with 16WO a and 
another with I8WO3 (c/. Gibbs, Z.c.; and Pochard, 
lx.). Salts have been obtained wherein 
MO = (NH 4 )A BaO, CaO, CuO, PbO, and K a O, 
and y *1, 3, 4, and 6. 

Other phosphotungstic acids and salts. 

I. Salts of the form yM0.P 2 0 5 .22W0 3 .xH,;0 
have been obtained, wherein MO - (NH 4 ) 2 0, BaO, 
and KA and y - 2, 3, 4, and 7 (t>. K. a. F., B. 24, 
2327 ; 25, 1966 ; K., Zeit.f. anorg. Chemie , 1,435 ; 
Sprenger, l.c . ; Gibbs, l.c.). 

H. An acid of the form P 2 0 4 .21W0 8 .xH 2 0, 
and salts 3/M0.P 2 0 4 .21W0 3 .xH 2 0, where 
MO»(NH 4 )A K a O, an< l Ag 2 0 and y« 3, have 
been isolated (K. a. F., l.c .; K., l.c.). 

III. The acid PA- 2 0WO 8 .xH 2 O and a salt 
6BaO.P 2 O 4 .20W 0„.xH 2 0 were obtained by 
Pochard (l.c.) and Gibbs (l.c.). 

IV. For the acid P 2 0 4 .12W0 a .xH 2 0 and the 
salts yMO.P3O3.i2WO3.xH3O, where MO 
=*(NHj)A BaO, CaO, CuO, PbO, Li 2 0, MgO, 
HgA &A AgA Na 2 0, T1A an d ZnO, v. 
P^ohard (C. B. 110, 764). 

V. A few salts of the form 
yMO.P2O3.7WO3.xH2O have been obtained 
(MO * (NH t ) 2 0, BaO, CaO, HgA Na 2 0; y 
doubtful) (GibbB, l.c. ; K., l.c.). 

VL Compounds of alkali phosphates with 
WOj, and with phosphoric acids and WO a , have 
been isolated; also compounds of alkaliB with 
HJPO. and WO i# and with H 3 PO, and WO„ 


are described by Gibbs (Am. 5, 361 ; 7, 316, 
892). 

Platinitun gstates, v . this vol., p. 283. 

SlLIGOTUNGSTIO ACIDS AND SALTS. Three OOIU- 

pounds of SiO, with W0 3 anj H2O, which react 
as acids, have been isolated, and many com- 
pounds of bases with Si0 2 and W0 8 have been 
obtained (Marignao, A. Ch. [4] 8, 6). 

Siliooduodecitungstic acid, and salts 
Si0 2 .12W0 a .xH 2 0 ; as most of the salts contain 
4M 2 0 (or 2MO) the acid is usually written 
4H2O.SiO2.i2WO3.xH2O ( » HAW, 2 0 42 .xH 2 0). 
According to Drechsel (B. 20, 1452), the acid is 
most easily obtained by dissolving Na 2 W0 4 in 
boiling water, nearly neutralising with HNOgAq, 
dissolving the crystals that separate in oold 
water, boiling this solution with gelatinous 
SiOg-xIIjO until HClAq ceases to give a pp., 
filtering, evaporating, adding a large excess of 
EL 2 S0 4 Aq, extracting with ether, separating the 
lowest layer and evaporating (for details v. D., 
l.c.). Large, colourless, dimetrio octahedra 
(with x = 29); loses 25H2O at 100°, and all H2O 
at 350°. Very soluble in water and alkali 
solutions. Most of the salts of this acid have 
the composition 4M2O.SiO2i2WO3.xH2O, or 
2M0.Si0 2 .12W0 3 .xH 2 O; M 2 0 = (NH 4 ) 2 0, Hg 2 0, 
&A Ag 2 0, NaA MO=BaO, CaO, MgO; x 
varies from 7 to 28 (Marignao, l.c.). 

Tungatosilicic acid, and salts. This name 
is generally given to an acid containing Si0 2 
and WO a in the same ratio (1:12) aB silicoduodeci- 
tungstio acid. The formula of the acid is 
generally written 4H 2 O.SiO 2 .12WO 8 .20H 2 O. The 
acid is obtained by evaporating a solution ol 
silicodeoitungstio acid to dryness, taking up with 
water, filtering from separated Si0 2 , evaporating 
to a syrup, and allowing to crystallise. Forms 
short, white, triclinio prisms ; melts under 100°, 
giving off 16HA and again solidifying. The 
salts of this acid are obtained by dissolving car- 
bonates in a solution of the acid, and evapora- 
ting; they are more soluble and less easily 
crystallised than the salts of the duodeoi- acid ; 
the salts are of the forms 

(1) 2M0(4M 2 0).Si02.12W0 8 .xHA where 
M = Ca, or M 2 - K, ; 

(2) 2M 2 0.2H20.Si0 2 .12W0 s .xH 2 0, where 

M 2 = Kg or Na 2 ; some more complex salts have 
also been isolated (Marignao, l.c.). 

Silico-decitungstio acid, and salts. The 
acid 4H 2 O.SiO 2 .10WO 8 .xHgO (x probably « 3) 
is obtained by decomposing the Ag salt by 
HClAq, filtering, and evaporating in vacuo ; the 
Ag salt is prepared by adding AgNOaAq to the 
NH 4 salt which iB obtained by boiling an acid 
tungstate of NH 4 with Si0 2 .xH 2 0, filtering, and 
evaporating. The acid forms a clear, yellowish t 
glassy solid, which does not wholly dissolve in 
water ; loses 3HgO at 100° ; on boiling with 
water most of the Si0 2 separates, and the 
filtrate contains tungstosilicio aoid. A few salts 
have been obtained ; they are difficult to purify 
from Bilicotungstates and tungstosilicates (Ma- 
rignac, l.c.). t 

Stanniphosphotungstatbs. Gibbs (Am. 7> 
892) obtained the salt 

2(NH 4 ),0.P20 5 .2Sn02.22W0 a .15Eg0 by the re- 
action of SnCl 4 .2NH 4 Cl and 

2Na3O.P3O3.24WO3.xHA 
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Titanotungbiio jioiDB. Two acids, 
4H 5 0.Ti0 2 .l2WQ g .a?H 2 0 and 
4H 2 O.TiO 2 .10WO 8 .xH 2 O, are described by Le- 
carme (v. Klein, Bl. [2] 86, 17). 

Vanadotungs- ;o acids and salts. Several 
compounds of WiD a with V 2 0 5 and E^O have 
been described by Gibbs (Am. 4, 377; 5, 
361, 891) and Rosenheim (A. 251, 197) ; 
they belong to the forms V 2 0 5 .10W0 3 .xH 2 0, 
VaO5.l8WOg.aH2O, and V 2 0 v 4W0 8 .aH 2 0. Com- 
pounds of these with 2/M 2 0 and yMO are 
also described ; and a great variety of com- 
pounds coming under the general formula 
mMO.nV3O5.pWO3.xR2O have been obtained (cf. 
Friedheim, B. 23, 1505 ; and Rothenbaoh, B. 
23, 8050). 

Tungsten, oxybromides of. Twooxybromides, 
WO^Br and WOBr 4 , are formed by the reaction 
of Br on W0 2 , and in other ways. The formula 
WOBr 4 is very probably molecular, from the 
analogy of WOCl 4 . 

Tungsten dioxydibromide WOaBr 2 . Ob- 
tained by heating W0 2 in a stream of Br vapour, 
also by passing vapour of WBr 5 over heated 
WO, (Roscoe, 0 . N. 25, 73) ; also by heating 
WS s or e mixture of W0 8 and C in Br (Borck, 
J. pr. 64, 254). Red, transparent, prismatic 
crystals ; appearing black when hot, and giving 
a yellow powder. Volatilised at red heat with 
partial decomposition to W0 3 and WOBr 4 . 

Tungsten oxytetrabromide WOBr 4 . Ob- 
tained by passing Br vapour over a heated 
mixture of equal parts of WO s and W, and 
cautiously distilling from less volatile WO^r* 
(Roscoe, O. N. 25, 73). Also formed by passing Br 
mixed with some 0 over heated W, or by heating a 
mixture of W0 3 and C in Br vapour (Blomstrand, 
J . pr. 82, 430). Brownish black, lustrous, 
crystalline needles ; melts at 277° and boils at 
327°. Heated in moist air gives WO a and HBr, 
and is decomposed to the same products by water. 

Tungsten, oxychlorides of. Two oxy- 
chlorides, W0 2 C1, and WOCl 4 , are formed by 
heating W in Cl mixed with some O, and in other 
reactions. 

Tungsten dioxydiohloride W0.2C1 2 . Ob- 
tained by heating W0 2 in a stream of Cl, and 
subliming (Roscoe, C . N. 25, 63) ; also by pas- 
sing C0 2 over a mixture of W0 3 and CaCl 2 heated 
to redness (Schultze, J. pr. [2] 21, 439). Also 
formed, along with W0C1 4 , by heating W in Cl 
mixed with 0 ; by heating W0 3 and C in Cl ; by 
heating W0 8 in CC1 4 (Watts a. Bell, C. J. 38, 
442) ; and by heating W0 3 with PCl a (Schiff, A. 
197, 185; cf. Tungsten trioxide, Reactions , 
No. 10, p. 801). Yellow, four-sided tablets; 
sublimes without melting at c. 266°, with partial 
decomposition to W0 8 and WOCl 4 . Not decom- 
posed in moist air, nor by cold water (R., Z.c.). 
Heated in dry NH 3 gives off NH 4 01 and leaves 
WO s (Rideal, 0. J. 55, 43); in this reaction 
W0 2 C1 2 behaves like CrO,,Cl 2 (R., C. J. 49, 367). 
According to Smith a. Shinn (Zeit. f. anorg. 
Chemie , 4, 881), a black compound W 4 0 4 N 4 H3 is 
formed by heating WOgCL* in dry NH 8 . 

Tungsten oxytetraohlobide W0C1 4 . Mol. 
w. 841*04. Formed by heating W in Cl con- 
taining a little O ; also by passing Cl over a hot 
mixture of WC 8 and C; by heating W0 8 in CC1 4 
(Watts a. Bell, 0. J. 33, 442) ; by heating 
WC1 8 or WCl f in 0 and Cl ; by heating WC1, with 


H,C 2 0 4 ; and by heating WC^Gl*. Prepared by 
passing vapour of WC1 8 over heated W0 8 in a 
current of Cl (Roscoe, 0. N. 25, 63). Also by 
heating W0 8 and PC1 8 , in the ratio W0 8 :PC1 5 or 
W0 8 :2PC1 5 , distilling off P0C1 8 and the small 
quantities of WC1 5 and WCl fl that are formed, 
washing the reddish residue with a little cold 
CS 2 (to remove WC1 8 ), then dissolving in a 
larger quantity of warm CS 2 , evaporating, and 
carefully heating the residue in a stream of C0 2 , 
whereby the more volatile W0C1 4 is separated 
from W0 2 C1 2 (Schiff, A. 197, 185). 

W0C1 4 forms ruby-red, transparent needles; 
melts at 210-4°, and volatilises at 227'5°, forming 
a yellow vapour (R., Z.c.). V.D. 170*2 to 175*8 at 
350°, 171*5 at 440° (R., Z.c. ; cf. Debray, 0. R. 
60, 820). Exposure to air produces a crust of 
yellow W0 2 C1 2 . Heated in NH 3 probably gives 
W 2 N 8 (Rideal, 0. J. 55, 43). Decomposed by 
water, with a hissing sound, to WO a and HCLAq 
(Roscoe, Z.c.). 

Tungsten, oxyfluorides of. No compound 
of W with O and F has been isolated, but com- 
pounds are known which may be regarded as 
containing These compounds, 

WO.2F2.2MF and WO^.MF, and also a com- 
pound WO a F 2 .2KF, are described under Tungbt- 
OXYFLUORIDES (p. 799). 

Tungsten, phosphides of. By heating W in 
vapour of P, a dark-grey powder was obtained 
by Wohler a. Wright (A. 79, 244), to which they 
gave the composition W 8 P 4 . By heating a mix- 
ture of WO a and P 2 0 6 in a graphite crucible, 
W. a. W. (l.c.) obtained large, dark-grey, lustrous, 
six-sided prisms ; S.G. 6-207 ; insoluble in acids, 
including aqua regia , soluble in a molten mix- 
ture of Na 2 C0 3 and NaN0 8 ; unchanged by 
heating in air, but burns brilliantly in O. From 
an estimation of the P, W. a. W. gave the 
formula W.2P. 

Tungsten, salts of. No saltB have been 
isolated by replacing the H of oxyacids by W. 
Except the halides, the only salts of W that are 
known are those wherein W forms part of the 
negative radicle. 

Tungsten, selenides of. By saturating a 
solution of Na,W 4 0„ with H 2 Se, and then add- 
ing dilute H 2 S0 4 Aq, Uelsmann (A. 116, 125) ob- 
tained a black pp., to which he gave the formula 
WSe 8 (one estimation of W is given); by heat- 
ing this in a tube a grey solid was obtained, 
said by U. to be WSe 2 (no analyses). WSe, is 
said to be easily soluble in solutions of alkalis, 
alkali sulphides, or alkali selenides. 

Tungsten, sulphides of. Two compounds of 
W and 8 are known, WS 2 and WS 8 ; the latter 
is acidic, forming salts M 2 WS 4 . The V.D. of 
neither has been determined. 

Tungsten disulphide WS 2 . Obtained by 
heating WO a to whiteness in vapour of S or in 
H 2 S (Berzelius) ; also by heating W and 8 ; also 
by heating WO, with 6 pts. HgS out of contact 
with air (Borck, J. pr. 54, 254). According to 
Carnot (Bl. [2] 32, 164), WS 2 is usually formed 
when a compound of W is heated in a stream of 
dry E^S (v. also von Uslar, A. 94, 256 ; Corleis, 
A. 232, 262). A dark-grey, graphite-like, lustrous, 
crystalline powder (v. Riche, A. Ch. [3] 50, 26). 
Is said to decompose steam at a full rod heat ; 
reduced * to W by very long sontinued heating 
in H. 
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Tungsten trisulphidb WS s . Obtained by 
fusing powdered wolframite with *2 pts. C, 3 pts. 
S, and 3 pts. Na^CO,, dissolving in water, de- 
composing the Na«jWS 4 Aq thus produced by 
HClAq, washing the pp. completely out of con- 
tact with 0, and drying at 100° (von Uslar, A . 
94, 256 ; Gorleis, A. 232, 264). A black powder ; 
slightly soluble in water, more soluble on boiling, 
probably with partial decomposition. Soluble in 
alkali sulphide solutions, forming thio- salts (v. 
Tungsten, thio- acids and salts of, infra ) . 
By adding to Na 2 WS 4 Aq a little more HClAq 
than was needed to combine with the Na, Wins- 
singer (Bl. [2] 49, 452) obtained a colloidal form 
of WS g . 

Tungsten, sulpho- acids and salts of, v. next 
article. 

Tungsten, thio- adds and salts of. By 
saturating (NH 4 ) 2 W0 4 Aq and KjW0 4 Aq with 
HJ3, Berzelius obtained (NH 4 ) 2 WS 4 and K i WS 4 
(P. 8, 267) ; these salts were more fully ex- 
amined by Corleis (A. 232, 258), who also ob- 
tained Na 2 WS 4 , and also some thio-oxy-tung- 
states. All the thio-tungstates that have been 
isolated are ortho- salts, i.e. salts of H*WS 4 . 
Very dilute solutions of thiotungstates can be 
titrated with IAq in presence of KHCO s (G., lx.). 

Ammonium thiotungstate (NH 4 ) 2 WS 4 . Ob- 
tained by passing H 2 S for four or five hours into 
a solution of 10 g. WO*.!!/) in 100 c.c. NH s Aq 
S.G. *94, + 20 c.c. water, allowing to stand for 
some hours in a closed vessel, and washing the 
crystals that separate with alcohol and ether. 
Forms orange-yellow prisms, isomorphous with 
(NHJjMoS^ very easily decomposed in moist 
air ; easily soluble in water, Blightly soluble in 
alcohol. Heated in 00 2 gives WS, (B., lx*; 
O., lx.). 

Ammonium dithio-oxy -tungstate 
(NH 4 ) 2 WS 2 0 2 . Obtained by passing H*S into a 
solution of 10 g. WO s .HjO in 40 c.c. NH s Aq 
S.G. *90, + 10 c.c. water, until the liquid becomes 
turbid, and washing the crystals that form with 
alcohol and ether. Forms yellow, prismatic 
crystals. When dry, the salt is unchanged in 
air. Decomposed by re-crystallising from water, 
giving paratungstate (NH 4 ) g W,0 J4 .6H,0 (C., l.c.). 

Potassium thiotungstate K 2 WS 4 . Obtained 
by warming (NH,) 2 WS 4 with KHSAq, adding 
alcohol, and crystallising from cone. KHSAq. 
Forms yellow, prismatio needles ; easily soluble 
in water. By continued boiling with KHSAq 
paratungstate is formed, KgW^.OH^O (C., lx.). 
Forms a double salt with KNO s , with the compo- 
sition KgWS 4 .KNO t (B., I.C.). 

Potassium trithio-oxy-tungstate 
KjWS, 0.H 2 0. Obtained in citron-yellow, quad- 
ratic tablets, by passing H,S for three or four 
hours into a solution of 10 g. K a W0 4 in 10 c.o. 
water, and evaporating in vacuo , or precipitating 
by alcohol (G., l.c.). 

Potassium monothio-oxy-tungstat, 
KjWSO*.H. 4 0. Obtained, in almost colourless, 
very hygroscopic, crystalline masses, by passing 
H,S into a solution of 10 g. K 2 W0 4 in 5 c.c. 
water until the liquid is turbid, filtering, adding 
4 to 5 vols. alcohol, separating the under layer 
of liquid, allowing to crystallise, and washing 
with alcohol and ether (G., l.c.). 

Sodium thiotungstate Na^WS* Obtained, 


but not pure, by Gorleis (Lc.), by decomposing 
(NH 4 ) 2 WS 4 by NaHSAq. 

Tungsten, t biochloride of. By heating W to 
redness with S 2 C1 2 , Smith a. Oberholtzer (Zeit. 
./. anorg. Chemie, 5, 63) obtai ied a red, crystal- 
line sublimate, unstable in air, probably W 2 S 7 Clg. 

M. M. P. M. 

TUNGSTEN BE0NZES v. under Tungsten 
OXY acids, p. 806. 

TUNGSTIC ACIDS v . Tungsten oxyacids, 
p. 802 ; also Tungsten thio-acids, supra. 

TUNGST0XYTLU0 RIDES v. under Tung- 
sten fluorides, p. 799. 

TUNGSTEN, ORGANIC COMPOUNDS OF. 
Tungsten, heated with Mel at 240°, forms 
WMe 4 I, [110°], which crystallises in tables, and 
is converted by Ag 2 0 into WMe 4 0, which dis- 
solves in acids (Biche, C . JB. 42, 203 ; Oahours, 
A. 122, 70). 

TUNICIN v. Animal cellulose, vol. i. p. 718. 

TU R MERIC. The root of Amomum Curcuma . 
It contains curcumin (q. v.) and turraerol. 

TURMERIC ACID C u B u O r [35°]. A pro- 
duct of oxidation of turmerol by cold KMn0 4 
(Jackson a. Menke, Am. 6, 77). Needles, si. sol. 
water, v. sol. alcohol.— CaA' 2 3aq. S. (of GaA'J 
1*28 at 16°. White needles.— AgA'. 

TURMEROL G.^O (?). (193°-198° at 60 
mm.). S.G. H *902. [o] D =33*5°. An oil oc- 
curring in turmeric. Distils with decomposition 
at 285°~290° (Jackson a. Menke, Am. 4, 368; 
6, 77). Dextrorotatory. Does not combine 
with NaHSO a . KMn0 4 oxidises it to acetic, 
terephthalic, turmeric, and apoturmeric acids. 
PCl a forms C^H^Cl, which is alBO got by heating 
turmerol with cone. HClAq at 150°. Sodium 
forms C )f) H 27 ONa, whence isobutyl iodide forms 
oily C^H^OC.H,. 

Apoturmeric acid G 8 H g (C0 2 H) 3 (?). [221°]. 
Woolly mass, sol. boiling water. 

TURPENTINE. Semi-fluid resins exuding 
from coniferous trees. They consist of resin 
dissolved in oil of turpentine. On distillation 
oil of turpentine passes over and colophony re- 
mains behind. The various oils of turpentine 
are described under Terpenes. The chief con- 
stituent of colophony is abietic anhydride (v. 
Abietio acid and Sylvio acid). On oxidation 
by dilute HNO, colophony yields isophthalic, 
trimellitic, and terebio acids (Sohreder, A. 172, 
93). On the products of distillation of colophony 
v. Resins. 

TURPETHIN O l4 H M O ir [c. 183°]. Occurs 
in the root of Convolvulus Turpethum (Ipomcea 
Turpethum) (Boutron-Charlard, J. Ph . 8, 131 ; 
Spirgatis, /. pr . 92, 97 ; A. 139, 41). Purgative 
yellowish-brown resin, v. sol. alcohol, insol. 
ether (difference from jalapin). Cone. H 2 S0 4 
forms a red solution. Boiling alkalis convert it 
into turpethic acid. Boiling dilute mineral acids 
yield glucose (3 mols.) and turpetholio acid (1 
mol.). 

Turpethic aoid G S4 H w 0 I9 . Amorphous 
yellowish mass, v. sol. water. Split up by 
boiling HClAq into glucose and turpetholio 
acid. — BaA". - BaH*A 2 (dried at 100°). 

Turpetholio aoid C^^O,. [c. 88°]. Minute 
needles (from dilute alcohol), si. sol. ether.— 
NaA' (dried at 100 ). — BaA' r Amorphous*— 
AgA'. Amorphous pp. 

Ethyl ether EtA'. [72°]. Plates. 
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TYLOPHOBIN 3. An alkaloid in Tylophora I but a typical classification cannot be final in any 
mthmatica (Hooper, Ph . [3] 21, 6X7). Crystal- exact science. 

line, si sol. water, ^ol. alcohol and ether. Lavoisier’s system of classification rested on 

TYPE METAL. An alloy of 15-20 parts Sb oxygen ; compounds were regarded as formed by 
with c. 70 parts PL and 10 to 15 parts Sn; v. the union of oxygen with other elements or groups 
Lead alloys, vol. iii, p. 124. of elements ; the non-oxygenated part of a cora- 

TYPE8. The object of classification is to pound was called by Lavoisier the rest or radicle ; 
put together like things, and to put apart things compounds of oxygen with certain radicles were 
that are unlike. A perfect system of chemical bases, compounds with other radicles were acids, 
classification would place side by side those and salts were formed by the union of bases with 
elements and compounds that are chemically acids. Lavoisier used the term radicle to in- 
similar, and it would also indicate the relations 
that exist between all the elements and all the 
compounds. Inasmuch as the object of chemistry 
is the study of the connections between composi- 
tion and properties, and between changes of 
composition and changes of properties, a com- 
plete scheme of chemical classification must 
indioate the relations of the substances classi- 
fied, both as regards composition and also as 
regards properties. To connect composition 
with properties necessitates a thorough know- 
ledge of both, and this knowledge can be gained 
only by comparing one substance with other 
substance^ But, because of the large amount 
of detailed investigation that is required before 
the chemical properties of an element or a com- 
pound are known, chemists have often forgotten 
the larger issues of their labours, and have 
busied themselves rather with the examination 
of individual bodies than with the comparative 
study of many bodies. And, because of the im- 
perfection of chemical knowledge at any time, 
those who have attempted the classification of 
chemical substances have generally paid chief 
attention either to the composition or to the 
properties of the substances to be classified. _ 

Hdnce systems of classification have sometimes the combination of elements or groups of ele- 
prevailed that were founded chiefly on similari- ments. Radicles combine, said Berzelius, because 
ties of composition, and at other times classifies- the negative electricity on one is thereby neutral- 
tory schemes have been in vogue that rested ised by the positive eleotrioity on the other, 
mainly on similarities of properties. But there Thus arose the electro-chemical conception of 
hsA always been a desire, and generally an effort, dualism (v. Dualism, voL ii. p. 415; c/. Radiolb, 
to olassify on the bases of composition and pro- vol. iv. p. 393). 

parties. To classify satisfactorily demands the In 1832 Liebig and Wdhler made an exhaus- 
recognition of a simple class-mark, which shall tive study of compounds obtained from bitter- 
also be dear, definable, and invariably applicable, almond oil; they showed that the relations of 
It is probably correct to say that none of the composition and properties of these compounds 
larger classes of chemical compounds has a were brought together, and expressed in a con- 
olass-mark of this description. Hence the main sistent conception by supposing that all the 
difficulty in ohemioal classification. Take, for compounds contained a radicle having the corn- 
instance, the great class of acids. What is the position 0,H 6 0(0 =» 12, 0 » 16) ; this group of ele- 
olass-mark? What must be known about the ments, common to all the derivatives of bitter- 
composition of a oompound before it is put into almond oil, they called benzoyl . The work of 
the class of aoids ? There is no single and suf- Liebig and WShler marked a great advance in 
fioient class-mark to be gained by studying the chemical classification ; it was the actual work- 
compositions of aoids. What, then, about the ing out of the connections between composition 
properties of acids ? Here, too, no simple, de- and properties of a number of compounds, and 
finable, and applicable property has been found the expression of these connections in clear and 
which serves to distinguish acids from all other definite language. The term radicle became 
compounds. Aoids, it is usually said, are com- henceforth the expression of a vivifying oonoep* 
pounds con taining replaceable hyd/rogen. But tion. The compounds derived from bitter- 
the expression replaceable hydrogen has not almond o.l had certain common properties, and 
been, and cannot be, exactly defined. Hence, all they had also a common composition ; they 
that can be done is to set up an ideal or typical belonged to the same type. The compounds of 
acid, an d to place in the class acids those com- benzoyl examined by Liebig and Wdhler in- 
pounds which fairly closely approach this type eluded such compounds as these : C,H 4 O.OH, 
as regards bcih properties and composition. CAO.H, C 7 H s O.C 1, C 7 H 6 O.CN, 0 7 H 5 O.NO r The 
And as with acids so with other classes of com- radicle OyHjO is common to all ; this radicle is 
pounds. A classification by means of types united with H, Cl, NO Jt ON, or some other 
beoomes inevitable in such a science as chemistry, radicle, in the different compounds; neverthe- 


elude elements and groups of elements. 

* J*ai d6j& fait observer, que dans le' r6gne mineral 
presque toua les radioaux oxidablos et aoidittables etaient 
simples ; que daus le r6gne v6g6tal au oonfcraire, et sur- 
tout dans le r6gne animal, il n’en existait presque pas 
qui ne fussent composes au moins de deux substances, 
d’hydrogine et de carbone; que aouvent l’azote et le 
phosphore s’y r&unissaient, et qu’il en r&aultait dee 
radioaux A quatre bases .' — TraiU AUmentains de Chimie , 
[1793], p. 251. 

About twenty-four years after Lavoisier made 
this statement Berzelius repeated it. 

‘Naobdem wir den TTntersohled zwischen den Pro- 
ducts n der organ isohen uud der unorganischen Natur, 
und die versohiedene Art und Weise wie ihre entfernteren 
Bests ndtheile untereinander verbunden Bind, naher kennen 
gelernt, haben wir gefunden, dass dieser Un terse hied 
eigentlioh darin besteht, dass in der unorganischen 
Natur alle oxydirten Kbrper ein einfachee Radical haben , 
wiihrend dagegen alle organisohen Substanzen aus Oxyden 
mil xusammengetetxtem Radical bestehen .’— Lehrbuch der 
Chemie , 2 Aufl. [Stockholm, 1817], vol. L p. 544. 

Why do acids and bases unite to form salts? 
What is the cause of the formation of compounds 
by the union of radicles, either simple or com- 
pound? These questions were answered by 
Berzelius by appealing to the fact that the 
electric current very often resolves compounds 
into two parts, and in many cases also effects 
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less, the properties of the oompounds are so 
similar that all are said to belong to one type. 
To what extent, then, it was asked, may the pro- 
perties of one radicle differ from those of another 
before the replacement of one of these by the 
other carries with it a change of type? The 
answer generally given to this question was : If 
the replacing radicle is chemically similar to the 
radicle replaced the type will not be destroyed. 
In 1834 Dumas, from the study of the action of 
chlorine on various organic compounds, an- 
nounced the empirical laws of substitution as 
follows : (1) When a compound containing hy- 
drogen is subjected to the dehydrogenating action 
of chlorine, bromine, iodine, oxygen, &c., one 
atom of chlorine, bromine, iodine, or oxygen, is 
taken up for each atom of hydrogen lost by the 
compound. (2) The same rule applies, without 
modifications, when the compound contains oxy- 
gen. (8) If a hydrogcnised compound contains 
water the hydrogen of the water is given up with- 
out replacement, and then another quantity of 
hydrogen is absorbed, so that the final result 
is a replacement of hydrogen. A year or so 
later Laurent propounded a theory of substitu- 
tion , which asserted that when equivalent sub- 
stitution of hydrogen by chlorine or bromine 
occurs the chlorine or bromine takes the place 
of the hydrogen, and to a certain extent plays 
the same part as the hydrogen, and hence the 
chlorinated or brominated product must be 
similar to the compound from which it has been 
prepared. Laurent’s views were much opposed, 
for a time by Dumas himself ; but they gradually 
prevailed, and chemists became familiarised with 
the notion of the replacement of such a decidedly 
electro-positive element as hydrogen by an ele- 
ment so decidedly electro-negative as chlorine, 
resulting in the production of a compound of 
the same chemical type as the original sub- 
stance. 

About 1839 Dumas sought to distinguish 
mechanical types from chemical types. Com- 
pounds formed one from the other by the 
replacement of a certain number of equivalents 
of one radicle by the same number of equivalents 
of another radicle, and having their radicles 
similarly combined, and exhibiting similar pro- 
perties, were said to belong to the same chemical 
type . Compounds were said to belong to the 
Bame mechanical type when they were composed 
of equal numbers of equivalents of radicles, but 
differed essentially in their properties. Dumas 
at this time regarded the properties of com- 
pounds as conditioned more by the arrangement 
than by the nature of their parts. He compared 
compounds to planetary systems, the planets 
being represented by the atoms of the com- 
pounds. One atom, h6 said, might be replaced 
by another atom, or an atom by a group of 
atoms, without destroying the system* if the 
number of replacing atoms, or radicles, were the 
same as the number of atoms, or radicles, re- 
placed, and the relative arrangement of all the 
atoms or radicles were not altered, the com- 
pounds belonged to the same type. By some 
such development as this the theory of types 
came to include the older theory of radicles. 

It is evident that the terms used by Dumas 
and others to express the conceptions of the 
theory of types are vague and incapable of 


exact definition. The expr jssion * equivalent 
radicles’ cannot be defined,! nor can an exact 
and invariable connotation 1 e given to the ex- 
pressions ‘radioles similar p combined* and 
4 compounds having similar properties.* But if 
it had been possible to cl ssify chemical sub- 
stances in an ideally perfect way the theory of 
types would not have arisen. If there is to be 
a typical classification the language whereby 
that classification is expressed must be more or 
less vague. Whether a compound formed from 
another by replacing equivalents of one kind by 
an equal number of equivalents of another kind 
does or does not belong to the same type as the 
parent compound can be ‘determined only by a 
careful study of the properties of both oom- 
pounds and by a comparison of the compounds 
one with another. The application of the 
theory of types was possible only when the pro- 
perties and the compositions of compounds were 
exhaustively compared. The theory of types 
producod much fruit, because it suggested and 
demanded much inquiry into the fundamental 
problem of chemistry. 

In 1849 Wurtz prepared two compounds 
which resembled ammonia in their prominent 
characters. These compounds were found to 
have the compositions C 2 H 5 N and C 4 II 7 N re- 
spectively (G e 6). The similarities between the 
properties of these compounds and ammonia led 
Wurtz to regard them as substituted ammonias , 
and to express this conception by the formula) 
C 2 H 3 .NH 2 and C 4 H 5 .NH 2 . One method by which 
these compounds were prepared consisted in 
treating methyl and ethyl bromides (C 2 H 3 Brand 
C t H a Br ; C = 6) with ammonia, and then decom- 
posing the products by potash. These reactions 
suggested the view that the new compounds 
were derived from methylic and ethylic ethers 
(C 2 H 3 0 and C 4 H 6 0, according to the notation 
then used) by substituting NBLj for 0. Both 
views agreed in representing the new com- 
pounds as C^Hg.NKj and C 4 H 5 .NH 2 respectively. 
But the properties of the compounds resembled 
those of ammonia ; hence the view that Wurtz’s 
compounds were- derived from ammonia pre- 
vailed. This view was expressed by saying that 
these compounds belonged to the ammonia type, 
and by comparing the formula of the typical 
compound with the formulas of the compounds 
formed after that exemplar ; thus : 

Type : Derivatives : 

Ammonia NH 2 .H. Methylamine NH 2 .C 2 H S . 

Ethylamine NHj.C^. 

Very soon after Wurtz’s preparation of methyl- 
amine and ethylamine Hofmann argued that it 
should be possible to substitute each of the 
three atoms of hydrogen in NH, by the radicles 
C 2 H 3 and C 4 H S , and so to obtain the compounds 
NH(C 2 H 3 ) 2 , N(C 2 H s )„ NH(C 4 H 6 ) 2 , and N(G 4 H 6 ), 
(C -= 6), all which compounds ought to re- 
semble ammonia in their properties. Hof- 
mann fulfilled his own prophecy by preparing 
di- and tri-methylamine and di- and tri-ethyl- 
amine ; and, basing his methods op the concep- 
tion of the ammonia type, he prepared a large 
series of ammonia-like compounds derived from 
NH 3 , 2NH 3 , &c., by substituting for H various 
radicles composed of carbon ana hydrogen. The 
ammonia type was thus established. 
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About the year jl850 Williamson studied the 
relations of ether <to alcohol. The formula of 
ether was then wri ten C 4 H a O (0 = 6, 0 = 8), and 
that of alcohol C H 8 0 2 . Williamson heated 
potassium alcohol ,te (G 4 H 3 K0 2 ) with ethylic 
iodide (C 4 H 3 I), exacting to obtain ethylated 
alcohol (C 4 H 5 (0 4 H 5 )0 2 ) ; but he obtained common 
ether. Williamson suggested that the formula 
then accepted for ether should be doubled, and 
written (C 4 H 5 ) 2 0 2 . He also found that by heating 
common alconol with sulphuric acid, and adding 
methylic alcohol to the hot mixture, an etlier- 
like compound was obtained, the simplest for- 
mula of which was C 8 H 4 0 (C = 6, 0 = 8). Wil- 
liamson argued that ifccommon ether is C 4 H 3 0, 
then the ether of methylic alcohol must be 
C 2 HjO, and that, in the reaction of sulphuric 
acid with f ethylic and methylic alcohols simul- 
taneously, a mixture of these two ethers might 
be expected to be produced. To account for the 
facts he had observed Williamson proposed to 
double the formulae of the two ethers and to 
write them (Q 4 H 5 ) 2 0 2 and (C 2 H 3 ) 2 0 2 ; and for the 
formula of the ether formed by the action of 
sulphuric acid on the two alcohols simul- 
taneously b# proposed the formula G 4 H 5 (C 2 H 8 )0 2 
[ = 2C 3 H 4 0]. Williamson compared the rela- 
tions between the alcohols and ethers with the 
relations between water, potash, and potassium 
oxide. These relations are made clearer if the 
formula are expressed in terms of the atomic 
weights C = 12 and 0 = 16 ; thus : 

Type : Derivatives : 

Water II.H.0 Alcohol 0 2 H 5 .H.0 
Ether C 2 H v C 2 H 5 .0 
Potash K.H.O 
Potassium oxide K.K.O. 


Thus arose the water type . To this were re- 
ferred such compounds as acetic acid C 2 H 8 O.H.O, 
anhydrous acetic acid C2H 8 0.C 2 H 8 0.0, and many 
others. 

Gradually the greater number of compounds, 
both organic and inorganic, came to be referred 
to four fundamental types— the hydrochloric 
acid type HC1, the water type HHO, the ammonia 
type NHHH, and the marsh gas type CHHHH. 
To these were added so-called condensed types 
and mixed types ; sulphuric acid, for instance, 
8O2.OH.OH, was said to belong to the double 
water type . 


Thus: 


[}o 

- 1 gives SO., I 

:}° * Hj 

Oxamic acid CO.NH2.GO.OH was regarded by 
Wurtz as derived from the water-ammonia type . 


H] 
Hj 
HI 
H | 


H }0 

;k 


Thus* 


}° 

gives C 2 0 2 
N H 

H 


N 


The great danger attending the development 
of the theory of types was, that careful investi- 
gations into the reactions of compounds might 
easily be abandoned in favour of a superficial 
examination of *a compound, followea by a rele- 
gation of it to this or that type. The theory 
began by being eery vague and elastic ; the 
adoption of a few definite types rendered it more 
exact ; but the temptation to manipulate for- 


mula on paper, and to invent oondensed types 
and mixed types, gradually led chemists to see 
that the theory had done its work, and that it 
must give place to wider views, which should 
also be more accurate, regarding the connections 
between composition and properties. 

The conception of types carried with it, from 
the first, more or less vague notions regarding 
the arrangements of the atoms in those colloca- 
tions of atoms that form the reacting units of 
compounds ; at any rate, this conception was 
bound up with the general conception of atomio 
arrangement. The reacting units of compounds 
that showed similar properties were thought of 
as composed of atoms similarly arranged. More- 
over, the type was said to be maintained when 
an atom, or a group of atoms, in the parent 
compound was replaced by an equivalent num- 
ber of atoms, or groups of atoms. These two 
conceptions, that of equivalency, and that of 
atomio arrangement, led gradually to the repre- 
sentation of the reacting unit, or molecule, of 
a compound as a definitely arranged group of 
atoms held together by actions and reactions 
between individual atoms ; these conceptions led 
to the wider conception of valency, and to a 
system of classification based on the notion that 
each kind of atom is capable of directly com- 
bining with a limited, and determinable, number 
of other atoms. The formula given to ohloro- 
sulphonic acid, with the object of connecting the 
composition with the properties of this compound, 
and of suggesting relations between this and 
other compounds, may be taken as an example of 
the merging of the notion of types into that of 
valency. This acid was regarded as derived 
both from water and hydrochloric acid ; it was 
supposed to belong to the mixed water-hydro- 
chloric add type. Hence the formula, GlSOj,H, 
was written thus : — 

Type HC1 Chlorosulphonic acid Cl ) 

H lS0 2 

HO HO I 


The radicle S0 2 was regarded as equivalent to 
2H ; and it was said that the residues of the two 
parts of the mixed type, i.e. Cl and OH, were 
bound together by the radicle S0 3 . Again, 
monochlorhydrin, C 8 H 7 C10 2 , was regarded as a 
derivative of the triple type HH0.HC1.HH0, 
and was said to be formed by the binding to- 
gether of the three residues OH, Cl, OH by the 
radicle C 3 H 3 regarded as equivalent to 3H. Thus: — 

Type HO Monochlorhydrin HO 

H CllC 8 H § 

HC1 HO 

H 
HO 


The moment the conceptions underlying these 
formula, and formula like these, were expressed 
in the language of atoms and molecules, the 
notion of atomic valencies was gained. The 
group of atonis S0 2 replaces two atoms of hydro- 
gen, one atom in the molecule HC1 and one 
atom in the molecule HHO ; and as the atomio 
group S0 2 is capable of directly combining with 
two atoms of hydrogen, or such a number of 
atom* as is equivalent to two atoms of hydrogen, 
this group binds together the atom 01 and the 
atomic group OH, and so the new molecule 
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SO r OH.Gl is produced* This statement con- 
tains the fundamental conception of atomic 
valency ; it also contains the conception of types, 
and that of radicles. 

The radicles were compared as regards their 
equivalency, generally in terms of hydrogen; 
then the elementary atoms were compared, 
and arranged in classes, such that all in one 
class were exchangeable, any number of one 
kind for the same number of another kind. 

When the atoms had been classified in ac- 
cordance with the number of atoms of hydrogen, 
or atoms equivalent thereto, with which each 
was capable of combining, the foundations had 
been laid of a system of classification which was 
more accurate than that based on the notion of 
types, and which at the same time included the 
essential characters of the typical system. The 
article Classification in the first edition of this 
Dictionary represents the stage which had then 
(1863) been reaohed in the process of fusion of 
the theories of radicles, types, and valency. The 
system of classification developed in that article 
is based (1) on the compositions of compounds 
interpreted by help of the theory of valency, 
and (2) on the properties of the compounds in- 
terpreted by the help of the theory of types ; the 
study of the properties of a compound is used to 
determine the radicles that the compound con- 
tains, and a knowledge of the valencies of these 
radicles determines the form of the compound, 
and, taken along with the reactions of the com- 
pound, the type to which it is to be referred. 

Although the introduction of the principle of 
atomic equivalency widened the conception of 
chemical types, it also tended towards a method 
of classification which was based on too slight a 
study of the bodies to be classified. A super- 
ficial examination of a compound generally 
sufiiced to bring out some similarities between 
it and a well-known typical substanoe ; the new 
compound was at once referred to its type ; the 
form of the type determined the form of the 
compound under examination ; it was then only 
necessary to manipulate the empirical formula 
by arranging the elements in groups, or radicles, 
and to assign to eaoh radicle such a valency as 
satisfied the general rules that had been deduoed 
from the study of a few typical compounds. The 
conception of types became very mechanioal in its 
applications, so mechanioal indeed that it was in 
danger of becoming metaphysical. New radicles 
were easily invented, and their valencies were 
deduced by a priori arguments. Kekul6 recalled 
chemists to the study of properties by insisting 
that the properties of a compound are conditioned 
by the properties of the atoms which compose 
the molecule of the oompound ; and at a later 
date Mendel6efl made the same demand by as- 
serting that the properties and the compositions 
of all compounds are periodic functions of the 
atomic weights of the elements. 

The notion of types plays an important part 
in the classification of elements an ! compounds 
that has arisen from the practical examination of 
the meaning of Mendel6eff’s periodic law. The 
periodic classification of the elements lays con- 
siderable stress on the study of the typioal 
oxides, hydrides, hydroxides, &c., of eaoh group 
of elements ; for instance, the highest salt-form- 
ing oxide of Group L belongs to the type B^O, 


that of Group II. to the type B»O a , and so on. 
But the word type is not us< i here with quite 
the same connotation as was' given to it by the 
theory of types. All that i implied in state- 
ments such as those just j nade is, that the 
elements of Group I. combin » with oxygen in the 
ratio of two atoms of element to a single atom 
of oxygen, that these oxideB are salt-forming, 
and that they are characteristic of the elements 
of this group. The typioal oxide-form of each 
group expresses the composition of that oxide 
which contains the greatest number of 
atoms of oxygen relatively to one atom of the 
group-element, and which oxide reacts either 
with acids or with alkalis, to form corresponding 
salts. The oxides that belong to the typioal 
oxide-form of a group may be acidic or basic, or 
some of them may be acidic and some basic ; all 
that is asserted of their properties is that they 
are salt-forming. The properties of the typioal 
oxide of any individual element are conditioned 
by the general character of the group, and the 
general character of the series, wherein the 
element is placed ; by the special 1 character of 
the element itself ; and by the position of the 
element in the whole periodic system of classifi- 
cation. The term type is used in the nomencla- 
ture arising from the comparative study of the 
elements and compounds based on the periodic 
law with a wider, and at the same time a more 
exact, meaning than that which was given to it 
when the notion of types was made the basis of 
chemical classification. In the older classifica- 
tion the conception of types was the basis of 
the system ; the conception was of necessity 
vague, and hence it was necessary sometimes 
to widen, and sometimes to narrow, the applica- 
tion of the conception. The modern system 
of classification is based on the relative weights 
of the atoms of the elements, and the conception 
of types plays a subsidiary part ; the form of the 
typical oxide, or hydroxide, or other compound, 
is determined, as the compositions of all the com- 
pounds are determined, by the relative masses of 
the atoms of the elements ; and the general cha- 
racter of the typioal oxide, hydroxide, &c., of eaoh 
group is determined, as the special character of 
each compound of each element is determined, also 
by the relative masses of the atoms of the elements. 

The periodic classification of the elements 
and compounds makes use of the notion of types 
in another way, by applying the conception to 
certain elements. The elements placed in series 
1 and 2, viz. H, Li, Be, B, C, N, 0, and F, 
exhibit almost the whole range of properties of 
all the elements. The properties of the suc- 
ceeding elements may almost be said to be but 
variations on the theme announced in the 
change from hydrogen to fluorine. These eight 
elements are types of all the others. In a some- 
what narrower sense the element lithium sum- 
marises the range of properties shown in 
Group I. ; beryllium summarises the range of 
properties shown in Group II. ; boron, the pro- 
parties of Group EX; carbon, the properties 
of Group IV.; nitrogen, the properties of 
Group V. ; oxygen, the propertied of Group VI.; 
and fluorine, the properties of Group VII. Eaoh 
of the seven elements is the typioal element of 
its group. Objections have been raised to this 
use of the term typical, on the ground that eaoh 
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of the elements n question differs more from 
ony member of i s group than any other two 
members of the g blip differ from one another. 
Bat if an element s to summarise the properties 
of some ten or el* ven other elements, it must 
differ considerably *rom each of these, while at 
the same time it re; smbles them all. The ques- 
tion of typical elements, and also that of typical 
oxide-forms, <fcc., are discussed in the article 
Periodic law (vol. iii. p. 808) ; that article should 
be consulted. 

The older classification by types prepared the 
way for the wider conception of valency, which 
took up and utilised the permanent features of 
the typical arrangements of elements and com- 
pounds. The study olf valency led chemists to 
see the importance of examining the properties 
of the atoms of the elements, and thus made 
them rec iy to accept the more elastic, and more 
exact, generalisation of the periodic law. The 
theory of types developed into the theory of 
valency, and the theory of valency has been in- 
cluded in the theory of the periodicity of the 
connection between the atomic weights of the 
elements and the compositions and properties 
of the compounds of the elements. The general 
conception of types remains ; we are still obliged 
to picture to ourselves a typical acid, a typical 
base, a typical salt, a typical alcohol, a typical 
amide, and so on. But this conception is no 
longer the basis of chemical classification. -We 
have gone deeper down, and laid the foun- 
dations of our system on the firmer basis of the 
atomic weights of the elements. M. M. P. M. 

TYPHOTOXINE C 7 H 17 N0 2 . An alkaloid 
obtained from pure cultures of the typhogen 
bacillus (Gautier, Bl. [2] 48, 13). 

TYROSINE C 9 H ll NO a i.a. 

C 8 H 4 (OH) .CBL l .OH(NH 2 ) .C0 2 H. p-Oxy-o-amido- 
phenyl-propionic acid . Mol. w. 181. [235°]. 
S.G. 1*466 (Siber, B. 17, 2837). S. *04 at 20° ; 
•65 at 100°. S. (90 p.o. alcohol) ’0074 in the 
cold. H.F. 156,400. H.O.v. 1,070,800. H.G.p. 

I, 071,200 (Berthelot a. Andr6, Bl. [3] 4, 227). 
[a]x> - - 8° in HClAq at 16° ; - 9° in KOHAq at 
20° (Mauthner, M. 3, 343). 

Occurrence. — Occurs abnormally in the liver 
and urine ( e.g . in cases of poisoning by phos- 
phorus (Frerichs a. Stadeler, J. 1855,729 ; 1856, 
702 ; Blendermann, H. 6, 242), in the cutaneous 
scales in pellagra (Schmetzer, Dissert., Erlangen, 
1862), in cochineal (De la Rue, A. 64, 35), in 
sprouting pumpkin seeds (Schulze a. Barbieri, 

J. pr. [2] 20, 401; 32, 457), in the roots of 
Stachys tuberifera (Planta, B. 23, 1699), in 
dahlia bulbs (Leitgeb, C. O. 1888, 1397), in 
alcoholic extract of woad leaves (Schunck, C. N. 
87, 223), and in beetroot molasses (Lippmann, 
B . 17, 2835). 

Formation. — 1. By potash fusion from casein 
{Liebig, A. 57, 127 ; 62, 269), globulin, feathers, 
hairs (Leyer a. Kdller, A. 83, 332), and albumen 
{Nenoki, J.pr. [2] 17, 97).— 2. By the action of 
boiling dilute H 2 S0 4 on ox-horn (Hinterberger, 
A. 71, 72), on fibrin (Stadeler, A . Ill, 12 ; 116, 
57), and on silk (Weyl, B. 21, 1529).-3. By 
putrefaction of yeast (A. Miiller, J. pr. 57, 162 ; 
B6champ, O. R. 74, 115, 184), albumen and 
gelatin (Jeanneret, J. pr. [2] 15, 353).— 4. In 
email quantity ify heating conglutin with HClAq 
{Siegfried, B. 24, 419).— 5. From >amido- 


phenyl-alanine and HN0 2 (Friedlander a. Mahly, 

B. 16, 854 ; Erlenmeyer a. Lipp, A. 219, 161). 

Properties.— Stellate groups of slender silky 

needles (from water), insol. alcohol and ether, m. 
sol. NH s Aq and KOBLAq. Leevorotatory. Its solu- 
tion is not ppd. by lead acetate or subaoetate until 
NHjAq is added. Boiling Hg(N0 2 ) 2 containing 
HNO s turns its solution red, forminga brownish- 
red pp. (R. Hoffmann, A. 87, 123 ; L. Meyer, A. 
132, 156). After warming with cone. H 2 S0 4 , 
diluting with water, and neutralising with 
BaCO ? , the solution is turned violet by FeCl s . 
Tyrosine gives off less N 2 when its solutions are 
decomposed by NaOH and Br in presence of 
NH S than when the NH 9 is absent. 

Reactions. — 1. At 270° it splits up into CO a 
and G 8 H 4 (OH).CH r GH 2 .NH 2 (Schmitt a. Nasse, 
A. 133, 211). — 2. Potash-fusion forms p-oxy- 
benzoio and acetic acids (Barth, A. 136, 110; 
Ost, J. pr. [2] 12, 159 ; Baumann, H. 4, 304). 

3. KC10 S and HClAq form tetra-chloro- 
quinone. — 4. By putrefactive fermentation it is 
converted into hydro-p-coumaric acid, and 
finally into p-cresol and phenol (Weyl, B. 12, 
1450).— 5. HIAq and P at 150° from NH S and 

| p-oxy-phenyl-propionio acid (Hiifner, Z . [2] 

4, 391; 6, 113). Cone. HClAq and HBrAq at 
240° have no action. — 6. Cone. H 2 S0 4 (4 pts.) 
at 100° forms crystalline C 9 H, 0 (SOj,H)NO 8 , v. si. 
sol. cold water, which also occurs in a hydrated 
amorphous form (containing 2aq). H yields 
(NH,)HA"aq, Ba(HA") 2 4aq, and Ca(HA") 2 5aq 
(Stadeler, A. 116, 57). BaC 9 H„N0 8 3aq is ob- 
tained from the product of the action of K 2 S0 4 
(10 pts.) on tyrosine (1 pt.).— 7. MeOH, potash, 
and Mel yield crystalline C u H, B NI0 8 K, soL 
water, decomposed by warm KOHAq into NMe. 
and the methyl derivative of p-coumario acid 
(K6rner a. Menozzi, Q. 11, 550). — 8. Potassium 
cyanate added to boiling water containing 
tyrosine forms tyrosine-hydantoic acid 
C 6 H 4 (0H).CH 2 .CH(NH.C0.NH 2 ).C0 2 H crystal- 
lising from water in needles, insol. ether (Jaff6, 
E. 7, 310). This body begins to melt at 155°, 
being decomposed above 170°. It gives a red 
colour and pp. on warming with Millon’s reagent. 
It forms KA'aq, crystallising from alcohol- 
benzene. — 9. Tyrosine administered to a dog 
appears in the urine as tyrosine-hydantoln 

C. H,(OH).CH 2 .CH<^^ [275°-28l>°], whiob 

crystallises from water in needles, and ia de- 
composed by heating in sealed tubes with baryta- 
water into C0 2 , ammonia and tyroBine. Other 
products found in the urine of a rabbit after a 
dose of tyrosine are hydro-p-coumaric and p- 
oxy-phenyl-acetic acids and phenols (Blender- 
mann, JET. 6, 251). 

Salts. — Na 2 G 9 H 9 NO i . — CaC^O,. — 
BaO 9 H 0 NO 2 2aq. Prisms, more sol. cold than 
hot water.— Ou^OJHioNOJa. S. *08 in the cold ; 
•4 at IOC 9 . Got by adding Cu(OH) 2 to a boiling 
solution of tyrosine (Hofmeister, A. 189, 6). In- 
sol. alcohol. Deposits black ouprio oxide 
on boiling with water. — G 2 H„NO i (HgO) 2 2aq. — 
C^ n NO a (HgO) 2 aq. — C^NO^HgO^aq 
(Yintschgau, J. 1869, 985). — Ag^O^H^NO, aq: 
amorphous pp. — AgC 9 H lo N0 8 £aq: crystalline 
powder. — B'HCl 2aq : needles, decomposed by 
water.-B'APtCl, (Gintl, Z. [2] 5, 704).- 
B'H 2 S0 4 . Slender needles, not coloured by Fed* 
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TYROSINE. 


Di-bromo- tyrosine C^HeB^NO, 2aq. S. *46 
at 16°; 4 at 100°. Formed from dry tyro- 
sine and Br vapour (Gorup-Besanez, A. 125, 
281). Needles or tables (from water), si. sol. 
alcohol. Ag 2 C 0 H 7 Br 2 NO, 2aq. — B'HCl 1 Jaq. — 
B'HBr. — B' 2 H 2 S0 4 . Prisms, sol. water and 
alcohol. 

Nitro-tyrosine C 9 H 10 N 2 O. i.e. C 9 H 10 (NO 2 )NO 3 . 
Formed from tyrosine (1 pt.), water (4 pts.), and 
nitric acid (4 pts. of S.G. 1*3) in the cold 
(Strecker, A. 73,70; Stadeler, A. 116, 77). Pale- 
yellow needles, si. sol. cold water. — Salts: 
fea(C 8 H 8 N 2 0 4 ) 3 (dried at 100°). Blood-red amor- 
phous mass. — Ag 2 C 9 H fi N 2 0 5 aq : orange pp. 
changing to a red powder. — B'HCl £aq. Tufts 
of lemon-yellow needles. — B'HNO s . S. 20. 


Lemon-yellow needles.— B'J IjSO^ Yellow 
needles or granules. j 

Di-nitro-tyrosine (^(Nf > 2 ) 2 NO r [115°j- 

Formed by warming nitro-tyj osine with dilute 
HNO,. Golden plates (from water). — Salts; 
CaCyE[ 7 N 3 0 7 3aq. Golden |rix- sided tables.— 
Ba0 9 H 7 N 8 0 7 2aq. Ruby-red prisms with yellow 
reflex, exploding when heated. 

Reference.— Amido-tyrosinb. 

TYE0T0XIC0N. A poisonous substance 
formed in milk, containing the butyric acid fer- 
ment, which has stood for some days. Occurs 
also sometimes in cheese (Vaughan, Ph. [3] 18, 
479 ; JET. 10, 146). When its alcoholic solution 
is mixed with PtCl 4 and e/aporated violent ex- 
plosion takes place. 


u 


TTLEXINE C„II„N ( 0 2 . [161°]. An alkaloid 
in the seeds of common furze { Ulex europceus) 
(Gerrard a. Symons, Ph. [3] 17, 101, 229; 19, 
1029 ; 20, 978, 1017). Deliquescent crystals, v. 
sol. chloroform, insol. ether. Poison, paralysing 
respiration (Bradford, J. Physiol. 8,79). Possibly 
identical with cytisine. — B'HCl. Deliquescent. — 
B'BLjPtCl*.— B'2 HAuC1 4 . 

ULTRAMARINE. The blue-coloured mate- 
rial contained in lapis-lazuli. Until 1828 ultra- 
marine was obtained by powdering and washing 
lapis-lazuli ; but since that year it has been 
manufactured by heating to bright redness mix- 
tures of A1 silicate (china clay), Na 2 CO„ (carbon- 
ated soda ash), S, and charcoal, and washing, 
powdering, drying, and sifting the product. 
(For details of the manufacture v . Dictionary of 
Applied Chemistry, vol. iii. p. 891.) The con- 
stituent elements of ultramarine are Al, Na, Si, S, 
and O. Treated with HClAq, ultramarine gives 
off H 2 S ; the solution contains NaCl A1C1 S , and 
Si0 2 , and the residue consists of Si0 2 , S, and 
some Al 2 O s ; these reactions point to ultramarine 
being a compound of silicates and polysulphides. 
Muoh work has been done on the constitution of 
ultramarine, but the results obtained have not 
finally settled the question. From analyses and 
investigations made in 1891, Brdgger a. Back- 
str6m ( W . J. 1891. 454) conclude that the com- 
position of the essential colouring compound in 
natural ultramarine is represented by the for- 
mula Na 4 [Al(S 8 Na)]Al2(Si0 4 ) 8 . They also con- 
clude that artificial ultramarines may be ex- 
pressed by the following formulas : — 


Na s Al s Si 8 0 12 «N 
Na^Al^Si^jj = A 
Na 4 [Al(SNa)]ALSi 8 0 12 • U(S,) 
Na 4 [Al(S 2 Na)]AL 4 Si 3 O l2 « U(S 2 ) 
Na^Al^SgNaJJAlaSigOjjss U(S 8 ). 


The main constituents of the different varieties 
of blue ultramarine are N, A, ana U(S„) ; of 
green ultramarine U(S 2 ) and N ; and U(S,) is 
the main constituent of white ultramarine, ac- 
cording to B. a. B. Formulas more or less ap- 
proaching those given above have been assigned 
to ultramarine by other observers ; thus SUber 
in 1880 represented blue ultramarine as 
Si t Al 4 Na 8 j3 4 0 2 » (B. 13, 1854). On the other hand, 


some chemists have regarded the essential con- 
stituent of ultramarine as a sodium thiosilicate; 
for instance, Rickmann (B. 11, 2013 [1878]) gives 
S.Si(ONa) 2 as the composition of ‘ideal ultra- 
marine blue ’ ; and he regards artificial ultra- 
marine as a mixture, the only essential part of 
which is sodium thiosilicate. Clarke (Am. 10, 
126) suggested a formula for ultramarine which 
should indicate the relations of this body to 
various natural silicates ; in this respect Clarke’s 
formula is important (v. this vol. p. 451). 

White ultramarine iB obtained by completely 
cutting off air during the roasting of the mate- 
rials ; it is changed to blue by heating in O, 
S0 2 , or Cl (v. Ritter, W. J. 1160. 226 ; cf. Philipp, 
B. 9, 1109; 10, 1227; BSttinger, A. 182, 311; 
R. Hoffmann, A. 194, 1). 

Red ultramarine was observed by Scheffer, 
in 1873, to be formed in preparing the ordinary 
substance in a muffle furnace very strongly 
heated and freely exposed to the air ; it contains 
less Na and more Al than the blue variety (B. 
6, 1450; v. also Buchner, D . P. J . 231, 446; 
Zettner, B. 8, 259, 363). 

Yellow ultramarine is formed by heating the 
red variety in the air a little above 360°, for a 
short time (R. Hoffmann, A. 194, 1). According 
to Buchner (B. 7, 990), both the yellow and red 
forms are produced by heating blue ultramarine 
to 300°-400° in O or S0 2 ; the colour changes to 
red and then to yellow. If Cl is passed over 
ultramarine before the formation of the blue 
variety iB completed, at 410°, the colour goes 
green, and then reddish-yellow (Zettner, B. 8, 
259, 353) ; by heating the product with alkali, 
all Cl is removed and a violet ultramarine is 
produced. This variety goes to the red form 
when heated in vapour of HNO t orHCl at 130°- 
150° (Zettner, lx.). 

Green ultramarine is formed when a little 
Sn is used in the roasting process ; it is converted 
into the blue substance by roasting with S. 
This form seems to be intermediate between 
white and blue ultramarine. According to 
Philipp (B. 9, 1109), S is not taken up in the 
ohange from green to blue; by heating the green 
form in sealed tubes with water, at 100°, he ob- 
tained the blue, the water removing a very small 
quantity of sodium oompounds. 
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Substituted iltramarines. Blue to green, 
and reddish-gre: substances have been formed 
by heating ultra aarine with AgN0 8 Aq, and by 
treating the pro act of this reaction with KI, 
Lil, Balg, Znlj, fa . These substances, known as 
silver ultramarim \ potassium ultramarine , &o., 
probably contain Ag, K, Li, Ba, &c., in place of 
Na (v. Unger, D. P. J. 212, 224, 301 ; Philipp, 
B. 10, 1227 ; Heumann, A. 199, 253 ; 201,262 ; 
Fororand a. Ballin, Bl. [2] 30, 112). By heat- 
ing silver ultramarine with various alcoholic 
iodides, Fororand (0. R. 88, 30) obtained ultra- 
marines containing alcoholic radicles, suoh as 
ethyl ultramarine , amyl ultramarine , &o. 
Selenion and tellurium ultramarines have also 
been produced, wherein S is substituted by 8e 
or Te ( v . Leykauf, W. J. 1876. 555; Guimet, 
A. Ck.,[6] 13, 102; Plicque, Bl. [2] 28, 518; 
Morel, Bl. [2] 28, 522). Various substituted 
ultramarines have been examined by Wunder 
(Chem. Zeit. 1890. 1119). M. M. P. M. 

ULMIC ACID. C. 66*4-63*9 ; H. 4*6-4*5 ; 
O. 29-31*5. C 18 H 14 0 6 or C 18 H 18 0 7 . H.C. 

1983, 200. H.F. 266,200. Formed by action of 
HC1 on cane sugar. Is an anhydride or mixture 
of anhydrides C 18 H M O a (humic anhydride) (Ber- 
thelot a. Andr6, Bl. [3] 7, 441, 451). Turns 
yellow in air and sunlight, giving off C0 2 . The 
same thing happens with the humic acid ex- 
tracted from vegetable mould by KOHAq and 
ppd. by HC1. Dilute alkalis cause it to swell 
up, forming insoluble salts and a small quantity 
of a soluble basic salt. When cone. KOHAq is 
used a salt is formed, from which two-thirds of 
the alkali can be removed by washing, leaving 
K0, 8 H 14 0 7 aq, and is reconverted into the acid 
C la H la O, by HClAq. Ammonia converts humic 
anhydride (ulmic acid) into an amido- aoid 
C^H^NO^NHg, whence HC1 sets free C 54 H 47 NO, B . 

Salts. — KC 18 H lft 0 7 aq. Hard, black, in- 
poluble mass, yielding a brown powder. The 
* ulmin ’ of Malaguti. Formed by shaking the 
anhydride with KOH (1 pt.) and water (120 pts.). 
— NaC| S H u 0 7 aq. — Na H C l8 H, 3 0 7 aaq. 

References. — Humio, Sacohabumxo, and Sac- 

CULMIO ACIDS. 

UMBELLIC ACID C 9 H 8 0 4 i.e. 

[4:2:1] G a H s (0H) 2 .CH:0H.C0 2 H. Mol. w. 182. 
Di-oxt-cinnamic acid. Formed by warming its 
laotone, umbelliferous with KOHAq (Tiemann 
a. Beimer, B. 12, 994; Posen, B. 14, 2745). 
Yellowish powder. Turns brown at 240°, and 
decomposes below 260°. Sol. alcohol and warm 
water, insol. ether. Besinified by boiling its 
aqueous solution. Beduces warm ammoniaoal 
AgN0 8 , forming a mirror. FeCl 3 gives a brown pp. 

Methyl derivative O 10 H 10 O 4 . [180°-185°]. 
Got by heating herniarin with alcoholic potash 
at 160° (Barth a. Herzig, M. 10, 165). Needles 
(from water). 

(a)-Di-methyl derivative 
C e H a (0Me) 2 .CH:CH.C0 2 H. [138°]. Formed by 
the action of Mel and KOH in MeOH on the 
methyl derivative of umbelliferone in the cold 
(W. Will, B. 16, 2115; 19, 1777). Needles, v. 
sol. alcohol and ether. Converted into the 
(0) - isomer ide* by boiling alone or with HClAq. 
Both isomerides are reduced by sodium-amalgam 
to the same C u H a (OMe) a .CH v »GH r C0 2 H, and are 
oxidised byKMn0 4 to the same C tt H s j(OMe) v .C0 3 H. 
—€aA' 8 2aq : crystals. — BaA' 2 2aq : needles. 

Vol. IV. 


(&) -Di-methyl derivative . [184°]. 
Formed as above, and also by saponification of 
its methyl ether C a H a (OMe) 9 .CH:CH.CO t Me [87°], 
which is got by evaporating methyl-umbel- 
liferone (1 mol.) with NaOH (2 mols.) nearly to 
dryness, and digesting the residue with Mel and 
MeOH (Tiemann a. Will, B. 15, 2079). Needles, 
sol. alcohol and ether. SI. sol. oold water. 

(a). Di-ethyl derivative 
[4:2:1] 0 8 H 3 (0Et) 2 .C 2 H 2 .C0 2 H. Di-ethyl-umbel- 
lic acid. [107°]. Formed by mixing ethyl- 
umbelliferone (5 g.) with EtI (10 g.) and a solu- 
tion of KOH (4 g.) in alcohol (Will a. Beck, B, 
19, 1780). Small plates, v. sol. aloohol, ether, 
and benzene. 

(&) -Di-ethyl derivative. [200°]. Formed 
by boiling the (a)-isomeride for some time, and 
also by heating ethyl-umbelliferone (10 g.) with 
EtI (9 g.) and a solution of Na (2| g.) in alcohol 
for six hours at 150°. Crystals, m. sol. aloohol, 
si. sol. water. 

D MBE LLIFER0NE Oja.fi s i.e. 
C,H a (OH)<°H:CH Mol. w. 1C2. [224°]. S. 

1 at 100°. Formed by the dry distillation of 
various resins, chiefly those derived from umbel- 
liferous plants, e.g. galbanum, sagapenum, and 
asafeetida (Sommer a. Zwenger, A. 115, 15 ; 
Mbssmer, A. 119, 260; Hlasiwetz a. Grabowski, 
A. 139, 100; Hirschsohn, C. O. 1877, 182). 
Formed by heating malic acid (1 mol.) witn 
resorcin (1 mol.) and H 2 S0 4 (Pechmann, B. 17, 
932). Prepared by distilling the alcoholic ex- 
tract of gum galbanum (Tiemann a. Reimer, B. 
12, 993). Needles, si. sol. cold water and ether, 
v. sol. alcohol. Dissolves in acids without 
change. Alkalis above 50° form umbellio aoid. 
Its solution in dilute alkalis shows blue fluor- 
escence. H 2 S0 4 forms a solution with green 
fluorescence. Reduces AgNO s on boiling. Yields 
(4,2,l)-di-oxy-benzoio acid on oxidation (Tiemann 
a. Parrisius, B. 13, 2354). Fuming HNO„ and 
H,S0 4 form C B H a (N0 2 ) a 0 a [216°] (Posen, B. 14, 
2744). 

Acetyl derivative C„H 8 0 4 . [140°]. 

Formed by acetylation, and also by boiling 
di-oxy-benzoic aldehyde with Ac 2 0 and NaOAo 
(Tiemann, B. 10, 2216 ; 12, 995). Needles, si. 
sol. water. 

Methyl derivative G l0 H 8 O a i.e. 

C a H a (OMe)<Q^Q. [114°]. Formed by heat- 

ing umbelliferone with KOMe and Mel (T. a. B.). 
Leaflets, nearly insol. water. Appears to be 
identical with herniarin [118°], whioh is ex- 
tracted by alcohol from Hemiaria Tvirsuta 
(Barth a. Herzig, M. 10, 161). 

Ethyl derivative C„H, 0 O a . [88°]. 
Plates, v. sol. alcohol (Will a. Beck, B. 19, 1779). 
Oxim of the methyl derivative 

[4:2:1] O.H s (OMe)<°^ OH . [188°]. Formed 

from the methyl derivative of thio-umbelliferone 
and hydroxylamine (Aldringen, B. 24, 3465), 
Needles, v. sol. hot water and alcohol. FeCi* 
colours its solution brownish-red. 

Phenyl-hy dr azide of the methyl de- 

rivative OAfOMeXg^g®^. [ 116 °]. 

Yellow needles, giving a blue oolour with HgSO* 

BO 
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TMo-umbelliferone. Methyl derivative 
C,H,(OMe)<Q® : £lg. [114°]. Formed by heat- 

ing the methyl derivative of umbelliferone with 
P 2 S a (Aldringen, B. 24, 3465). Needles, sol. 
alcohol, v. si. sol. water. 

References. — Bbomo- and Methyl- umbel- 

LtFERONE. 

UMBELLOL C 8 H 12 0. (216°). V.D. 429. 

Occurs in the volatile oil of the Californian 
laurel (Stillmann, B. 18, 629). Oil, sol. ELS0 4 
with red colour, becoming black. Attacked by 
Na. 

UMBELLULIC ACID v. Hendecoic acid. 
TJNDECANE v. Hendecane. 

BNDECOlC AGID v. Hendecoic acid. 

TIN DECOLIC ACID v . Hendecinoic acid. 
TTHDECYLENE v. Hendecylene. 
UNDECYLENIC AGID v. Hendecenoic acid. 
DNDECYLIC ACID v. Hendecoic acid. 

VEACIIi 00<^2^^>CH. Di-oxy-pyr- 

imidine . Derivatives of this compound are 
formed by the action of acetoacetic ether on 
urea, thio-urea, and guanidine (Behrend, A. 229, 
1 ; 240, 6 ; List, A. 236, 1 ; Jiiger, A. 262, 365 ; 
Warmington, J. pr. [2] 47, 201). 

Amido-uracil C 4 H 5 N 8 0 2 . Formed, together 
with ox y uracil C 4 H 4 N 2 O s , by reducing nitro- 
uracil (Behrend), and by boiling di-bromo-pyr- 
uvuramide with baryta-water (Fischer, A. 269, 
193). Yellow needles, sol. water. Converted by 
cyanic acid into oxyxanthine C A H B N 4 0 8 , which 
crystallises in needles, si. sol. water, sol. alkalis, 
gives with Cl the murexide reaction, may be 
oxidised to alloxantin, and gives some alloxan 
with bromine-water. 

Acetyl derivative C 7 H„N 8 0 8 £aq. Prisms. 
Nitro-uracil v. Nitro-di-oxy-pyrimidine. 
Bromo-nitro-oxy-uracil. Dihydride 

C,H 4 N,0 5 Br i.e. CO<^;®^^>CBr(NO s ). 

Formed by adding Br to nitro-uracil suspended 
in water (Behrend, A. 240, 11). Crystalline 
mass, si. sol. cold water and alcohol. Boiling 
with water produces brominated nitro-methanes 
and a crystalline compound C 8 H 7 N 5 0 5 , formed 
by the action of urea upon nitro-uracil. Tin 
and HC1 reduce it to amido-uracil. 

Methyl-uracil v. Di-oxy -methyl-pyrimidine. 
Nitro-methyl-uracil C 6 H 6 N 8 0 4 . Prepared by 
nitrating methyl-uracil with HNO s (S.G. 1*51 
mixed with an equal volume of H 2 S0 4 (S.G. 1*84) 
(Behrend, A . 240, 3). Prisms or tables (from 
water), si. sol. hot alcohol. 

Isomeride v. N itro-di-oxy - me thyl-p yrim- 
idine. 

Nitro-di- methyl- uracil v. Nitro-di-oxy-di- 

METHYL-PYRIMEDINE. 

Di-chloro-oxy -methyl-uracil. Dihydride 

O.H.Ol.N.O, i-e. OOU< ^ e(OH) f T g>CO. 

Formed by the action of chlorine on methyl- 
uracil suspended in water (Behrend, A. 236, 59). 
Tables (from water) ; slowly decomposed by 
boiling water. M. soL alcohol ; not decomposed 
by boiling alcohol. M. sol. ether. A solution of 
8nCl a in HClAq at 100° reduces it to chloro- 
methyl-uracil CJ fl H a ClN 2 0, which crystallises 
from water in needles. Fuming HNO* gives di- 
oliloro -barbituric acid. 


Di-bromo-oxy-methyl-uracil ij, 

CBr <OO e NH ) .‘cO>- From : lethyl-nraoil (or 

bromo-metbyl-uracil), and broi line* water (Beh- 
rend, A . 229, 18; 236, 57). ^Jubes (from hot 
water). Boiling alcohol conve^ ts it into bromo- 
methyl-uracil C^H^N^rOj. Fuming HNO, forms 
di-bromo-barbiturio acid. 

Di-chloro-oxy-tri-methyl-uracil. Dihydride 

00< CNMe!0Me(0H)> 0Cls - Formed 

by passing Cl into an aqueous solution of tri- 
methyl-uracil (Hagen, A. 244, 14). Crystals, si. 
sol. hot water. Reduced by boiling with SnClj 
to chloro-tri-methyi-uracil, which crystallises in 
prisms, m. sol. hot water. 

N itro-ethyl-uracil v. Nitbo-di-oxy-ethyl- 

PYRIMIDINE. 

Methyl-ethyl-uracil v. Di-oxy-methyl-ethyl- 

PYRIMIDINE. 

Nitro-methyl-ethyl-uracil v. Nitro-di-oxy- 

METHYL-ETHYL-PYRIMIDINE. 

Amido-uracil carboxylic acid v. Di-oxy- 

AM3DO -PYRIMIDINE CARBOXYLIC ACID. 

References . — Thio-methyl-uracil and Uit- 
AMIDO-CROTONIC ACID. 

BRAMIDO - ACETIC ACID v. Hydantoio 


p-URAMIDO-BENZENE SDLPHONIC ACID 

NH 2 .CO.NH.C fl H 4 .SO s H. Formed by evaporating 
a solution of p-amido-benzene sulphonio acid 
and potassium cyanate (Pellizzari, A . 248, 156), 
and also by heating dry p-amido-benzene sul- 
phonic acid (1 mol.) with urea (l£ mols.) 
(Friedel, C. R . 112, 868). Pearly plates (from 
dilute alcohol), v. sol. water. — BaA' 2 3aq ; mono- 
clinic prisms, sol. Aq. 

o-URAMIDO-BENZOIC ACID C 8 H 8 N 2 0, i.e. 
NH2.C0.NH.C b H 4 .C0 2 H. Formed from potas- 
sium cyanate and the hydrochloride of o-amido- 
benzoic acid (Griess, J . pr. [2] 5, 871 ; B. 11, 
1730). HNO, yields only one di-nitro- derivative. 

m-Uramido-benzoic acid C^NjO,. S. 1 at 
100°. S. (96 p.c. alcohol) -72 at 16°. S. 
(ether) *127 at 16°. Occurs in urine after a 
dose of w-amido-benzoic acid (E. Salkowski, H. 
7, 113). 

Formation . — 1. By adding potassium cyanate 
to a boiling saturated solution of the sulphate of 
w-amido-benzoic acid (Menschutkin, A. 153, 84 ; 
Z. [2] 4, 275). — 2. By fusing m-amido-benzoio 
acid with urea (Griess, Z. [2] 5, 812 ; B . 2, 47). 
3. By boiling w-cyanamido- benzoic acid with 
HClAq (Traube, B. 15, 2122). 

Properties . — Small prisms (containing aq), 
v. si. sol. hot water. At 200° it yields 
CO(NH.C 0 H 4 .CO 2 H) 2 . On distilling m-uramido- 
benzoic acid (4 pts.) with P 2 O a (1 pt.) m-amido- 
benzoic nitrile [54°] is formed (Griess, B. 8, 
224). Boiling KOHAq splits it up into m-amido* 
benzoic acid, C0 2 , and NH S . 

Salts. — NH 4 A'aq. — KA'. — CaA' 2 4aq. — 
PbA' 2 2aq.— AgA' ; curdy pp., becoming crys- 
talline. 


Ethyl ether EtA'. [176°]. Formed from 
m-amido-benzoic ether and KCyO (Griess, J. pr. 
[2] 4, 293). Plates, bL sol. hot warn. 

Amide GjH^NgO*. Formed from m-amido- 
banzamide and KGNO (Menschutkin). Seales 
(from water), decomposed by fusion, sL soL 
alcohol. 
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®-Uramido-b€ izoic acid CgHgNjO,. Formed 
In uke manner (< iriess, J. pr . [2] 5, 369). Plates, 
almost insol. colt water, v. si. sol. hot water, m. 
sol. hot alcohol. \ Yields some p-amido-benzo- 
nitrile [86°J on lie tilling with P 2 0 5 .— BaA' r 
Plates, v. e. sol. cc!d wdfer. 

Di-uramido-benzoic acid C 9 H 10 N 4 O 4 i.e. 
(NH2.C0.NH) 2 C fl Hs.C0 2 H. Formed by fusing di- 
amido-benzoic acid with urea (Griess, B . 2, 47). 
Small granules, v. si. sol. hot water. — BaA' a 
(dried at 130°). Nodules, v. sol. hot water. 

References.— Amido-, Nitro-, and Oxy- ub- 

AMIDO-BENZOIC ACIDS. 

URAMIDO-BENZOYL v. Oxy-quinazoline. 

jp-URAMIDO-BENZYL-UREA 0 9 H J2 N 4 0 2 i.e. 
NH2.CO.NH.C a H 4 .CH 2 .NH.CO.NH 2 . [197°]. p-a>- 
Di-uramido-toluene. Formed by heating toge- 
ther p-amido- benzyl-amine, hydrochloride (1 
mol.), and KCNO (2 mols.) in aqueous solution 
(Amsel a. Hofmann, B. 19, 1289). Small needles. 
Sol. hot water. 

URAMIDO-ISOBUTYRIC ACID v. Aceton- 

URAMIC ACID. 

o-TJRAMIDO-CINNAMIC ACID C IO H 10 N a O a i.e. 
NH 2 .CO.NH.C a H 4 .CH:CH.C0 2 H. Formed from 
o-amido-cinnamic acid and aqueous KCNO 
(Rothschild, B. 23, 3341). Sol. NH 3 Aq and hot 
HClAq. 

(/3)-URAMID0-CR0T0NIC ACID C fl H K N„O s 
i.e. CH 8 .C(NH.CO.NH,):CH.C0 2 H. The ether is 
converted by NaOHAq into the salt NaA', which 
crystallises in needles, v. sol. water ; but on 
adding acids to this salt di-oxy-methyl-pyr- 
imidine C 5 H e N 2 0 2 is produced. Methyl-uracil is 
reconverted by NaOHAq into sodium uramido- 
crotonate (Behrend, A. 229, 6). 

Ethyl ether EtA'. [166°]. Formed from 
acetoacetic ether and urea. Needles, v. sol. 
ether, m. sol. aloohol. Decomposed by warm 
HClAq into urea, acetone, C0 2 , and alcohol. 
Alcohol forms CH 3 .C(NH.C0 2 Et):CH.C0 2 Et 
[29°J (Meister, A. 244, 234). 

Amide CH 3 .C(NH.CO.NH 2 ):CH.CO.NH r 
[131°]. Crystals (containing EtOH) (Meister). 

Amido-uramido-crotonic acid. Lactam. 

<ys,pra«»A** co<^;^ e >c.NH 3 (?). 

Amido-mcthyl-uracil. Methyl-uracil (v. Di-oxy- 
methyl-pyrimidine) is converted by Br in CS 2 
into crystalline bromo-methyl-uracil C 5 H 4 BrN 2 0 2 , 
whence oonc. NH a Aq at 150° forms amido- 
methyl-uracil (Behrend, A. 231, 250). Satiny 
plates (from water), melting near 250°. Sol. alco- 
hol. The hydrochloride is converted by potas- 
sium cyanate into oxy-methyl-xanthine 
■C 6 HgN 4 O g 2aq, crystallising from water in 
prisms. — B'HCl aq. Monoclinio crystals; a:b:c 
- 1-629:1:2-345; 0 = 52° 57'.— B^HjPtCl* 2aq ; 
needles, v. sol. water. 

Acetyl derivative G fl H 5 (NHAc)N a 0 2 4aq. 
Formed from oxy-methyl-xanthine and Ac 2 0 at 
170°. Thick trimetrio prisms (from water). 
Decomposes near 210° without melting. Sol. 
alkalis and reppd. by acids. 

TTRAMIDO-ETHANE SULPHONIC ACID 
NH 3 .CO.NH.OH 5r .GH 2 .SO t H. Taurocarbamtic 
acid. Occura in small quantity in urine after a 
dose of taurine (E. Salkowski, B. 6, 744, 1191). 
Formed by evaporating a solution of taurine 
-with KCyO. Formed also by the action of 
bromine-water on ethylene- ij'-thio -urea (Gabriel, 


B. 22, 1142). Dimetrio plates, v. sol. water, si. sol.- 
alcohol, insol. ether. Decomposed by baryta- water 
at 140° into C0 2 , taurine, andNH s . — BaA' a : tables 
(from alcohol). — AgA'. Radiating tufts of crys- 
tals. 

TTRAMIDO - HEXOIC ACID G 7 H 14 N 2 0, i.e. 
NH^CO.NH.CHfO.H^.COjjH. [200°]. Formed 
by boiling isobutyl-hydantoin with baryta-water 
(Pinner a. Spilker, B. 22, 696). Needles, v. sol. 
alcohol and hot water. — BaA' 2 ; nodular groups 
of prisms. 

Ethyl ether EtA'. [135°]. Formed by 
heating isobutyl-hydantoin with KOH and EtBr. 
Needles, v. sol. alcohol and hot water. 

Nitrile. NH 2 .C0.NH.CH(C 4 H 9 ).CN. 
Formed by heating the cyanhydrin of isovaleric 
aldehyde with urea (Pinner a. Lifschiitz, B. 20, 
2351). Oil, sol. aloohol and ether. On warming 
with HClAq it yields isobutyl-hydantoin 

C 4 H„.CH^g^Q [210°]. 

Amide NH..C0.NH.CH(0 i H,).C0.NH 2 . 
[170°]. Formed* from the nitrile (1 pt.) and cono. 
H 2 S0 4 (8 pts.) in the cold. Crystals, v. sol. 
water and alcohol/ 

URAMIDO-HIPPURIC ACID C 10 H n N,O 4 . 

Formed by fusing m-amido-hippuric acid with 
urea (Griess, J. pr. [2] 1, 235). Nodules, v. e. 
sol. hot water. Decomposed by boiling oonc. 
HClAq into glycocoll and w-uramido-benzoic 
acid. — AgA'. Crystalline pp. 

TJRAMIDO-N1TRO-AMIDO-PHENOL 
C 7 H 8 N 4 0 4 i.e. C a H 2 (N0 2 )(NH 2 )(NH.C0.NH 2 ).0H. 
Formed by reducing di-nitro-oxy-phenyl-urea 
with ammonium sulphide (Griess, J.pr. [2] 6, 1). 
Reddish-brown needles, si. sol. hot water and 
alcohol.— B'HCl : white scales.— BaA' 2 3^aq : 
steel-blue needles, v. sol. hot. water. Boning 
HClAq converts it into amidocarboxamido- 
nitrophenol C 7 H 4 N S 0 4 , which yields BaA' 2 a:aq 
and B'HCl aq, and is reduced by tin and HClAq 
to diamidocarboxamidophenol C^NgO* 
which yields B'HCl, crystallising in plates. 

URAMIDO-DI-NITRO-PHENOL v . Di-netro- 
oxy-phenyl-urea. 

p-URAMIDO-PHENYL-ACETIC ACID 

NH 2 .C0.NH.C fl H 4 .CH 2 .C0 2 H. [174°]. Formed 
by boiling p-cyanamido-phenyl-acetio acid with 
HClAq (Traube, B. 15, 2122). Small crystals 
(containing l|aq), sol. water, alcohol, and ether. 

a-Uramido-phenyl-acetic acid. Ethyl 
et AerNH 2 .CO.NH.CHPh.C0 2 Et. [139°]. Formed 
by the action of aqueous KCyO on the hydro- 
chloride of a-amido-phenyl-aoetio ether (Kossel, 
B. 24, 4150). V. sol. aloohol and hot water. 

Nitrile NH 2 .OO.NH.OHPh.ON. [170T 
Formed by heating the cyanhydrin of benzoio 
aldehyde with urea (Pinner a. Lifschiitz, B. 20, 
2351). Converted by acids into C 9 H g N a 0 a [182°], 
crystallising in scales, v. sol. alcohol and hot 
water. > 

a-URAMIDO-PHENYL-CROTONIC ACID. 

Nitrile CH?h:OH.CH(NH.CO.NH 2 ).ON. 

[160°]. Formed by heating urea with the cyan- 
hydrin of cinnamic aldehyde (Pinner a. Lifschiitz, 
B. 20, 2351). Needles, v. sol. hot aloohol. Boil- 
ing HClAq converts it into di-oxy-styxyl-pyrazole 

V 'l mi de CHPh:CH.OH(NH.OO.NHJX30.NH r 
Formed from the nitrile and oold cono. HjSC^ 
(Pinner a. Spilker, B. 22, 692). MicrocrystaUini 

3q2 
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powder, decomposing at 210°-220° with evolu- 
tion of NH„. Sol. alcohol, si. sol. hot water. 

«-URAMIDO-PROPIONIC ACID C 4 H 8 N 2 O s 
i.e. GH t .GH(NH.OO.NH S( ).CO a H. Lacturamic 
acid . [155°]. Formed by evaporating a solution 
of alanine sulphate mixed with KCyO (Urech, 
A. 105, 99). Formed also by boiling lacty 1-urea 
with baryta-water (Heintz, A. 169, 128). Prisms, 
si. sol. cold water and alcohol, insol. ether. — 
BaA' 2 aq (dried at 100°). — PbA' 2aq.— AgA' : 
needles, m. sol. water. 

Nitrile CH 3 .CH(NH.C0.NH 2 ).C0 2 H. 

[106°] (Franchimont a. Klobbie, B. T. C. 7, 16). 

Amide CH 3 .CH(NH.CO.NH 2 ).CO.NH r 
[196°]. Small needles (from alcohol), sol. water. 

URAMIDO-SUCCINIC ACID. Amio acid 
NH a .C0.CH 2 .CH(NH.C0.NH 2 ).C0 2 H. [138°] 
(G.) ; [157°] (P.). Succinuramide. Amido - 
succinuric add, S. 6*4 at 23°. Formed by 
evaporating the mixed solutions of asparagine 
KCyO (Guareschi, G. 7, 404; B. 10, 1747). 
Dextro-asparagine gives a Iebvo- compound, 
while lasvo-asparagine gives a dextro- compound 
(Piutti, B. 19, 1693). Prisms, nearly insol. alco- 
hol and ether. According to Piutti, the dextro- 
and laevo- compounds both melt at 157°. 

Reactions, — 1. Decomposed by fusion, with 
formation of malyl-ureide C 5 H 7 N s O, [230°- 
235°], whioh is also formed by heating urea with 
asparagine at 125° (Grimaux, A. Ch, [5] 11, 
400) and crystallises from water in pointed 
rhombohedra.— 2. Boiling HClAq (S.G. 1*12) 
forms malyl-ureidicacid C 4 H h N 2 0 4 , which is 
also got by heating aspartic acid with urea at 
130°. Malyl-ureidic acid crystallises in prisms 
[215°-220°), S. 25 at 100°, which yields BaA' 2 aq 
and is converted by heating with bromine-water 
into 0 9 H tf Br fl N 4 0 6 , S. 3 at 100°, C ft H 4 Br 4 N 4 0 6 , S. 
•25 at 100°, C p H 4 Br 2 N 4 0 8 , which is v. sol. water, 
C 8 H 3 BrN 4 0 4 , S. c. 6 at 100°, and C 4 H 4 B r2 N 2 0 3 , 
S. 10 in the cold and c. 22 at 100°. 

URAMIDO-THIO-FORMIC ACID v. Tmo- 

ALLOPHANIO ACID. 

DI-URAMIDO -TOLUENE r. Uramido-benzyl- 

UREA. 

DI-p-URAMIDO-DI-o-TOLYL-SULPHIDE 

[2:1:4] S(C 8 H,Me.NH.CO.NH 2 ) 2 . Thio-p-tolyl-di- 
urea, [151°] (when containing benzene of crys- 
tallisation). Formed by heating the hydro- 
chloride of di^p-amido-di-tolyl-sulphide with 
KCNO (Truhlar, B. 20, 669). Crystallises from 
benzene in white silky needles (containing 

GfHg). 

URAMIL 0 4 H fi N 3 0 a U. 

CO <NH.CO> CH - NHi . D™lu-ramide. Amido ■ 
barbituric acid, Amido-malonyl-wrea. Murexan, 
Mol. w. 143. Formed by boiling alloxantin with 
NH 4 G1 (Liebig a. Wfihler, A, 26, 310 ; Grimaux, 
C. R. 87, 752) and by boiling ammonium thion- 
orate with HClAq. Formed also b) reducing 
nitro- or nitroso- barbituric acid with HIAq 
(Baeyer, A . 127, 223). It is also a product of the 
action of acids on murexide (Beilstein, A, 107, 
183). 

Properties ,— Silky needles, el. sol. hot water, 
insol. alcohol and ether. Sol. cone. H ? S0 4 and 
re-ppd. on dilution. Its alkaline solution turns 
redin air, forming purpurates ; thus it is converted 
in ammoniacal eolation into murexide by boiling 
with air or HgO. Gone. HNO, forme alloxan. 


Bromine at 85° forms oral ge C 4 H 4 BrN.O, 
(Mulder, B. 14, 1060). 

URAMILIC ACID G^fl (?). S. 14 in the 
cold ; 83 at 100°. Formed b ■ heating uramil 
with H 2 S0 4 and water, or by evaporating am- 
monium thionurate with som HoS0 4 (Liebig a. 
Wdhler, A. 26, 314 ; Gregory, P. M. 24, 187). 
Transparent, four-sided prisms, si. sol. cold water. 
Converted by boiling cone. HNO s into nitro- 
barbituric acid. 

URANATES v . Uranium, oxyacids and salts 
or, p. 826. 

URANIUM. U. At. w. 239 (not determined 
with very great accuracy)^ Mol. w. unknown. 
M.P. not determined accurately ; between red 
heat and white heat. S.G. of fused U at 
18-685 (Zimmermann, B. 15, 851). S.H. at 
100° == -0276 (Z., Z.c.). S.V.S. 12*8. 

Historical . — In 1789 Klaproth prepared some 
compounds of a new element from pitchblende ; 
to the characteristic element of these compounds 
he gave the name uranium, from <^vpav6s = the 
heavens, in allusion to the planet Uranus which 
had been discovered a few years before ( CrelVs 
A. 1789 [2] 400). The compounds of U were 
examined by Richter (Gehlcn's A. 4, 402), Buch- 
holz ( Gehlen's A. 4, 17, 134), Lecanu (J. Ph . 9, 
141 ; 11, 279), Brande ( S . 44, 1), Berzelius (P. 
1, 359), and Arfvedson (P. 1, 245). In 1840, 
P61igot showed that the substance supposed till 
then to be U was really an oxide of U (A. Ch. [3] 
6, 5) ; P. isolated the metal, and determined the 
at. w. to be 120. MendeldeS in 1872 (A. Suppl. 
8, 133 ; cf. C. N. 41, 39 [1880]) proposed to 
double the at. w. of U, making it 240 ; this pro- 
posal was completely justified by tho determina- 
tion of S.H. of pure U by Zimmermann in 1882 
(B. 15, 851), and by the determination of the 
V.D. of UC1 4 and UBr 4 (Z., A. 216, 2 [1883]). 

Occurrence . — Never uncombined. A few 
minerals containing compounds of U are found 
sparsely distributed and not in large quantities ; 
the chief of these is pitchblende , which consists 
of U 8 O g along with Si0 2 and oxides of Sb, As, 
Ca,Cu, Fe, Mg,V,<fec. Carbonate, sulphate, phos- 
phate, niobate, tantalate, and various other com- 
pounds of U are also found in varying quantities 
in several rare minerals (v. Zimmermann, A. 232, 
300 ; Hidden a. Mackintosh, Am. S. [8] 38, 474 ; 
Hillebrand, Am. S. [3] 38, 829; 40, 384). 
Lockyer (Pr. 27, 49) stated that some of the 
lines in the emission-spectrum of U coincide 
with dark lines in the solar spectrum. Hutching 
a. Holden (P. M. [5] 24, 325) think there is no 
trustworthy evidence in favour of the existence 
of U in the solar atmosphere. 

Preparation. — 1. A mixture of UC1 4 , NaCl, 
and Na is strongly heated in a closed iron 
cylinder. Zimmermann (A. 116, 14) used a 
cylinder of soft iron with walls c. 3 cenfcim. 
thick, bored from a larger cylinder (similar to 
that employed by Nilson a. Pettersson for pre- 
paring Be ; B. 11, 883) fitted with a cap which 
could be screwed on tightly. He placed a layer 
of pure fused NaCl in the cylinder, then small 
pieces of Na (o. 3 to 4 pts. for Hfpts. UC1 4 ), then 
UC1 4 (which must be put into the cylinder as 
quickly as possible, as it is ^hygroscopic), and 
covered the whole with a layer of fused NaCl. 
Z. raised the cylinder to a white heat, kept it at 
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that temperature for some time, cooled, and 
washed the con (ents with dilute alkali solution, 
and then with \ Wter. According to Z., the metal 
as thus prepare!! is quite pure (v. infra). — 2. 
Moissan (C. R. 116, 347) obtained U, containing 
from 6 to 13*5 p b. 0, by mixing the oxide pre- 
pared by strongly heating U0 2 (N0 3 ) 2 with excess 
of charcoal, compressing the mixture in a carbon 
crucible, imbedding this in MgO, and heating 
for 10-12 minutes in an electric furnace, using a 
current of 60 volts and 460 amperes. 

UC1 4 is obtained by heating the nitrate 
TJ0 2 (N0 3 ) 2 in air, mixing the oxide thus ob- 
tained (chiefly U 3 0 8 ) with 0, and heating in a 
stream of Cl ( v . Uranium tetrachloride, p. 823). 
The nitrate is obtained from pitchblende by 
powdering the mineral, washing with water, 
drying* and washing to remove S and As, dis- 
solving in HN0 3 Aq, evaporating to dryness, dis- 
solving in water, filtering from Fe.A,, PbS0 4 , &o ., 
evaporating a little, and allowing to crystallise. 
The crystals of U0 2 (N0 3 ) 2 thus obtained are 
purified by draining in a funnel, washing with a 
little cold water, drying in the air, dissolving in 
ether in a wide-mouthed bottle, crystallising by 
spontaneous evaporation, and re-crystallising 
from hot water; the crystals of U0 2 (N0 3 ) 2 are 
then dissolved in water so as to form a cone, 
solution, U0 2 .C 2 0 4 is ppd. by adding H 2 C 2 0 4 Aq 
to this solution, the pp. is washed with boiling 
water, and then decomposed by heat, and the 
U0 2 thus produced is digested with cone. HClAq, 
washed, dissolved in HNO a Aq, and the solution 
is crystallised (Pdligot, A. Ch. [3] 5, 5 ; 12, 258 ; 
c/. Ebelmen, A . 43, 286; Wertheim, J. pr . 29, 
209). 

The oxide U 3 O g used by Zimmermann 
(v. supra ) for the preparation of UC1 4 , from 
which pure U was obtained, was prepared by 
him as follows. A warm solution of commercial 
uranium hydroxide in HClAq was saturated with 
ELS ; after standing for some time the liquid 
was filtered off, NH 3 Aq and (NH 4 ) 2 CO a Aq were 
added in excess, the liquid was warmed and 
(NH 4 ) 2 SAq was added ; after standing the liquid 
was filtered, saturated with HClAq, and boiled 
till C0 2 was removed, then mixed with NH 3 Aq 
and (NH 4 ) 2 SAq and heated on the water-bath 
till most of the (NH 4 ) 2 S was removed ; the pp. of 
U0 2 was collected, washed, and heated over the 
blowpipe ; the U 8 O g thus formed was dissolved 
in HNO a Aq and the solution was crystallised ; 
the crystals of U0 2 (N0 3 ) 2 were dissolved in 
ether, the solution was poured off from insoluble 
substances, evaporated to dryness, and the 
residue was strongly heated; the U 3 0 8 which 
remained was again dissolved in HNO„Aq, and 
the crystals that formed on evaporation were 
dissolved in ether, and the ethereal solution was 
evaporated to dryness and the residue decom- 
posed by heating. 

Properties.— A lustrous, hard, silver-white 
metal ; S.G. 18*685 at *■§ (Zimmermann, B. 15, 

8511 ; if UC1 4 is reduced by Na at a red heat, U 
is obtained«as a greyish-black powder. S.H. at 
100° « *0276 (Z., l.c.). U iB somewhat malleable, 
but cannot be hammered into thin plates. The 
emission- spectrum , obtained by the aid of elec- 
tric sparks, shows only a few lines, the most 
marked being one in the yellow (Thal6n, A. Ch. 


[4] 18, 239). For the fluorescence, phosphor- 
escence, and absorption-speotra of U compounds 
v. Becquerel (.4. Ch. [4] 27, 539), also Morton a. 
Bolton (Am. Ch. 3, 361, 401). u melts towards 
a white heat ; according to Moissan (C. R. 116, 
1429), the metal is volatilised by heating in an 
electric furnace using a ourrent of 350 amperes 
and 75 volts. After long standing in the air the 
surface of U becomes covered with a steel-blue 
to black film of oxide ; U that has been fused 
burns brilliantly when heated on Pt foil in the 
air ; pulverulent U burns at 150°-170° in the 
air. U combines directly with Cl or Br, also 
with S ; the metal dissolves in dilute H 2 S0 4 Aq 
or HClAq ; it is not acted on by acetio acid, nor 
by KOHAq, NaOHAq, or NHgAq. 

The at. w. of U has been determined (1) by 
determining U and Cl in UC1 4 (PHigot, A. Ch. 
[3] 5, 12 [1842] ; Rammelsberg, P. 55, 318; 56, 
125 [1842]) ; (2) by analyses of UOj.OA.H 2 O 
(Ebelmen, A. Ch. [3] 5, 191 [1842] ; P61igot, 
A. Ch. [3] 20, 341 [1846]); (3) by analyses of 
U0 2 (C 2 H 3 0 2 ) 2 .2H 2 0 (P61igot, l.c. ; Wertheim, 
J. pr. 29, 207) ; (4) by analyses of the double salt 
U0 2 .Na(C 2 H 3 0 2 ) 3 (Wertheim, l.c.) ; (5) by trans- 
forming U0 2 into U 3 O e , and U0 2 .Na(C 2 H 3 0 2 )s 
into Na 2 U0 4 (Zimmermann, A. 232, 117, 273 
[1886]) ; (6) by determining S.H. of U (Zim- 
mermann, B . 15, 851 [1882]); (7) by deter- 
mining V.D.s of UBr 4 and UC1 4 (Z., A. 216, 2 
[1883]). 

The at. w. of U was formerly taken asc. 120 ; 
in 1872 Mendel6eif adduced reasons for doubling 
this value, based on a comparative study of the 
properties of compounds of U to which he was 
led by considering the periodic arrangement 
of the elements (A. Suppl. 8, 178; C. N. 41, 
39). When the at. w. of U was taken as 120, 
the formula) given to the chief oxides, chlorides, 
and salts of this element were UO, UCL, US0 4 , 
Ac. ; U 3 0 4 ; U 2 0 3 , UOC1, U0 2 (N0 3 ), &c.; and V 
was classed with the iron metals. Mendeldefl 
pointed out that U was very much heavier than 
the iron metals, that the oxide UA did not 
form salts similar to those derived from Fe 2 O g » 
that the salts of UO, i.e. US0 4 , U(N0 3 ) 2 , Ac., 
were not isomorphous with the salts of MgO, 
FeO, NiO, Ac. Mendeldeff also drew attention 
to the existence of a chloride which would .have 
to be represented as U 2 C1 5 if U = 120, and that 
this chloride was obtained by heating UGl* in EL 
Mendel^eff proposed to double the value then ac- 
cepted for the at. w. of U, and, following on this, 
to write the formulas of the chlorides, oxides, 
and salts as UC1 4 , U0 2 , U(S0 4 ) 2 , Ac.; UA; 
U0 3 , U0 2 C1 2 , U0 2 (N0 3 ) 2 , Ac. ; and UCl ft . It was 
pointed out that many of these formula are 
analogous to those of the corresponding com- 
pounds of Cr, Mo, and W ; and it was shown 
that the properties of compounds of U more 
nearly resemble those of compounds of Cr, Mo, 
and W than of any other elements. Especial 
stress wns laid by Mendel6eff on the acidic cha- 
racter of the highest oxide of U. Finally, Men- 
deUeff showed that an element with the proper- 
ties of U, and an at. w. equal to 0 . 240, finds its 
proper place in Group VI., series 12, of the 
periodic arrangement of the elements. Mende- 
Uefl suggested that the S.H. of pure TJ should 
be determined ; that the VJD. of the volatile 
chloride should be found ; that the. action of H 
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on the ohloride then taken to be UCl* should be 
studied; that salts of the lower oxide (UO if 
U-120, U0 2 if U = 240) should be examined, 
especially as regards their isomorphism with 
salts of Th0 2 , Bn0 2 , Zr0 2 , and Te0 2 ; that the 
crystalline forms of corresponding compounds 
of MoOj, WO a , and U0 4 (U = 240) should be 
studied, and that an especially thorough crystal- 
lographic examination should be made of the 
compounds R 2 U0 2 F 4 ; and that the physical 
properties of compounds of Cr, Mo, W, and U 
should be compared. Since the publication of 
Mendel^eff’s memoir, the S.H. of U, and the 
VJXs of UBr 4 and UC1 4 have been determined, 
the action of H on UC1 4 has been examined, and 
something has been done in the study of the 
crystalline forms of compounds of U, including 
those of the form lyCJOJE^ ; the results of all 
these investigations fully confirm the justness 
of Mendel6efi’s view that the at. w. of XJ is c. 240, 
and that this element must be classed with Cr, 
Mo, and W. The exact value to be given to the 
at. w. of U has not been yet determined ; Zim- 
mermann’s measurements gave 238*75 from the 
ratio U0 2 :U g O s , and 238*67 from the ratio 
UOjNaJCjHgO^rNajUO, (0 = 15*96). The mol. 
w. of U is not known. 

U is the last member of the even- series 
family of Group VI. ; this family also contains, 
besides O, the dements Cr, Mo, — , and W. The 
chromium elements are both metallic and non- 
metallic in their chemical relations ; they form 
oxides MO, that are acidic, and some of the 
lower oxides are basic. The oxide U0 2 forms 
some corresponding salts ; a series of salts of 
the form U0 2 X is also known, where X = S0 4 , 
Ac. Several series of uranates M 2 U0 4 , M 2 U 2 0 7 , 
Ac., are known. The haloid compounds are 
UX 8 , UX 4 , and UX a . (For a comparison of the 
metals of the Cr family v. Chromium group ox 
elements, vol. ii. p. 168 ; c/. Classification, vol. 
iL p. 207.) 

The atom of U is tetravalent in the gaseous 
molecules UBr 4 and UC1 4 . 

Reactions and Combinations . — 1. Heated in 
air U is burnt to a voluminous deposit of U 3 O g 
(perhaps containing also U0 2 ), which stops the 
further oxidation of the metal. Pulverulent U 
burns when heated in air to 150°-170°.— 2. U 
bums brilliantly when heated in chlorine, form- 
ing U01 4 ; heated in bromine to c. 240° part of 
the metal is changed to UBr 4 . — 3. Heated in 
ndphur vapour US 2 is produced. — 4. It is gene- 
rally said that U does not react with water ; but, 
according to Moissan (C. R. 116, 347), the metal 
obtained by him by reducing the oxide by char- 
coal in an electric furnace decomposed water at 
the ordinary temperature ; this specimen of U 
contained from 5 to 13*5 p.c. C. — 6. U dissolves 
in dilute sulphuric acid , rapidly on warming, 
forming US0 4 , and giving off H ; pulverulent U 
dissolves in hot cone. R 2 S0 4 , giving off S0 2 ; the 
compact metal is scarcely acted on by cono. 
BLS0 4 .-— 6 . U dissolves in hydrochloric acid , 
dilute or cono., rapidly on warming, forming a 
hyacinth-red solution of UC1 8 , which goes green 
on shaking in air, and then contains UC1 4 . — 
7 . Cone, nitric acid , even when hot, scarcely 
acts on U that has been fused ; the pulverulent 
metal is quickly oxidised by hot cono. HNO,Aq 
to U/) r — 8. Several metallic salts .in solution 


are reduced by U, with ppn. of jhe metals, ejq 
HgN0 8 , AgNO„ CuS0 4 , SnCl 2 , RC1 4 , AuCl,. 

Detection and Es timationJ— Uranyl salts 
(U0 2 .S0 4 , Ac.) are formed by Beating uranates 
with acids, also by the reactions of acids with 
U0 8 , and also by oxidising urctious salts (salts 
of UO). K 4 Fe0yaAq gives a brownish-red pp. 
with uranyl salts, soluble in HClAq or in 
(NH 4 ) 2 CO s Aq; this reaction is said to be ex- 
tremely delicate; RjOjjAq and alcohol give a 
brown pp. (Fairley, C. N. 62, 227) ; carbonates 
give yellow pps., soluble in excess, forming 
yellow liquids ; NaOHAq or KOHAq forms 
yellow pps., NH 4 ClAq does not interfere with 
the ppn., but in presence of sugar or tartaric 
acid pps. are not produced. Uranous salts are 
produced by reducing uranyl salts in solution by 
Zn and HClAq. After reduction the solutions 
give green pps. with KOHAq or NaOHAq, the 
pps. becoming brown and then yellow in the 
air; with (NH 4 ) 2 SAq green pps. are formed, 
quickly becoming dark green, and black on boil- 
ing; ^FeCy^Aq produces yellow-gieen pps. 
becoming red in the air (v. Zimmermann, A . 
213, 285). 

U is generally estimated as U0 2 or r U 8 O g ( v . 
Zimmermann, A. 232, 209). Solutions may be 
reduced by Zn and H 2 S0 4 Aq, and then titrated 
with KMn0 4 Aq, the quantity of O used corre- 
sponding with the change of U0 2 to U0 8 (Z. f 
l.c. ; v . also BSlohoubek, J. pr. 99, 231). 

Uranium, arsenates of. A compound, pro- 
bably U0 2 .Ab 2 0 3 . 4aq, is described by Bammels- 
berg (P. 59, 26). Werther (J. pr. 43, 321) 
describes UO-jR^AsO^ 3aq, and various double 
salts of this compound with arsenates of Ca, Cu, 
and Na. 

Uranium, bromides of. UBr 4 is formed by 
heating U a O„ mixed with C in Br vapour ; and 
UBr g by heating UBr 4 in H. Zimmermann (A. 
216, 5) failed to obtain a compound with more 
Br by heating UBr 4 with Br to 230° in a sealed 
tube. 

Uranium tetrabromide UBr 4 . (Uranous 
bromide.) MoL w. 558. Prepared by strongly 
heating a mixture of U g O g and sugar, mixing 
with sugar charcoal that has been heated to red- 
ness, placing the mixture in a tube, and heating 
it first in a stream of thoroughly dried C0 2 , and 
then in Br vapour, and allowing to cool in C0 2 ; 
the Br used must be perfectly freed from Cl, 
HBr, and H 2 0 by distillation from KBr, Mn0 2 , 
and P 2 0 4 (Zimmermann, A. 216, 2; Alibegoff, 
A. 232, 132 ; cf. Hermann, J. 1861. 260). UBr 4 
forms black, fusible leaflets ; volatile at red heat, 
giving a vapour with Y.D. 281 (Z., l.c.) ; very 
hygroscopic ; dissolves in water, with a hissing 
sound, forming a green liquid. 

By evaporating a solution of U0 2 ucH 2 0 in 
HBrAq, Rammelsberg (P. 59, 12) obtained green 
crystals of hydrated UBr 4 , probably UBr 4 .8H 2 0. 

Uranoxy bromides. (Bromoxy -uranates.) 
UOJBr^MBr or MjUO.^Br,,. By the reaction of 
HBrAq with K 2 U0 4 and (NH 4 ) 2 (J0 4 respectively, 
Sendtner (A. 195, 325) obtained yellowish, 
hygroscopic tablets of the composition 
M^OgBr^iELjO, where M = NH 4 and K. 

Uranium tribbomldh UBr g . MoL w. not 
determined. Obtained by Alibegofi (A. 233, 119 ; 
cf. Zimmermann, A. 216, 5) by passing dry H 
over molten UBr 4 . Dark-brown needles ; easily 
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volatilised ; not changed by continued heating in 
H ; very hygros *opio ; warmed in HJ3, in com- 
plete absence of air, forms U 2 S s . 

Uranium, chl orides of. By heating U in Cl 
both UCl a and UC1 4 are produced ; and by heat- 
ing UC1 4 in H, UC1 3 is formed. 

Uranium pentaohloride UCl a . Mol. w. not 
determined; formula probably molecular, from 
analogy of MoGl a and WC1 3 . 

Preparation . — 1. By heating U in excess of 
Cl. — 2. A slow stream of dry Cl is passed over a 
mixture of charcoal and any oxide of U, or 
UOjjCl^, heated to dull redness in a glass tube ; 
dark-green octahedral crystals of UC1 4 are 
formed near the heated part of the tube, and in 
front of these needle-shaped crystals of UCl a are 
deposited, mixed with a loose brown powder, 
which xs also UC1 5 . If the stream of Cl is rapid, 
most of the UCl, is produced as a light-brown, 
mobile powder (Roscoe, C. J. [2] 12, 933). 

Properties and Reactions. — UCl a crystallises 
in long, dark, needle-shaped forms ; the crystals 
are lustrous, and reflect greenish light, in trans- 
mitted light they are dark ruby red. Both the 
crystals and the brown powder are very hygro- 
scopic. .Dissolves in water, with a hissing sound, 
forming a yellow-green liquid and giving off 
HC1. Decomposed to UC1 4 and Cl when heated, 
either alone or in C0 2 or Cl ; decomposition begins 
at 120° in C0 2 , and is complete at 235°. Heat- 
ing in NH, probably produces a nitride (Roscoe, 
lx. ; no analyses given). 

Combination. — A compound UCl 5 .PCI a is de- 
scribed by Cronander (/. 1873. 222) as an 
amorphous, yellow solid; formed by heating 
UO a with excess of PCl a in a sealed tube for a 
long time. 

Uranium tetrachloride UC1 4 . {Uranous 
chloride.) Mol. w. 380*48. 

Preparation.— 1. U is heated in Cl.— 2. A 
mixture of charcoal and an oxide of U, or U0 2 CLj, 
is heated in a slow stream of dry Cl (P61igot, A. 
43, 258; cf. Roscoe, C. J. [2] 12, 933). The 
crystals that form nearest to the heated part of 
the tube are again heated in a stream of dry 
C0 2 , whereby traces of UCl a are volatilised and 
removed (Zimmermann, A. 216, 8). — 3. A solu- 
tion of ammonium uranate in HClAq is reduced 
by Zn, and the solution is evaporated and crys- 
tallised. Arendt a. Knop ( C . C. 1857. 164) re- 
duced, by boiling the solution for 15 min. with 
Cu and a little PtCl 4 Aq; they then filtered, satu- 
rated with HjS, filtered, boiled off RjS, and crys- 
tallised. 

Properties and Reactions . — Dark - green, 
lustrous, regular octahedral crystals ; volatilises 
at red heat, in oomplete absence of moisture, 
giving a red vapour (P61igot, l.c.) with Y.D. 
192 (Zimmermann, l.c.). Very deliquescent; 
fumes much in air, giving off HC1 ; dissolves in 
water, with a hissing sound, forming a green 
solution that is unchanged in air ; gives green, 
amorphous UC1 4 by evaporation in vacuo, but is 
decomposed by evaporation in the air. When 
U01 4 Aq is dropped into boiling water all the U 
is ppd. as Ut) 2 .arH 2 0. Solution of UC1 4 reduces 
salts of Au and Ag to the metals, and FeCls to 
FeCL, <ftc. By heating in dry H one-fourth of 
the Cl is removed, and UC1 3 remains (P61igot, A. 
48 , 266 ). Aooording to P61igot (lx.), UC1 4 com- 


bines with several metallic chlorides to form 
double salts. 

Uranoxy chlorides. ( Ghloroxywranates .) 
U0 3 CL 2 .2MC1. 2aq, or M 2 U0 2 C1 4 . 2aq. Salts of 
this composition, M-»NH 4 and K, are produced 
by the reaction of large excess of HClAq with 
uranates of NH 4 and K (Pdligot, A. 43, 279). 
The K compound is also formed by acting on 
U0 2 Cl2 with excess of KClAq, and separating 
the KC1 that crystallises with the KjU 0 2 C1 4 me- 
chanically (Berzelius, P. 1, 366). The K com- 
pound forms thick plates (for crystalline 
measurements v. de la Provostaye, A. Ch. [8] 6, 
165); easily loses water; gives off HC1 at a 
little above 100° ; melts at red heat, giving off 
Cl, and leaving U0 2 and KOI. The ammonium 
compound forms very deliquescent rhombohedra. 

Uranium trichloride UC1,. Mol. w. not 
determined. Obtained by Pdligot (Z.c.) by heat- 
ing UC1 4 in dry H as long as HC1 was given off. 
Also formed in solution by long-continued re- 
duction of uranyl salts by Zn and HClAq (Zim- 
mermann, A. 218, 300). A brownish-red solid; 
dissolves very readily in water, forming a red 
solution, which gives off H and beoomes green 
( v . P., l.c . ; Z., l.c . ; also A. 216, 12). 

Uranium, ferrooyanides of. Various com- 
pounds are described by Wyruboff (A. Ch. [5] 8, 
444) and Atterberg ( Bl . [2] 24, 355) as obtained 
by ppg* K 4 FeCy a Aq by solutions of salts of U. 
The following formula are given : 


(1) UaFeCy^. lOaq ; (2) UaK^eCy^ 6aq ; 

(3) (U 0 2 ) 8 K 2 (F eCy a ) 2 . 6aq ; 

(4) (U0 2 ) a K tt (FeCyj 4 .12aq. 

Uranium, fluorides of. Only one compound, 
UF 4 , has been isolated with certainty. 


Uranium tetrafluoride UF 4 . (TJranous 
fluoride.) Mol. w. not determined; formula 
probably molecular, from analogy of UBr 4 and 
UC1 4 . Prepared by adding HFAq to U 8 O g , boil- 
ing, pouring off the yellow solution (which con- 
tains UOgFjj), washing the green powder that 
remains, first on a filter and then by decantation, 
until free from HFAq, and drying at 100° 
(Smithells, C . J. 43, 125 ; cf. Bolton, Z. [2] 2, 
353). The process of washing is very tedious, 
and occupies many days. UF 4 is a green 
powder ; insol. in water and dilute acids; slowly 
dissolved by cone, acids ; boiling NaOHAq pro- 
duces U0 2 . Heated in a Pt crucible with the 
lid on, a small quantity of a white, bulky sub- 
limate is obtained; this sublimate is UOjjF, 
(Smithells, l.c .) ; the residue in the crucible is 
chiefly U0 2 . Heated on Pt foil, UF 4 leaves 
U 8 0 8 (S., lx.). 

Double salts . — Bolton (lx.) obtained the 
compounds UF 4 .KF and UF 4 .NaF — as green 
powders, insoluble in water and dilute acids, 
giving U0 2 , KF (or NaF), and HF when heated 
to redness, in closed vessels — by the action of 
formic or oxalic acid on UO^FV 8KF or 
UOjFj.NaF (v. infra) in sunlight. These com- 
pounds may be called uranofluorides, and written 
KUF a and NaUF a . 

Uranium hexafluoride UF a was said by 
Ditte (C. R. J 91, 115) to be formed by heating 
U,Og with HFAq, evaporating the yellow liquid, 
and heating the crystals of UF # .8HF thus ob- 
tained ; but Smithells (O. J. 48, 125) has shown 
that the substance obtained by evaporating the 
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solution formed by heating U,O g with HFAq is 
UOJF 2 (v. Uranium oxyfluoride, p. 828). 

TJranoxy fluorides. (Fluoxy-ur (mates.) 
These compounds may be regarded either as 
double salts of UOjF 2 with alkadi fluorides, or as 
salts derived from hypothetical acids H x UCXjFy. 
The compounds are formed by adding alkali 
fluorides to solutions of uranous nitrate, and 
crystallising under different conditions (v. 
Bolton, Z. [2] 2, 853 ; Baker, G . J. 35, 763). The 
compounds that have been isolated belong to 
several series : (1) MF.UO-jF^iraq = MUOJF s .a:aq, 
where M«Na and x = 2 and 4 (Bolton); 
(2) 8MF.UO s F s -M,UO l F,, where M = NH 4 
and K (Bolton; Baker); (3) 3KP.2UOJFo.2aq 
■* K 8 U 2 0 4 F 7 . 2aq (Baker) ; (4) 5KF.2UOJF 2 

«K 5 U 2 0 4 F g (Baker) ; (5) 8BaF2.6UO2F2.2aq 

(Bolton). Two other senes were described by 
Ditto ( C . JR. 91, 166), 4MF.UOJF 3 and 

4MF.UOF 4 .$aq; but the experiments of 
Smithells (0. J. 43, 131) have shown that these 
compounds do not exist. 

Uranium, haloid compounds of. U combines 
directly with Br and 01, but not with I; no 
iodide, indeed, has been isolated. The haloid i 
compounds of U belong to the form UX 8 , where 
X «= Br or Cl ; UX 4 , where X = Br, Cl or F ; and 
UX 5 , where X = 01. The compounds UBr 4 and 
UC1 4 have been gasified, and the formulas are 
molecular. From the analogy of WC1 5 and 
MoC1 5 the formula UC1 6 is probably molecular; 
this compound decomposes to UC1 4 and Cl when 
heated, either alone or in C0 2 or Cl. From the 
analogy of CrCl 8 it may be supposed that UC1 8 
and UBr 8 are molecular formulas. No haloid 
compounds of U have been isolated correspond- 
ing with the chlorideB of Cr, Mo, and W, 
M-pCla*. No haloid compounds of U are known 
containing each more than one halogen. Various 
oxyhaloid compounds, chiefly U0 2 X 2 , and com- 
pounds of these with alkali haloids, are known. 

Uranium, hydroxides of, v. Uranium, oxides 
and hydrated oxidbs of (infra) ; also Uranium 

OXYACIDS, AND SALTS OF (p. 826). 

Uranium, iodides of. No compound of U 
and I has been isolated. Hermann (J. 1861. 
260) and Sendter ( Verbind. des Uraniums, 
Erlangen, 1877) failed to obtain an iodide by 
heating a mixture of U0 2 and C in I vapour or 
in HI. 

Uranium, nitride of, U 8 N 4 . A greyish-black 
powder ; obtained by heating UC1 4 in NH 3 , then 
mixing with NH 4 C1 and heating for a long time 
in a stream of NH, (Uhrlaub, Verbind. einiger 
Metalle mit Stickstoff , Gdttingen, 1859). Boscoe 
(C. J. [2] 12, 933) states that a nitride is formed 
by heating UC1 A in NH a , but no analyses are 
given. 

Uranium, oxides and hydrated oxides ot 
When U is burnt in air the product is U 8 0 g ; 
by heating this oxide with reducers, or for a long 
time in a stream of N or C0 8 , U0 2 is formed; 
UOgis produced by fusing U 8 0 g with KC10 a , also 
by heating U0 2 (N0«) 2 ; by adding to 

UO^GJEIiOjJaAq or U0 2 (N0 g ),jAq a hydrate of 
U0 4 is obtained. Besides these four oxides, 
others, intermediate between Ub 2 and U0 8 , 
perhaps exist. No definite hydrate of U0 S has 
been isolated; the pp. formed by adding 
NHgAq to UOLAq, or to solution of a uranous 
•alt (UfSOJ* <fro.), is either a hydrate, or a 


mixture of hydrates, of UO r A hexahydrate of 
U S 0 B probably exists. Uranio a- id is the mono- 
hydrate of U0 8 . UO, dissolves in some acids 
to form corresponding salts ; J s O g is said to 
react with cone. H 2 S0 4 or HClAq to form both 
uranous salts UX 2 , and ursuyl salts U0 2 X, 
where X= a divalent acidic raoiole. UO, inter- 
acts with several acids to form uranyl salts 
U0 2 X u ; U0 S also reacts as an acidic oxide with 
strong bases, forming uranates, di-uranates, <&c., 
M* 2 U0 4 , m‘ 2 u 2 o 7 , <fcc. 

According to Guyard ( Bl . [2] 1, 89), two oxides 
having the compositions UO and U 8 0 4 exist; 
but the more accurate investigations of Zimmer- 
mann (A. 213, 301) showed -hat the substances 
examined by Guyard were not definite compounds. 
Pdligot described a black oxide U 2 0 5 ; Zimmer- 
mann (A. 232, 273) has shown that the substance 
is a mixture, in variable proportions, of UO a 
and U 8 0 8 . 

Uranium dioxide UOjj. (Uranous oxide.) 
Mol. w. not known. This oxide was supposed 
to be the element U until 1840, when P61igot 
proved the presence of O in the substance 
(A. Ch. [3] 6, 5). 

Formation. — 1. By heating U 8 0 8 with such 
reducing agents as H (Arfvedson, P. 1, 245), 
NH 4 01 and S (Hermann, J. 1861. 258), a little 
C (Buchholz, Gehlen's Ann. 4, 17, 134), oxalio 
acid (Wertheim, J. pr. 29, 211), &c. — 2. By 
heating U„0 8 for a long time in a stream of N 
or C0 2 (Zimmermann, A. 232, 283).— 3. By 
Btrongly heating U0 2 .CJ 2 0 4 in absence of air 
(Berzelius, P. 1, 359), or in a stream of H (P61i- 
got, A. Ch. [3] 5, 5 ; Ebelmen, A. Ch. [3] 6, 189). 

Preparation. — A mixture of U0 2 01 2 and 
excess of NaCI and NH 4 C1 is strongly heated in 
absence of air ; and the product is washed 
thoroughly with water, and dried (W6hler, A. 
41, 345 ; cf. Hillebrand, Zeit. f. anorg . Chemie , 
3, 243). If air is not excluded during heating, 
some U0 8 is obtained (H., l.c.). This process 
gives U0 2 as a black crystalline powder. In 
place of using U0 2 C1 2 , a solution of ammonium 
uranate in HClAq may be mixed with excess of 
NaCI and NH 4 C1, and evaporated to dryness, 
and the residue heated. By fusing any oxide 
of U with borax for 24 hours, and washing with 
water and then with dilute acetic acid, or dilute 
HClAq, Hillebrand (l.c. p. 249) obtained jet- 
black ootahedra of U0 2 isomorphous with Th0 2 . 

Properties. — Prepared by heating 
U0 2 .C 2 0 4 , U0 2 is a dark-brown, pyrophoric 
powder ; if the temperature has been kept high 
the oxide is lustrous, reddish-black, and not 
pyrophoric ; prepared by heating U0 2 C1 2 with 
NaCI and NH.Cl, U0 2 forms black, non-pyro- 
phoric, ootahedral orystals. P61igot gave S.G. 
10*15 ; according to Hillebrand (Z.c.), the S.G. is 
nearly 11. U0 2 is insoluble in water, HClAq, 

and dilute ELjS0 4 Aq ; it dissolves in HNO„Aq, 
and in cone. ^864 in presence of a little water. 
U0 2 is oxidised to U„0 8 by heating in air. 

Reactions.— 1. Heated in air or oxygen 
U 8 0 8 is produced; U0 2 bums brilliantly in the 
O-H flame (Clarke, G. A. 62, 853).— 2. Heating 
in chlorine produces U0 2 0Lj; when mixed with 
carbon and heated in chlorine , U01 a and UC1 4 
are formed. UBr 4 is produced by heating UO a 
mixed with carbon in bromine vapour. — 8. U 8 0 § 
is formed by heating UO t in water vapour 
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(Regnault, A. Ch. [2] 62, 858). — 4. Heating in 
vapour of carbon disulphide produces U 8 0 2 S 4 
(Hermann, J. 1861. 258 ; H. Rose, G. A . 73, 
189). U0 2 is said to be unchanged by heating 
in hydrogen sulphide (Arfvedson, P. 1, 245). — 
6. A solution of U0 2 in cone, sulphuric acid 
gives green crystal^ of U(S0 4 ) 2 on evaporation. 

Hydrates of uranium* dioxide. No definite 
hydrate of U0 2 has been isolated ; NHjAq pro- 
duces a reddish-brown pp. when added to UCl 4 Aq 
or solution of a uranous salt, this pp. becomes 
black on boiling; when washed with air-free water 
and dried in vacuo it forms black, coherent 
lumps. A black pp. is also produced by dropping 
UCl 4 Aq into boiling water. These black pps. 
contain U0 3 ; they are probably hydrates of 
this oxide. The name uranous hydroxide is 
often giyen to the pp. obtained by either of the 
processes described ; the pp. dissolves in dilute 
H 2 S0 4 Aq, HNOaAq, and HClAq. 

Uranoso-uranic oxide U 3 0 8 . ( Olive-green 
oxide of uranium. XJranyl uranate U 0 2 .2U 0 3 .) 
Mol. w. not known. 

Occurrence. — In combination with Si0 2 , and 
oxides of Sb, As, Ca, Cu, Fe, Mg, &c., in pitch - 
blende . 

Preparation.— U, or a decomposable U com- 
pound, e.g. U0 2 (N0 3 ) 2 , is heated in the air and 
then in a stream of 0, and is allowed to cool in 
O (v. Zimmermann, A. 232,283). For a method 
of preparing U 3 0 8 from pitchblende v. Uranium, 
Preparation of (p. 821). 

Properties. — A dark olive-green powder, 
sometimes almost black, but always showing a 
green streak when rubbed on unglazed porcelain 
(Z., l.c.). S.G. 7'2 (Karsten, S. 65, 394) ; 7*31 
(Ebelmen, J. pr. 27, 385). S.H. -07979 (Donath, 
B . 12, 742). Insoluble in water; slightly 
soluble in dilute HClAq or H 2 S0 4 Aq ; soluble 
in HNOgAq, also in H 2 S0 4 with a little water. 

Reactions.— 1. Gives off 0 when heated in 
air or in an indifferent gas ; the final product of 
heating in N or C0 2 is U0 2 (Zimmermann, A. 
232, 283). — 2. Reduced to U0 2 by heating with 
hydrogen , carbon , sulphur , potassium , or sodium. 
3. Heated in vapour of carbon disulphide 
U 8 0 2 S 4 is formed. — 4. Heated with cone . sul- 
phuric acid , or with hydrochloric acid to 180°- 
200°, gives both uranous and uranyl sulphates, 
or ohlorides; reacting as U0 2 .2U0 8 (Z., A. 232, 
287). — 5. Silver nitrate solution is slowly re- 
duced to Ag (Isambert, C. R. 80, 1087). 

Hydrate of uranoso-uranio oxide. By 
adding NH a Aq to UGl 4 Aq and allowing the pp. 
to oxidise in the air, and drying in vacuo over 
HaSOj, Rammelsberg (P. 55, 319) obtained a 
greenish-black solid which may have been a 
hydrate of U 8 0„; one determination of water 
only is given which agrees fairly with U 8 0 8 . 6aq. 

Uranium trioxide UO s . (Uranic oxide. 
Uranic anhydride. Uranyl oxide (U0 2 )0.) Mol. 
w. not known. This oxide is obtained by care- 
fully heating the hydrate U0 8 .H 2 0 (v. infra) to 
800° (Ebelmen, A. Ch. [2] 6, 199) ; to 250°, tem- 
perature being gradually raised (Jacquelin, 
Ph. C. 1845. 193). The oxide is also formed by 
heating U0 2 .00 S .2(NH 4 ) 2 C0 3 to 300° (E., lx.). 
The preparation of U0 8 may be conducted by 
heating U0 3 (N0 8 ) tJ in a Pt basin until decompo- 
sition* begins, then transferring to glass tubes 


and heating these in an oil-bath to 250° so long 
as acid fumes are given off. 

U0 8 is a chamois-yellow powder. S.G. 5*02 
to 5*26 (Brauner a. Watts, P. M. [5] 11, 60). 
Ebelmen (l.c.) described U0 8 obtained by heat- 
ing U0 2 .C0 8 .2(NH 4 ) 2 C0 8 as a sealingwax-red 
powder. When UO g is heated to redness it gives 
off O and U s O g remains (E., l.c. ; cf. Read, C. J. 
65, 318 [1894]) ; the oxide seems to be somewhat 
volatile at the temperature of a porcelain oven 
(Eisner, J. 1866. 35). 

UO, reacts with many aoids as a basio oxide, 
but the salts formed are always basio salts of 
the forms UX a .2U0 3 , where X=» the radicle of a 
monobasic acid, and UX s .2UO s where X - the 
radiole of a dibasic acid. It is customary to 
write the formulas of these basio salts as UO r X x f 
and U0 2 .X n , and to call them uranyl salts 

(U0 2 - uranyl); thu*iM2?k^»..UO J (NO,) I . 

and U < 30 ‘]«l 2lJ0 » = U0 2 (S0 4 ). 
o 

UO, behaves towards strong bases as an 
acidic oxide, forming uranates M 2 U0 4 , and di- 
uranates M 2 U 2 0 7 , &c. ; these salts are generally 
formed by fusing U compounds with bases and O, 
and by ppg. uranyl salt solutions by strong bases. 
When KOHAq, NaOHAq, NH 3 Aq, BaOAq, or 
CaOAq is added to a solution of a uranyl salt, 
e.g. to UO^NOsJjjAq, the pp. consists of a 
uranate of the metal of the base. Alkali 
carbonates ppt. alkali uranates, but the pps. 
contain also 00 2 ; the pps. dissolve in excess 
of the alkali carbonates forming double car- 
bonates of uranyl and the alkali metal, e.g. 
U0 2 .C0 8 .2(NH 4 ) 2 C0 s . Addition of alkali or alkali 
carbonate to solutions of uranyl salts containing 
other metallic salts causes ppn. of a uranate of 
the metal of the salt present, generally mixed 
with alkali uranate (cf. Uranium oxyagids, 

AND SAIiTS THEREOF, p. 826). 

By adding KOHAq to a cold solution of UC1 4 
or U0 2 (N0 8 ) 2 , and dialysing, Graham (T. 1861. 
213) obtained a solution, free from acid and 
alkali, which he regarded as a loose compound 
of sugar and UO„ and which he called sucrate 
of peroxide of uranium. 

Hydrates of uranium trioxidb. Pure hy- 
drates of UO, are not obtained by ppg. uranyl salt 
solutions by alkalis (v. supra) ; but according to 
Ebelmen (A. Ch. [3] 5, 199) UO t .a:HjO is pro- 
duced by boiling an aqueous solution of 
U0 2 .C0 3 .2(NH 4 ) 2 C0 8 until a yellow pp. is formed, 
and allowing this pp. to stand for a long time. 
By the continued action of sunlight on U0 2 (C a 0 4 ) 
in presence of water, UOj.zH^O is Baid to be 
formed ; after washing and drying in the air, the 
solid has the composition UO^HaO ; and after 
drying in vacuo the composition is UO*.HgO 
(E., l.c.). Berzelius (B. J. 24, 118) obtained 
U0 8 .Ha0 by heating UO^NO^ on a sand-bath 
until acid fumes ceased to be given off, washing 
the residub with boiling water, and drying in 
air. The same hydrate is said to be formed by 
heating U 8 0 8 with KCIO* until fusion begins, 
boiling out whh water, and drying in air (Drenk- 
mann, J. 1861. 256). The best method of pre- 
paring U0,.H 2 0 seems to be that given by Mala- 
guti (A. Ch. [8] 9, 463), viz. boiling a solution 
of U0 g (N0 8 ) 2 in absolute alcohol as long as a 
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reaction proceeds) washing the yellow solid that 
separates with water, and drying in air or in 
vacuo; EtNO„, N 2 0 8 , CjH 4 0, and H.CO^jH are 
formed in the reaction. 

UO,.H a O is described as a yellow powder; 
S.G. 5*93 at 15° (Malagtiti, lx.) ; reddens litmus 
paper ; when hot it absorbs C0 2 from the air ; 
heated to 250°-300° water is given off and UO, 
remains (Ebelmen, lx. ; Jacquelin, A. Ch. [3] 5, 
199) ; heated to redness gives off 0 and leaves 
U 8 0 8 . UOg.BLjO is generally called uranic acid ; 
v . Uranium oxyacids, and salts thereof (infra). 

Uranium peroxide. By adding U0 2 (N0 a ) 2 Aq 
to a mixture of HjO^q and a large excess of 
HgSOjAq, and allowing to stand for a consider- 
able time, Fairley (G.J. 81, 133 [1877]) obtained 
a small quantity of a heavy, crystalline, almost 
white pp., which when dried (? in air, or at 
100°) had the composition U0 4 . By adding 
dilute HjO^Aq to solution of U0 2 (N0,) 2 or 
UO^CaHgOJj, free from acids, Fairley (l.c. p. 
127) obtained a yellowish-white pp., which when 
dried by pressure between filter paper had the i 
composition U0 4 .4H 2 0, and when dried at 100° ! 
the composition U0 4 .2H. 2 0. ] 

Zimmermann (A. 232, 273 [1886]) failed to 
obtain the tetrahydrate U0 4 .4H 2 0 ; according to 
him the dihydrate U0 4 .2H 2 0 is very hygroscopic, 
and begins to decompose at 115°. Alibegoff [ 
also obtained only U0 4 .2H 2 0 ; he failed to pre- 
pare the anhydrous oxide U0 4 (A. 233, 123 
[1886]). 

Hydrated uranium peroxide, dried at 100°, 
is a yellowish-white powder; decomposed by 
heat, giving off O and leaving much U„0 8 ; re- 
acts with alkali solutions to give UOg.ajBLjO, and 
a solution from which alkali peruranate 
2M Jl O.UO e . 8aq, crystallises (Fairley, l.c.; v. Per - 
uranatea under Uranium oyyaceds, and salts 
thereof, p. 827). 

Uranium oxyacids, and salts thereof. 
UO t .H 2 0 « ELjUO, reacts with strong bases as an 
acid, forming uranates M z 2 U0 4 ; di-uranates 
M'jUgO, are also known, and a few tri- and 
hexa-uranates. A few peruranates are derived 
from hydrated uranium peroxide UO^zELX). 
The compounds of U0 2 X 2 with MX (X = Br, 01, 
or F) may be regarded as bromoxy-, ohloroxy-, 
and fiuoxy-uranates. The substance known as 
wranmm red is perhaps U0 2 .0NH 4 .SNH 4 , i.e. 
the ammonium salt of an oxythio-uranio acid 
(i v . Uranium oxysulphides, p. 828). 

Uranic acid BLjUO,. This compound is ob- 
tained as a yellow powder, which reddens litmus 
paper, and is decomposed to UO, and EL,0 at 
250°-300°, and to U s 0 8 and O at a higher tem- 
perature, by boiling a solution of U0 2 (N0 8 ) 2 in 
absolute alcohol, washing the solid that sepa- 
rates with water, and drying in air or in vacuo . 

S For other methods of preparation, and more 
etails v. Hydrates of uranium trioxide, p. 
825.) The salts of H^UO* are prepared indi- 
rectly. 

Uranates, di-uranates, &q. Salta derived 
from HLU0 4 ; salts derived from the hypotheti- 
cal acids HjUjO,, R^UgO^, H 2 U g 0 19 are also 
known. c 

URANATES. Salts of the composition 
M* 2 U0 4 and M XI U0 4 . These salts are prepared 
by PP8* solutions of uranyl salts by bases in 
solution, or by adding alkali solution to a mix- 


ture of a uranyl salt and a metallic oxide in 
solution ; also, in many cases, by oxidising U 8 O g 
or U0 2 in presence of a base or a salt of a base. 
The uranates are insoluble in water, and are 
not readily decomposed by heat except the am- 
monium salt. Carson a. Norton (Am. 10, 219) 
have pointed out that analyses of uranates al- 
ways show considerable differences between the 
percentages of U found and calculated; they 
have found the same anomaly in analyses of 
uranates of ammonium and several ammonium 
derivatives, such as NEtHj, NEt^Hj, <feo. 

Ammonium uranates. The pure salt does not 
seem to have been isolated. An impure uranate 
containing c. 90 p.c. UO* ((NH,) 2 U0 4 requires 
84*66 p.c. UO s ) is obtained by adding NH a Aq to 
a solution of a uranyl salt (P61igot) ; it is a yel- 
low powder, which loses HjO and NH, above 
100°, very slightly soluble in water, and insol. 
NH a Aq (Arfvedson, P. 1, 245). An impure salt is 
also obtained by adding NH 4 ClAqor (NH 4 ) 2 S0 4 Aq 
to boiling Na 2 U0 4 Aq, as long as NR, and C0 2 
are given off, washing the pp., and drying at a 
low temperature (Anthon, D. P. J. 156, 211). 
Heated to redness gives U a 0 8 ; many of the com- 
pounds of U are prepared from ammonium 
uranate. 

Potassium uranate KJJO,,. Prepared by 
heating 6 g. U 3 0 8 with HClAq and HN0 3 Aq, add- 
ing 4g. KC1 and 16 g. NH 4 C1, evaporating to 
dryness, heating very strongly until the fused 
mass is orange-yellow, and washing with water 
(Zimmermann, A. 213, 290). The salt is said 
to be formed also by strongly heating UOgHPO* 
(obtained by ppg. a uranyl salt by a phosphate) 
with K 2 S0 4 (Grandeau, A. Ch. [6] 8, 223). 
Orange-yellow, rhombic tablets; insol. water, 
cold or hot; easily sol. acids (Zimmermann, 
l.c.). 

Sodium uranate Na^UO^ Prepared by fusing 
U ? 0 8 with NaCl and Na^CO*, or with NaCl 
with gradual addition of NaC10 8 , and washing 
with water; resembles K 2 U0 4 (Zimmermann, 
lx.). 

Lithium uranate Li 2 U0 4 has been prepared 
similarly to K;U0 4 ; it is said to be decomposed 
by hot water (Z., l.c.). Uranates of Ba, Ca, and 
Sr — MU0 4 — are said by Ditto (C. B. 95, 988) to 
be formed by heating the chlorides of these 
metals with U 8 0 8 . 

DI-URANATES. Salts of the composition 
M 2 i U 2 0 7 and M n U 2 0 7 . The formulas may also 
be written M^UO^UOj, and M xx U0 4 .U0 8 . 

Barium di-uranate BaU 2 0 7 . Formed by 
ppg. U0 2 (C j R a 0 2 ) 2 Aq by BaOAq (Berzelius, P. 1, 
359) ; also by heating to redness U0 2 .Ba(C 2 H 3 0 2 ) 4 
(Wertheim, «T. pr. 29, 207). A yellowish-red 
powder. 

Calcium di-uranate CaU 2 0 7 . Formed, ac- 
cording to Ditte ( C . B. 95, 988), by strongly 
heating U 8 0 8 with Ca(C10 8 ) a ; a yellowish-green 
solid. 

Copper di-uranate CuU 2 0 7 . This salt is 
said to be formed, as a green crystalline powder, 
by fusing Cu(U0 2 .P0 4 ) 2 . 8aq with Na^CO^ and 
washing with water (Debray, A. Ch. [3] 61, 451). 

Lead di-uranate PbU 2 0 7 . Formed by di- 
gesting UO^CaHaO^jjAq with freshly ppd. PbCO g 
(Wertheim, J. pr. 29, 207); a^o by adding 
NH,Aq to a mixture of U0 2 (N0 8 ) 8 Aq and 
Pb(N0 8 )*Aq (ArfvedBon, P. 1, 258). A yellowish • 
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red powder, becoming green when heated ; 
strongly heated in H, gives a pyrophoric mixture 
of Pb and U0 2 . 

Potassium di-uranate KjU 2 0 7 . Formed by 
melting together U0 9 and I^COg and washing 
with water; also by strongly heating U0 2 .Ko(C0 8 ) 2 
or (Berzelius, P. 1, 359). A 

yellowish-red powder. , 

Silver di-uranate Ag 2 TJ 2 0 7 . Obtained by 
adding amorphous I^UC^ to molten AgNO s , and 
washing with ice-cold water (Alibegofif, A. 232, 
129 ; 233, 117, 143). Also by strongly heating 
U0 r Ag(0jH s 0 2 ) s (Wertheim, J.pr. 29,221; cf. 
Rammelsberg, P. 69,10). An amorphous, yellow- 
red solid ; easily sol. TiCids ; decomposed by hot 
water (Alibegoff, l.c.). 

Sodium di-uranate Na 2 U 2 0 7 . 6aq. Obtained 
by ppg. uranyl salts by NaOHAq (Patera, J. pr. 
51, 125 ; cf. Stolba, Fr . 3, 74). Loses water of 
crystallisation over HjSO^ A light-yellow to 
darkish-yellow powder. Known commercially 
as uranium yellow ( v . Dictionary op Applied 
Chemistry, vol. iii. p. 893). 

Di-uranate of strontium SrU 2 0 7 is said also 
to exist (Ditte, C. B. 96, 988). 

TRI-URANATES. The only salt that has 
been isolated is sodium tri-uranate Na 2 U.O 10 ; 
it is prepared by fusing U0 2 (S0 4 ) with NaCl, and 
boiling out with water. This salt forms yellow 
leaflets resembling mosaic gold ; S.G. 6*912 ; 
hygroscopic; insol. water, sol. acids (Drenk- 
mann, J. 1861. 256). 

HEXA-URANATES. The potassium salt , 
KjUaOjg. 6aq, is described as a yellow micro- 
scopically crystalline powder, which loses all 
water at 300°-400° ; prepared by melting 
00 2 (S0 4 ) with KOI (Drenkmann, J. 1861. 255). 

PER-URANATES. By adding excess of 
alkali and RjOjAq to solutions of uranyl salts, 
Fairley (C. J. 31, 134) obtained salts which may 
be formulated as M* 4 U0 8 . x&q andM 1 2 R II U0 8 . xaq 
where M * NH 4 , K, or Na, and R = UO,,. 

Ammonium-uranyl peruranate 
(NHJ.^UOJUOg. 8aq. The formula may also be 
written (NHJaO.UjO*. 8aq, or 
(NH 4 ) 2 0.U0 8 .U0 8 . 8aq, or, regarding the com- 
pound as a double peroxide of U and NH 4 , as 
2U0 4 .(NH 4 ) 2 0 2 .8aq. The salt is prepared by 
adding excess of NHgAq and HgOgAq to a solu- 
tion of a uranyl salt and ppg. by alcohol ; it is 
an orange-yellow solid, readily soluble in water. 
The quantity of KMn0 4 in solution decolourised 
shows that the ratio of U to 4 peroxide oxygen ’ in 
the salt is XJ:30. 

Potassium per-uranate K 4 U0 8 . lOaq. This 
gait may also be looked on as a double peroxide 
of U andK (UO 4 .K 4 O 4 .10aq),or as 2K 2 0.U0 8 . lOaq, 
It is prepared by adding alcohol to a solution 
obtained by treating U0 2 (N0 8 )2Aq with KOHAq 
and excess of H 2 0 2 Aq, and rapidly drying the 
orange-yellow pp. by pressure in filter paper. 
The salt rapidly absorbs C0 2 from the air and 
loses 0 ; it is easily decomposed by heat, giving 
off HgO and 0. Experiments showed that the 
ratio of U to 4 peroxide oxygen * is U:30. 

sodium peruranate Na 4 U0 8 . 8aq. The 
formula may also be written U0 4 .Na 4 0 4 . 8aq or 
2Na ? O.UO # . 8aq. The salt is prepared by dis- 
solving ‘ ordinary uranic hydrate,* or U0 4 . <raq, 
in excess of NaOHAq along with excess of 
HfOjAq, allowing to crystallise if cone, solutions 


are used, or ppg. by a little alcohol if dilute 
solutions are used, and drying by pressure in 
filter paper. Poleck ( B . 27, 1051 [1894]) obtained 
this salt by adding sodium superoxide to solution 
of a salt of U. The salt is golden-yellow and 
lustrous ; it slowly absorbs C0 2 from the air, and 
gives off 0. When heated, alone or in C0 2 , it 
gives off 30; it also loses 30 in contaot with 
acidified KMn0 4 Aq or other unstable 0 com- 
pounds. The ratio of U to 4 peroxide oxygen ’ is 
U:30 as measured by the quantity of KMn0 4 
decolourised by a solution of the salt. 

Sodium-uranyl per-uranate 
Na 2 (U0 2 )U0 8 . 6aq. The formula may also be 
written Na 2 0.U 2 0„. 6aq or Na 2 0.U0 3 .U0 a . 6aq ; 
or, regarding the compound as a double peroxide 
of U and Na, as 2U0 4 .Na 2 0 2 . 6aq. The salt is 
prepared similarly to Na 4 U0 8 . 8aq, but using only 
the minimum quantity of NaOHAq required for 
solution, and adding alcohol, when it separates 
as a red oil which slowly crystallises to a red 
solid. The quantity of KMn0 4 in solution de- 
colourised by a solution of the salt showed that 
the ratio of U to 4 peroxide oxygen ’ is U:30. 

Uranium, oxybromide of, U0 2 Br 2 . (Uranyl 
bromide.) In preparing UBr 4 , by heating a mix- 
ture of U 3 0 8 and C in Br vapour, Hermann (J. 
1861. 260) obtained a yollow, easily volatile 
sublimate, which was probably an oxybromide. 
By heating U0 2 with Br and water, also by 
dissolving U0 3 in HBrAq, a colourless liquid is 
obtained, which on evaporation gives yellow 
needles of the hydrated oxybromide UOjBr*. 7aq 
(Sendtner, A. 195, 325). This compound com- 
bines with NH 4 Br and KBr to form UO-jBr^MBr 
( v . Uranoxybromides, p. 822). 

Uranium, oxychloride of, U0 2 C1 2 . (Urarvyl 
chloride.) Formed by strongly heating U0 2 in 
Cl ; a yellow, crystalline solid, easily fused, but 
volatilised only at a high temperature ; heated 
with K forms U0 2 and KC1 (P61igot, A. Oh. [3] 
5, 5). By dissolving U0 3 .H 2 0 in HClAq, also 
by oxidising UC1 4 by HNOgAq, and evaporating, 
yellowish -green crystals of UO.,Cl r a;HX) are ob- 
tained (Klaproth, GrelVs A. 1789 [2]. 387). 

By dissolving U0 2 Cl2 in ether and evaporating, 
Regelsberger (A. 227, 119) obtained yellow 
needles of the compound U0 2 Cl 2 .2Et 2 0. 

U0 2 Cl2 forms compounds with NH 4 C1 and KC1 
of the form 2 MC 1 .TJ 03 G 1 * (v. Ueanoxyohlobides, 
p. 823). 

U0 2 C1 2 combines with NH, to form 
UOjjCL.zNHs, where x » 2, 3, and 4. The first of 
these compounds, U0 2 C1 2 .2NH 8 , is formed by 
passing dry NH S into XJ0 2 C1 2 dissolved in ether, 
drying the voluminous yellow pp. that forms, 
and then placing it in vacuo over H 2 S0 4 until 
all ether is removed; the second compound, 
U0 2 C1 2 .8NH3, is formed by the action of NH, on 
U0 2 C1 2 .2NH 3 ; and a mixture of U0 2 Cl 2 .3NH g 
and TJO C1 2 .4NH 8 is produced by passing NH 3 
over solid UOjjCIj. When strongly heated in air 
these compounds give oft all NH* and Cl and 
leave U s 0 8 ; heated out of contact with air they 
give U0 2 (Regelsberger, A. 227, 119). The three 
compounds are called by R. urcmylammonium 
chlcrrides , and their formulas are written 
U0 2 (NH 3 C1) 2 , TJ 0 2 (NH„C1) (NH f .NH a Cl), and 
U0 2 (NH 3 .NH,C1) 2 . Water reacts thus : — 
1) 3U0 2 (NJB^Cl) 2 + 8:Ey)« 

NHJjUjjO, + UOjdg + 4NH 4 C1 S 
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(2) U0 2 (NH B C1) 2 + 2H 2 0 - UO,(OH) 2 + 2NH 4 C1 ; 
the second reaction takes place quickly with 
warm water. 

Uranium, oxy fluoride of, U0 2 F 2 . ( Uranyl 
fluoride .) This compound is produced by boil- 
ing U 8 0 8 with HFAq, filtering off UF 4 (v. 
Uranium tetraflu oride , p. 823), and evaporating 
the filtrate ; it is also formed, in small quan- 
tities, by heating UF 4 in a closed Pt crucible. 
The compound differs according to the method 
of preparation (Smithells, C. J. 43, 125). 

a-Oxyfluoriae. About 1 gram UF 4 is heated 
in a Pt crucible with the lid on, temperature 
being raised as quickly as possible ; after five 
minutes the crucible is allowed to cool, the light, 
bulky sublimate is removed, and the crucible is 
again heated for five minutes, and these pro- 
cesses are repeated several times (S., l.c. p. 129). 
This form of UCXjFj is a very bulky, light, white, 
crystalline solid; it is very soluble in water, 
forming a yellow liquid; heated in air it is 
gradually changed to U s 0 8 . 

P-Oxyfluonde. U s O„ is treated with boiling 
HFAq in a leaden vessel, the yellow solution is 
poured off from green UF 4 , heated until the 
excess of HF is driven off, an<^ allowed to 
evaporate ; evaporation may be completed over 
HoS0 4 and CaO in vacuo ; the residue is 
dried at 100° (S., l.c . p. 130). This form of 
UO^ is a yellow saponaceous mass ; in one 
instance the preparation had a semi-crystalline 
appearance, forming yellow, lustrous scales ; it is 
very soluble in water or alcohol ; heated on Pt 
foil U A is formed ; heated in a closed crucible 
it is slowly decomposed, giving U0 2 . jS-UOA 
probably forms a compound with HF; by 
evaporating a solution of U s 0 8 in HFAq over 
H 2 S0 4 and CaO until the weight was constant, 
Smithells (l.c. p. 131) obtained a substance 
which gave results on analyses agreeing fairly 
with the formula UO 2 F 2 .HF.HA 

A solution in water of either form of UOA 
mixed with KFAq and KHF^Aq, and evaporated, 
gives the quadratic fluoxy-uranate KgUOJ^ (S., 
lx. p. 130-1). For the compounds of UOA 
with MF v . Uranoxyfluorides (p. 824). 

Ditto (C. B. 91, 115) gave the formula UOF 4 
to the sublimate obtained by heating, in a closed 
Pt crucible, the solid that remained when U g 0 8 
was treated with boiling HFAq. Ditte said that 
this solid was U0 2 F 2 ; Smithells (l.c.) has, how- 
ever, shown that the solid obtained by the method 
used by Ditte is UF 4 , and that the sublimate 
formed by heating this is a-UOA. 

Uranium, oxysulphides of. Two compounds 
probably exist. 

Uranium oxysulphide U 8 0 2 S 4 . This com- 
position was given by Hermann (J. 1861. 258) to 
a dark, greyish-black solid, obtained by heating 
UOa, U 8 0 8 , or NH 4 uranate to redness in vapour 
of CS-. Dissolves in cone. HClAq ; bu^ns when 
heated in air (c/. H. Bose, O. A. 73, 139). 

Uranyl sulphide (U0 2 )S. A brown solid, 
obtained by ppg. an ammoniacal schution of a 
uranyl salt by cold (NH 4 ) 2 SAq, and quickly wash- 
ing with cone, alcohol. Probably not obtained 
pure, as it quickly decomposes ; Svater produces 
UOUcHp ; at 40°-50° it is changed to U0 2 and 
S (Kernels, P. 124, 114; Zimmermann, A. 204, 
204). (U0 2 )S is somewhat sol. water or dilute 
aloohol : dissolved by cone. HClAq, giving UC1* 


I and S ; dissolved by (NH 4 ) 2 SAq, only in presence 
of (NH 4 ) 2 CO a Aq (Zimmermann, l.c.) t forming a 
I brown liquid. 

J Uranium black. By allowing (UOJS to 
: stand in contact with freshly prepared (NH 4 ) 8 SAq, 
j in absence of air, a dull black amorphous powder 
| is obtained. This solid dissolves in mineral 
| acids, giving off traces of H 2 S ; it dissolves partly 
in warm (NH 4 ) 2 COj,Aq, but not in warm 
| (NH 4 ) 2 SAq, nor in caustic alkali solutions; 
heated in a tube to c. 270° it gives off a very 
little NH S and HO. Zimmermann (A. 204, 
204) gives the formula U 7 O, 0 to uranium black, 
neglecting (as impurities) the traces of NH S and 
S which the substance contains. 

Uranium red. By allowing (U0 2 )S to 
stand for 24-48 hours in oontact with cold 
(NH 4 ) 2 SAq, exposed to air, a deep-red solid is 
obtained ; soluble in dilute mineral acids, with 
separation of S and evolution of BLfS ; gives off 
NH a , S, and H^O when heated to 150° and, at 
above 200°, leaves U 3 O fl (Zimmermann, l.c.). 
According to Z., the formation of this red 
substance takes place only when (NH.) 2 S 2 0 3 is 
present in the (NH 4 ) 2 SAq used; (NH 4 ) 2 S 2 0 3 is 
formed by the action of the air. 7>. gives to 
uranium red the composition U 5 S(NH 4 )A« 
U0 2 .0NH 4 .SNH 4 .2U 2 0 8 (of- Patera, J. pr. 51, 
122 ; Kernel^, P. 124, 158 ; Hermann, J. 1861. 
14). 

Uranium, salts of. Two classes of salts are 
formed by treating oxides of U with acids ; U0 2 
forms corresponding salts, UX 2 when X = the 
radicle of a dibasic acid, and UX 4 when X = the 
radicle of a monobasic acid ; U0 3 forms salts 
(U0 2 )X when X»=the radicle of a dibasic acid, 
and (U0 2 )X 2 when X*=the radicle of a mono- 
basic acid. The salts UX* 4 and UX u a are called 
urafious salts ; and (U0 2 )X x 2 and (U0 2 )X n are 
called uranyl salts . (For reactions of the two 
classes of salts v. Uranium, Detection and esti- 
mation of, p. 822.) Besides the normal salts, a 
large number of basic salts of both classes is 
known, and also many double salts. 

The chief uranous salts are arsenates , 
phosphates, and sulphites. The chief uranyl 
salts are arsenates , bromate , double carbonates , 
chromates , hypophosphite , iodate , nitrates , oxal- 
ate, phosphates , phosphite , selenates , selenites , 
sulphates, and sulphites (v. Nitrates, Sul- 
phates, &c.). 

Uranium, sulphides of. When U is burnt 
in vapour of S, the disulphide US 2 is formed ; 
by passing H.,S over heated UBr s the sesqui- 
sulphide U 2 S 8 is produced ; and by heating U 2 S 3 
in H the monosulphide US is obtained. The 
mol. w. of none of these is known. 

Uranium disulphide US 2 . Prepared by 
heating U in vapour of S (P61igot, P. 54, 122 ; 
cf. Zimmermann, A. 216, 18) ; also by heating 
UC1 4 to redness in H 2 S (Hermann, J. 1861. 258). 
A dark greyish-black powder ; becomes crystal- 
line when fused with borax ; oxidises slowly in 
air, rapidly on heating. Easily soluble in cone. 
HClAq (Hermann, l.c.). 

Uranium sesquisulphide U 2 S 8 . A stream of 
dry H 2 S, perfectly free from air, is passed over 
heated UBr a as long as HBr is given off. Grey- 
black solid, forming pseudomorphs of UBr a ; 
decomposes in air, giving off HgS ; burns when 
heated in air ; scarcely acted on by HClAq or 
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dilate HNOgAq ; decomposed violently by cono. 
HNO, (Alibegoff, A. 233, 117). 

Uranium monosulphide US. A black, amor- 
phous powder ; obtained by passing dry H over 
U 2 S 8 , kept at a red heat, for c. 40 hours, until 
H.J3 is no longer given off. Similar in properties 
to U,S, (Alibegoff, 1. 233, 136). 

Uranium thio-aoids, salts of. No thio- acid, 
nor salt of a thio- acid, of U has been definitely 
isolated. Uranium red (v. supra , p. 828) may 
perhaps be an ammonium oxythionate of U. 

M. M. P. M. 

URANOXYBROMIDES v . p. 822, under 
Uranium tetrabromide. 

URANOXYCHLOP.IDES v. p. 823, under 
Uranium tetrachloride. 

URANOXYFLUORIDES v. p. 824, under 
Uranium tetrafluoride. 

URAftYL COMPOUNDS, compounds of the 
radicle U0 2 ; v . Uranyl ammonium chlorides 
( p. 827), Uranyl bromide (p. 827), Uranyl 
chloride (p. 827), Uranyl fluoride (p. 828), 
Uranyl salts (p. 828), Uranyl sulphide (p. 
828). 

URAZOLE. A name given by Pinner ( B . 20, 
2358) to di-oxy-triazole, which may be repre- 

sented as or ^gg>NH. 

UREA CH 4 N 2 0, i.e. CO(NH 2 ) 2 . Carbamide . 
Mol. w. 60. [132°] (Lubavin, B . 3, 305). S.G. 
1*323 (Schrbder, B. 12, 562). S. (alcohol) 20 in 
the cold; 100 at 78°. H.C.v. 152,500. H.C.p. 
152,200 (Stohmann a. Langbein, J. pr. [2] 44, 
387) ; 160,900 (Berthelot a. Petit, C. B. 109, 
759 ; 110, 887). H.F. 80,800. 

Occurrence . — In the urine of mammalia, 
especially in that of flesh-eaters (Fourcroy a. 
Vauquelin, A . I). 1799). Occurs in small quantity 
in blood, muscle, chyle, and lymph of mam- 
malia (Wurtz,C. B. 49, 52 ; Poisseuille a. Gobley, 
J. 1859, 612 ; Verdeil a. Dollfus, A. 74, 214 ; 
Munk, P/. 11, 100 ; Pickard, C. B. 83, 1179 ; 87, 
533 ; Gr6hant a. Quinquand, C. R. 108, 1092 ; 
Garrod, Pr. 53, 478). Constitutes about 30 p.c. 
of the solid substance of the vitreous humour 
of the eye (Millon, C. B . 26, 119 ; A . 66, 128). 
Occurs also in saliva (Rabuteau, J, 1873, 877), in 
cow’s milk (Lefort, £.1866, 190 ; Vogel, J. 1867, 
932), and in other animal secretions. 

Formation. — 1. By evaporating a solution of 
ammonium cyanate (Liebig a. Wbhler [1828], 

B. J . 12, 266 ; P. 12, 263 ; 15, 619 ; A. 38, 108). 
2. By adding a little NHO a to an ethereal solu- 
tion of cyanamide (Cannizzaro a. Cloez, A. 78, 
230) or by the action of dilute (50 p.o.) H,S0 4 
on cyanamide (Baumann, B. 6, 1373). — 3. From 
COCl 3 and dry NH* (Regnault, A. Ch . [2] 69, 
180; Natanson, A . 98, 287), guanidine and 
NH 4 C1 being formed at the same time (Fenton, 

C . J. 35, 798).— 4. By heating carbonic ether 
with NHjAq at 180°.— 5. By heating ammonium 
carbamate at 140° (Basaroff, J.pr. [2] 1, 283). — 
6. By passing an alternating electric current 
through a solution of ammonium carbamate 
(Drechsel, J.pr. [2] 22,481).— 7. By electrolysis 
of ammonia solution, using carbon electrodes 
(Millot, Bl. i2] 46, 243).— 8. By passing a mix- 
ture of NH, and C0 3 through a red-hot tube 
(Dexter, Am. 4, 35). — 9. Formed by passing air 
charged with NB^ and vapour of benzene over a 
red-hot helix of platinum wire (Herroun, C. J. 


39, 471). Acetylene, but not ethylene, may be 
substituted for benzene. — 10. By heating ammo- 
nium thiocarbamate NBLj.CO.SNH 4 , or by shak- 
ing it with water and PbCO s . — 11. By the action 
of aqueous KMn0 4 on thio-urea (Maly, M. 11, 
277). — 12. By the action of KMn0 4 on KCy in 
acid solution (Baudrimont, J. 1880, 393). — 
13. By the action of NH„Aq and H 3 S on copper 
fulminate (Gladstone, A. 66, 2). — 14. By heating 
oxamide with HgO (Williamson, M&moires du 
Congr&s scientif. de Venise t a.d. 1847).— 15. By 
oxidation of uric acid. — 16. By the action of 
KClOj and HC1 on guanine (Strecker, A. 118, 
159). — 17. By boiling guanidine with baryta 
(Baumann, B. 6,1376). — 18. By boiling biguanide 
sulphate or phenyl -biguanide Bulphate with 
baryta (Emich, M. 12, 11).— 19. By the action 
of baryta on arginin (Schulze a. Likiernik, B. 24, 
2701). — 20. By boiling creatin with baryta. — 
21. A product of oxidation of proteids by 
KMn0 4 (B6champ, A. Ch. [3] 48, 348; C. R. 
70, 866 ; Ritter, Bl. [2] 16, 32). Staedeler (J. pr. 
72, 251) and Loew {J. pr. [2] 2, 289) failed to 
obtain urea in this manner. Dreschel ( B . 23 r 
3097) obtained urea from albumen by electrolysis, 
but not by oxidation. 

Preparation. — 1. Urine, concentrated by 
evaporation, is treated with nitric or oxalic acid, 
and the ppd. nitrate or oxalate of urea is decom- 
posed by CaCO s . — 2. A solution of potassium 
cyanate mixed with ammonium sulphate is eva- 
porated on a water-bath to dryness, and the 
residue extracted with alcohol. — 3. A mixture of 
dry K 4 FeCy a (28 pts.) and Mn0 2 (14 pts.) is 
heated till sticky on an iron plate. A cold 
aqueous extract of the mass is mixed with 
(NH 4 ) 2 S0 4 (20*5 pts.), evaporated to dryness, and 
extracted with alcohol (Liebig). — 4. Dry K 4 FeGy* 
8 pts.) is fused with K s C0 3 (3 pts.) and PbO 
16 pts.) added to the melted mass. The cooled 
mixture is dissolved in water, mixed with 
(NH 4 ) 2 S0 4 (8 pts.) evaporated, and extracted 
with alcohol (Clemm, A. 66, 382). Any K 4 FeCy a 
left can be removed byFeS0 4 . — 5. Lead cyanate 
is digested with (NH 4 ) 2 S0 4 (J. Williams, C. J. 
21, 64). — 6. From NH 3 Aq, COS, and lead car- 
bonate (Schmidt, B. 10, 193). — 7. By the action 
of (NH 4 ). 2 S0 4 on KCyO obtained by heating dry 
K 4 FeCy a with K 2 Cr 2 0 7 ; the yield being 26 p.c. 
of the weight of ferrocyanide (0. A. Bell, O. N. 
32, 99). — 8. A stream of dry NH, gas is passed 
through phenyl-carbonate (from phenol-sodium 
and COCL), melted in a water-bath, and the 
melt is then poured into hot water ; the aqueous 
solution after separation from the phenol is 
evaporated to crystallisation (Hentschel, B. 17, 
1286). 

Properties . — Dimetrio crystals, v. e. sol. 
water, m. sol. cold alcohol, insol. CHC1 3 , nearly 
insol. ether. Sublimes at 180°. In vacuo it 
distils at 135° (Bourgeois, Bl. [8] 7, 45). Urea 
is not attacked by pure HNO, (Franchimont, 
B. T . C. 6, 217). 

Reactions. — 1. When heated alone at 150°- 
170° it yields NIL,, cyanurio acid and biuret; 
at 140° it yields ammelide. — 2. Decomposed 
into C0 3 and NHg by heating with water in 
sealed tubes above 100°, by boiling with potash, 
lime, or magnesia, by warming with cono. 
HgSO,, by evaporating with lead acetate, and by 
the action of ozone (Gorup-Besanez, A. 125, 207 ). 
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in presence of free alkali. CaO produces cyan- 
amide (Emicli, j M. 10, 830). A 3 p.c. HOI solu- 
tion decomposes 4 p.c. of the urea in 24 hours. 
NaOHAq of the same strength has less effect. 
Cold water does not decompose urea (Berthelot 

а. Andr6, BL [2] 47, 840). — 3. Alcoholic potash 
forms, on heating in sealed tubes, cyanic acid, 
NH„ and water (Haller, BL [2] 45, 705).— 
4. Urea hydrochloride at 145° yields NH 4 C1 and 
cyanuric acid (De Vry, A . 61, 249). — 5. Chlorine 
passed over melted urea forms HOI, nitrogen, 
NH 4 C1, and cyanuric acid (Wurtz, A. 64, 307). — 

б. Hypochlorous acid , hypochlorites, chlorine- 
water , and hypobromites , set free nitrogen, e.g . 
CON 2 H 4 + 8HOC1 *■ C0 2 + 3HC1 + 2H,0 + N 2 .— 
7. Nitrous acid added to a hot solution 
forms C0 2 and nitrogen : C0N 2 H 4 + N 2 0 3 = 
C0 2 4-2 BLjO + 2N 2 . Nitrous acid (2 mols.) when 
added to a cold solution of urea (1 mol.) reacts as 
f ollows : 2CON 2 H 4 + N 2 0 3 = (NH 4 ) 2 C0 3 + 2N 2 + C0 2 
(Claus, B. 4, 140).— 8. Neutral KMn0 4 has no ac- 
tion in the cold, and acts but slowly at 100°. In 
acid solutions KMn0 4 gives off nitrogen (1 vol.) 
and C0 2 (2 vols.) (B6champ, J . 1856, 696; c/. 
Wanklyn a. Gamgee, C. J '. 21, 25).— 9. Bromine 
added gradually to an alcoholic solution of urea 
forms NH 4 Br, cyanuric acid, and nitrogen. In 
sealed tubes Br gives NH,Br and cyamelide 
(Smolka, M. 8, 64). — 10. Heating with P 2 0 5 forms 
cyanic and cyanuric acids, ammelide, cyamelide, 
and NH 3 (Weltzien, A. 107, 219).— 11. Yields 
cyanamide on warming with Na (Fenton, 
O. J . 41, 262). — 12. Cone. HN0 3 reacts thus: 
CONjjH, + 2HNO s - C0 2 + N.,0 + NH 4 NO s + HjO 
(Franchimont, JR. T, C. 2, 96'; 3, 219).— 13. P 2 S & 
forms crystalline C 2 H g N 3 PS 2 0 2 , which yields 
C 2 H 7 AgN 3 PS 2 0 2 and C 2 H 5 Ag 3 N 8 PS 2 0 2 , and gives 
off PH S on warming (Kutschig, M. 9, 406). — 

14. Zinc-dust at a red heat forms ZnCy 2 , am- 
monia, and hydrogen (Aufschlager, M. 13, 272). 

15. CS 2 at 100° forms COS and ammonium sul- 
phocyanide. With alcohol and CS 2 the products 
are mercaptan, C0 2 , and ammonium sulpho- 
cyanide (Ladenburg, Z . [2] 5, 253 ; B. 1, 273 ; 
2, 271 ; Fleury, A . 123, 144h— 16. Alcohols in 
sealed tubes form carbamic ethers and alkyl allo- 
phanates (Oahours, C, R, 76, 1387). — 17. Boiling 
Ac 2 0 forms acetamide and diacetamide (Hof- 
mann, B. 14, 2733). — 18. ZnEt 2 forms CON 2 H 2 Zn, 
which iB reconverted into urea by water (Gal, 
BL [2] 39, 648).— 19. Oxalic ether at 135°-170° 
forms oxamide, allophanic ether, and alcohol 
(Grabowski, A. 134, 115). Oxamic ether forms, 
•on fusion, oxaluramide (Carstanjen, J. pr . [2] 9, 
143). — 20. Methylamido-acetic acid (sarcosine) 
forms methyl-hydantoin on fusion (Huppert, B. 
6, 1278).— 21. Aniline at 150°-170° gives NH, 
.and di-phenyl-urea (Baeyer, A. 131, 251). — 

22. Aniline sulphonic acid at 120° gives 
NH 2 .C0 .NH.C b H 4 .S0 8 H (Ville, BL [3] 6, 6).— 

23. Biguanide sulphate forms, on heating, am- 
meline, NH, and (NH 4 ) 2 S0 4 (Smolka a. Fried- 
reich, M, 10, 95). — 24. Heated with acetone and 
ZnCL or P 2 O a at 110°-140° it gives s-t. 1-methyl- 
pyridine and a base C, e H 19 N [119°]; (320°) 
(Riehm, A. 238, 22). This base forms hard 
monoclinio crystals, with metallic ring ; its solu- 
tions fluoresce. It gives B'jHjPtCl, : [225°]. — 
26. Heated with acetyl-acetone (1 mol.), urea 
<2 mols.) forms CH^CMerN.CO.NH*)* which 
crystallises from alcohol [200°] (Combes, BL [3] 


7, 790). The same body is formed, together 
with CH,<g“®:*[>CO [198°], by adding HClAq 

or H 2 S0 4 to an alcoholic solution of urea and 
acetyl-acetone (Evans, /. pr . [2] 46, 352; 48, 
499). — 26. Benzoyl-acetone forms, in like 
manner, Bz.CH 2 .CMe:N.CG.NH 2 [191°] and 

CH 2<CPh:N> C0 t 227 °] (Evans, J.pr.{ 2] 46, 
352 ; 48, 509). — 27. Acetoacetic ether (2 mols.) and 
NaOEt (2 mols.) form in the cold C, 3 H 22 N 2 0 7 Na 2 
[c. 165°] (Ernert, A. 258, 861). Acetoacetic ether 
in alcoholic solution forms uramido-crotonie 
acid (q. v.). — 28. Urea reacts with aldehydes in 
the cold. In aqueous solution a diureide 
R.CH(NH.CO.NH 2 ) 2 is usually formed, while 
solid urea forms triureides. On warming with 
excess of aldehyde, di- and tri-ureides yield tetra- 
and hexa-ureides (H. Schiff, A. 151, 186). These 
ureides are sparingly soluble neutral solids, and 
are split up by warming with acids into the 
parent substances. Benzoic aldehyde forms 
benzylidene -di-urea (q-v.) t while o-oxy -benzoic 
aldehyde forms C fl H 4 (OH).CH(NH.CO.NH 2 ) 2 aq, 
which is converted by acetoacetic ether in alco- 
hol into C 8 H 4 (0H).CH:N.C0.N:CMe.CH 2 .C0 2 Et 
[200°], C 6 H 4 (0H).CH:N.C0.NH.CMe:CH.C0 2 Et 

[204°], and which de- 

composes between 260° and 270° (Biginelli, B. 
24, 2963). Acrolein forms (CON^J^OftO, 
which chars at 250° (Liidy, M. 10, 295). o-Nitro- 
benzoic aldehyde forms nitro-benzylidene-di- 
urea C tt H 4 (N0 2 ).CH(NH.C0.NH 2 ) 2 aq [200°]. In 
like manner ouminic aldehyde in alcohol forms 
the di-ureide C 3 H 7 .C fl H 4 .CH(NH.CO.NH 2 ) 2 [176°] 
(Biginelli, B. 24, 2964), and cinnamic alde- 
hyde forms Ph.CH:CH.CH(NH.CO.NH 2 ) 2 [172°], 
and compounds melting at 116° and 212°.— 

29. Chloral added to cone, aqueous solutions of 
urea forms (C 2 HC1 8 0)C0N, 2 H 4 [150°], v. e. sol. 
hot water, and (^HGlgO^CON^ [190°] nearly 
insol. hot water, both compounds being crys- 
talline (Jacobsen, A. 157, 246). Chloral cyan- 
hydrin at 105° forms the very stable crystalline 
C 3 H a Cl2N 3 0 (Pinner a. Fuchs, B. 10, 1069).— 

30. Benzene sulphonic chloride at 100° forms 
colourless crystals of C a H a S0N 4 H 7 C 2 0 2 aq (Elan- 
der, Bl. [2] 34, 207). Naphthalene (o)-sulphonic 
chloride acts similarly. — 31. Cinnamoyl chloride 
forms C 9 H 3 (NH.CO.NH.C 9 H 8 .NH.CO.NH 2 ) 2 [184°] 
(Biginelli, B. 24, 2965).— 32. CICH^OH forms 
methylene-urea, which is split up by hot dilute 
H2S0 4 into formic aldehyde and urea (Yon Hem- 
melmayr, M . 12, 89).— 33. Trichlorolactic acid 
and a little water form, on heating, aoetylene* 
urea C 4 H fl N 4 0 2 (Pinner, B. 17, 1997). — 84. Eexa- 
chloro-acetone (2 mols.) heated with urea (1 mol.) 
at 150° forms CO : Nft(C 2 Cl i O) l , crystallising 
from alcohol in hexagonal plates (CloSz, A. Chi 
[6] 9, 145). 

Detection.— Urea gives, in cone, solution, 
crystalline pps. with nitric and oxalic acids. 
Urea dissolved in amyl alcohol is completely 
ppd. by an ethereal solution of oxalic acid 
(Brricke, M. 8, 195). Musculus (C. JR. 78, 182) 
Alters putrid urine, dries the Alter at 35°, ana 
employs it as a test for urea, which it converts 
into ammonium carbonate. A cone, aqueous 
solution of furfuraldehyde followed by a drop of 
HClAq (S.G. 1*10) colors a crystal of urea 
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violet (Schiff, B. 10, 774). o-Nitro-benzoio 
aldehyde added to an alcoholic solution of urea 
forms, on warming, a white pp. of o-nitro- 
benzylidene-di-urea [200°]. When present in 
small quantities this compound may be detected 
by resolving into the parent substances by boil- 
ing with very dilute 1H 2 S0 4 , and then adding a 
little phenylhydrazine solutipn, which produces 
a red colour (Liidy, M. 10, 295). Mercuric 
nitrate gives a white pp. with solutions of urea. 
The various methods of estimating urea may 
also be employed for its detection. 

Estimation. — Hypobromite method. 
Urea is mixed with NaOH (100 g. in 250 c.o. 
water) to which bromire (25 g.) has been added, 
and the nitrogen collected and measured (Knop, 
Fr. 9, 226 ; Hiifner, J. pr. [2] 8, 1 ; Dupr6, 
C. J. 31, 534; Simpson a. O’Keefe, C. J. 31, 
838 ; Bussell a. West, C. J. 27, 749 ; Eykman, 
B. T. C . 3, 125 ; Schleich, J. pr. [2] 10, 263 ; 
•Colquhoun, C. N. 67, 123 ; Oamerer, Zeit. Biol. 
29, 239). When this method is applied to urine 
it must be remembered that uric acid gives off 
48 p.c. and creatinin 37 p.c. of its nitrogen in 
this way (Falck, Fr. 21, 300). Nevertheless, the 
quantity of nitrogen evolved is 8*p.c. l ess than 
the calculated amount (B. a. W.). Using Knop’s 
solution, ammonia, urea, and oxamide give off 
93, 92*3, and 75 p.c. of their nitrogen as gas 
(Foster, C . J. 33, 470 ; 35, 119). In the case of 
urea and oxamide the ‘ suppressed ’ nitrogen is 
present as cyanate and as nitrate (Fauconier; 
Luther, JET. 13, 500). The amount of ‘sup- 
pressed * nitrogen is less in dilute than in con- 
centrated solutions (Hiifner, H. 1, 350; cf. 
Pfliiger a. Bohland, Pf. 38, 325 ; 39, 1, 143), 
and is greatly diminished by the addition of 
1 to 5 p.c. acetoacetio ether (Jacoby, Fr. 24, 
318). According to Duggan (Am. 4, 47), if 
bromine is added to a solution of urea in 
NaOHAq the yield of nitrogen is 99*4 p.c. of the 
theoretical amount. In estimating urea in 
urine Pfliiger (Fr. 26, 117) adds HClAq (1 c.c.) 
to urine (10 o.c.), ppts. various nitrogenous bodies 
by phosphotungstio acid, neutralises the filtrate 
with lime and then adds an equal volume of 
cone. NaOHAq and, after allowing to stand for 
some time, decomposes with Knop’s hypo- 
bromite. Frothing of albuminous urine can be 
avoided by first shaking with a pilule of fat 
(M6hu, J. Ph. [5] 15, 607). Hamburger (B. T. C . 
2, 181) introduced a volumetric method of em- 
ploying hypobromite, but Pfliiger a. Schenck 
{Pf. 37, 399) consider the method to be untrust- 
worthy. E. Salkowski adds two drops of HC1 to 
urine (2*5 c.c.) diluted with 5 or 10 volumes of 
water until the air is expelled from the flask, 
then adds the hypobromite, continues boiling, 
and collects the nitrogen. Fenton ( C . J. 33, 
300) recommends the use of sodium hypo- 
chlorite, which was first proposed by E. W. 

S avy (a.d. 1854). In this case free NaOH 
ust not be present, though excess of Na 2 CO, 
may be present. 

Mercuric nitrate method. Urea is 
completely ppd.by a solution of Hg(N0 8 ) 2 . The 
white pp. is nftt decomposed, and therefore not 
turned yellow by Na 2 CO g . Urine (2 vols.) is 
mixed with a jplution (1 vol.) prepared from 
saturated solutions of baryta (2 vols.) and 
Ba(NO,) a (1 vol.) ; filtered through a dry filter 


from the ppd. sulphate and phosphate and 15 c.o. 
(equivalent to 10 c.o. urine) of the filtrate are 
titrated with standard mercuric nitrate till a 
drop taken out gives a yellow pp. with NajGO, 
(Liebig, A. 85, 370). Assuming the compound 
CONaH^HgO to be formed, 1 pt. urea should 
ppt. 7*2 pts. HgO, but in practice 7*72 pts. of 
the latter are required. A solution of 71*48 g. 
mercury in HN0 3 diluted to 1 litre is equivalent 
to *01 g. urea per c.c. If the urine contains 
more than 2 p.c. urea the titration gives too low 
results ; in this case the urine must be diluted. 
When mercuric nitrate is added to a solution of 
urea nitric acid is set free. Liebig recommended 
the addition of Na 2 C0 3 from time to time to 
keep the liquid neutral. Pfliiger (Fr. 19, 375) 
proceeds as follows : During the titration, after 
each addition of Hg(N0 8 ) 2 a drop is placed in 
contact with a little pasty NaHCO„. Long before 
the titration is ended, a yellow colour is seen 
between the two drops, but disappears on mixing 
them together. When the yellow colour is per- 
manent, the titration is near its end ; at this 
point the solution is neutralised by Na 2 C0 2 , and 
the titration continued till a permanent yellow 
colour is got on mixing the drops. Should the 
entire liquid become yellow on adding Na 2 CO g , a 
fresh quantity of urea solution must be taken 
and the operation be repeated with greater speed. 
The presence of over 1 p.c. NaCl in urine inter- 
feres with the titration when Na 2 CO s is used as 
indicator, the final reaction not being sharp. 
Since NaHCO s does not ppt. HgCl 2 , when the bi- 
carbonate is used as indicator the titration may 
proceed as if NaCl were absent, subtracting the 
amount of Hg(N0 3 ) 2 that is converted into 
HgCl 2 by the chloride (Bautenburg, A. 133, 55 ; 
Pfeiffer, Fr. 24, 475 ; Pfliiger, Fr. 27, 120). It 
is, however, better to ppt. the chlorides by 
AgNO a and titrate in the usual way. 

Barium carbonate method. The solu- 
tion is heated with BaCL and NH 3 Aq in sealed 
tubes at 220°-240° and the ppd. BaCO s weighed 
(Bunsen, A. 65, 375). Before applying this 
method to urine other substances which might 
form BaCO s must be ppd. by phosphotungstio 
acid (Pfliiger a. Bleibtreu, Fr. 28, 377). 

Kjeldahl’s method. Nitrogen in urea 
may be estimated by Kjeldahl’s method. 5 o.c. 
urine are heated with H 2 S0 4 (10 c.c.), and Nord- 
hausen H 2 S0 4 (10 c.c.) until no more water or 
gas comes off, and the liquid is clear yellow. 
After cooling, water (200 c.c.) and NaOH are added 
and NH 3 distilled off. In the caBe of urine it 
must be remembered that about 13 p.o. of the 
nitrogen is, on an average, combined in sub- 
stances other than urea (Pfliiger, Pf. 35,454; 
40, 533 ; Oamerer, Z. B. 24, 306). 

Other methods. Urea may also be esti- 
mated by fermentation and determination of 
ammonia set free (Miquel, C. B. Ill, 501). 

Camphni (Q. 17, 137) proposes to decompose 
urea by nitrous acid and pass the CO, into a 
solution o!> lime-water of known strength, and 
titrate with oxalic acid. 

Gazeneuve and Hugouneng (Bl. [2] 48, 82) 
heat urea with a large excess of water and 
titrate the resulting ammonium carbonate. 

Biegler (F. 33, 49) decomposes urea with 
Millon’s reagent and measures the mixture H N 
and CO, evolved. 
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MBiner a. Sjflqvist (Fr. 30, 388) add 5 o.o. 
of a saturated solution of BaCLj containing 
6 p.e. baryta to 5 o.o. urine and then add 
100 o.o. of a mixture of 97 p.o. aloohol (2 pts.) 
and ether (1 pt.). After 24 hours the liquid is 
filtered, the pp. washed with 50 c.c. alcohol- 
ether, and the filtrate and washings evaporated 
at 50° to 25 c.c., MgO and some water added, j 
and the evaporation continued as long as NH 8 
oomes o if. The urea is then determined by 
Bunsen or Kjeldahl’s method (Bfldtker, E. 17, 
140). 

Salts. — B'HG. Very deliquescent crystal- 
line mass, formed from urea and dry HG1. De- 
composed by water into urea and HOI. At 140° 
it yields NH 4 C1 and cyanuric acid. — B'HNO,. 
Small plates, si. sol. water and alcohol, v. si. 
sol. HNO s .— B f 2 H 2 C 2 0 4 . S. 4-4 at 15°. S. 
(alcohol of S.G. *833) 1*65. Monoclinic tables ; 

1: *564: *491 ; a«=82° 10' (Loschmidt, Sitz. 
W. 61, ii. 7, 384). V. sol. hot water. Ppd. 
from its aqueous solution by oxalic acid.— 
— B'H 2 C 2 0 4 aq (Lubavin, A. Suppl. 8, 83). — 
BHAuCl 4 aq : orange-red prisms or needles, 
v. sol. water, alcohol, and ether. — B'-^LAuC^ : 
yellow needles, v. sol. hot water (Heintz, A. 202, 
264). — B' 2 H 2 PtCl 6 2aq. Yellow, deliquescent 
tables, v. sol. water and alcohol, insol. ether 
(Heintz, A . 198, 91). — B'H 3 P0 4 . Large crystals, 
v. sol. water and alcohol, si. sol. ether (Lehmann, 
Buckn. Rep. 15, 224 ; Schmeltzer a. Birnbaum, 
Z. [2] 6, 206). Its solution does not ppt. MgS0 4 . 
— B' 8 2H 3 P0 4 . Its aqueous solution gives a crys- 
talline pp. of cyanuric acid on heating. 

Tri-chloro-acetate B'C 2 HC1 8 0 2 . Plates 
(from alcohol) (De Clermont, J. 1873, 536). — 
The fumarate B' 2 C 4 H 4 0 4 , m a 1 e a t e s B'C 4 H 4 0 4 , 
and B 2 'C 4 H 4 0 4 , malate B'C 4 H a 0 5 , gallate 
B'C 7 H a O a , and succinate B' 2 C 4 H a 0 4 [145°], 
all crystallise in monoclinic forms (Loschmidt, 
Sitz. W. 62, ii. 238). The parabanate 
B'C s H*N 2 0, and tartrate B'^H^O, are tri- 
metric. — The citrate B' 2 C fl H g 0 7 is triclinic 
(L.). An acid tartrate B'2C 4 H 8 O a and an 
acid oitrate B'C a H 8 O t have been prepared 
(Hlasiwetz, J. 1856, 698). — Cyanurate 

B'C 8 N 8 H 3 O r Monoclinic crystals. — P i c r a t e 
WCfiJUfl, [142°] (Smolka, M. 6, 920). S. 1*9 
at 18*5°. S. (95 p.c. alcohol) 6 at 18°. Slender 
yellow needles (from alcohol). Tri-ohloro 
methane sulphinate B'CCl^SOaH. [96°- 
100°]. Thin prisms (McGowan, J . pr. [2] 36, 
220 ). 

Compounds with metallic oxides. — 
B'jjSAgX) (Liebig). Formed by adding moist 
Ag 2 0 to a solution of urea. Grey powder com- 
posed of slender needles. According to Mhlder 
(J B. 6, 1019), the yellow pp. got by adding NaOH 
to a solution of urea mixed with AgNO s is 
COR 2 H 2 Ag r It oombines with iodine, forming 
CONgHjAg^I, a greenish mass, darkened by 
light (Tafel a. Enoch, R. 23, 1554).— -B'jHgO. 
Got by adding Hg(NO a ) 2 to a solution of urea 
mixed with KOH. White pp. — B'^kgO. White 
pp. formed by adding HgCLj to a solution of 
urea and HgCl* changes to a yellow granular 
owder on boiling with water. — B'HgO. Formed 
y adding Hg(NO a ) s to a warm solution of urea 
(Dessaignes, A. 82, 232 ; Liebig, A . 85, 289). 

Compounds with metallic salts. — 
B'AgNO r Prisms. Yields silver cyanate on 


boiling with water.— B'jPdOl*. Ppd. by adding 
a solution of PdCl 2 to one of urea (Dreohsel, 
J. pr. [2] 20, 469).— B'NaClaq. t60°-70°]. 
Formed by evaporation of a solution of urea and 
NaCl. Deliquescent prisms. Alcohol extraots 
urea from the compound. — B'NaNOg aq. Prisms 
(from water). — B'NHjG. Deliquescent crystals. 
— B' 8 (NH 4 C1)2HC1. Formed by dissolving urea 
in bleaohing-powder solution (Beckmann, A . 91, 
867). Large plates, sol. aloohol mixed with 
ether.— B^MgfNO^ (Werther, J . pr. 85, 5). — 
B' 8 Ca(N0 8 ) 2 .— B'jZnCv Very deliquescent 
crystals (Neubauer a. Keraer, A. 101, 337). — 
B'CdCl^ Needles. — B^g^NOJ-^HgO. Granu- 
lar powder formed by mix’ng warm dilute solu- 
tions of urea and merourio nitrate. At the 
moment of formation the pp. is flocoulent. — 
B' 2 Hg(N0 8 ) 2 2Hg0. Formed by pouring mer- 
curio nitrate into a solution of urea as long as a 
pp. is produced, and keeping the whole at 40° 
to 50° for sometime (Liebig). Six-sided laminae. 
— B'jjHgJNOaJjHgO. Formed by adding an acid 
solution of mercuric nitrate to a solution of urea 
nitrate. Crusts of small tabular crystals (Lie- 
big, A. 85, 296). — B'HgCl 2 . Flat crystals, v. si. 
sol. cold water (W.). — B' I2 Cr 8 0 21 3ao. Formed 
by the action of water on the product of the ac- 
tion of Cr0 2 Cl 2 on urea (W. J. Sell, Pr. 33, 267 ; 
45, 321). Olive-green needles (from hot water). 
PtCl 4 added to its solution in hot water ppts. 
silky green needles of B' 12 Cr 2 Cl a (PtCl 4 ) 3 2aq. 
The chromate treated with PbCL 2 forms lead 
chromate and a liquid from which gaseous HC1 
ppts. green prisms of B' 12 Cr 2 O a 6aq, the aqueous 
solution of which heated with Ag 2 S0 4 gives 
dark-green prisms of B / , 2 Cr 2 (S0 4 ) a lOaq. In a 
similar way green prisms of B', 2 Or 2 (N0 3 ) a may 
be got.— B' 12 Cr a Cl 2 0 14 2aq. Green monoclinic 
crystals, got from the product of the action of 
CrO/U^ on urea by crystallising from cone. 
HClAq (1 vol.) diluted with water (9 vols.). By 
treatment with water it is split up into B', 2 Cr N 0 2 , 
and B' 12 Cr 2 Cl 8 . By treatment with cone. HClAq 
(1 vol.) and water (6 vols.) it is converted into 
the salts B' 12 Cr g G a 0 12 3aq. — B' l2 Cr 5 0 13 4aq. 
— B'jjCrjBrg 6aq. — B' 12 Cr 2 Cl a 6HgCl 2 . — 
® , ia^ r 4 (^ 2 ^ 4 )e^ a< l* ^B / 12 Cr 2 Ij a . B J2 Cr 2 (80 4 l 1 ,I a * 
— B' 12 Cr 2 (C0 8 ) 2 I 4 . - B' I2 Cr 2 (C0 8 ) 2 I a .-B' 12 0r 2 Br |g . 
Bronze -yellow tables, giving off bromine m 
air. — B^CuCLj. Small blue crystals. 

Formyl derivative NHi.CO.NH.CHO. 
[169°]. H.F. 13,400 (Matignon, O. R. 112, 
1867). Formed by boiling urea with cone, 
formic acid (Geuther, Z . [2] 4, 300). Crystals, 
v. sol. water, being decomposed into urea and 
iormio acid. 

Acetyl derivative i.e. 

NH 2 .CO.NHAc. Acetur&ide. Mol. w. 102. 
[214°]. H.F. -200 (M.). S. (alcohol) 1 in 
the cold ; 10 at 78°. Formed by boiling uree 
with AcCl or Ac 2 0 (Zinin, A. 92, 405 ; G. ; 
Zande, R . T . O. 8, 285). Got also by the action 
of KMn0 4 on methyl-uracil (Behrend, A . 229, 
29). Four-sided needles (from aloohol). Slowly 
but completely decomposed by pure HNO, with 
evolution of C0 2 (1 vol.) and N 2 0 (2 vols.) 
(Franchimont, 22. T. O . 6, 215). It is not ppd. 
by HgfNOJa. 

Di-acetyl derivative OOfNHAo)^ 
[153°]. A product of the action of COC1, on 
acetamide at 50° (Schmidt, J. pr. [2] *5, 88). 
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Formed also from mercuric fulminate and AoOl 
(Scholl, B. 28, 8515). Needles (from alcohol), 
el. sol. cold water. 

Chloro-acetyl derivative 
NH3.OO.NH.OO.OH2d. Formed from chloro- 
aoetyl chloride and, urea (Jazukovitoh, Z. 1868, 
284; Tommasi, 0. B. 76, 640). Thin needles 
(from alcohol). Begins to. melt at 160°. 

Tri-chloro-acetyl derivative 
NH3.OO.NH.CO.CCI3. [150°]. Crystals (from 
alcohol) (Be Clermont, J. 1874, 798 ; Meldola a. 
Tommasi, 0. J. 1874, 404 ; Cloez, A. Ch. [6] 9, 
219). Nearly insol. % hot water. 

Bromo-acetyt derivative 
NH^.CO.NH.OO.OH2Br. Needles (from dilute 
alcohol) (Baeyer, A. 130, 156). Pure HNO, 
gives off C0 2 (1 vol.) and N 2 0 (2 vols.) (Franchi- 
mont, P. T . 0. 6, 218). 

Tri-bromo-acetyl derivative 
NH2.CO.NH.CO.OBr3; k [148 0 ]. Formed by the 
action of Br on an aqueous solution of di-bromo- 
barbiturio acid (Baeyer). Crystals, v. sol. hot 
alcohol. Yields crystalline B'jBa(OH) 2 xaq, v. e. 
sol. water. 

Cyano-acetyl derivative 
NH3.CO.NH.CO.CH 2 Cy. [200°-210°] (Mulder, 
B. 12, 466). Crystalline. 

Butyryl derivative NH 2 .C0.NHC,H 7 0. 
*176°]. Formed from urea and butyryl chloride 
(Moldenhauer, A . 94, 101). Plates. 

Isovaleryl derivative C a H 12 N 2 02. 
[191°]. Minute prisms, v. si. sol. water. 

Oarbonyl derivative CO(NH.CO.NR 2 ) 2 . 
Formed by heating urea with COCI2 at 100° 
(E. Schmidt, J. pr. [2] 6, 39 ; Emich, M. 10, 
847). Powder composed of minute crystals, v. 
si. sol. cold water and alcohol. Decomposed by 
heat into NH a and cyanuric acid. Boiling KOH 
also produces cyanuric acid. — B'HgO: crystal- 
line powder, insol. water. 

Succinyl derivative 
C 4 H 4 0 2 (NH.G0.NH 2 ) 2 . Formed by heating urea 
2 mole.) with succinyl chloride (1 mol.) at 65° 
Conrad, /. pr. [2] 9, 301). Colourless powder, 
v. si. sol. hot water. 

Methyl-malonyl derivative 
GHMeiGjO^NjHaOO. [192°]. Formed by heat- 
ing methyl-malonic acid with urea and POCl g 
(Franchimont a. Klobbie, B. T. 0. 7, 22). 
Pointed plates, v. sol. water and alcohol. 

Benzoyl derivative NH3.CO.NHBz. [0. 
200°]. S. (alcohol) 1 in the cold; 4 at 78°. 
Formed by heating urea with BzOl or Bz 2 0 
at 150° (Zinin, A. 92,404; Geuther, Z. [2] 4, 
299). Four-Bided plates (from alcohol), insol. 
ether). 

Di-benzoyl derivative CO(NHBz) 2 . 
[210°] (S.) 5 [197°] (H.). A product of the action 
of COC1, on benzamide at 166° (E. Schmidt, 
J. pr. [2] 5, 58). Formed also by heating 
guanidine oarbonate with Bz a O at 100° (Creath, 
B. 7, 1789), and by treating mercuric fulminate 
with Bzd (Hollemann, B. T. 0. 10, 72 ; B. 28, 
2998, 8742). Needles (from alcohol), si. sol. 
water. Aniline at 180° gives NE^, benzamide, 
benzanilide, and s-di-phenyl-urea. 

u-Di-benzoyl derivative NH3.CO.NBz~ 
[0. 197°]. Formed by heating sodium benzoyl- 
cyanamide NaBzN.CN with BzCl, followed by 
boiling alcohol (Buddtas, /. pr. [2] 42, 97). 
White needles. 

Von. IV. 


m-Nitro-benzoyl derivative 
NH 2 .C0.NH.C0.C ft H 4 .N0 2 [1:3J. Plates (Griess, 
B. 8, 222). 

m-Amido-benzoy l derivative GgH # N a 0 2 . 
Formed by boiling the preceding body with 
aqueous ammonium sulphide (G.). Needles (from 
water), decomposing at 200 — B'HClaq: 
needles. — B' 2 H 2 PtCl 6 . 

(&)-Naphthoyl derivative 
NHj.CO.NH.CO.C I0 H 7 . [215°]. Formed from 
naphthoyl chloride and urea (Yieth, A . 180, 
319). Minute needles, m. sol. alcohol, v. si. sol. 
benzene. 

Di-(f$)-naphthoyl urea [286°] (Ekstrand, 
B. 20, 1353). Needles. 

Lactyl derivative v . Lactyl-urea. 

O ly colly l derivative v. Hydantoin. 

Reference. —Ox y-urea. 

UREA CARBOXYLIC ACID v . Allophanio 

ACID. 

UREA CHLORIDES. A name sometimes 
used to denote alkyl-carbamic chlorides 
X.NH.CO.Ol. 

URECHITIN C 28 H, 2 0, Occurs, together 
with ureohitoxin, in the leaves of JJrechitee 
suberecta , growing in Jamaica (Bowrey, 0. *T. 
33, 252). Crystallises from alcohol in needles 
(containing ccaq), tastes bitter. It is very 
poisonous (Pr. 27, 309). Nearly insol. water, 
m. sol. ether. Appears to be a glucoside. Cone. 
H 2 S0 4 forms a yellow liquid, turning red, and 
finally purple, especially in presence of an 
oxidising agent. 

Urechitoxin CjgELj^. Bitter poison, split 
up by acids into sugar and urechitoxetin. 

URElDES. Compounds obtained by elimina- 
tion of water between urea and an acid or an 
aldehyde. Many of them may be represented as 
amides in which NHgis replaced by NH.CO.NH s . 

BIURET v. vol. i. p. 517. 

URETHANE v . Carbamic ether. 

ISURETINE v. Formamidoxim. 

URIC ACID C s H 4 N 4 0 8 ix. 

00 <NH— C Ntt> C0 ( Medious - A - 176 - 243 ! 
Fischer, B. 17, 329, 1776). Mol. w. 168. S.O. 
1-87. H.C.p. 461,400 (Berthelot, C. B. 110, 887 ; 
Matignon, 0. R. 110, 1267) ; 462,500 (Stohmann, 
J. pr. [2] 44, 390). H.C.V. 462,700 (M.). H.F. 
148,100 (M.). 8. *002 at 0° ; *006 at 20° ; *0625 
at 100° (Blarez a. Denigds, 0. R. 104, 1847 ; cf. 
Garrod, Pr. 85, 63). 

Occurrence.— In urine and in urinary calculi 
(Scheele, a.d. 1776; Liebig a. Wohler, A. 26, 
241; Horbaczewski, M. 12, 221). About *5 g. 
is daily excreted in human urine. Uric acid 
occurs in urine of carnivora, herbivora (Mittel- 
baoh, H. 12, 463), and of birds. Serpent’s urine 
is chiefly composed of acid ammonium urate. 
A considerable quantity occurs in the blood of 
gouty «$ubjeots, and sodium urate is deposited 
as ‘chalk stones.* Very small quantities are 
normally present in the liver, lungs, brain, and 
blood. A occurs in the green gland of the 
fresh* water crayfish (Griffiths, Pr. 88, 187). Urea, 
glycoooll, leucine, and aspartic acid given to 
fowls appear dn the urine as urio aoid (Jaff6 a. 
Meyer, B. 10, 1980; Knierim, B. 10, 1930). 

Synthesis. — 1. By rapidly heating glycoooll 
(1 pt.) with urea (lOpts.) to 280° (Horbaczewski, 
B. 15, 2678; M. 8,796; 6,856).— 2. By heating 

8 H 
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urea with tri-chloro*lactio acid or its amide 
(Horbaczewski, M. 8, 201, 584). — 8. By preparing 
methyl-uracil from aoetoaoetio ether and urea ; 
converting methyl-uraoil into nitro-uracil oarb- 
oxylic acid by treatment with fuming HN0 8 ; 
boiling the carboxylic acid with water, and re- 
ducing the resulting nitro-uracil to amido-uracil, 
and finally to isobarbiturio acid by means of tin 
and HClAq ; oxidising the isobarbiturio aoid to 
isodialuric acid ; and heating the isodialuric acid 
(1 pt.) with urea (1 pt.) and H 2 S0 4 (6 pts.) (Beh- 
rend a. Roosen, A. 251, 285).— 4. By fusing urea 
(4 g.) with cyano-acetio acid (1 g.) (Form&nek, 
B. 24, 8419). 

Preparation . — 1. Serpent’s urine is dissolved 
in boiling KOHAq, filtered, and the urio acid 
ppd. by HOI or dilute H 2 S0 4 . If the uric acid is 
much coloured a little KMn0 4 or KjCr 2 0 7 (Gibbs, 
Am . 8 . [2] 48, 216) should be added to the boil- 
ing alkaline solution before ppn. — 2. Guano is 
boiled with borax (1 pt.) and water (120 pts.), 
and the solution of sodium urate thus obtained 
ppd. by HOI. — 8. Guano is extracted with dilute 
HClAq, and the residue dissolved in cone. H 2 S0 4 
and ppd. by water. 

Properties. — White anhydrous scales (by 
ppn.). When slowly deposited from dilute solu- 
tions ( e.g . urine) it separates as large crystals 
(containing 2aq). Nearly insol. water, insol. 
alcohol and ether. Sol. cone. R 2 S0 4 and 
reppd. by water. Its solution in hot K^S0 4 
deposits on cooling a deliquescent compound of 
uric acid with H 2 S0 4 . Uric aoid is m. sol. 
glycerin, hot NaOAc, and sodium phosphate. 
Lithium carbonate (1 pt.) dissolved in water 
(90 pts.) can dissolve urio acid (4 pts.). Aqueous 
K 2 CO, also dissolves urio acid. 

Reactions. — 1. Decomposed by heat, without 
fusion, yielding HCy and a sublimate of cyanuric 
acid, ammonium cyanate, urea, and ammonium 
carbonate, and leaving a carbonaceous residue. 
2. Water at 180° forms mycomelic aoid (Hlasi- 
wetz, A. 108, 211).— 3. Potash- fusion yields 
NH, and potassium oxalate, carbonate, and 
cyanate.— 4. Chlorine and bromine in presence 
of water yield alloxan, urea, and parabanio acid 
(Hardy, A. Ch. [4] 2, 872). Alloxan is also pro- 
duced by iodine, by HNO„ and by Mn0 2 and 
H 2 S0 4 .— -5. Boiling with water and Pb0 2 yields 
allantoin. Allantoln is also produced by ozone 
(Gorup-Besanez, A . 110, 94), alkaline K^eCy^ 
KMn0 4 (Claus, B. 7, 226), and Mn0 2 and water. 

6. Pure HNO a decomposes uric acid in the cold, 
with evolution of C0 2 (14 vols.), N 2 0 (24 vols.), and 
nitrogen (4 vols.) (Franchimont, JB. T. 0 . 6, 222). 

7. KNO a and HO Ac yield urinilic acid (Sokoloff, 
Z. [2] 6, 78) and stryphnic acid (Gibbs, Am. S. 
[2] 48, 215).— 8. HIAq at 165° forms glyooooll, 
NH 4 I, and C0 2 (Strecker, Z. [2] 4, 215).— 9. Ex- 
posed to the air in alkaline solution it yields 
oxonie and uroxanio acids.— 10. A dilute olution 
of sodic urate absorbs oxygen from the air at 35° 
according to the equation 0 4 H 4 N 4 0 8 + O + 2BLP 
•b G A H s N 4 O e (uroxanio aoid). Uric aoid in dilute 
NaOH solution is completely decomposed by 85 
days’ digestion at 85° (Nencki a. Sieber, J. pr. 
[2] 26, 18). 5 g. urio aoid dissolved in 200 o.o. 
water ana 20 g. potash disappeared in 6 days. 
However, if no oxygen be present the urio aoid 
is not affected.— 11. In fermenting urine urio 


aoid is completely split up into C0 2 and NHg 
(Sestini, G. 20, 133). 

Detection . — Urio aoid may be recognised by 
its insolubility in water and HClAq, by its crys- 
talline character under the miorosoope, and 
especially by the murexid'* reaction. When 
evaporated with HNO, on a water-bath it leaves 
an orange residue, whioh is coloured violet-red 
by ammonia and violet-blue by potash. A solu- 
tion of uric acid in aqueous Na 2 00 8 produoes a 
dark-brown spot of reduced silver when added 
to paper moistened with AgNO s (Schifl, A. 109, 
65). Uric acid (1 mol.) reduces boiling Fehling’s 
solution, forming a pp. of Cu 2 0 (1 mol.) (W. 
Mtiller, J. Th . 1881, 73). In presence of KOH 
urio acid dissolves CuO, forming a blue solution, 
which slowly deposits white cuprous urate. The 
compound C fi H 4 N 4 0 a Cu 2 0 is ppd. when an alka- 
line solution of urio aoid iB treated with Fehling’s 
solution and hydrox>amine hydrochloride 
(Balke, J. pr. [2] 47, 646). Uric acid evaporated 
with a little dilute HNO, gives a blue colour on 
shaking with H 2 S0 4 and benzene containing 
thiophene (Denies, J. Ph. [5] 18, 161). 

Estimation in urine. — 1. Urine (500 o.o.) is 
concentrated, HC1 is added, and after t ./enty-four 
hours the pp. is collected and weighed. Uric 
acid may be separated from xanthine by ppn. 
with cone. H^SC^ (Horbaczewski, JET. 18, 341; 
cf. Wulff, H. 17, 634).— 2. Urine (200 c.c.) is 
mixed with cone. Na 2 CO„Aq (10 c.c.), and after 
an hour cone. NH 4 ClAq (20 c.c.) added. After 
forty-eight hours the pp. is collected, washed 
with HOI (1 pt. of S.G. 1*123), diluted with water 
(10 pts.), the washings allowed six hours to 
deposit any dissolved uric acid, the combined 
pps. washed with alcohol and dried at 110° 
(Salkowski, Fr. 16, 373). Uric acid may also 
be ppd. as ammonium urate by saturating urine 
with solid NH 4 C1 (30 g. to 100 c.c.l (Hopkins, 
Pr. 62, 93).— 3. Fresh urine is mixea with very 
dilute (*15 p.c.) NaOHAq, filtered from phos- 
phates, and diluted to S.G. 1*010. To 300 o.o. of 
this solution is added 50 c.o. of magnesia mix- 
ture [MgS0 4 7aq (1 pt.), NH 4 C1 (2 pts.), NH*Aq 
(4 pts. of S.G. *924), and water (8 pts.)]. The 
pp. is filtered off, and 175 c.o. of the filtrate 
mixed with *5 g. CaCO* and 5 o.o. of a 3 p.c. 
solution of AgNO,. The pp. is washed and 
dried, and a nitrogen estimation made by Kjel- 
dahl’s method (Oamerer, Z. B. 26, 84; of. 
Salkowski, Pf. 5, 819).— 4. Urine (25 c.o.) Is 
mixed with NaHCO s (1 g.), and NH,Aq (2 to 3 c.o.), 
and ammoniacal AgNO t (1 to 2 o.o. of a solution 
of 5 g. AgN0 8 in 100 o.o. water, to which NHgAq 
is added till the ppd. Ag 2 0 is just re-dissolved). 
The pp. is collected, washed, dissolved in HNO t , 
and the silver determined volumetrioaUy by the 
sulphocyanide method (Havcraft, Fr. 25,167; 80, 
648). This method is liable, aooording to Sal- 
kowski (JET. 14, 81) and Gossage {Pr. 44, 284), to 
an error which may amount to 60 p.o. The error 
is partly due to variations in composition of the 
silver urate, and partly to presence of bodies of 
the xanthine group (Deroide, Bl. [8] 7, 888). 
V. also Herrriann, JEf. 12, 496 ; Czapek, H. 12, 
502).— 5. In a solution containing not more than 
*0125 p.o. of urio aoid 1 o.o. of deoinormal 

S ermanganate is reduced by *0074 g. urio aoid 
31arez a. Denies, C. R. 104, 789).— 6. By treat- 
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ment with a standard iodine solution in presenoe 
of alkali (Kreidl, M. 14, 109). 

Salts . — (NHJHA". 8. *06 at 15°. Slender 
needles. -~(NH 4 ) 3 HA , V—(NH,) 4 H 2 A" t (Maly, J. 
1863, 621).— K^". S. 3 at 16°. Small needles.— 
KHA". 8. *13 at 20°. Amorphous. — Na^A" aq. 
S. 1-5. Nodules.— iSTaHA" £aq (dried at 100°). 
Crystalline powder. S. *09 at 15° ; *8 at 100®. 
OccurB as an amorphous urinary deposit. — 
LillA". S. *27 at 20 ; -9 at 40° ; 2*5 at 100° 
(Schilling, A. 122, 241).— BaA"aq (dried at 100°). 
Granular pp. S. *013 in the cold.— BaH^A'^ 2aq 
(dried at 100°). Amorphous, insoluble powder 

(Behrend a. Boosen, A. 251, 250) CaA". S. 

*066 in the cold; -C7 at 100°.— Cal^A"* 2aq. 
S. *15 in the cold; *37 at 100°. More sol. 
KClAq. — SrA"2aq. Minute stellate groups of 
needles. , S. -023 in the cold ; *055 at 100°. — 
SrKjA".; 2aq. — MgH,;A" 2 6aq. 8. *03 in the cold ; 
*6 at 100°.- PbH 2 A" 2 'dried at 100°). Insol. 
water. — PbA" (dried at 100°). — Cu 2 A" aq. — 
Cu*A" 2 (OH) 2 4aq : green pp. 

Reference — Methyl-urio acid. 

Iso-uric acid C 5 H 4 N 4 0 8 . Formed by boiling 
cyanamide (1 pt.) with an aqueous solution of 
alloxantin ^2 pts.) (Mulder, B. 6, 1236 ; 7, 1633). 
Powder, almost insol. water. Oxidised by boiling 
with I and water. Its solution in K 3 CO s reduces 
AgNO„. 

Pseudo-uric acid C 5 H 8 N 4 0 4 i.e. 

CO <NHCO> CH - NH - CO - NH ‘- Formed by toe 
action of KCyO on uramil (Baeyer, A. 127, 3), 
and by heating uramil with urea at 180° 
(Grimaux, Bl. [2] 31, 535). White crystalline 
powder composed of small prisms, v. si. sol. 
water. HNO a yields alloxan. Boiled with 
water and Pb0 2 it yields oxalic acid, but no 
allantoin. H 2 S0 4 at 150° forms xanthinine. — 
(NH 4 )HA" aq. — KHA"aq : scales.— NaHA" 2aq : 
groups of prisms, v. sol. hot water. — BaA" 5aq : 
groups of slender needles. 

URINILIC ACID 0 8 H 7 N 7 0 r Formed by the 
action of KN0 2 and HOAo on uric acid (Sokoloff, 
Z . 1869, 78). Prisms (from water). — KjHA'". 
Prisms, v. e. sol. water. Ca 3 A'" 2 . Crystalline 
pp. insol. water and HOAc. — SrgA # " 2 . — Ba^A"^ — 
CdHA'" 3aq — CuHA'" 4aq. Slender red needles. 
— Ag-jHA'". Pp.— AgjA"'. Gelatinous pp. quickly 
blackening in light. 

UROBILIN. 

Occurrence . — Often in urine (Jaf!6 ; Disqu6, 
H. 2, 271 ; O. C. 1878, 711 ; Eikholz, J. Physiol. 
14, 326). In bile, especially of the mouse. 

Preparation .-- Urine containing urobilin is 
ppd. by lead aoetate and sub-aoetate until the 
absorption band at F is removed. The pp. is 
extracted with alcohol, acidified with HOI or 
11 * 804 , filtered, diluted with water, and extracted 
with chloroform. 

Properties . — A red amorphous, shiny sub- 
stance. Prepared as above it contains HC1 or 
H 2 S0 4 , as the case may be. Its spectrum ex- 
hibits a dark band at F, destroyed by NH S , but 
on adding NaOH another band near the red is 
formed JMacMunn, Pr. 30, 250 ; 81, 26, 206 ; 
v. also HYDROBihiRUBiN, this vol. p. 273. 

Detection and estimation in urine: Jolles, 
H. 18, 646 5 Stud^snsky, C. 0. 1893, ii. 668. 

UROOANINIC ACID [213°]. Oc- 

curs in dog’s urine (Jafft, B. 7, 1669; 8, 811). 


Prisms (containing 4aq), v. sol. hot water, insol. 
alcohol and ether. Decomposed by fusion into 
C0 2 and urocanine C„H, 0 N 4 O, an amorphous 
base yielding B'H^tCl..— HA'2HC1 : needles, v. 
e. sol. water. — HA'2HNO, : crystalline pp. insol. 
dilute HN0 8 , v. sol. water.— HAU^SO^ Minute 
needles and plates. 

UR0CHL0RALIC ACID C 8 H„C1 8 0 7 (?) [142°]. 
S. (ether) *4. Found in the urine after adminis- 
tration of ohloral (Yon Mering a. Musoulus, B. 
8, 662 ; H. 6, 483 ; Kiilz, C. O. 1881, 486). 
Silky needles, v. e. sol. water and alcohol. De- 
composed by boiling dilute HaSC^ into tri-ohloro- 
ethyl alcohol and glycuronio acid C 8 H, 0 O 7 . — 
NaA'.— KA\— BaA' 2 : satiny plates (from ether- 
alcohol). 

UROFUSCOHJEMATIN v. this vol. p. 274. 

UROLEUCIC ACID C B H 10 0 5 . [133*5°]. An 
acid occurring in human urine which darkens on 
addition of alkalis (Kirk, Brit. Med . Joum. 
[1888] 2, 232). Crystals. Its solution is ppd. 
by Pb(OAc) ? and gives a transient green colour 
with very dilute FeCl a . FeCl, colours the crys- 
tals red. 

UROMELANIN C 18 H 48 N 7 O 10 . A black sub- 
stance which separates on treating urine with 
H ,S0 4 or HClAq in presenoe in air (Thudichum, 
J.pr. 104, 257 ; O. R. 106, 1803 ; Plosz, H . 8, 
89 ; Udranski, H. 11, 637 ; 12, 32 ; this vol. p. 
274). It yields C 18 H 40 AgN 7 O B (Thudichum). 

URONITROTOLUOLIC ACID C 1# H l4 NO B . Oc- 
curs in urine of dogs after a dose of o-nitro- 
toluene (Jaff6, H. 2, 47). Very deliquescent. 
Asbestos-like mass, v. e. sol. water and alcohol. 
Decomposed by dilute H 2 S0 4 into o-nitro-benzyl 
alcohol and a Byrupy acid. Salts. — BaA' s : 
crystalline powder, v. e. sol. water, insol. aloohol. 
— COtNHJjjHA^Iaq. [149°]. Needles, v. e. sol. 
water, si. sol. cold alcohol. 

UROROSEIN v. this vol. p. 274. 

UROSULPHINIC ACID C 5 H 4 N 4 S0 2 . Formed 
by heating thio-uramido-barbituric acid (1 pt.) 
with 11*804 (2 pts.) at 160° (Nencki, B. 4, 724 ; 
5, 45). Nodules (from hot HClAq). Its K salt 
crystallises in needles, m. sol. cold water. 

UROXANIC ACID C ? H 8 N 4 O a . Formed by 
leaving a solution of uric acid (5 g.) in water 
(200 c.c.) containing KOH (20 g) to stand for 
5 days at 35°, neutralising by HOAc, filtering, 
and evaporating (Nencki a. Sieber, J . pr. [2] 24, 
504 ; cf. Stadeler, A. 78, 286 ; 80, 119 ; Strecker, 
A. 155, 177 ; Mulder, B. 8, 1291). Tetrahedra, 
si. sol. cold water, insol. alcohol. Decomposed 
by boiling water into C0 2 , urea, and allanturio 
acid. — K*A" 8aq. Four-sided pearly plates, v. 
sol. hot water. — CaA" 4aq.— BaA" 5aq. — 

PbA" iaq. Insol. water. — Ag,A" : flocculent pp., 
turned red by light. 

URSONE C ?0 H 18 O 3 2aq. [265°] (Gintl, M. 14. 
255). Occurs in tne leaves of the red bear-berry 
(Arotostaphylos Uva-ursi) (Trommsdorff, Ar. PJu 
[2] 80, 278 ; plasiwetz, «T. »r. 64, 123). Needles, 
insol. water, acids, and alkalis, si. soL aloohol 
and ether. Cone. H 2 S0 4 added to its solution 
in ACgO gives a red colour, changing through 
blue to green. Does not react with hydroxylamine 
or phenyl-hydrazine. Reduced by HI and P at 
360° to O^H* (256°-267°). 

Acetyl derivative [264°]. 

Benzoyl derivative [214°]. 

8 h 2 
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UBUSHIC ACID 0 14 H 18 0,. S.G. « '985. 
Occurs in turushi or Japanese lacqner (Yoshida, 
O. J. 48, 472). Dark, pasty mass, v. sol. benzene 
and ether, insol. water. Br in CS a forms 
C 14 H 12 Br 8 O r HNO, forms C, 4 H, 6 (N0 2 ) 2 0 2 , which 
forms FeA' r Chromic acid mixture forms oxy- 
urushic acid C I4 H, g 0 8 .— PbA', (dried at 100°). 
[110°-116°]. Flocculent pp. — FeH ff A' 12 2aq. — 
FeH^A'g. Deep-black pp. 

USNETIC ACID C # H 10 O 3 . [172°]. Occurs in 
small quantity, together with usnio acid, in the 
lichen XJsnea barbata (Hesse, B. 10, 1326). Flat 
prisms (from alcohol), v. sol. ether. FeCl a 
colours its alcoholic solution bluish-violet. 
Bleaching-powder does not colour its alkaline 
solution. Is perhaps identical with decarb- 
usnin. 

USNIC ACID C l8 H, 8 0 7 (Salkowski ; Paterno) 
or C 18 H Jg 0 8 (Hesse), or C 18 H, 8 0 7 (Stenhouse a. 
Groves, C. J . 89, 234). Carbusnic acid. [195*4° 
cor.]. S. (ether) *3 at 20°. Occurs in the lichens 
XJsnea barbata , XJsnea florida, Zeora sordida 
(Knop, A. 49, 103; Bochleder a. Heldt, A. 48, 
12 ; Thomson, A. 63, 252 ; Stenhouse, Pr. 18, 
222; A. 68, 97, 114; 165, 51; Hesse, A. 117, 
843 ; Paterno, G. 8, 225 ; Salkowski, B. 8, 1459). 
Sulphur-yellow monoclinic crystals, si. sol. alco- 
hol, v. sol. hot ether and benzene. Does not 
yield betorcin when heated. Cone. H 2 S0 4 forms 
usnolio acid C 27 H 24 O 10 [213°] crystallising in 
small yellowish prisms (Stenhouse a. Groves, 
C. J. 89, 236). When it is heated with an alco- 
holic solution of aniline it yields the anilide 
O^^O^NHPh), crystallising from alcohol in 
pale-yellow plates [171°], and forming in KOHAq 
a yellow solution from which HC1 ppts. C^H^NOg 
[171°]. 

Salts. — NaC lg H 17 0 8 2aq (Spica, G . 12,432). 
Pale-yellow, silky needles. — KC 1{ ,H ]6 0 8 3aq or 
K0 l8 H IT 0 B 3aq. Pale-yellow plates (from 50p.c. 
alcohol) (Hesse, B. 10, 1325).— KC I9 Hi 5 O g aq or 
KC lg H I7 O g aq. Yellow prisms (from 93 p.c. alco- 
hol). — C uA' 2 : green pp. 

Decarbusneln C 17 H 18 0 8 . [175°]. Formed by 
heating usnic acid (1 pt.) with alcohol (3£ pts.) 
at 160° (Paterno, G. 12, 234). Yellow, silky 
needles, sol. hot alcohol, si. sol. water and ether. 
Not coloured by FeCl r Not attacked by AcCl. 
Reduces warm ammoniacal AgNO s . Boiling 
KOHAq in absence of air splits it up into HO Ac 
and decarbusnic acid C 15 H, 6 0 6 , which crys- 
tallises from alcohol in lemon-yellow prisms 
[199°] and yields, when boiled with Ac 2 0, two 
acetyl derivatives C 15 H, a Ac0 6 [148 J ] (isomeric 
with decarbusneln) and C, 5 H H Ac/) ft [131°]. 

Pyrousnio acidf C 12 H 12 0 8 (P.) ; C 9 H g 0 4 (Sal- 
kowski, B . 8, 1461). [197°]. Formed, together 
with pyrousnetic acid, by boiling usnic acid (2 
pts.) with KOH (5 pts.) and water (5 pts.) in an 
atmosphere of hydrogen (Paterno, Q, 6, 113 ; 12, 


242). Shining scales (from ether), v. sol. alco- 
hol, si. sol. ether. Its alkaline solution absorbs 
oxygen from the air, turning green and ulti- 
mately brown. Reduces ammoniacal AgNO s 
readily. Ac/) yields an acetyl derivative [205°]. 
Alcohol and*HCl form an ether [147°]. Pyro- 
usnic acid is split up on ary distillation in a 
current of H into C0 2 and usneole C n H, 2 O g , 
which crystallises from alcohol in yellow pris- 
matic tablets [176°] and is concerted by AcCl 
into a di-acetyl derivative [142°]. 

Pyrousnetic acid C, 4 H I4 O fl i.e. 
C ls H, 3 0 4 (C0 2 H). [186°]. Formed by boiling 

usnic acid (10 pts.) with KOH (25 pts.) and 
water (25 pts.) for 15 minutes (Paterno, G. 12, 
238). Colourless plates or needles (from alco- 
hol). Ac/) yields C H H n Ac0 8 [168°]. When 
heated in a current of H, pyrousnetic acid is 
split up into C0 2 and usnetole C 18 H M 0 4 , which 
crystallises from dilute alcohol in yellowish 
needles [179°]. 

(B) -Usnic acid v. Cladonio acid. 

u VIC ACID v . Pyrotritarig acid. 

UVINONE C l4 H 12 0 4 i.e . 

°<CMeic:CO:cicMe>° < ? > Formed * 

to the extent of 2 p.c., by distilling pyrotritaric 
acid (Dietrich a. Paal, B. 20, 1086). Yellow 
needles (by sublimation), sol. HOAc, v. si. sol. 
alcohol. Cone. H 2 S0 4 forms a solution with 
green fluorescence. Br at 100° forms crystal- 
line C 12 H 4 Br/) 4 . 

UVITIC AICD C„H g 0 4 i.e . 

C 6 H 3 Me(COJEL) 2 [1:3:5], Mesidic acid . Mol. w. 
180. [288°]. H.C.v. and p. 928,900. H.F. 
193,100 (Stohmann, J.pr. [2] 40, 128). Formed, 
together with uvitonic acid, by boiling pyruvic 
acid with baryta- water (Finck, A. 122, 184). 
Formed also by oxidation of mesitylene or mesi- 
tylenic acid (Fittig a. Von Furtenbach, Z. [2] 
4, 1; A. 147, 295), by oxidation of di-methyl- 
ethyl-benzene (Wroblewsky, A. 192, 217), and 
by heating C a H 2 Me(S0 2 NHJ(C0 2 H) 2 with cone. 
HClAq at 230° (Hall a. Remsen, Am. 2, 136). 
Slender needles (from water), v. si. sol. hot 
water, m. sol. alcohol and ether. Yields toluene 
on heating with soda-lime (Baeyer, Z. [2] 4, 
119). The Ca salt heated with lime yields w- 
toluic acid (Bottinger a. Ramsay, A , 168, 256). 
Chromic acid mixture oxidises it to trimesio 
acid. 

Salts.— KjA" : plates (fiom alcohol), v. sol. 
water. — BaA" aq. — CaA" aq. — Ag*A". Nearly 
insol. cold water. 

Ethyl ether Et^A". [85°]. Crystalline. 

References. — Amido-, Bbomo-, Nitbo-, and 
OxY-uvmo ACID. 

Isouvitic acid v. Carboxy-phenyl-acetic acid. 

Uvitonic acid v. Methyl- pyridine -dicarb- 

OXYXiIC ACID. 


V 


VALERAL v. Valerio aldehyde. 

V ALERAL-DI- ACETON AMINE v. Pentyl - 
idem di-AcBToHAMiHE. 

VALE&ALDINE O li H M NS t . Thiovaleraldine. 


[41°]. Formed by the action of H^S on isovalerfo 
aldehyde ammonia suspended in water (Beissen- 
hirtz, A . 90, 109; Parkins^i, A . 90, 119), 
Formed also from thio-isovalefic aldehyde and 
diy NH, (Schroder, B, 4, 468). Plates (from 
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ether), with powerful Bmell, sol. alcohol, insol. 
water.— -B'HCl. Needles, sol. water. 

VALERCREATININ v. Methyl- guan id o- 

VALEBIC ACID. 

VALERIAN OIL. An essential oil obtained 
from the root of Valeriana officinalis . It con- 
tains a terpene C i0 H lfl (156°) [a] D «— 21°, a 
camphene, borneol CjoHjgO, di-bornyl oxide 
(C 10 H 17 ),O (285°-290°), formyl-, acetyl-, and 
valeryl-borneoi, and a little valeric acid (Ger- 
hardt, A. Ch. [3] 7, 275 ; Pierlot, A. Ch . [3] 56, 
291 ; Bruylants, J. Ph. [4] 27, 349; B. 11, 452 ; 
Haller, 0. B. 103, 151 ; Oliviero, C. B. 117, 
1096). 

n- VALERIC ACID C d H 10 O, i.e. 
CH J .CH 2 .CH r CIl,.C0 2 H. Mol. w. 102. (186° 

cor.). S.G. § -9562 (Zander, A. 224, 65) ; J| 
•9446; jf *9375 (Perkin); 2 5 ° *9298 (Briihl). 
C.E. (0°-10°) *00098 (Z.), S. 3-5 at 16*. S.V. 
130-0 (Z.). M.M. 5-5io at 13-6°. /**“ 1*4093. 
Bqo =43*16 (Briihl). H.F. 137,800 (Stohmann, 
J. pr. [2] 49, 99). Occurs in crude wood vinegar 
(Grodzki a. Kramer, B. 11, 1358). 

Formation . — 1. By saponifying its nitrile (n- 
butyl cyanide) (Lieben a. Rossi, A. 159, 58 ; O . 
1, 239). — 2. By oxidation of n-amyl alcohol (L. 
a. R.). — 3. By the action of metallic silver on a 
mixture of EtI and /8-iodopropionio acid (W. von 
Schneider, Z . [2] 5, 343).— 4. By oxidising a-oxy- 
n-caproic acid (Erlenmeyer, B. 9, 1840). — 6. By 
heating jS-acetyl-propionic acid with HI and P at 
200° (Kehrer a. Tollens, A. 206, 233).— 6. By re- 
ducing ^-acetyl-propionic acid with sodium- 
amalgam (Wolff, A. 208, 110).— 7. By heating 
n-propyl-malonic acid at 180° (Juslin, B. 17, 
2504; Furth, M. 9, 308). — 8. By fermentation 
of calcium lactate (Fitz, B. 13, 1309 ; 14, 1084). 
9. By heating the lactone of 7-oxy-w-valeric 
acid with HIAq and P at 240° (Fittig, A. 226, 
346). — 10. A product of oxidation of castor oil 
by dilute HNO a (Wahlforss, B. 22 Ref., 438). 

Properties . — Liquid, smelling like butyrio 
acid. 

Salts. — KA\ Plates (from alcohol). — 
CaA' aq. S. 10*267 at 0°; 8-144 at 60°. Least 
soluble at 60°-70° (F.) ;— CaA' 2 l$aq (Schor- 
lemmer, A . 161, 270). — BaA' 2 . S. 21-693 at 0° ; 
23*076 at 80°.— MnA' 2 aq.— CuA' 2 : minute green 
needles. More sol. cold than hot water.— ZnA' 2 . 
S. 2-6 at 25°.— AgA'. S. *229 at *3° ; *641 at 
70*5°. 

Methyl ether MeA'. (127*3°). S.G. g 
*9097 (G.) ; 2 £ *8795. O.E. (0°-10°) -00106. S.V. 
149*1 (Gartenmeister, A . 233, 273). fifi 0 1*3997. 
Boo =50-7. 

Ethyl ether EtA'. Mol. w. 130. (144*7° 

cor.). S.G. g *8939 (G.) ;. *8765 (Lieben a. 

Rossi, A. 165, 117) ; *8661 (Briihl). S.V. 

174*3. C.E. (0°-10°) *00111. lift « 1*402. 

58*03 (B.). 

n-Propyl ether Pr A'. (167*5°). S.G. g 
*8888. O.E. (0°-10°) *00106 (G.). S.V. 197*8. 

n-Butyl ether C (185*8°). S.G. g 
•8847. G.E. (0°-10°) *00101. S.V. 2221. 

n-Amyl ether C ft H„A'. Mol. w. 172. 
(208*7°). S.G. g*8812 (G.).; *8568 (Briihl). 

C.E. (0°-10°) *00097. S.V. 245*8. fi 0 1*417. 
B^ 80*48. 

n-Hexyl eth$r <ya l# A'. (223-8°). S.G. g 
•8797. OE. (0°-10°) *00096. S.V. 272*0. 


n-Heptyl ether C 7 H lft A'. (248*6 Q ). S.G. 
g*8786. C.E. (0°-10°) *00090. S.V. 297*4. 

n-Octyl ether C 8 H I7 A'. (260*2°). S.G. $ 
•8784. O .E. (0°-10°) *00088. S.V. 322*6. 

Amide CA.CO.NH*. Mol. w. 101. [116°]. 
Pearly plates (Weidel a. Ciamician, B. 13, 69). 
V. sol. water, alcohol, and ether. 

Nitrile G 4 H 9 .CN. n- Butyl cyanide . (140°). 
S.G. *816 (Lieben a. Bossi, A. 158, 171). 
Formed, together with amylamine, by allowing 
a mixture of hexoic amide (1 mol.) and bromine 

! 2 mols.) to run into a 10 p.c. solution of NaOH 
Hofmann, B. 17, 1410). 

Isovaleric acid (CH a ) 2 CH.OH 2 .C0 2 H. Isopro- 
pyl-acetic acid . (176° cor.). S.G. M *9336 ; 
•9261 (Perkin) ; |g -931 (E. a. H.). M.M. 5*635 
at 16°. S. 4*24 at 20°. 

Vapour tension : Richardson, C. J. 49, 767. 
Heat of neutralisation : Gal a. Werner, BU 
[2] 46, 801. 

Occurs in the fat of Delphinum Phoccena 
(Chevreul [1817], Corps gras , pp. 99, 209), in 
valerian root (Grote, B. J. 11, 225 ; Tromms- 
dorff a. Ettling, A. 4, 229 ; 6, 176), in the root of 
Angelica Archangelica (Meyer a. Zenner, A. 55, 
328), in the root of Athamanta Oreoselinum , in 
the bark of the alder tree, in the berries and bark 
of the Guelder rose (Viburnum Opulus) (Moro, A. 
55, 330), in the root of Viburnum prunifolmm 
(Allen, Ph. [3] 11, 413), and in oil of geranium 
(O. Jacobsen, A. 157, 232). A valeric acid occurs 
in rosin oil (Lwoff, B. 20, 1017) and in yolk 
of wool (suint) (Buisine, Bl. [2] 48, 639). 

Formation.— 1. By oxidation of inactive fer- 
mentation amyl alcohol (Dumas a. Stas, A. 33, 
156 ; 35, 143 ; Erlenmeyer a. Hell, A. 160, 257 ; 
Pedler, C . J. 21, 74). —2. By boiling its nitrile 
with alcoholic potash (E. a. H. ; Schmidt a. 
Sachtleben, A. 193, 87). — 3. Together with the 
active acid by oxidation of leucine (amido-hexoio 
acid) (E. a. H., cf. Neubauer, A. 106, 59). — 4. By 
heating isopropyl-malonio acid at 180° (JB. 11, 
596). — 5. By oxidising di-methyl-allyl-carbinol, 
treating the resulting GMe 2 (OH).CH 2 .0O 2 H with 
HI, and reducing the j8-iodo-valerio acid so 
formed by means of 3 p.c. sodium-amalgam ap- 
plied in an acid solution (Schirokoff, J. pr. [2] 
23, 286). — 6. By the action of KOH or HGlAqon 
Athamantin (Schnedermann a. Winckler, A. 51, 
324). — 7. By putrefactive fermentation of pro- 
teids (Hjenko, A. 63, 269). — 8. By the action of 
CrO s on gelatin and albumen (Sohlieper, A. 59, 
7 ; Guckelberger, A. 64, 71). —9. Fromisopropyi- 
aceto-acetic ether (Fr&nkland a. Duppa, A. 145, 
84).— 10. By distilling isopropyl-malonio acid 
(Conrad a. Bischoff, A. 204, 151).— 11. A pro- 
duct of distillation of colophony (Benard, A. Ch. 
[6] 1, 253). 

Preparation.— 1. Isoamyl alcohol is oxidised 
by less than the calculated quantity of KMn0 4 
in the jcold. Some aoetio acid is formed, but 
this can be got rid of by distilling a dilute solu- 
tion of the acids, for valeric aoid passes over in 
the first Quarter of the distillate, the acetic 
acid remaining behind (Duolaux, O . B. 105, 
171). — 2. By oxidising isoamyl alcohol (1,000 
c.c.) with K 2 Gr 2 0 7 (1000 g.) dissolved in wafer 
(3,500 0 . 0 .) by adding in the cold HjS 0 4 (1,400 
g.) mixed with water (800 g.). The resulting 
isoamyl isovalerate is saponified by potash 
(Pierre a. Puchot, A. Ch, [4] 29, 229).—8. By 
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distilling valerian root with dilute phosphorio 64), an acid C w H 84 0 8 [o. 127°] (295°), and other 
aoid, neutralising the distillate with Na^O,, bodies (Greiner, Z. [2] 2, 460 ; Wanklyn, 0. J. 
and decomposing the resulting Na salt by 17, 371 ; Geuther a. Greiner, J. 1865, 319). 

ELjS 0 4 . In purifying valeric acid use may be n-Propyl ether PrA'. (166°). S.G. J 

made of the fact that the acid forms crystalline *8809. O.E. (0°-10°) *000997. S.V. 197*5 (El- 
acid salts with K and Na (Lescoeur, Bl. [2] 27, sasser) ; 196*8 (Schiff). 

104). Isopropyl ether PrA. (142°). S.G. * 

Properties . — Liquid, inactive to light. Its *870; « *854 (Silva, A. 153, 136). 
smell is powerful and unpleasant. SI. sol. water. Di-chloro~propyl ether G 8 H 5 C1 2 A'. 
Separated from aqueous solution by CaCl 2 . (245°) at 737 mm. S.G. 11 1 149. Formed 
Volatile with steam. Mixes with alcohol and from epichlorhydrin and isovaleryl chloride 
ether. It is set free from its salts by mineral (Truchot, A . 138, 298). 

acids, by HOAc, by oxalic, tartaric, citric, and Isobutyl ether G 4 H„A'. (169°) (Elsasser, 
malic acids, but not by butyric acid. When A . 218, 328) ; (173°) (P. a. P.). S.G. J *8736 

cone, valeric acid is added to a solution of cupric (E.). 2 *8884 (r. a. P.). G.E. (0°-10°) *001027. 

acetate, anhydrous cupric valerate separates in S.V. 223*4 (E.). 

oily drops, which soon change to a greenish-blue Ipoamyl ether C 4 H,,A'* (188°) (Kopp; 

crystalline powder of the hydrated salt; butyrio R. Schiff, A, 234, 344); (196°) (Balard) ; (190°) 
acid would at once give a crystalline pp. (La- (Balbiano, J. 1876, 348); (194°) (Kahlbaum). 

roeque a. Huraut, J. Ph. [3] 9, 430). S.G. 2 *870 (Balbian<~). S.V. 244*5. V.D. 

Reactions . — 1. Oxidised by chromic acid 6*1. Smells, when dissolved in alcohol (7 pts.), 
mixture at 20° to acetic acid and CO*. — 2. Boil- like apples. 

ing dilute HNO s forms nitro-valeric acid, Octyl ether C 8 H,,A'. (250°). S.G. 15 

methyl-malic acid, and a little di-nitro-propane *862 (Zincke, A. 152, 6). 

(when prepared from valerian) or di-nitro- Cetyl ether C le H 33 A'. [25°]. (280°-290°) 

butane (when prepared from isoamyl alcohol) at 202 mm. S.G. *2 *852 (Dollfue A . 131, 

(Bredt, B. 14,1782; 15, 2319; cf. Dessaignes, 283). 

A. 79, 374). — 3. Dilute alkaline KMn0 4 forms Ally l ether C 3 H 5 A'. (154°). Oil (Cahours 

CMe 2 (0H).CH 2 .C0 2 H.— 4. Electrolysis of the K a. Hofmann, A. 102, 296). 
salt in cone, solution yields octane C*H 4 Pr a Glyceryl derivative v. Glycerin. 

(Kolbe, A. 69, 259). — 5. Passed through a red- Chloride Pr.CH 2 .COCl. (114°) at 726 

hot tube it yields ethylene, propylene, butylene, mm. S.G. 2 j° *9887. 1*4213. R ^ 49*14. 

and other hydrocarbons (Hofmann, C, <7. 3, 121). Liquid, easily decomposed by water (B6champ, 
6. The Ca salt yields di-isobutyl ketone on dis- C. R. 42, 224; Briihl, A. 203, 24). 
tillation by itself, valeric aldehyde on distilla- Bromide C^H^OBr. (143°). Liquid, 

tion with calcium formate, and methyl isobutyl Iodide CyH^OI. (168 3 ) (Cahours, C. R. 

ketone on distillation with calcium acetate. 44, 1252). 

Salt 8. — NH 4 A'. V. sol. water and alcohol. Anhydride (C 4 H„0),0. Mol. w. 186. 

— (NH 4 )HjA' 8 * — KA\ Deliquescent crystalline (215°) (Chiozza, A. 84, 106). Converted by 
mass. S. (alcohol) 26 at 20°. [140°]. — hydrated BaO, into the oily peroxide (C 4 H u O) 2 O a 

LiA'^aq. Nodules. — T1A'. V. sol. water. — (Brodie, Pr. 12, 655). 

GaA' 2 3aq: needles (Barone, A. 165, 120; Aceto-valeric anhydride ( C 3 H 0 O).OAc. 

Schmidt a. Sachtleben, A . 193, 87 ; Scliirokoff, (147°-1G0°) (Autenrieth, B. 20, 3187). 

J.pr. [2] 23, 286). S. 18*4 at 0° (Sedlitzky, M. Amide C 4 H h .CONH*. [128°J (Letts, B. 5, 
8, 563). — CaA' 2 4aq.— CaA' 2 5aq. — BaA' 2 . Tri- 669 ; Hofmann, B. 15, 982) ; [135°] (Schmidt a. 
olinic plates. S. 94 at 18°. S. (alcohol) 3*3 at Sachtleben, A. 193, 102). (231°). Silky plates, 
20°. — BaA' 2 aq. — BaA' a 2aq. — Sr A' r — MnA' 2 2aq. ! v. sol. water and alcohol. 

— ZnA' 2 2aq. Crystalline. — ZnA' 2 . S. 1 in the Anilide C 4 H„.CO.NHPh. [115°] (Chiozza, 
cold. S. (80 p.c. alcohol) 1*7 in the cold ; S. A. Ch. [3] 39, 201 ; Kelbe, B. 16, 1200 ; cj. 
(ether) *2 in the cold; *5 at 35° (Wittstein, Dumas, C. R. 25, 475, 658; Dessaignes, A . 68, 
J. 1847, 557). — ZnA'*12aq. — ZnA' 2 3aq. — 333). SI. sol. hot water, v. sol. alcohol and 

ZnA' 2 2NH 3 (Lutschak, B. 5, 30). — CuA' 2 . Green ether. 

crystalline pp. — CuA' 2 aq. — Bi tf A/(OH) 8 0 3 Nitrile Pr.CH 2 .CN. Isobutyl cyanide. 
(Schucbt, Ar. Ph, [3] 2, 97).— FeA' s . — FeA' a (OH). Mol. w. 83. (129°) (R. Schiff, B. 19, 567). 

— Fe*A' 7 (OH) 2 . — PbA' 2 : easily fusible lamina. S.G. 2 *823. V.D. 2*89. Formed by heating 
— Pb 3 A' 2 0 2 . Groups of needles, si. sol. water. — ammonium valerate or valeramide with P„0 4 
AgA'. S. *177 at 0° (Sedlitzky) ; *185 at 20° (Dumas, Malaguti a. Leblanc, C . R. 25, 658). 
(Erlenmeyer). Occurs among the products of oxidation of 

Methyl ether MeA '. (116°). S.G. J gelatin and casein by chromic acid mixture 

*9007. C.E. (0°-10°) *001174. S.V. 149*3 (Schlieper, A. 59, 15; Guckelberger, A. 64, 72), 
(Elsasser, A. 218, 315) ; 148*3 (R. Schiff, 4. 220, of the action of ohlorine on leucine (Sohwanert, 
834). S.H. (21°-46°) *491 (Kopp). Smells like A . 102, 228), and of the action of oono. HNO a on 
bananas. castor oil (Hell a. Kitrosky, B. 24, 980). Formed 

Bt hyl et her EtA'. (134°). (El. l ; (135° also, together with valeramide, by heating valeric 
cor.) (Perkin). S.G. J *8851 (E.) ; If *8714 ; aoid with potassium sulphooyanide (Letts, B. 5, 
-8632 (P.). C.E. (0°~10°) *001034. S.V. 669). It is a' so got by the action of cold Ae.,0 
173*4 (E.) ; 178*0 (S.). M.M. 7*615 at 18°. Oil, on the oxim of valeric aldehyde (Dollfus, B. 25, 
boL alcohol. Smells like rennet apples and 1915). Prepared by digesting isobutyl iodide 
water-mint (Pierre a. Puchot, A. Ch. [4] 20, with KCy and alcohol (Erlenmeyer a. Hell, A. 

niit i - a i a* • ji < ,/ia aa/>\ -r , . . • i fit ,.i ■» *, 




a»id« ethyl ethoxy-decoate (Hantzsch, A. 249, I solving in about four times its volume of water* 
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Sodium converts it, on heating, into cy an- 
butine crystallising in stellate groups 

of needles, which yield B'HCl and B^H^PtCl*, 
and is converted by nitrous acid into G^H^OHJN, 
[89°] (E. von Meyer, J. pr. [2] 37, 407). 

Active valeric acid CHMeEt.C0 2 H. Methyl - 
ethyl-acetic add . JE Xydrotiglic acid. (177° i.Y.). 

5. G. ^ -938 (Saur). S.V v 129-1 (Lossen, A. 254, 
60). Occurs in the essential oil from the fruit 
of Angelica Archangelica (R. Muller, B. 14, 
2476). 

Formation . — 1. By oxidation of isoamyl 
alcohol. — 2. By reducing tiglic acid with HI and 
P (Schmidt a. BerCndes, A. 191, 117). — 3. By 
heating methyl-eth/l-malonio acid (Bischoff a. 
Conrad, A. 204, 151). — 4. From methyl-ethyl- 
acetoacetio ether (Saur, A . 188, 257).— 5. By re- 
ducing angelic acid (Schmidt, A . 208, 261). — 

6. By reducing bromo-hydro-tiglic acid (Pagen- 
stecher, A. 195, I"' 1 ). — 7. By the action of 
NaOEt and EtI on propionyl-propionio acid 
(Israel, A. 231, 219). — 8. By oxidation of the 
corresponding aldehyde (Lieben a. Zeisel, M. 

7. 56). 

Properties. — The acid obtained by synthetic 
methods >is inactive, but when obtained by oxi- 
dation of active amyl alcohol it is dextro- 
rotatory, but is mixed with inactive isovaleric 
acid. By oxidation of an amyl alcohol [a] D = 
— 4-4° Guye and Chavanne (G. R. 116, 1454) 
obtained a valeric acid (174°), [a] D = + 13‘6°, 
S.G. || *938. By oxidation of an amyl alcohol 
[«]„=* -5*2° at 22° Rogers (G. J. 63, 1130) got 
a valeric acid (175°), S.G. f 2 *936, [«] D - +13*9° 
at 22°. Methyl-ethyl-acetio acid can be sepa- 
rated from isopropyl-acetic acid through the 
greater solubility of its silver salt. Dilute 
KMnO,, oxidises methyl-ethyl-acetio acid to 
CMeEt(OH).CO,H. 

Salts. -CaA' 2 5aq : needles. S. (of CaA' 2 ) 
29. — *BaA' 2 : gummy mass.— ZnA' 2 . Needles, 
more sol. cold than hot water. — CuA' 2 : bluish- 
green, crystalline pp. — AgA' : groups of needles. 
S. 1-13 at 20° (0. a. B.) ; 1*11 at 1° (Sedlitzky, 
M. 8, 568). 

Ethyl ether EtA'. (1335° i.V.). S.G. 
ifi -8695. 

Nitrilo 0 6 H n N. (125°). S.G. 2 -8061. 
Formed by adding Na and EtI to a solution of 
acetonitrile in benzene (Hanriot a. Bouveault, 
Bl. [2] 51, 173). Liquid. 

Valerio acid 0Me 3 .C0 2 H. Tri-methyl-acetk 
acid. [35°J. (163*5° i.V.). S.G. m *905. S. 2-2 
at 20°. Heat of neutralisation : Gal a. Werner, 
Bl. [2] 46, 801. Formed by heating its nitrile 
with alcoholic potash or cone. HClAq at 
100° (Butleroff, A. 165, 322; 170, 161; 173,355; 
B. 6, 478). Formed also by action of CrO* on 
pinacolin (Friedel a. Silva, B. 6, 146, 826) and 
on tri-methyl-pyruvic acid (Gliicksmann, M. 10, 
777). Monometrio crystals. Does not yield a 
bremo- derivative on heating with Br, either 
alone or in presence of P (Reformatzky, B. 23, 
1596). 

Salts. — NaA'2aq. Prisms, v. sol. water. — 
KHA'». Needles, m. sol. water.— CaA' a 5aq.— 
CaA' 2 4aq. S. 7 at 1°.— SrA' 2 5aq.— BaA' s 5aq. 
S. 34 at 2° (Landau, M. 14, 707).— MgA' 2 8aq. 
— ZnA'*aq. T3. (of ZnA' 2 ) 1*7 at 20°. The cold 
saturated solution becomes filled on warming 


with a solid salt, which dissolves up again ott 
cooling.— PbA' 2 . — PbHA', ; needles. — GuA' aq : 
greenish pp.— AgA'. S. 1*1 at 1° ; 1*27 at 27* 
(gtiassny, M. 12, 599). 

Methyl ether MeA'. (101°) (Butl eroff ). 

Ethyl ether EtA'. (118*6° i.V.)- S.G. 
*> *875. 

Tert-butyl ether C,H # A'. (135° i.V.). 

Amyl ether CMe a .CELA'. (165°) (TiBsier, 
Bl. [2] 24, 558). 

Chloride CMe a .COCl. (106°). 

Anhydride (CMe 8 .CO) 2 0. (190°). 

Amide CMe 8 .CO.NH 2 . [154°]. (212°). 

Formed by heating the ammonium salt in sealed 
tubes at 230° (Franchimont a. Klobbie, R. T. C. 
6, 238). Long needles. Decomposed by pure 
HNO g (S.G. 1*63) with evolution of N 2 0. 

Methylamide OMe a .CO.NHMe. [91°]. 
(204°). 

Dim ethyl amide CMe 3 .CO.NMe 2 . (186°). 

Ethylamide CMe 3 .CO.NHEt. [49°]. 204°). 

Diethylamide OMe a .CO.NEt a . (203°). 
S.G. AS -891. 

Nitrile GMe 3 .CN. Tert-butyl cyanide. 
[16°]. (106°). Formed, together with a poly- 
meride (160°), by the action of tert-butyl iodide 
on dry potassio-mercurio cyanide below 5° (But- 
leroff, A. 170, 161 ; Freund a. Lenze, B. 23, 
2866 ; 24, 2161). Crystalline mass with pun- 
gent smell. On heating with aniline hydro- 
chloride it yields phenyl-valeramidine, which 
forms an oxalate [192°]. Hydroxylamine forms 
the amidoxim CMe 3 .C(NH 2 ):NOH [116°]. 

References. — Amibo-, Bromo-, Chloro-, Iodo-, 
Nitro-, Nitroso-, and Oxy- valeric acids. 

n-VALERIC ALDEHYDE 
CH 3 .CH 2 .CH 2 .CH,,.CHO. (103°). S.G. H -819. 
Formed by distilling calcium w-valerate with 
calcium formate (Lieben a. Rossi, A. 159, 70 
Zander, A. 224, 81). 

Isovaleric aldehyde (CH 3 ) 2 CH.CH 2 .CHO, 
Valeral. Mol. w. 86. (92*5°). S.G. *8041 ; 
f| *7961 (Perkin, O. J. 45, 477). 1*3934. 

40*66 (Briihl). V.D. 43*06 (calc. 43) 
(Schroder, B. 4, 400, 468). S.V. 118*5. Formed 
by oxidation of isoamyl alcohol (Dumas a. Stas, 
A. Ch. [2] 73, 145; Parkinson, A. 90, 114; 
Kolbe a. Guthrie, A. 109, 296). Formed also by 
distilling calcium iso-valerate with calcium 
formate (Limpricht, A . 97, 370), by the distilla- 
tion of isovalerates (Chancel, A 60, 318; Ebers- 
bach, A. 106, 262 ; Schmidt, B. 6, 600), by oxi- 
dation of gluten (Keller, A. 72, 34) aDd castor 
oil (Arzbacher, A. 73, 202), and by the action of 
S0 3 on leucine (Schwanert, A. 102, 226). 

Properties. — Neutral oil, with pungent fruity 
odour. Polymerises on keeping. Mixes with 
alcohol and ether. On heating with ammonium 
sulphocyanide it yields a dark-red liquid, sol. 
alcohol, ether, and HO Ac (Brodsky, M. 8, 87). 
Alkaline sodium nitroprusside gives a violet-red 
colour, destroyed by HOAc (Von Bitto, A. 267, 
376). Combines with sodium bisulphite, form- 
ing (C s TJ 10 O)NaHSO 8 . 

Reactions. — 1. Readily oxidised to valerie 
acid.— 2. Chlorine forms mono- and di- chloro- 
valerio aldehydes, and, at 140°, oily C,oH, a CLO 
(204°), which is converted by alcoholic soda 
into C ie H w Cl 4 0 (209°). — 3. PCI* forms C^Cl*. 
4. Potash-fusion gives valeric acid.— 6. Heat- 
ing with vime forms isoamyl alcohol, calcium 
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valerate and other bodies (Fittig, A. 117, 68).— 
*6. Sodium-amalgam and water slowly form 
isoamyl aloobol (Wurtz,4. 134,201).— 7. Sodium 
•forms isoamyl alcohol, sodium valerate, deoyl 
aloobol 0,^0 (203°), an oil (C J0 H 18 O) n (250°- 
'290°), the compound C^H^O*, and the acid 
*0,^11,803 (Borodin, Z . 1864, 353 ; B. 5, 480). — 
•8. KOH at 0° produces an oily polymeride, 
lighter than water, not capable of combining 
with NaHSOj, and yielding isovaleric aldehyde 
and the compounds C, 0 H IB O and C^HagOj on 
distillation (Borodin, B . 6, 982). This poly- 
meride, left in contact with Na 2 C0 8 Aq, often 
forms needles of OJBL it O B [70°].— 9. Heating 
with KOH forms the aldehyde O 10 H, g O and a 
compound C^^gO, (260°-290°). S.G. *90. — 
10. Heating with zinc at 180° forms decenoio 
aldehyde G I0 H, ft O (190°), S.G. 2 *862 (Biban, 
C. R. 75, 96 ; Kekul6, A. 162, 77) and other pro- 
ducts. — 11. ZnEt 2 produces the oil (C, 0 H, 8 O)» in 
large quantity (BeUstein a. Eieth, A. 126, 242). 
ZnMe^ followed by water, forms methyl-isobutyl - 
carbinol (Kuvsinofif, J. R. 1887, 204).— 12. Dry 
K 2 CO s at 50° forms an oily polymeride, which is 
reconverted at 180° into the aldehyde. Boiling 
with K 2 CO t yields C l0 H 18 O ( v . supra), C 20 H 38 O, 
(265°-270°), and C I5 H*0, (236°-240°j (Gass a. 
Hell, B . 8, 369). — 13. Dry K 2 CO g added to moist 
isovaleric aldehyde forms, after some days, 
crystals of a polymeride [84°], whioh is re- 
converted at 108° into the original aldehyde 
(Bruylants, B. 8, 414). — 14. PH 4 I forms a com- 
pound (O a H 10 O) 4 PH 4 l, crystallising from ether 
in plates [119°], converted by cold potash into 
(C 4 H 10 O) 8 PH 4 .OH, crystallising in prisms [125°], 
insol. water (De Girard, A. Ch. [6] 2, 33 ; C. R. 
94, 215). — 15. On heating with hypophosphorous 
acid in an atmosphere of hydrogen the com- 
pound (C ft H 10 O) 2 H 3 PO 2 [160°] is formed. It 
yields BaA' g aq (Ville, O. R. 109, 71).— 16. AcCl 
at 100° combines, forming chloro-amyl acetate 
C 4 H 8 .CHC1.0Ac (Maxwell Simpson, Pr. 27, 120). 
17. m-Amido -benzoic acid forms C 12 H, 5 N0 2 
[c. 130°].— 18. Dry HC1 forms (C 4 H 0 .CHCl) 2 O 
(180°) (Bruylants, B. 8, 414).— 19. Cone. NH a Aq 
forms isovaleric aldehyde - ammonia 
C 4 H 9 .CH(NH 2 )OH 7aq [58°] (Erdmann, A. 130, 
211; Petersen, A. 132, 158; Ljubavin, B. 6, 
1460), whioh yields, on allowing its alcoholic 
solution to stand, or on boiling with potash, the 
oily * trioxyamylamine * C, 5 H 38 NOg, forming 
B'HCl [113°] and B' 2 H 2 PtCl e . AgNO, reaots 
with isovaleric aldehyde-ammonia, forming 
(C a H l1 N) 2 AgN0 8 and (G,H 11 N),AgNO i (Gold- 
schmidt, B. 11, 1200; Mixter, /. 1878, 438).— 
20. Alcoholic NHg at 160° forms valeritrine, 
hydro valeritrine, and other bodies. Valeri- 
trine G lv H 27 N is a very unstable liquid (250°- 
260°), yielding B'HHgCl, [88°], B'^PtCl,, and 
B'CgILNiO, [130°]. Hydrovaleritrine 
Cj^H^N or O ja H S] N is a liquid, yielding crystal- 
line B'HOL S. 2*87 at 22°, not melted at 180° 
(Ljubavin, B. 6, 565). — 21. H 2 S passed into an 
aqueous solution forms thiovalerio aMehyde 
C fi H, 0 8 [69°]. An isomeride (115°) is got, to- 
gether with a polymeride [94-5°], by heating 
isovaleric aldehyde with sulphur a* 250° (Bar- 
baglia, B. 13, 1574; 17, 2654; G. 11, 95; 16, 
426).— 22. CS 2 and NH*Aq form oajrbovale- 
ra^Mine C n H..,N 2 S 2 (Schrdder, B. 4, 469; 
Mulder, A. 168, 237), whioh melts at 109° 


(Guareschi, A. 222, 811).— 28. NH 2 .OS.OEt and 
HC1 form C 4 H 10 (NH.CS.OEt) i [108°] (Bischoff, 
B. 7, 1078).— 24. HjSe passed into an aqneous 
solution of valerio aldehyde forms C ft H 10 Se 
[56-5°].— 25. Acetone and dilute NaOH yield 
Pr.CBE 2 .CH:CH.OO.CH 3 (180°) (Barbier a. Bou- 
veault, O. R. 118, 198). 

Oxim 0 4 H,.OH:NOH. Mol. w. 101. (163°). 
S.G. 9 j° *8934 (in vacuo). p D 1*437 (Petraczek, 
B. 16, 829 ; Trapesonzjanz, B. 26, 1428). It is 
a syn- oxim, because it yields valeronitrile when 
mixed with Ao 2 0 and ether (Dollfus, B.25, 1915). 
Isovaleric orthaldehyde. Amylidene glycol . 
Acetyl derivative C 4 IL.CH(OAo) 2 . (195°). 
Formed by heating isovaleric aldehyde with Ao 2 0 
at 200°. 

Benzoyl derivative 0 4 H 9 .CH(0Bz) 2 . 
[111°]. (264°). Formed by heating the alde- 
hyde with Bz 2 0 at 260° (Guthrie a. Koibe, A. 
109, 298). 

Di-methyl ether C,-^8.CH(OMe) 2 . (124°). 
S.G. 12 *852. Formed from isovaleric aldehyde 
(2 vols.), MeOH (5 vols.), and HO Ac (1 vol.) 
(Alsberg, J. 1864, 486). 

Di-ethyl ether CA.OHtOEt),. (168°). 
S.G. ** *835. Formed in like manner. 

Di - isoamyl ether ^Hg.GHfo^H,,)^ 
(c. 248°). S.G . 1 *849. 

Ethyl isoamyl ether 
C 4 Hp.CH(OEt)(OC a H,,). (c. 205°). S.G. 42 *875. 
Formed by the action of Na on an ethereal 
solution of isovaleric ether (Greiner, Z. 1866, 
465). 

Valeric aldehyde GHMeEt.GHO. (91°). 
Formed by reducing tiglio aldehyde with iron 
and HOAc (Herzig, M. 3, 123 ; Lieben a. Zeisel, 
M. 7, 56), and by warming CH 2 :CH.GHEt.OH 
with dilute (1 p.c.) H 2 S0 4 (Kondakoff, J. R. 20, 
154). 

Valeric aldehyde CMe s .CHO. [3°]. (75°). 
S.G. A* *7927 (Tissier, Bl. [2] 24, 558). 

Di - isovaleric aldehyde v. Decenoio alde- 
hyde. 

Reference. — Di-bromo-, Chlobo-, Iodo-, and 

OlY- VALERIO ALDEHYDE. 

VALEBOGTJANAMIirE O t H 1s N # i.e. 
PrC H 2 .0.N.G|NH|>>^^ Butylguanamine. 

[173°]. Formed by heating guanidine isovalerate 
(Bandrowski, B. 9, 240 ; Haaf, J. pr. [2] 48, 76). 
Flat plates (from water). Weak base. — B'HCl: 
needles, v. sol. water.— B'H 2 S0 4 . — B'AgNO,. 
VALEBOLACTIDE v. Oxy-valerio acid. 
VALEBO LACTONE v. Oxy-valerio acid. 
VALEB0NE v. Di-isobutyl ketone. 
VAXEBONITBILE v. Nitrile of Valerio 
acid. 

VALEBOVALEBIC ACID v. Valeryl- 

VALERIO AOZD. 

DIVALEBYL 0 19 H lg 0 a i.e. OJE^.CO.CO.O^. 
(270°-280°). Formed by the action of Na on 
valeryl chloride (Brfthl, B. 12, 815). OiL 

VALEBYL - ACETOPHENONE v. Phenyl 
butyl methylene ketone. 

VALEBYL CHLOBIDE v. Chloride of Valerio 

ACID. 

V ALEBYL-CT AN ABIDE v. Cyanio acids. 
VALEBYLENE v. Pbntznenes and also 
Bromo- and Di-ohloro-valebylene. 

VALEBYLENE TETBABBOMIDE v. Tetra- 

BBOMO -PENTANE. 



VANADIUM. 
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VALEBYLENE HYDRATE v. Pentenyl 

ALCOHOL. 

VALEBYLENE HYDRO CHLOBIDE v. 

Chloro-amylene. 

VALERYL-VALERIC ACID. Ethyl ether 
C 12 H 22 O s i.e. OHjPr.CO.OHFr.COjjEt. (206°) at 
722 mm. Formed by the action of sodium on 
isovalerio ether (Greiner* Z. 1866, 461 ; Wohl- 
bruck, B, 20, 2335). Oil, sol. alcohol and 
ether. 

VALYLENE C ft H s . Mol. w. 66. (50°). A pro- 
duct of the action of alcoholic potash on valeryl- 
ene dibromide (R^boul, A. 185, 372). Liquid, 
with odour of garlic and prussio acid. Am- 
moniacal Ou 2 Olj p£ts. yellow C 5 H 5 Cu, which 
yields the pure hydrocarbon on treatment with 
dilute HOlAq. Bromine at 0° forms crystalline 
C A H 6 JB: d . Ammoniacal AgNO, yields a white pp. 
of O a H a Ag. 

VANADATES v . ^anadium oxyaceds, and 

SALTS AND DERIVATIVES THEREOF, p. 851. 

VANADIC ACIDS v. Vanadium oxyaoids, 
p. 851. 

VANADIUM. V. At. w. 51*2. Mol. w. not 
known. Melts at a very high temperature ; 
probably Tiigher than m.p. of Mo, which does not 
melt at 1700°-1800° (Moissan, C. B. 116, 1225). 
S.G. 5-5 at 15° (Roscoe, T. 1869. 679). For 
emission-spectrum, obtained by using electric 
sparks, v. Thal6n (A. Ch. [4] 18, 243). 

Historical . — In 1801 Del Rio announced the 
discovery of a new metal in a lead ore from 
Zimapan in Mexioo (O. A. 71, 7) ; to this metal 
he gave the name erythronium , but at a later 
time he thought the metal was only impure 
chromium. In 1830 Sefstrom found a new ele- 
ment in the bar-iron and refinery slags where 
iron-ore from Taberg in Sweden was smelted 

! P. 21, 43) ; this element he called vanadium 
from a Scandinavian deity Vcmadis). In the 
same year (P. 21, 49) Wdhler found that the 
lead ore examined in 1801 by Del Rio contained 
lead vanadate ; and he showed that the metal 
which Del Rio had called erythronium, and had 
then supposed to be impure chromium, was really 
vanadium. In 1831 Berzelius supposed he had 
prepared vanadium by heating an oxychloride in 
NH 3 , and also by heating the highest oxide with 
K (P. 22, 1) ; but in 1867 Roscoe (T. 1868. 1 ; 
1869. 679 ; v. also 1870. 317) showed that one of 
the substances which until then had been taken 
to be the element V was a nitride, and that 
another substance, taken to be V, was an oxide 
of this element. Roscoe obtained pure V by 
heating VC1 2 to redness for many hours in dry 
H. Roscoe was led to doubt the accuracy of 
the statement of the properties and at. w. of V 
that had been accepted on the authority of 
Berzelius, because he found that several com- 
pounds of V and Pb were isomorphous, but that 
it was impossible to assign comparable formulas 
to tnese compounds if the at. w. given by Ber- 
zelius for V were accepted (v. T. 1868. 1 et seq.). 
BerzeliuB gave the value 68'5 to the at. w. of 
V; h© assigned the formula VO, V0 2 , and VO, 
(0«*8) to the three oxides, and classed V with 
Or, Mo, and W. Roscoe’s researches showed 
that the at. m of the metal is 51*2, that the 
oxides are best represented as V 2 0„ V t 0 4 , and 
V,O w that the substance thought to be V was 


really chiefly V a 0 2 , that the compound supposed 
by Berzelius to be VC1, was VOG1* and that V 
must be classed with P and As. 

Occurrence. — Small quantities of compounds 
of V are found fairly widely distributed; the 
element does not occur uncombined. The chief 
minerals that contain V compounds are mot- 
tramite (Ou-Pb vanadate), descloissite (Pb-Zn 
vanadate), dechenite (Pb-Zn-Ou vanadate), 
roscoeite (A1 vanadate with K silicate), vana- 
dinite (vanadate of lead with lead chloride), and 
some other minerals, which generally contain 
vanadates of Ou, Pb, Zn, or Ca. Small quanti- 
ties of compounds of V are found in all pisolitic 
limonites (Bottger, O . O. 1873. 514), in some 
pitchblendes , clays , and basalts , and in a few 
other rocks. Compounds of V have also been 
found, in small quantities, in the slag from cop- 
per extraction works (Karsten, P. 52, 629; 
Witz a. Osmond', Bl. [2] 88, 49); in many speci- 
mens of pig-iron (v. Riley, C. J. 17, 21 ; cf. 
Hodges, C . N. 26, 238 ; Walz, Am. Ch. 6, 458) ; 
in some meteorites (v. Apjohn, C. J. 27, 104) ; 
in caustic soda and sodium phosphate (Schfine 
a. Rammelsberg, B. B. 1864. 681; Donath, 
D. P. J. 240, 318) ; and, according to Lookyer 
(Pr. 27, 279), probably in the sun. 

Preparation. — 1. From the refinery slag 
of the Taberg iron-ore. The finely-pow- 
dered slag is heated with KNO, and Na. 2 CO„ the 
fused substance is digested with boiling water, 
and solution of a salt of Ba or Pb is added to 
the filtered liquid ; the ppd. Ba or Pb vanadate is 
decomposed by boiling with a slight excess of 
H 2 S0 4 Aq, and the solution is filtered from BaS0 4 
or PbS0 4 ; the filtrate is neutralised by NH*Aq 
and concentrated, and pieces of NH 4 C1 are 
placed in the liquid until some NH 4 C1 remains 
undissolved ; the NH 4 VO s which is thus ppd. as 
a white crystalline powder is washed with cone. 
NH 4 ClAq, and then with alcohol, and is then 
decomposed by heating strongly in an open 
vessel, whereby V 2 0 5 is produced (Berzelius, P. 
22, 1). Wdhler (A. 78, 125) employed a very 
similar process for preparing V 2 O ft from limon- 
ite. — 2. From vanadinite. L’Hote (C. B, 
101, 1151) recommends to mix finely-powdered 
vanadinite (approximately SPb^O^PbClJ 
with four times its weight of lampblack and a 
little oil, to heat strongly in a closed vessel, and 
then to heat to 300° in a stream of dry Cl, 
whereby VOCl s is formed, and distilled over into 
a cooled (J-tube ; other compounds of V are 
readilv prepared from VOC1*. — 3. From the 
cobalt-ore of Mottram in Cheshire. 
This source of V compounds was discovered by 
Roscoe (v. C. J. [2] 6, 326). The Cheshire 
Keuper sandstone contains carbonates of Cu, 
carbonate of Pb and galena , black cobalt-ochre , 
iron oxides, and salts of As, Ag, Mn, and Ba. 
The compound of V was probably vanadimte. 
The sandstone was crushed, and the metallic 
compounds were dissolved by HClAq; bleach- 
ing-powofer and milk of lime were added till 
the reaction was alkaline; and it was from 
the pp. thus obtained that Roscoe prepared 
V and its compounds. The lime pp. con- 
tained chiefly As, Cu, Fe, Pb, V, and Ca in 
combination with S0 4 and P0 4 ; it was heated 
in a furnace with ground coal to remove As, 
then toasted with a quarter its weight of NajCO* 
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and lixiviated with water; the solution was 
saturated with R,S and filtered, and H,S was 
boiled off ; crude oxide of V was then ppd. by 
NH*Aq ; the oxide was dried and heated with 
cone. HN0 8 Aq to oxidise it to vanadio 
acid, which was then boiled with saturated 
(NH 4 ) 2 CO s Aq, and the somewhat soluble NH 4 
vanadate was crystallised from water, and then 
strongly heated in an open vessel ; the V 2 O s 
thus obtained was suspended in water into which 
NHj was passed ; the solution of NH 4 vanadate 
was filtered from silica, phosphates, <fec., evapo- 
rated to dryness, and heated in an open vessel 
until V 2 0 4 remained. 

The metal vanadium is prepared by reducing 
VCl* in H (for preparation of VC1 2 v. Vanadium 
dichloride, p. 844). The process is conducted 
in perfectly pure and dry H; every trace of 
moisture and air must be excluded. The pure 
and dry H is passed for 12 hours through a 
porcelain tube, connected (by specially arranged 
paraffin- joints) by a glass tube to the H appa- 
ratus ; the VC^is then placed in the porcelain tube 
(a special arrangement for doing this is described 
by Rosooe), and H is passed through the appa- 
ratus for 6 hours. The porcelain tube is then 
gradually heated to full redness, and the passage 
of H is continued so long as HC1 is given off, 
after which the tube is allowed to cool for several 
hours in the stream of H. The process occu- 
pies from 40 to 80 hours according as from 1 to 
4 g. of VC1 2 are used. The V thus obtained con- 
tains traces of H and 0. Reduction proceeds 
more quickly at a white heat, but the product is 
not so pure ; it generally contains c. 95 to 96 
p.c. V. (For details, and figures of the appa- 
ratus, v. Roscoe, T. 1869. 679; 1870. 317; or 
C. J. [2J 8, 344 ; 9, 23.) 

Moissan (C. R. 116, 1226) obtained V con- 
taining from 17*5 to 26*7 p.c. C, by heating a 
mixture of 0 and one of the oxides of V in an 
electric furnace, using a current of 70 volts and 
1,000 amperes ; with a current of 70 volts and 
350 amperes reduction proceeded very slowly. 

Vanadium, mixed with V 2 O s , was obtained 
by Roscoe (l.c.) by strongly heating a mixture of 
one of the chlorides of V with Na in an atmosphere 
of H, and lixiviating with water ; the admixed 
black, powdery V 2 0 3 can be removed from the 
heavier, grey, lustrous, metallic powder, by re- 
peated washings with water, and a substance 
containing c. 91 p.c. V can be obtained. 

The substance supposed by Berzelius (P. 22, 
1) to be V, and obtained by heating V 2 0 6 with K, 
was shown by Roscoe to consist chiefly of 
The black powder which Uhrlaub (P. 103, 134) 
prepared by heating V oxychloride m NH S , and 
which he supposed to be V, was found by Scha- 
farik (W. A. B. 33, 6) to be VN* (cf. Roscoe, lx.). 

Properties . — A light-grey, lustrous powder; 
under the microscope it is seen to be composed 
of crystalline, silver-white particles. Does not 
become coherent and dense when strongly com- 
pressed. S.G. 6*6 at 16°. Not magnetic. Is 
not oxidised in air at the ordinary temperature, 
nor by moistening and then drying in vacuo . 
Has not been melted, except perhaps when re- 
duced from the oxides by O in an electric fur- 
nace ( v . Moissan, O. R. 116, 1225). When pow- 
dered V is thrown into a Bunsen flame it burns 
brilliantly ; when strongly heated in O it forma 


V 2 0 6 ; and when slowly heated in air it perhaps 
forms V 2 0, then V 2 0 3 , V a 0 4 , and finally V a 0 4 . 
Burns in 01, forming VC1 4 ; combines with N 
to form VN ; also combines with S. V is 
insoluble in HClAq ; it dissolves in hot cono. 
H 2 S0 4 and in HNO s Aq. V dissolves in molten 
NaOH, giving off H, and for ling a vanadate. 

V acts on glass vessels in which it is heated, 
forming a compound with Si ; it also alloys with 
Pt (R., lx.). 

The at. w. of V has been determined (1) by 
reducing V 2 0* to V 2 O a by heating in H (Berze- 
lius, P. 22, 16 [1831] ; Roscoe, T. 1868. 8) ; (2) by 
oxidising V 2 O a to V 2 O a byHNO s (B., lx. [1831]) ; 
(3) by analysing (V 2 0 2 )(S0 4 ) v 4H 2 0 (B., Z.c., p. 18 
[1831]) ; (4) by ppg. VOCl s by AgN0 3 Aq, remov- 
ing excess of Ag from the filtrate, evaporating to 
dryness, heating, and weighing the V 2 0 6 produced 
(B., lx. [1831]) ; (5) by determining the weight of 
Ag required to ppt. the Cl f* :>m VOCl 8 ; also by 
weighing the AgCl ppd. ; also by filtering from 
AgCl, evaporating, and weighing the V 2 0 5 ob- 
tained (Roscoe, T. 1868. 23) ; (6) by determining 
V.D.b of, and analysing, VC1 4 and VOCl 8 (q. v.). 
The results obtained by Berzelius (with the 
necessary corrections on account of tne wrong 
formula used by him ; v. Rosooe, l.c.) gave values 
for at. w. of V varying from 49-3 to 52-5 ; 
Roscoe’s values from the reduction of V 2 0 5 to 
V 2 0„ varied from 51T3 to 61*35, and from the 
analyses of VOCl 3 from 50*32 to 51*877. The 
S.H. of V has not been determined. 

Vanadium is both metallic and non-metallio 
in its reactions. V 2 0 4 interacts with strong acids 
to form divanadyl salts, V 2 0,(S0 4 ) 2 , &c . ; hypo- 
vanadates V 4 0,(0M) 2 are also derived from a 
hydrate of V 2 0 4 ; V 2 0 5 interacts with cone. 
II 2 S0 4 to form V 2 0 3 .3S0 8 and V 2 0 5 .2S0. r zH.0 ; 
V. 2 O a also forms V 2 O a .H 2 0 ( = HVQ>,) and 
V 2 0 3 .2H 2 0 ( = H 4 V 2 0 7 ), which react as acids, 
and salts of the acid H s VO, are also known ; 
V 2 O ft also combines with various acidic oxides 
(P 2 0 5 , Mo0 3 , &c.) and basic oxides, to form com- 
plex, salt-like compounds. The sulphides of 

V dissolve in alkali sulphide solutions ; several 
thio vanadates have been isolated, e.g. (NH 4 ) 8 VS 4 ; 
and also thio-oxyvanadates, e.g. Na 3 VS s O. The 
haloid compounds of V are generally decomposed 
by water to oxyhaloid compounds. 

Vanadium is placed in Group V., with N, P, 
As, Nb, Sb, Di, Er, Ta and Bi. V is the second 
member of the even series family of this group, 
the family consisting of N, V, Nb, Ta and 
an unknown element with an at. w. between 
those of Th ( = 232) and U ( = 239). Group V 
does not show a marked division into families ; 
the gradation of properties from N to Bi is 
fairly regular, nevertheless the families (1) N 
and P, (2) V, Nb and Ta, (8) As, Sb and Bi are 
distinctly indicated. No hydrides of members 
of the vanadium family have been isolated with 
certainty. The highest oxides, M,O a , are salt- 
forming; all of them interact with alkalis to 
form salts containing the elements M in the 
acidio radicles ; V 2 O a also forms basic salts 
(VO) *R„, with strong acids; normal salts have 
not been obtained by the reactions of M 2 0 6 with 
acids. Oxyacids of V, viz. HVO # and H 4 V 2 O f , 
have been isolated, but definite oxyacids of Nb 
and Ta are unknown. Both Nb and Ta form 
chlorides, corresponding with their highest 
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oxides M a O t ; but the highest haloid compound 
of V is VX 4 , corresponding with V 2 0 4 ; oxyhaloid 
compounds of V of the form of VX 5 exist 
(VOC1,, VOBr a ) (v. Nitrogen group op ele- 
ments, vol. ill. p. 571). 

In considering the relations between vana- 
dium and the elements of Group V., the position 
of V in series 4 must be taken into account : 
as compared with the elements that form series 
3, in which series P is placed, the elements of 
the vanadium series are metallic (V is preceded 
by Ti, Sc, Ca and K, and is followed by Cr, Mn, 
and the iron elements) ; the elements of the 
vanadium series ate nearly as metallic, and also 
as non-metallio, ai Rb, Sr, Y, Nb, Mo, — , and 
the Ru metals, which elements form series 6, i.e. 
the niobium series. Hence V would be expected 
to be distinctly more like a metal, in its chemi- 
cal relations, than P, and about equal to Nb in 
its metallic and no*. metallic tendencies. As Y 
is the second melnber of the even series family 
of Group Y. t it might be expected to resemble 

N, which is the first of the even series elements 
of this group ; but it is to be remembered that 
the differences between the first and second even 
series members of the groups (i.e. the differences 
between Li and K, Be and Ca, B and Sc, C and 
Ti, N and V, 0 and Cr, F and Mn), become more 
marked in passing from Group I. to Group VII., 
and it is also to be remembered that the resem- 
blances between the first even series members 
and the succeeding odd series members, become 
more marked as the atomic weights increase ; 
F is more like Cl and Br than 0 is like S, Se, 
and Te ; but 0 resembles S, Se, and Te more 
than N resembles P, As, Sb, &c . ; and C is more 
like Si, Ge, Sn, &c., than B is like Al, Ga, In, 
&o . ; but C less resembles Si, &c., than N re- 
sembles P, &c. 

Reactions and Combinations.— (Roscoe, T. 
1869. 679 ; 1870* 317.) 1. Heated in air , V 
burns to V 2 0 5 ; lower oxides are first formed if 
the temperature is low.— 2. Does not decompose 
water at 100°.— 8. Heated to redness in chlorine 
bums to VC1 4 ; heated in bromine produces 
VBr a ; does not combine with iodine— 4. Heated 
with excess of sulphur , Y forms V 2 S a (v. Kay, 

O. J. 37, 728).— 5. Heating in a stream of pure 
nitrogen produces VN. — 6. V combines directly 
with silicon and also with platinum. — 7. Molten 
potash or soda dissolves V, forming an alkali 
vanadate and giving off H. — 8. Y dissolves in 
cone, sulphuric acid (? forming a vanadyl salt) ; 
also in nitric acid , probably forming a basic 
nitrate ; also, slowly, in hydrofluoric acid 
(? forming VFJ. 

Detection and Estimation. — Small quantities 
of oompounds of V give a colourless borax or 
microoosmic salt bead in the outer flame, be- 
coming green in the reduoing flame ; if much Y 
compound is present the bead is yellow in the 
outer flame. Solutions of V 2 0 5 in acids are not 
ppd. by H 2 S, but are reduced to solutions of 
V 2 0 2 which are lavender-blue; if reduction is 
effected by Zn, Od, or Na-amalgam the liquid 
beoomes gre^n, then blue, and finally lavender- 
blue ; after reduction the solution bleaches 
indigo very rapidly, and soon absorbs 0. Solu- 
tions of vanadates, either neutral or acidified by 
aoetijo acid, give finely-divided black pps. with 
tincture of galls, and the liquidsappear like ink. 


When an acidified solution of a vanadate is 
shaken with an ethereal solution of H 2 0 2 , the 
latter solution becomes dark red (Werther, J.pr . 
88, 195). 

Vanadium is generally estimated by convert- 
ing it into an ammonium salt, strongly heating 
this in air, and either weighing the V 2 O a thus 
produced or heating in H and weighing the 
V 2 0 3 that remains. For a volumetric method of 
estimating V v . Gerlach (B. 10, 1216). 

Vanadium, acids of, v. Vanadium oxyacids, and 
SALTS AND DERIVATIVES THEREOF, p. 851. 

Vanadium, bromides of. Only one bromide 
of V has been obtained. 

Vanadium tribromide VBr 3 . Mol. w. not 
known ; from analogy of PBr 3 , AsBr 3 , Ac., the 
formula VBr a is probably molecular. Formed 
by heating V or VN to redness in vapour of Br. 
Also by passing Br vapour over a mixture of 
V 2 0 3 and C kept at a red heat ; VOBr s is formed, 
then VOBr 2 , and then VBr s sublimes (Roscoe, T. 
1870. 317). Roscoe (l.c.) * recommends to pre- 
pare VBr s by placing pure VN in a porcelain 
boat in a tube of hard glass, driving out all air 
by dry C0 2 , then passing vapour of Br through 
the tube while that part where the boat is 
placed is heated to redness, when brown vapours 
are given off and condense on the cooler parts of 
the tube, and finally driving out all traces of Br 
by a stream of dry C0 2 . VBr a is a greyish black, 
opaque, amorphous, very deliquescent solid; 
loses Br even in a sealed tube ; heated gently in 
air gives V 2 0 3 , and at a higher temperature 
V 2 0 v Dissolves in water, without giving off any 
Br, forming a brown liquid which goes green on 
addition of a few drop3 of HClAq ; this reaction 
is said by R. to be characteristic of a salt of V 2 0 3 . 

Vanadium, chlorides of. Three chlorides 
have been isolated: VC1 2 , VC1 S , and VC1 4 . V 
burns when heated in Cl, forming VC1 4 , and the 
other chlorides are formed by reducing VC1 4 by 
H. The V.D. of VC1 4 has been determined, and 
the formula VCL, is molecular; the formula 
VC1 3 is probably molecular, from the analogy of 
AsCl„, PC1 3 , BiCl s , &c. ; VC1 2 , Asl 2 , PI, and BiCl 2 
are the only haloid compounds of the form MX 2 
that have been isolated in Group V. ; the mol. 
w.s of these compounds have not been deter- 
mined. 

Vanadium tetrachloride VC1 4 . Mol. w. 
192-68. Prepared by Roscoe ( T . 1869. 691). 

Formation. — 1. V or VN is heated in Cl. — 
2. The vapour of V0C1„, mixed with excess of 
Cl, is passed slowly over a long layer of sugar- 
charcoal heated to redness. 

Preparation. — VN is heated to redness in a 
tube of hard glass, in a current of pure, dry Cl, 
which muBt be free from air. The first few 
drops of distillate are rejected, as they contain 
traces of VO CL, formed from traces of oxide in 
the nitride used. The dark-red liquid that is 
formed is saturated with dry 01, then heated for 
some hoyrs in a current of dry C0 2 in a vessel 
connected with an upright condenser, and then 
fractionated. 

Properties and Reactions . — A thick, dark# 
brownish-red liquid; boils at 154° under 760 mm. 
pressure. S.G. 1-8584 at 0°, 1-8863 at 8°, 
1-8159 at St)°. VJX 98*1 at c. 200°. Does "Qt 
solidify at any temperature above — 18°. Slowly 
decomposes to VC1* and Cl at ordinary tempera-, 
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tores, more quickly when exposed to light, and 
rapidly when heated. Gives off white fumes in 
the air. Dissolves in water, forming a blue 
solution, which does not bleach ; this solution is 
oxidised by KMn0 4 Aq to HClAq and Y 2 0 5 Aq, 
2VC1 4 taking up 0. Reacts violently with 
aloohol and ether, forming deep-coloured liquids. 
When heated with Br in a sealed tube, VC1 3 is 
formed. V01 4 does not combine with Cl to form 
a higher chloride. H 2 S reacts with VC1 4 to form 
VC1 8 , HC1, and S (Kay, C. J. 38, 736). 

Vanadium trichloride YC1 s . Mol. w. not 
determined, but formula is probably molecular 
from analogy of PC1 8 , AsCl s , &o. Prepared by 
heating VC1 4 in a retort as long as 01 is given 
off, and heating the residual solid to 160° in a 
stream of dry C0 2 (Roscoe, T. 1869. 691). Also 
by heating pure V 2 S 8 in a stream of dry, air-free 
Cl, separating SjGlj by repeatedly distilling the 
liquid product, and heating the residue at 140° 
in dry CO, to remove the last traces of S 2 C1 2 
(Halberstadt, B. 15, 1619). Lustrous, peach- 
blossom coloured tablets, resembling CrCl 8 ; S.G. 
8*0 at 18°. Deliquesces very rapidly in air to a 
brown liquid, which goes green on addition of a 
drop or two of HClAq ; this solution is oxidised 
by KMn0 4 Aq, 2VC1, taking up 20, to HClAq 
and V 2 0*Aq. Soluble in alcohol and in ether. 
Heated in air forms V 2 0 8 . Heated in H is re- 
duced to VCl, and then, gradually, to V. 

Vanadium dichloride VCi^ Mol. w. not 
known. Formula possibly V 2 C1 4 . Prepared by 
passing vapour of VC1 4 , mixed with a large 
excess of pure, dry H, through a glass tube 
heated to dull redness. The distillation of VC1 4 
should be slow, and the mixture of vapour of 
VC1 4 and H should be brought at once into the 
heated part of the tube. Forms apple-green, 
micaceous, hexagonal plates ; S.G. 3*23 at 18° ; 
very hygroscopic. Dissolves in water, forming 
a violet solution, which bleaches indigo and 
litmus, and reacts as a solution of a salt of V 2 0 2 . 
Dissolves in alcohol and in ether. The solution 
in water is oxidised by KMn0 4 Aq to HClAq and 
V 2 0 8 Aq, 2VC1, taking up 30. Heated in H, is 
slowly reduced to V ; heating to whiteness in 
NH 8 produces VN (Roscoe, l.c.). 

Vanadium, ferrocyanide of, v. vol. ii. p. 337. 

Vanadium, fluorides of. Only one fluoride, 
VF 8 , has been isolated ; there are indications of 
the existence of a higher fluoride in solutions in 
cone. HFAq. 

Vanadium trifluoride VF t .3Rfi. Mol. w. 
not known ; formula probably molecular, from 
analogy of trihalides of other elements of 
Group V. Prepared by evaporating a solution 
of V,0, in HFAq at 100°, and crystallising from 
water containing a little HFAq. A white crys- 
talline crust, consisting of rhombohedra. Easily 
soluble in water ; solution reacts acid. Insoluble 
in cone, alcohol. Effloresces in air ; loses Borne 
water at 100°, and all at 130°, with absorption 
of 0 ; V 2 0 4 is formed on heating to redness in 
air. An aqueous solution reduces A g salts to 
Ag, Hg and Cu salts to mercurous and cuprous 
salts ; alkalis or alkali carbonates ppt.V 2 0 8 .&H 2 0 
from VF,Aq (E. Petersen, J. pr. [2] 40, 44). 

Vanadoflttorides. ( Fluovanadites .) A 
nq^ber of compounds of the forms t VF 8 ^jM I F 
and VFj^cM^F, were obtained by Petersen (l.c.) 
by adding various fluorides to solutions of V t O x 


in HFAq, and crystallising. These salts are 
generally greenish ooloured, and crystalline; 
most of them are soluble in water, but not in 
KFAq ; they lose water of crystallisation from 
100° to 200°. The vanadofluorides may be 
regarded as salts of hypothetical acids HVF 4 , 
H 2 VF 4 , and Hg VF a ; they may also be formu- 
lated as double salts (v. supra). The following 
salts are described by Petersen (Z.c.) : 

Ammonium vanadofluorides NH 4 VF 4 .2aq, 
(NH 4 ) 2 VF 4 . aq, and (NH 4 ) 8 VF a . 

Cadmium vanadofluoride CdVF 4 . 7aq 
(Piccini a. Giorgis, 0 . 22 [1] 66). 

Cobalt vanadofluoride CoVF 6 . 7aq. 

Nickel vanadofluoride NiVF ft . 7aq. 

Potassium vanadofluoride K,VF S . aq 

Sodium vanadofluoride Na 8 V,F u .aq 
« 2VF 9 .5NaF. aq (? Na 2 VF 4 . aq). 

Zinc vanadofluoride ZnVF 4 . 7aq (P. a. G., 

I.C.). 

Vanadoxy fluorides. (Fluoxy vanadates.) 
These salts are generally produced by dissolving 
V 2 0 5 in HFAq, adding metallic fluorides, and 
crystallising ; also by dissolving V a 0 6 in solu- 
tions of metallic fluorides, and crystallising; 
some of them are obtained by treating solutions 
of V 2 O a in metallic fluoride solutions with re- 
ducing agenta, and then crystallising. The 
vanadoxyfluorides have been examined by Baker 
(C. J. 33, 388 [1878]), Ditto (C. B. 105, 1067 ; 
106, 270 [1888]), Piccini a. Giorgis (O. 18, 186 
[1889] ; O. 22 [1] 55 [1892]), and Petersen (B. 
21, 3257 [1888] ; more fully in J.pr. [2] 40, 193, 
271 [1890]). There are still considerable dis- 
crepancies between the results obtained by the 
different observers. For a criticism of Baker’s 
results v. Petersen (J. pr. [2] 40, 289-92). The 
vanadoxyfluorides belong to two main classes : 
(1) those obtained by dissolving V 2 0 8 in HFAq, 
adding a fluoride (or carbonate), and crystal- 
lising : many of these salts ere also formed by 
dissolving V 2 0 5 in solutions of fluorides, and 
crystallising; (2) those obtained by partially 
reducing solutions of V 2 0 5 in HFAq, then adding 
fluorides, and crystallising. The first class of 
salts may be divided into fi.) those wherein one 
atom of O in V a O a is substituted by 2F, and 
which, therefore, are represented as xiSF.yVOJ? 
(V 2 0 5 gives V 2 0 4 F 2 =2V0 2 F); and (ii.) those 
wherein SO in V 2 0 8 is substituted by 6F, and 
which, therefore, are represented as xMF.yYOF^ 
(V 2 O a gives V 2 0 2 F fl -2V0F t ). Salts of the 
second class are regarded as compounds of MP 
with VOFa, and VOF 2 is looked on as obtained 
by substituting 20 in V 2 0 4 by 4F (V 2 0 4 gives 
V 2 0 2 F 4 = 2VOF 2 ). The salts derived from V 2 0 4 . 
i.e. xMF.yVOj? and asMF.pVOF,, are often 
called fluoxy vanadates , and those derived from 
V 2 0 4 , i.c . ®MF.yVOF 2 , are often called fluoxy - 
hypovanadates ; the former class of salts will 
here be called vanadoxyfluorides t and the latter 
hypovanadoxy fluorides. 

Amm onium vanadoxyfluorides. Three salts 
are described by Baker (C. J. S3, 388 [1878] ) # 
and also by Piccini a. Giorgis (O. 22 [I] 65, 
[1892] ; the formula given by the different ex- 
perimenters do not agree. 

Lamellar ammonium vanadoxyfluoride. 
This salt was obtained by Baker by dissolving 
V 2 0 5 in NH 4 HF <2 Aq, and then adding more 
NH 4 HF 2 ; it separates in small yellow, pedrly. 
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hexagonal plates. P. a. G. obtained the salt by 
dissolving V 2 0 4 in a slight excess of HFAq, 
adding NH 4 F in the ratio 3NH 4 F:2V 2 0 5 , 
and evaporating. B. gives the formula 
eNH^F.V^s^VOF^ 2aq ; P.a G. give the formula 
3NH 4 F.2YOjF. If both formulae are expressed 
as aNH^VO^r, then x 1J in Baker’s formula 
and *2 in the formula of P. a. G. A salt ob- 
tained by Petersen (J. pr. [ 2 ] 40, 193, 271 
[1890]), by a similar process to those used by B. 
and by P. a. G., was formulated by him as 
7NH 4 F.4V0 2 F.HF. 

Pyramidal ammonium vanadoxyfluoride. 
Obtained by Baker by adding NH 4 HF 2 to a solu- 
tion of the lamellar salt ; P. a. G. prepared the 
salt by dissolving V 2 0 4 in excess of HFAq, and 
exactly neutralising the hot solution by NH 3 Aq. 
This salt crystallises in yellow, simple pyramids 
(Baker). The formula assigned by B. is 
12NH 4 F.V 2 0 5 .2VC~h. while that given by P. a. 
G. is SNH^.YCXjF; Petersen gives the same 
formula as P. a. G. If Baker’s formula is ex- 
pressed as 3NH 4 F.YO x F*', x must be put ■» If, 
and y = 1L 

Acicular ammonium vanadoxyfluoride. 
Baker obtained this salt by dissolving the pyra- 
midal salt in warm HFAq and allowing to 
cool ; P. a. G. prepared it by a similar reaction. 
This salt crystallises in pale-yellow acicular 
prisms ; when dry it has the odour of HF ; it 
acts on glass. The formula given by P. a. G. is 
3NH 4 F.2VOF 8 . aq ; Baker assigned to this salt 
the formula 3NH 4 HF 2 .2YOF 8 , but his analyses 
were, admittedly, not very trustworthy. 

Adopting the formula given by P. a. G. for 
the three ammonium vanadoxyfluorides, these 
salts are represented as 

(1) SNH^YOaF «(NH 4 ) a V 2 0 4 F 4 

(2) SNH.F.YOaF » (NH 4 ) 2 V0 2 F 4 

(3) 3NH 4 F.2VOF 8 ^NHOsV.OA. 

A few of the other vanadoxyfluorides seem to 
belong to one or other of these typeB ; P. a. G. and 
also Petersen, describe a potassium vanadoxy- 
fluoride 3KF.2VO.jF * K 8 V 2 0 4 F 4 , belonging to the 
same form as the lamellar ammonium salt. But 
most of the vanadoxyfluorides described belong 
to forms which are not represented by the 
ammonium salts. The following are the principal 
salts : — 

Ammonium salts. 9NH 4 F.5VOF 8 .3HF ; 
7NH 4 F.4VOF 8 .HF (Petersen). 

Potassium salts 2KF.VO.jF; 2 KF.YOF s ; 
8KF.2VOF a .HF; 4KF.VF 4 .YOF 8 (P.). 

Sodium * salt 3NaJ&’.V0F 2 .V0 2 F. aq (P. 

a.G.). 

Zinc salts. ZnF 2 .YO 3 F. 7 aq (P. a. G.); 
ZnF r Zn0.2Y OF,. 14aq (B.). 

In none of these compounds does the atomic 
ratio of Y to 0 exceed 1:2. According to Ditte 
(C.B. 105, 1067; 106, 270 [1888]), many com- 
pounds of alkali fluorides with V 2 0 4 are formed 
by heating the constituents together, digesting 
with water, and crystallising ; the atomic ratio 
of V to O in these compounds, as given by Ditte, 
is 2:5. The formulas assigned to the compounds 
may be generalised aB sbV 2 0 5 .#MF; M « K or Na, 
X - 1, 8 , anti 4, and y » 1 , 2 ,4, arfd 8 . Ditte (?.c.) 
says that crystals of V 2 0 4 .4NH 4 F.4aq are ob- 
tained by dit^olving V 2 0 4 in hot cone. NH 4 FAq, 
and that this compound is formed, along with 
VjP^SNHJP. 4aq, when V a O # is dissolved in cold 


cone. NH 4 FAq; but the experiments of Baker, 
Piccini a. Giorgis, and Petersen, all agree in 
assigning to the compounds formed in these 
reactions formula wherein the atomic ratio of 
V to O does not exceed 1 : 2 . 

Hypovanadoxy fluorides. (. WluoxyTvypo « 
vanadates.) These compounds are formed by 
partially reducing mixtures of V 2 0 4 and fluorides, 
or carbonates, dissolved in HFAq. If sufficient 
F is assigned to the metal present to form the 
normal fluoride, then the atomic ratio of V to 
the remaining F in these compounds is 1:2, and 
that of V to O is 1 : 1 ; the formula are written 
eMF.jjVOFj. All the salts described by Baker 
and Piccini a. Giorgis, except one, belong to the 
form 2 M i F.VOF 2 or M 1 I F 2 .VOF 2 ; these formula 
may evidently be written M I 2 (orM n )VOF 4 . 

Ammonium hypovanadoxyfluoride 
2NH 4 F.VOF 2 . aq( = (NH,) 2 VOF 4 . aq) was prepared 
by Baker (C. J. 33, 395) by passing H 2 S into a 
solution of V 2 O s in HFAq, concentrating, filter- 
ing, and adding NH 4 F. The same salt was pre- 
pared by Piccini a. Giorgis (O . 22 [ 1 ] 55) by eleotro- 
lytically reducing a solution of NH 4 V0 8 in HFAq, 
after adding NH 4 F ; also by reducing NHjVC^ in 
HFAq by S0 2 Aq, neutralising by NH„Aq, and 
adding NH 4 F ; and in each case dissolving the 
crystals that were formed (said by P. a. G. to be 
3NH 4 F.VOF 2 ) in hot HFAq, and crystallising. 
PeterBen (J. pr . [2] 40, 196) also obtained this 
salt. The salt crystallises in clear blue mono- 
clinic forms; a:b = *9653:1 (Baker, l.c.). 

Petersen (J. pr. [2] 40, 197) described two 
other ammonium hypovanadoxyfluorides, 
7NH 4 F.4VOF 2 .5aq and 3NH 4 F.VOF 2 . 

The other hypovanadoxyfluorides described 
by P. a. G. (l.c.) are 2KF.YOF, andMF 2 .VOF 2 .2aq 
where M = Cd, Co, Ni and Zn. The K salt was 
prepared by reducing V 2 0 5 in HFAq by SOjAq 
and adding KF; the other salts by dissolving 
MO, or MCO s , along with V 2 0 5 in HFAq, and 
reducing electrolytically. According to Peter- 
sen (l.c. pp. 199, 200), the salts 7 KF. 8 VOF, and 
8NaF.3VOF.j. 2aq also exist. 

P. a. G. (l.c.) remark that the tendency to 
form highly fluorinated compounds increases in 
the family V, Nb, Ta as the atomio weight in- 
creases ; thus, VOjjF is not affected by a little 
HFAq, while Nb 2 OF forms NbOF s , and TaOF t 
is converted into TaF 5 . They also point out 
that the three compounds, ZnFj.VOjF. 7aq r 
ZnF 2 . VOF 2 . 7aq, and ZnF 2 .VF 8 . 7aq, all crystallise 
with the same number of molecules of water, all 
contain the same number of atoms, have the same 
crystalline form, and are geometrically iso- 
morphous. 

Vanadium pentafluobide VF 4 . According to 
Petersen (J. pr. [ 2 ] 40, 271), this compound 
exists in a solution of V 2 O a in cone. HFAq. No 
compound was isolated, nor is any trustworthy 
evidence given of the existence of YF e in solu- 
tion.' 

Vanadium, haloid compounds of. WhenV 
is headed in excess of Cl the tetrachloride VCl* 
is produced; heating in Br produces the tri- 
bromide VBr f . V does not combine with I. 
The haloid compounds of V belong to the forme 
VX 4 , VX., and VX 2 ; X - Cl in each case, X - Br 
or F in the one case of VX S . The formula VX 4 
is molecular; the other formulas are probaOly 
molecular. VOl* BiOlj, Asl*, and Pig are the 
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only dihalides known of members of Group V. 
Attempts to prepare halides higher than VX 4 
have failed. Solutions in water of the haloid 
compounds of V behave like solutions of the 
corresponding oxides in haloid acids ; VCl 4 Aq like 
a solution of V 2 0 4 in HClAq, VXgAq like a solu- 
tion of V 2 0 a in HXAq, and VCl 2 Aq like a solu- 
tion of V 2 0 2 in HClAq. VC1 4 is decomposed by 
heat to VC1 8 and 01, and heating VC1. 4 with H 
produces VCL*. VF a combines with metallic 
fluorides to form vanado fluorides > many of which 
belong to the form M X 2 VF 5 or M n VF a (v. p. 844). 
Several oxychlorides and oxybromides of V 
have been isolated : VOX 8 and YOX 2 , where 
X-Cl or Br; also Y0C1, V 2 0 2 C1, and V0 2 C1; 
the existence of other oxybromides also is 
probable. No oxyfluoride has been isolated 
with oertainty. But many compounds exist 
which may be regarded as containing the oxy- 
fluorides V0 2 F, VOF*, and VOF 2 respectively ; 
the compounds VOgRaMF and VOF 8 .jcMF are 
obtained by dissolving V 2 0 s and fluorides in 
HFAq and crystallising ; they are described as 
vanadoxyfluorides (p. 844) ; the compounds 
VOF 2 .a;MF are obtained by partially reducing 
solutions of V 2 0 5 and fluorides in HFAq, they 
.are described as hypovanadoxy fluorides (p. 845). 

Vanadium, iodides of. No iodide of V has 
been isolated. No reaction occurs when vapour 
of I is passed over YN heated to redness, nor do 
I and V 2 0 2 react at any temperature (Roscoe, 
C. J. [2] 9, 28). I does not react with V 2 0 s 
when digested therewith for a long time in pre- 
sence of water or alcohol (Guyard, Bl . [2] 25, 
351). 

Vanadium, nitrides of. Y and N combine 
directly. Two nitrides are known. 

Vanadium mononitrede VN. Mol. w. not 
known. Obtained by heating Y in a stream of 
pure N ; also by saturating VOCl a with dry NH 3 , 
and heating to full whiteness in a stream of 
NHg. Better prepared by heating NH 4 VO a in 
the air, and then heating the residue to a full 
white heat in a stream of dry NH a (Roscoe, C. J. 
[2] 8, 844). VN may also be prepared by heat- 
ing V 2 0 a to whiteness in NH S (R„ lx.). YN is 
a greyish-brown, metal-like powder ; neated in 
air it is oxidised to V 2 0 4 and then to V 2 0 a ; 
heated with soda-lime it gives off NH„. 

Vanadium dinitride VN 2 . A black powder ; 
-exposed to air gives off NH* and is oxidised. 
Prepared by saturating VOCl a with dry NH a , 
heating the solid so obtained in a glass tube as 
long as NH 4 C1 sublimes, washing the residue 
with water containing a little NH a , and drying 
in vacuo over R 2 S0 4 (Roscoe, C. J. [2] 6, 849) ; 
examined by TJhrlaub, who did not succeed in 
determining its composition (P. 108, 184; c/. 
.Sohafarik, W. A . B. 38, 6). 

Vanadium, oxides and hydrated oxides of. 
By gently heating V in air the oxide VO is 
possibly formed, and, on continued heating, 
oxidation proceeds to V 2 0 2 , V 2 O a , Vfi„ and 
finally V 2 O a . The oxides V 2 0 4 , V 2 O a , and V 2 0 2 
are also formed by reducing V 2 0 6 by heating 
with H or K. Several oxides intermediate be- 
tween V 2 0 4 and V a 0 6 seem also to exist. The 
oxides V 2 0 2 , V 2 O a , Vfi# and V a 0 a are feebly 
basic ; V s 0 4 and V 2 O fl are also acidic. The 
*>xmes of V correspond in composition with j 
the oxides of N ; corresponding oxides of Bi 


are known. The names generally given to the 
oxides of Y do not, unfortunately, tally with the 
names given to the corresponding oxides of N ; 
thus, V«0 2 is generally called hypovanadous 
oxide, while NO is called nitric oxide ; V 2 0 6 is 
called vanadic oxide, while the name nitrogen 
peroxide is often quite wrongly applied to N0 a . 
The mol. w. of none of the oxides of V is known. 

? Vanadium monoxide (? V a O). * When the 
powdered metal is . . . slowly heated in a 
current of air it glows brightly, with absorption 
of oxygen, forming in the first place a brown 
oxide (V 2 0 or V 2 0 2 ) ; and on further heating 
this oxide again glows, and passes through the 
black trioxide and blue tetruxide to pentoxide * 
(Roscoe, 0. J. [2] 8, 357). This statement seems 
to contain all that is known of an oxide lower 
than V 2 0 2 . 

Vanadium dioxide V 2 0... (Hypovanadous 
oxide.) This substance w supposed by Ber- 
zelius (P. 22, 1) to be V ; Roscoe (T. 1868. 1) 
proved it to be an oxide with the atomic ratio 
V:0**1:1. The mol. w. is not known; the 
formula is generally written V 2 0 2 rather than 
VO, as the double formula is, on the whole, 
more in keeping with the reactions of the com- 
pound. 

Formation. — 1. By heating one of the higher 
oxides with K (Berzelius, lx.). — 2. By passing 
vapour of V0C1 3 , mixed with much dry H, over 
red-hot charcoal (Schafarik, A. 109, 85).— 8. By 
strongly heating V 2 O a and VA, mixed in the 
I ratio V 2 0 a :V 2 0 5 , out of contact with air (Peter- 
| sen, J.pr . [2] 40, 193). 

j Preparation . — A mixture of much dry H and 

j vapour of V0C1 3 (q. v. p. 854) is passed through 
| a hard glass tube containing powdered charcoal 
and kept red hot. Some solid oxyohlorideB are 
deposited on the cooler parts of the tube, while 
the V 2 0 2 remains mixed with the 0. The con- 
tents of the tube are then st.ongly heated in a 
current of dry H to remove traces of Cl com- 
pounds ; and the grey metal-like V 2 0 2 is sepa- 
rated from the C (Roscoe, 0. J. [2] 6, 834). 
When Zn, Cd, or Na-amalgam is added to a 
solution of V 2 O ft in H 2 S0 4 Aq (prepared by dis- 
solving the oxide in hot cone, acid and diluting 
with 50 pts. water), the liquid becomes blue, 
green, and finally lavender. The lavender solu- 
tion absorbs 0 very rapidly ; exposure to the air 
for a few seconds causes the colour to ohange to 
deep chocolate-brown. By determining the 
quantity of standardised KMn0 4 A q decolourised 
by the lavender solution, Roscoe ( O . J. [2] 6, 
3341 proved that this solution contained v f 0 2 , 
probably combined with SO r After passing 
air into the lavender solution until it becomes 
permanently blue, the solution oontains V a 0 4 ; 
if the free acid in the lavender solution is 
neutralised by zinc, and the liquid is then ex- 
posed to the air until permanently brown, and 
a little acid is then added, a green solution is 
formed whioh contains V 2 O a (R., lx.). 

Properties and Reactions . — A light-grey, 
lustrous powder; or a lustrous, metal-like, orys- 
talHne crust, S.G. 8*64 ; very brittle ; fuses at 
a very high temperature. Heated to redness in 
air, V a 0 2 bums to V 2 O a ; heated in 0, bums to 
V 2 0 5 . Insoluble in water; dissolves in dilute 
acids, giving a lavender solution, whioh bleaches 
strongly; from these solutions KOHAq or 
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NH„Aq ppts. a brown hydrated oxide, which 
rapidly oxidises (Brierley, C. J. 49, 824). Ac- 
cording to Petersen {J.pr. [2] 40, 194), V 2 0 2 dis- 
solves in HFAq, and on evaporation, solution of 
the residue in water, and evaporation over 
H«S0 4 , blue, microscopic crystals are obtained, 
which are, perhaps, VOF 2 .®aq; no analyses 
were made. Addition of alkali fluorides to V 2 0 2 
in HFAq produces various compounds of the 
form ®VOF 2 .yMF (v. Hypovanadoxyfluorides, p. 
845). 

Hydrate of vanadium dioxide. By adding 
NH s Aq to a lavender-coloured solution of V 2 0 2 
(? in HjSC^Aq), Brierley (O. J . 49, 824) obtained 
a deep-purple gelatiifbus pp. which he said was 
hydrated V 3 0 2 ; the pp. rapidly oxidised in the 
air. 

Vanjdium trioxide V 2 0 3 . (Vanadous oxide . 
Vanadium sesquioxi^e.) Mol. w. not known. 
This compound was represented by Berzelius as 
VO (V -68*5,0® 8). 

Formation,— 1. By heating V 2 O a to redness 
in H (Schftfarik, A. 109, 85). The presence of 
traces of P 2 O a prevents reduction (Roscoe, G. J. 
[2] 6, 831). — 2. By heating V 2 0 5 in a carbon 
crucible (Berzelius, P. 22, 1). 

Preparation. — Pure V 2 O a is heated in per- 
fectly pure and dry H until the substance ceases 
to lose weight ; the tube is allowed to cool com- 
pletely in H, and then a stream of dry air is 
passed through it (Roscoe, C. J. [2] 6, 331). 
When a solution of V 2 0 5 in cone. H 2 S0 4 is much 
diluted, and then treated with Mg until the 
liquid is green, this solution contains V 2 0 3 , com- 
bined with SO a (v. Vanadous salts, infra). A 
similar solution is obtained from the lavender 
solution of V 2 0 2 in H 2 S0 4 Aq (prepared from 
V 2 0 6 in H 2 S0 4 , v. supra ) by neutralising free acid 
by zinc, exposing to the air, and adding a little 
acid (Rosooe, C. J. [2] 6, 337). 

Properties arid Reactions . — V 2 0 8 is a black 
powder, resembling graphite ; or, formed by re- 
ducing VOClj by H, it is a black, lustrous, crys- 
talline crust. S.G. 4*72 at 16°. Does not fuse 
in the blowpipe flame. When warm V 2 O a is ex- 
posed to the air it glows and oxidises to V 2 0 5 ; 
and even at the ordinary temperature it takes up 
O, being changed after some months to V 2 0 4 (R., 
lx.). Heated in 01 gives V 2 0 8 and V001 8 (R., l.c.). 
Heated in N0 2 to 300°-400° V 2 0 8 is oxidised to 
V 2 0 6 (Sabatier a. Senderens, 0. B. 115, 236). 
Heating to redness in H„S produces V 2 S a (Kay, 
C. J. 87, 728). V 2 0, dissolves in hot cone. 
H,S0 4 , forming V 2 0 a .«S0 8 (v. Vanadous salts, 
infra). V 2 O s dissolves in HFAq, and VF S .3H,0 
has been isolated from this solution (v. Vanadium 
trifluoride, p. 844). 

Hydrate of vanadium trioxide. By adding 
KOHAq, Qr NH 8 Aq, to an aqueous solution of 
V 2 0 8 .4S0 s .9H 2 0 (v. infra) Brierley (C. J. 49, 824), 
obtained a dirty green, gelatinous pp., which 
oxidised rapidly in air. According to B., this 
pp. was hydrated V 2 0,. 

VANADOUS SALTS Vfi r xX (X = acidio 
oxide) or V.jR 3 n (R 11 « acidio radicle). Only one 
salt derived from an oxyaoid has been certainly* 
isolated ; it has the composition V 2 0,.4S0,.a;H,0, 
or the formula may be written V 2 H 2 (S0 4 ) 4 .2/H 2 0. 

Vanadous tltr&sulphate, or acid vanadous 
sulphite > V 2 0,.4SG 8 ^cH 2 0 or VjEySO^.s/E^O. 

A hydrate with »«3 or y - 2 was obtained 


by Gerland (B. 10, 2111 [1877]) by heating a 
solution of V 2 0 4 in a large excess of oono. 
H 2 S0 4 for a long time at 120°, and treating the 
blue crystalline crust thus formed (consisting 
chiefly of V 2 0 4 .3S0 8 . <caq, v. Hypovanadio salts, 
p. 848) with boiling water, when V 2 0,.4S0,.3H,0 
remained. G. supposed that reduction of V,0 4 
was effected by dust in the air. 

Brierley ( O . J. 49, 822 [1886]) prepared 
V 2 0 8 .4S0 3 .9H 2 0(®V 2 H 2 (S0 4 ) 4 .8H 2 0) by electro- 
lysing a solution of V 2 0 4 in H 2 S0 4 . The solu- 
tion was prepared by reducing V 2 O a in cone. 
H 2 S0 4 , after dilution, by S0 2 . The deep-blue 
solution was placed in a Pt dish which formed 
the negative electrode, and a porous pot contain- 
ing dilute H 2 S0 4 Aq was arranged so that it just 
touched the surface of the liquid in the Pt dish ; 
a plate of Pt immersed in the H 2 S0 4 Aq formed 
the positive electrode. The Pt dish was warmed 
during the process, so that electrolysis and 
evaporation proceeded together. Electrolysis 
was continued until the liquid was deep green, 
and a drop placed in a little water showed no 
trace of blue colour. Cone. H 2 S0 4 , equal to 
twice the bulk of the green liquid, was added ; 
after 24 hours the green, sandy pp. was collected, 
washed with cone, alcohol, and dried over 
H 2 S0 4 in coal-gas. The salt dissolved in water, 
and alkali ppd. from this solution a dirty- 
green gelatinous substanoe, said by B. to be 
V 2 0 8 .cdH 2 0. This pp. dissolved in an aqueous 
solution of V 2 0 3 .4S0 8 .9EL0, forming a chocolate- 
brown solution, giving a lustrous green solid on 
evaporation, which dissolved in water to form a 
brown solution. B. concluded that the brown 
solution contained a compound of V,0 8 and SO, 
more basic than V 2 0 8 .4S0 8 . 

Gerland (B. 11, 106 [1878]) mentions the 
normal vanadous sulphate V 2 (S0 4 ) 3 ( = V 2 0 8 .8S0,) 
as if he had prepared it; no details are given. 

Vanadium tetroxidb V 2 0 4 . (Hypovanadic 
oxide.) Mol. w. not known. Represented by 
Berzelius as V0 2 (V - 68*5, 0 = 8). 

Formation. — 1. By allowing V,0, to absorb 
0 from the air ( cf . Hypovanado-vanadio oxides, 
p. 851). — 2. By strongly heating a mixture of 
5 pts. V 2 0 8 and 6 pts. V 2 O a , in absence of air. — 
3. By the electrolysis of molten V 2 O a (Buff a. 
Wohler, A. 110, 277).— 4. By heating V 2 0 4 C1,. 5aq 
in a stream of 00, (Crow, 0. J '. [2] 15, 453). 

Preparation . — A solution of V,0 4 in H,S0 4 , 
obtained by reducing V 2 O a in cone. H 2 S0 4 by 
S0 2 , is ppd. by Na,00,Aq, and the pp. is washed 
and dried by heating in vacuo (Berzelius, P. 22, 
1). — 2. V 2 0 8 is exposed to the air for some 
months, until the colour has changed to blue 
(Roscoe, C. J. [2] 6, 838).— -3. V,O a is dissolved 
in hot cone. HClAq ; when 01 ceases to be given 
off the liquid is saturated with H,S, filtered 
from S, evaporated to dryness at 100° and the 
V 2 0 4 01 2 ^a;aq thus formed is heated to redness in 
a stream of dry C0 2 (Crow, lx. pp. 457, 453). 

Properties and Reactions.— A. blue, lustrous, 
crystalline powder ; prepared by heating V,0 4 01, 
in 00, it forms a dark-green, amorphous pow- 
der (Crow, lx ). Infusible at a high tempera- 
ture. Insoluble in water. When kept in a 
loosely-stoppered bottle V,0 4 gradually absorbs 
0, forming V,O a [Crow, l.c,). Dissolves eas. n y 
in acids, forming bright-blue liquids ; the same 
solutions are obtained by the action of moderate 
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reducers, such as SOjAq, BLjSAq, or H 2 G 2 0 4 Aq, 
on solutions of V 2 0 B in acids, also by passing air 
into V f 0 2 in HgSO^Aq until the liquid becomes 
permanently blue (Roscoe, lx . ; v. infra , Hypo- 
vanadic salts). Petersen (J. pr. [2] 40, 194) 
supposed that the blue microscopic crystals he 
obtained by dissolving V,0 4 in excess of HFAq 
and evaporating were VOF 2 . icaq, but he did not 
obtain enough to make an analysis. V s 0 4 dis- 
solves readily in alkali solutions, forming hypo - 
vanadates, M 2 V 4 O a (q. v. under Vanadium oxy- 

ACIDS, AND SALTS AND DERIVATIVES THEREOF, p. 

853). 

Hydrates of hypovanadic oxide. By adding 
Na 2 COgAq, drop by drop, to a solution of V 2 0 4 
in HClAq or BLjSO^q, till the supernatant liquid 
was colourless, filtering rapidly in C0 2 , and dry- 
ing on a porous tile over HjSfy in vacuo , Crow 
(l.c.) obtained the black, amorphous heptahy- 
drate V 2 0 4 . 7aq ; and on heating this in C0 2 for 
some hours at 100° he obtained the trihydrate 
V 2 0 4 . 3aq. 

HYPOVANADIC (or vanadyl) SALTS 
V 2 0 4 .crX (X » acidic oxide). Only a few com- 
pounds of V 2 0 4 with acidic oxides have been 
isolated. The sulphates have been studied more 
than any other salts ; they are most simply 
represented as VaO^aSOg.yHjA The compound 
V 2 0 4 .2S0 3 may be called the normal sulphate ; 
the formula may be expressed as V 2 0 2 .(S0 4 ) 2 or 
V0.S0 4 . The compound V 2 0 4 .3S0 g .6H 2 0 may 
be called acid sulphate; the formula may be 
expressed as V 2 0 2 .S0 4 (S0 4 H) 2 .6H 2 0 or 
(V,0 2 )H 2 (S0 4 ) t .5H s 0, or (V0.S0 4 ) 2 .H 2 S0 4 .5R i£ 0, 
or it may be written VaO4.2SOa.HaSO4.6H2O. 
When the formula of the compounds of V 2 0 4 
with acidic oxides are written V 2 0 4 .X the com- 
pounds are generally called hypovanadic salts ; 
when the formula are written V 2 0 2 .xR (R = 
acidic radicle) the name divanadyl salts is 
usually given to the compounds ; and when 
these compounds are regarded as VO.tR, it is 
customary to call them vanadyl salts. Hypo- 
vanadic sulphates are obtained (1) by dissolv- 


HaS0 4 and heating to the boiling-point of the 
liquid for a long time. The salt separated as a 
green-blue powder ; insoluble in water, cold or 
hot ; insoluble HGIAq and H 2 S0 4 . (G. does hot 
say how the salt was obtained pure for analysis ; 
no analyses are given of the salt prepared 
exactly as described above.) Various hydrates 
are described by G. Dbtained by different pro- 
cesses. Crow (G. J ’. [2] 16, 466 [1876]), obtained 
the heptahydrate by repeatedly treating hexa- 
hydrated trisulphate (v. infra) with absolute 
alcohol. 

Hypovanadic trisulphate, or acid divanadyl 
sulphate, V 2 0 4 .3S0 s jcH 2 0 or 
(V 2 0 2 )H 2 (S04) 8 .?/H 2 0 [y - x - 1]. (Acid vanadyl 
sulphate (V0.S0 4 ) 2 .H 2 S0 4 .|/H a 0.) HydrateB 
with x » 4 and 3 (or y =» 8 and 2) were prepared 
by Gerland (B. 10, 2, 109) ; and a hydrate 
with »=>6 (or y = 5) by Crow (C. J . [2] 15, 
455). 

By dissolving V 2 0. in a large excess of cone. 
ELjSC^, heating for a long time at c. 120°, and 
drying the small, blue, transparent cr /stale that 
formed on a porous tile over H 2 S0 4 , Gerland 
obtained a substance which gave analytical re- 
sults approaching those required by the formula 
V 2 0 4 .3S0,.4H 2 0. The salt was not obtained 
quite free from admixed V 2 0 8 .4S0 g .a;H 2 0. This 
tetrahydrate was partially decomposed by cold 
water, giving lustrous scales which, after wash- 
ing with alcohol and ether and drying over 
H 2 S0 4 , had the composition of a trihydrate , 
V 2 0 4 .8S0 g .3H 2 0. 

Crow obtained a hexahydrate 
V2O4.3SO3.6H2O, by reducing by S0 2 a solution 
of V 2 0 5 in cone. H2S0 4 , heating at 100° for some 
time, drying the light-blue crystals that sepa- 
rated on a tile, removing acid by washing with 
ether, and drying by pressure between paper. 
The crystals deliquesced in air to a blue syrup ; 
they were insoluble in wther, and scarcely 
soluble in absolute alcohol. 

The formula of the various hydrated hypo- 
vanadic sulphates are as follows ; — 


Hypovanadic sulphates ; or 

V 2 0 4 .2S0, 

V 2 0 4 .2S0 r 3H t 0 

V 2 0 4 .2S0 s .4Hj0 


Divanadyl sulphates ; or 

VA.(SO) 2 

V 2 0 2 .(S0 4 ) 2 .3H 2 0 

V,O r (SOJ r 4H t O 


VA.2SO3.7H2O 

V 2 0 4 .2S03.10H 2 0 

V 2 0 4 .2S0 g .13H 2 0 

VjO4.8SO3.8H2O 

V2O4.8SO3.4H2O 

V2O4.8SO3.6H2O 


V/) r (S0 4 ) f .7H t P 
V 2 02.(S0 4 ) 2 .10H20 
V 2 0 r (S0 4 ) 2 .13H^0 
TJH t (S0 4 ) r 2H/> 

» 2 )H2(S0 4 )3.3H 2 0 
0^0^(804)3.6^0 


(V,a 

(V.O, 


Vanadyl sulphates . 

VO.SO4 (Gerland). 
2(V0.S0 4 ).3R 2 0 (G.) 
VO.SO4.2H2O (Crow, confirming 
Berzelius). 

2(V0.S0 4 ).7H20 (G., also C.) 
VO.SO4.6H2O (G.) 
2(V0.S0 4 ).18H < 0 (G.) 

2 VO.SOiH2SO4.2H2O (G.) 
2(V0.S04).H 2 S04.SH20 (G.) 

2 V0.S0 4 ).H 2 S0 4 .5H 2 0 (C.) 


ing V 2 0 4 in hot cone. H2S0 4 and boiling ; (2) by 
dissolving V a O. in oonc. ELjSO^ reducing by S0 2 
or HjC 3 0 4 , and evaporating; (3) by dissolving 
V 2 0 A in oono. HjS0 4 and boiling in the air for 
some time. In reaotion (3) V 2 O ft .«SO, seems to 
be formed and then partially reduce^, by dust 
or products of combustion of coal-gas, to 
V 2 0 4 .cS0 g ; the products are mixtures of 
V 2 (VrSO* and V,0 4 .scSO t (Gerland, B. II, 98). 

Hypovanadic disulphate, or normal dwa- 
nadyl sulphate, V 2 0 4 .2S0 t or V 2 0 2 .(S0 4 ) 2 . 
'Vanadyl sulphate VO.S0 4 .) Prepared by Ger- 
land (B. 10, 2109 [1877] ; supplementing B . 9, 
869) by dissolving V 2 0 4 in a large excess of oono. 


Sevan ( O . N. 88, 294) obtained divemadyl 
dithionate by adding BaSjOjAq to V 2 0 2 (S0 4 )2Aq, 
filtering, and evaporating in vacuo : the salt was 
not obtained pure. By dissolving V a O. in 
HNO g Aq Berzelius (P. 22, 1) obtained at blue 
liquid which probably contained hypovanadic 
nitrate ; but no solid could be isolated, as on 
evaporation to dryness decomposition occurred, 
ewith formation of V 2 0 6 . V 2 0 4 alqo dissolves in 
H3P0 4 Aq; on evaporation at 60° blue crystals 
are obtained, whioh deliquesce to a blue syrup ; 
these crystals are probably hypovanadic phos- 
phate, but no analyses au given (B v Ac.)# 
Berzelius obtained what were probably oopi- 
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pounds of V 2 0 4 with As a 0 8 , B,0 S , Cr0 3 , MoO„, 
and a few other aoidio oxides (t>. Lehrbuch [6th 
ed.] 3, 1063). 

Vanadium pentoxide V 2 0 8 . (V anodic oxide . 
Vanadic anhydride .) Mol. w. not known. Re- 
presented by Berzelius as V0 3 (V~68*5, 0«8). 

Formation . — i. By strongly heating any of 
the lower oxides in air or 0. — 2. By heating 
NH 4 .VO s in air to duil redness. — 3. By de- 
composing VOOlg by water.— 4. By heating 
V 2 0 3 .4S0 s . 9aq to bright redness (Brierley, C. J. 
49, 824). 

Preparation, — Pure VOClg is decomposed by 
water, and the ppd. V 2 0 8 is washed till the wash- 
ings are free from acid (HGlAq is produced) and 
heated until dry (Schafarik, J.pr. 76, 142). For* 
the preparation of V 2 0 8 from vanadinite and 
other sources of V compounds, v. Vanadium, Pre- 
paration of (p. 841). 

Properties.— & oale-yellow powder, with a 
reddish tinge. When Heated to full redness out 
of contact with any reducing agents, V 2 0 8 melts, 
and solidifies on cooling to a mass of yellow-red, 
crystalline needles, appearing ruby-red by trans- 
mitted light ; should the V a 0 8 used contain V 2 0 4 , 
which is often the case when the V 2 0 6 is pre- 
pared bj heating NH 4 .VO a , the solid obtained by 
fusion and cooling appears violet to nearly black, 
and does not seem to be crystalline (Berzelius, 
P. 22, 1). As molten V 2 0 6 cools nearly to its 
solidifying-point much heat is given out, and the 
mass glows until solidification is complete (B., l.c.). 
V 2 0 8 is said not to be changed at a white heat, 
provided no trace of a reducing agent is present 
(B., lx.) ; but according to Read ( O . J. 66, 313 
[1894]) molten V 2 0 8 gives off O, producing V 2 0„, 
which on cooling in air takes up 0, forming 
steel-blue crystals of V 2 0 4 . The crystals of V 2 0 8 
are rhombic (v. Nordenskjold, P. 112, 160). 8.G. 
(crystalline) 3*6 at 20° (Schafarik, J. pr. 76, 142). 
V 2 0 8 is odourless and tasteless; it reddens moist 
litmus paper ; 1,000 pts. boiling water dissolve 
scarcely 1 pt. V 2 0 8 (B., l.c.). With molten alkalis 
or alkali carbonates V 2 0 8 produces vanadates iq.v. 
p. 851). V 2 0 8 dissolves in cone. H 2 S0 4 , HClAq, 
HNO,Aq, or HFAq (cf. Vanadic salts, p. 850). 

According to Ditto (0. B. 101, 698), V a 0 4 
exists in three forms : (1) red , obtained by heat- 
ing NH 4 .VO, in a closed crucible, treating with 
HNO s and repeatedly heating to redness; (2) 
yellow , obtained by heating NH 4 .VO t to 440° in 
a stream of air ; and (3) crystalline , obtained by 
treating the yellow form with HNO s , and then 
fusing. D. sayL that the red form is somewhat 
soluble in water, 1,000 c.c. dissolving 8 g. at 20° ; 
that the yellow form is very slightly soluble, and 
the crystalline form is insoluble, in water. He 
also says that the red form absorbs water from 
the air, producing hydrates with 2H 2 0 and 5H a O ; 
and that addition of NHC1, KOI (and other salts) 
to an aqueous solution of the red variety causes 
ppn. of a hydrate of the yellow form of V 2 0 8 , 
whiih hydrate, when dry, is a dark -red powder 
having the composition V 2 0 8 .2H*0 ( = H 4 V 8 0 7 ) 
and is almost insoluble in water. (No analyses 
are given by D.) 

Beaction*.— 1. When heated and kept molteL, 
VjO # is formed, and this absorbs O as it oools in 
air and forms V 2 0 4 (Read, O. J. 65, 813 [1894]). 
9. Heated to refiness in hydrogen till it ceases to 
lose weight, VgO^s reduced to V g O, (Schafarik, 

Vol. IV. 


A. 109, 85) ; traces of P 2 0 4 prevent the reduc- 
tion (Roscoe, O. J. [2] 6, 331). — 3. Heating 
with potassium produces V 2 0 2 (Berzelius, P. 
22, 1).— 4. V 2 O a is produced by heating V„0 4 
in a carbon crucible (B., l.c.). For action of 
Mg, Zn, &o . on solutions of V 2 0 4 , v . Vanadic 
salts, (p. 850). — 6. When mixed with carbon 
and heated in chlorine , V 2 0 4 yields VOCl 4 
(Roscoe, C. J. [2] 6, 342). — 6. Electrolysis of 
molten V 2 0 5 produoes V 2 0 4 (Buff a. Wbhler, A. 
110, 277). — 7. According to Ditte (C. B. 103, 
55), fusion with potassium cyanide produces 
V 2 0 8 (N, K 2 0, and C0 2 being also formed). 
Carnot (C.B. 104, 1803, 1850; 105, 119) says 
that a boiling solution of potassium cyanide pro- 
duces KVO, (C0 2 and N being given off) ; and 
that by dropping V 2 0 5 into excess of boiling 
KCNAq there is formed K 2 V 4 0 9 (with evolution 
of N and C0 2 ). No analyses are given either by 
D. or C. — 8. Ditte ( C . B . 103, 55) asserts that 
the products of the interaction of V 2 O a and 
potassium iodide or bromide are &V 4 0 B , KVO a , 
and I or Br. The reactions are said to occur 
between V 2 0 8 and molten KI or KBr ; and KIAq 
is said to react in the same way as the molten 
salt. — 9. When V 2 0 8 is heated with molten boron 
trioxide , a pale-yellow glass is formed, which is 
said by Guyard (Bl. [2] 40, 354) to be a vanadic 
borate ; no analyses, composition, or methods of 
purification are given. — 10. V 2 O s dissolves in hot 
cone, sulphuric acid , forming V 2 0 8 .icS0 3 , gene- 
rally along with more or less V 2 0 4 .a;S0 8 (v. Vana- 
dic salts, p. 850). — 11. V 2 0 8 dissolves in cone . 
hydrochloric acid ; Cl is given off on heating \ 
after the passage of H a S followed by evaporation 
at 100° the oxychloride V0 2 Cl.a;aq is obtained 
(Crow, O . J. 30, 457 ; cf. Vanadium dioxymono- 
ohloride, p. 854). — 12. By dissolving V 2 0 8 in 
cone . hydrochloric acid in presence of platinic 
chloride , Brauner (M. 3, 58) obtained large tablets 
having the composition 2(VOCl 2 .PtCl 4 ). 21aq. — 
13. An oxyiodide 2VOl2.9aq is obtained, apoord- 
ing to Ditte (O. B. 102, 1310), by adding excess 
of hydnodic acid to a warm aqueous solution of 
red V 2 0 8 , removing free I by shaking with silver 
powder, filtering, and evaporating vn vacuo. 
(No analyses are given.)— 14. V 2 0 8 dissolves in 
hydrofluoric acid t forming a pale-yellow solu- 
tion, the oolour of which becomes deeper on 
dilution (Piccini a. Giorgis, G. 22 [1] 56). 
Petersen (/. pr. [2] 40, 271) supposed that a 
solution in cone. HFAq contained VF 8 ; but he 
did not separate this compound, nor does he 
give any direct evidenoe in favour of its exist- 
tence beyond the preparation from the solution 
of V 2 0 8 in HFAq of a compound which may 
be represented as 4KF.VF 6 .VOF 8 , and other 
compounds of the forms zMF.j/VOF, and 
zMF.^VO^. By adding metallic fluorides to 
solutions of V 2 0 8 in HFAq, and crystallising, 
vanadoxyfluorides are formed ; these compounds 
are of i»he forms ajMF.yVOF, andicMF.yVO^F (v. 
Vanadoxyfluorides, p. 844). — 15. Vanadoxy- 
fluorides .are also formed by dissolving V 2 0 8 in 
alkali fluoride solutions, and crystallising {cf. 
infra. Combinations, No. 5). — 16- If a solution 
of V 2 0 8 in hydrofluoric acid is partially reduced, 
and then evaporated with metallic fluorides, 
hypovanadoty fluorides {q. v. p. 845) are formed ; 
these salts are of the. form «MF.yVOF a .— 17. j v 
boiling V 2 0 8 with hydrogen peroxide splution. a 
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black liquid was obtained that deposited a black- 
brown crust of indefinite composition (Cammerer, 
Chem. Zeit. 19, 957). — 18. By fusion with 
alkali or alkali carbonates vanadates are 
formed (v. Vanadates, p. 851). 

Combinations.— 1. With water , but not di- 
rectly, to form V a 0 fl .H 2 0 and VgO^ELjO (v. 
Metavanadic acid and Pyrovanadic acid , under 
Vanadium oxyacids, and salts and derivatives 
'Thereof, p. 851). — 2. With various acidic 
oxides : (1) With SO, to form V 2 0 4 .a;S03, formed 
by dissolving V 2 0 4 in hot cono. H 2 S0 4 ; (2) 
with As 2 0 4 to form V 2 0 5 .»As 2 0 4 ; (8) with 
P 2 0 4 to form V 2 0 4 .«P 2 0 4 ; (4) with I 2 O a to form 
V 2 0 4 .®I 2 0 4 ; (5) with MoO, to form V 2 0 4 .a;MoO, ; 
(6) with WO, to form V 2 0 4 .®W0, ; (7) with 
P 2 0 4 and Si0 2 to form V 2 0 4 .sP 2 0 4 .ySi0 2 . Most 
of these compounds combine with the stronger 
bases M 2 0 and MO to form salt-like compounds. 
The compounds of V 2 0, with S0 8 are described 
vanadic sulphates under Vanadic salts (infra) ; 
the compounds with other aoidic oxides are de- 
scribed respectively as arseno-vanadic acids and 
salts , iodo-vanadic acids , molybdo-vanadic adds 
and salts, phospho-vanadic acids and salts, 
phospho-silico-vanadic acid , and tungsto-vanadic 
acids and salts, under Vanadium oxyacidb, and 
SALTS AND DERIVATIVES THEREOF ( V . pp. 858-4). — 
8. With vanadium tetroxide to form oxides 
intermediate between V 2 0 4 and V 2 O a (v. Hypo- 
vanado-vanadic oxides, p. 851). — 4. With vana- 
dium trioxide to form V 2 0 4 ; produced by heat- 
ing equivalent weights of the two oxides out of 
contact with air (Berzelius, P. 22, 1 ; Petersen, 
J. pr . [2] 40, 198). — 5. With alkali fluorides. 
According to Ditto (C. B. 105, 1067 ; 106, 270), 
several compounds of the form xY 2 O s .yUF are 
formed by fusing V 2 0 5 with alkali fluorides, ex- 
tracting with water, and crystallising; D. gives 
formula where x » 1, 8 and 4, y « 1, 2, 4 and 8, 
and M«=K and Na; but he does not give 
analyses of the salts (v. Vanadoxyfluorides, 
p. 844). 

Hydrates of vanadio oxide. The hydrates 
V 2 0 a .H 2 0 « HVO, and V t O a .2H z O « H 4 V 2 0 7 have 
been isolated; these compounds are acids (v. 
Vanadio acids, p. 861). Ditto ( C . B. 101, 698) 
asserts, without giving analyses, that a penta- 
hydrate V a 0 a .5H 2 0 is formed by absorption of 
water from the air by the red form of V 2 O a (v. 
Vanadium pentoxidb, Properties , p. 849). 

VANADIO SALTS V 2 0 4 .*X (X~ acidic 
oxide). A few compounds of this form have 
been isolated. The sulphates have been better 
studied than the other salts. Two sulphates, 
V 8 0 4 .2S0 j .«H 2 0 and V 2 0 i .8S0 r sH 2 0, have been 
isolated. If * is taken to be 2 in the first salt 
and 8 in the seoond, then the formula may be 
written as (VOJjSO^HjSO^HjO and 
(V0 2 ) 2 S0 4 .2H 9 S0 4 .BE 2 0 respectively : 
f(V0 2 ) 2 S0 4 .H 2 S0 4 .H 2 0 - V 2 0 6 .2S0 8 .2H f 0 ; 
(V0 2 ) 2 S0 4 .2H 2 S0 4 .H 2 0 - V 2 0 4 .3S0,.3H 2 0]. If the 
salts are anhydrous, as seems most probable from 
the analyses, then the formula may bi written 
(V0») 2 S0 4 .S0 t and (V0,) 2 S0 4 .2S0, respectively. 
Neither of the salts can be regarded as the nor- 
mal salt. The sulphates are obtained by dis- 
solving V t O. in hot cone. H 2 S0 4 . 

Vanadio disulphate V 2 0 5 .2P0,(? osH.O). 
Prepared by Berselius (P. 22, 89) ; examined 
Also by Fritsche {/. pr. 58, 98), Garland (B. 11, 


98), and Miinzig ( O . C. 1889 (ii.) 908). The 
salt seems to be without water of crystallisation ; 

F. (l.c.) says it crystallises with H 2 0. V 2 0 5 is 

dissolved in hot cone. and the solution is 

boiled for a considerable time, when small 
crystals separate, some of which are brown and 
some ruby-red, lustrous, and transparent. The 
crystals are heated in a bath of molten lead until 
SO, ceaBes to be given off (G., l.c.). According 
to Miinzig (l.c.), the orange-coloured crystalline 
powder that separates when V 2 0 & is added to 
boiling cone. 11,804 until the acid is saturated 
is V 2 O a .2SO,. By keeping a solution of V 2 0 4 in 
a large excess of cone. H 2 S0 4 at 180°-150° for a 
long time, Garland (l.c.) obtained a hard, opaque, 
sealing-wax red, crystalline crust composed of 
V 2 O a and SO, in approximately the ratio 
V 2 0 4 :2S0,. 

V 2 0 5 .2S0, [» (V0jJ 2 S0 4 .S0,] is described by 

G. (l.c.) as a clear red, crystalline, deliquescent 
solid ; addition of a drop jt two of water ppts. 
V 2 0 5 .a;H 2 0. 

Vanadic trisulphate V 2 0,.3S0,(? ®H 2 0). This 
salt seems to have been obtained by Berzelius 
(l.c.). Ditte (C. B. 102, 767) gave x the value 
8; Gerland’s analyses (l.c.) were inconclusive, 
the percentage of water found varying from *8 
to 7*8. G. (l.c.) prepared this salt by long-con- 
tinued boiling of a solution of V,O a in a large 
excess of cone. BL^SO, ; small crystals separated, 
some of them brown and some ruby-red and 
transparent (probably regular octahedra). When 
the boiling was not continued for so long a time, 
G. noticed that fine, golden-yellow, lustrous 
needles separated. The composition of the 
crystals in each case was very nearly that 
required by the formula V 2 0 4 .3S0,. More or 
less V 2 0 4 .2S0, was always formed; G. found 
that addition of a little HC10 4 prevented the 
formation of much V 2 0 4 .2S0,. 

V 2 0 4 .3S0, is very deliquescent ; soluble in 
cold water or alcohol; a slight rise of tem- 
perature suffices to ppt. V 2 0 a .xH 2 0. By adding 
to a solution of this salt in cold water the 
proper quantity of K 2 S0 4 , G. (l.c.) obtained 
small, amber-yellow crystals, which, after a few 
washings with cold water, pressure between 
paper, and drying over HjSO,, had the composi- 
tion of the double salt V 2 0 4 .2S0,.K 2 0. 6aq. The 
same crystals were obtained by using the 
disulphate V 2 0 6 .2S0,. Replacement of 
by (NH 4 ) 2 S0 4 produced the double salt 
V 2 0 a .2S0,.(NH 4 ) 2 0. 4aq. No double salts were 
obtained by using Na 2 S0 4 or IIgS0 4 , but the 
trisulphate (V 2 0 4 .8S0,) crystallised unchanged. 

Gerland (B. 11, 102) found that when a solu- 
tion of V 2 0 4 in hot. cone. H 2 S0 4 was largely 
diluted and dialysed, H 2 S0 4 Aq passed rapidly 
through the dialyser, along with small quan- 
tities of V compounds, until the liquid in the 
dialyser contained V 2 0 4 and SO, in the ratio 
V 2 0 4 .3S0„ after which SO,Aq passed very slowly 
through, and the composition of the substance 
in the dialyser gradually approached V 2 O a .2SO r 
By dialysing a diluted solution of V 2 0 4 in cold 
cono. H 2 S0 4 , the conditions being the same as in 
the experiment with the hot aoid, G. found that 
SO,Aq passed through the dialyser regularly, 
and that, after a time, the ratio of V 2 0 4 to SO t 
in the dialyBer was 1:1*82. G. Supposed these 
results to mean that a solution of V 2 0 4 in cold 



VANADIUM OXYAOIDS AND SALTS. 


651 


H 2 S0 4 contains loose, easily decomposed com- 
pounds of VjOgand H,S0 4 , but that a solution 
of V,0 6 in hot H 2 S0 4 contains V 2 0 4 .8S0 a , which 
gradually loses SO a until V 2 0 s .2S0 8 is formed. 

Solutions of V,0 6 in cone. £^864 may be re- 
duced to sulphates of lower oxides (Roscoe, C. J. 

[2] 6, 834 ; Ramrj elsberg, B. B. 1880. 787) : — Zn, 
■Cd, or Na-amalgam causes reduction to lavender 
solutions of V 2 0 2 .ccS0 a ; Mg effects reduction to 
green solutions of V 2 O s .a;SO a ; and H 2 S, SO„ or 
•oxalic acid reduces only to blue solutions of 
V 2 0 4 .«S0 a . 

By fusing V,O s with B 2 O a (Guyard, Bl. [2] 
25, 354) obtained a green glass, which he took 
to be a vanadic bo> ate ; no analyses or descrip- 
tions are given. 

The compounds of V 2 0 4 with As 2 0 4 , I 2 0 4 , P 2 0 4 , 
MoO a , and WO a respectively — or some of these 
compounds— may perhaps be regarded as vanadic 
arsenates, iodates, #c. ; v. Abseno-vanadio acids 

AND SALTS, IODO-VANAD^ ACIDS, &C., p. 853. 

Hypovanado-vanadio oxides. Several oxides 
eeem to exist intermediate between V,0 4 and 
V 2 0 5 . Roscoe noticed that V 2 O a gradually ab- 
sorbed 0 and H 2 0 from the air, forming a 
greenish solid; Brierley (C. «7. 49, 30) found 
that a { ile grass -green substance was formed 
after some months, having the composition 
V 2 0 4 .2V 2 0 5 . 8aq =* V a 0 7 . 4aq. By dissolving this 
solid in dilute H 2 S0 4 Aq, and neutralising by 
KHOAq, B. obtained 2V 2 0 4 .4V 2 0 4 .6K 2 0. aq. By 
gently heating the compound 
2V 2 0 4 .3V 2 0 5 .3(NH 4 ) 2 0. 6aq (v. Hypovanado- 
vanadates, p. 853), B. (lx.) obtained a dark- 
green solid that absorbed water from the air, 
and then had the composition 3(V,0 4 .V 2 0 4 ). 8aq 
«= 8Y 4 0 9 . 8aq (c/. Ditto, C. B. 101, 151 ; also 
Manasse, A, 240, 23). 

Compounds of SO a with oxides intermediate 
t)6tween V,0 4 and V,O s are formed by the re- 
ducing action of zinc on solutions of V,O a in 
H 2 S0 4 (v. RammeMberg, B. B. 1880. 787). 

Vanadium oxyaoids, and saltB and deriva- 
tives thereof. Two oxyacids have been isolated, 
HVO a and H 4 Y a 0 7 , corresponding with HPO a and 
H 4 P,0 7 ; salts of these, also salts of the tribasio 
acid H a Y0 4 , and several more complex salts, are 
known. Salts derived from the hypothetical 
hypovanadic acid V 4 0 7 (0H) 2 ( - 2V 2 0 4 .H 2 0) 

have also been prepared ; and several compounds 
are known whioh are most simply regarded as 
®V,O 4 .yV 2 O 4 .sM0, and which may be called 
hypovanado- vanadates. V 2 O a also combines 
with several acidio and basic oxides simulta- 
neously to form compounds of the general form 
4cV f 0 ? .j/X:£cM0 ; these compounds are generally 
•described as arseno-vanadates, phospho -vana- 
dates, Ac. 

VANADIC ACIDS. Two vanadic acids, 
HVO a and H 4 V 2 0 7 , have been isolated ; salts of 
the third acid, H a V0 4 , are known, but the acid 
itself has not certainly been prepared. 

Metavanadic acid HVO a . (Monobasic 
vanadic acid . Monohydrate of vanadic oxide 
V,O ft .H,0.) Gerland (B. 9, 872 [1876]) prepared 
this acid by adding an excess of NH 4 ClAq to 
cold CuS0 4 4q» then adding NF 4 VO a Aq till i 
permanent pp. formed, heating to 75°, washing 
the lustrous yellow scales that slowly separated 
with dilute B$S0 4 Aq and S0 2 Aq (to remove 
VfiJt then washing with water, and drying at 


100° until the smell of NH a ceased, ManaBse 
(A, 240, 52) obtained HVO a by decomposing cone, 
solutions of the Ca, Mg, or Sr salt by a little 
HNO a Aq, and washing the pp. with dilute 
HNO a Aq, and then with hot water. Metavanadic 
acid forms golden-yellow crystalline scales; it 
is unchanged in air ; dissolves very slightly in 
water ; insoluble in absolute alcohol ; soluble in 
NH 3 Aq, KOHAq, or NaOHAq. By adding 
NH 4 VO a Aq to CuS0 4 Aq, filtering from the pp. 
that formed, and dialysing for several days, 
Gerland ( l.c . p. 874) obtained a solution in the 
dialyser of vanadic acid, which remained clear 
when heated, and on continued evaporation gave 
a pp. of red amorphous V 2 0 4 . Metavanadic acid 
forms a series of salts (v. Metavanadates, infra)* 

This compound is used as a colour in plaoe 
of gold bronze, under the name of vanadium 
bronze. According to Guyard (Bl. [2] 25, 856), 
the substance commonly known as vanadium 
bronze is really an ammonium vanadate. 

Pyrovanadio acid H 4 V 2 0 7 . (Tetrabaeic 
vanadic acid. Dihydrate of vanadic oxide 
V,0 4 .2H,0.) This acid is obtained by decom- 
posing a fairly cone, solution of an alkali 
vanadate of the form M 2 V 4 0„ or M 2 V a O, § (v. 
Tetravanadateb and Hexavanadates, p. 852) 
by HN0 8 Aq, washing with cold water, and drying 
in the air (von Hauer, J. pr. 80, 324). According 
to Ditte (C. B . 101, 698), the red form of V,O g 
(v. p. 849) absorbs H 2 0 from the air, forming 
V 2 0 4 .2H 2 0, and also V 2 0 a .6H 2 0. Pyrovanadio 
acid is described as a brown, amorphous powder, 
resembling FeO s H s ; dried over H 2 S0 4 , it is said 
to lose half its water. Very slightly soluble in 
water ; the solution is clear yellow ; it reddens 
litmus. H 4 V 2 0 7 is insol. in absolute alcohol; 
it dissolves readily in NHgAq. For salts of this 
acid v. Pybovanadateb (p. 852). 

VANADATES. The greater number of the 
vanadates belong to the series (1) MVO g , (2) 
M 4 V 2 O t , (3) M a V0 4 , (4) M 2 V 4 0,„ or (5) 

M 2 V g O, r Series (1), (2), and (3) may be 

called normal salts ; the formulas may be 

written as (1) M 2 0.V 2 0 6 , (2) 2M,O.V,O g , and 

(3) 3M 2 0.V 2 0 4 . Series (4) ana (5) may be called 
acid salts; the formul® may be written as 

(4) M 2 0.2V 2 0 4 , and (5) M 2 0.3V 2 0.. Acid salts 
are also known intermediate between series (l) 
and (4) ; the chief of these are (6) 3M,0.4V,0 g 
= M a V 8 0 2f (M 2 0:V 2 0 a “ 1:1J), (7) SMp.SVA- 
M a V )0 0 28 (M 2 0:V 2 0 g = l:lf), and (8) 2M 2 0.3V,0 g « 
M 4 V 4 O l7 (M 2 0;V 2 0 5 »1;I4). A few salts of the 
form 4M 2 0.V 2 0 4 «M 8 V 2 0 a (M 2 0;V 2 0 4 -X:J) may 
be called basic salts. Some salts, especially 
those of Sr and Tl, belong to more complex 
forms. 

Roscoe (C. J. [2] 9, 28) has shown that the 
alkali orthovanadates, M a Y0 4 or 3M 2 O.V 2 0 4 , are 
easily decomposed in aqueous solution at the 
ordinary temperature to pyrovanadates, M 4 V t O„ 
and MOHAq ; but that orthovanadates are 
formed, rather than meta- or pyro-vanadates, by 
fusing VO a with alkali carbonates ; further, that 
aqueous solutions of alkali pyrovanadates are 
readily decomposed by CO, to alkali carbonates 
and metavanpdates. 

Metavanadates MHTO, or M,O.V,O l . 

Ammonium metavanadate NH 4 VO,. Ob- 
tained by dissolving V,0.»a:H,0 in excess i A 
NH^Aq, warming, and allowing to evaporate 
. . 9*2 
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Forms ft white, crystalline crust. Dissolves 
slowly in cold water, quickly in boiling water. 
Decomposed by heat, giving V 2 0 5 when air is 
present. According to Berzelius (P. 22, 1), 
when a solution of 'V 2 0 y xK 2 0 in excess of 
NH s Aq is allowed to evaporate without having 
been heated, NH 4 V0 8 separates in lemon-yellow 
crystals (v. B., l.c.; Boscoe, 0 . J. [2] 6 , 322; 
Ditte, G. R. 102, 918; Norblad, B. 8, 126; 
Wagner, D. P. J . 223, 633 ; Bflttger, 0 . C. 1873. 
514h 

Barium metavanadate Ba(Y0 3 ) 2 . aq. A 
yellowish-white pp.; obtained, along with red 
crystals, by ppg. NH 4 YOjAq by BaCL,Aq 
(Manasse, A . 240, 23). SI. sol. in water. Loses 
HgO when heated to c. 200° (Berzelius ; Norblad, 
Z.c.). 

Potassium metavanadate KYO,. x&q. Formed 
by dissolving V 2 O a in KOHAq in the ratio 
Y 2 O a :KOH. Various hydrates have been ob- 
tained as white crystalline solids, melting to a 
clear yellow liquid, which solidifies to white, 
lustrous KVO, (v. Berzelius, lx . ; Ditte, G. R. 
104, 902, 1061, 1168). 

Sodium metavanadate NaVO,. Obtained by 
Boscoe (C. J . [2] 9, 31) by fusing V 2 O a and Na^O, 
in the ratio Y 2 O s :2Na 2 OO a , dissolving in water, 
crystallising Na 4 V 2 0 7 . 18aq, and passing C0 2 
into an aqueous solution of this salt, when NaVO s 
crystallised out and Na 2 C0 8 remained in solu- 
tion. Small yellowish-white crystals, probably 
monoolinic prisms, melting readily and solidify- 
ing to a yellow crystalline mass ( cf . Norblad, lx.). 
Hydrates with 2, 4, and 6 HgO have been ob- 
tained (cf. Ditte, l.c.). 

The other metavanadates that have been 
prepared are Cd(V0 8 ) 2 (Ditte, C. B. 104, 1706) ; 
Ca(V0 3 ) 2 . 4aq (von Hauer, J. pr. 69, 886 ; 80, 
324 ; Manasse, A. 240, 23 ; cf. Boscoe, O. J. [2] 
9, 82) ; Co(VO,) r 3aq (D., l.c . ; Badau, A. 251, 
114k forms double salts with KVO, (B., l.c.) ; 
Pb(V0 8 ) 2 (B., lx. ; D., Lc.) ; LiYO,. 2aq (Ditte, 
G. P. 104, 1168); Mg(VO,) 2 . 6aq (D., l.c.; 
Manasse, lx.) ; Mn(YO,) 2 . 4aq (Badau, lx.) ; 
AgVO,.4NH s . 2aq (D., lx.) ; Sr(VO,) 2 .4aq (Nor- 
blad, lx. ; Manasse, l.c.) ; Zn(V0 8 ) 2 . 2aq (D., lx.). 

Orthovanadates M* s V0 4 or 3M 2 0.V 2 0 5 . 

Potassium orthovanadate K,Y0 4 . Obtained 
by fusing V 2 0 5 with KgCO,; decomposed by 
water, giving KOHAq and K 4 V 2 0 7 (Rammels- 
berg, B. B. 1883. 8). 

Sodium orthovanadate Na,Y0 4 .a;H 2 0. Boscoe 
(C. J . [2] 9, 291 obtained the salt with 16EL.0 
by fusing V 2 0 5 and Nc^OO, in the ratio 
V 2 0 8 :3Na 2 C0„ allowing to cool, dissolving in as 
little cold water as possible, quickly adding ex- 
cess of cone, alcohol, allowing to stand for some 
hours, washing the crystals that formed with small 
quantities of alcohol, and drying on a porous 
plate over HjSO. in vacuo (cf. Ozudnowicz, P. 
120, 34 ; Rammelsberg, B. B. 1888. 8). Baker 
(G. J. 47, 863) obtained Na 8 Y0 4 .£cH 2 0 with 
®«8(?), 10, and 12; he also obtained th * double 
salt Na g V0 4 .NaF.19H 2 0. The crystalline forms 
are given by B., and the various hydrates of 
Na,V0 4 are shown to be isomorphous with cor- 
responding arsenates and phosphates. Na,V0 4 Aq 
changes to Na 4 V 2 0 7 Aq and NaOHAq; the change 
occurs slowly at ordinary temperatures, and 
rttpidly at higher temperatures (B., l.c.). 

The other orthovanadates that have been pre- 


pared are Ca 3 (Y0 4 ) 2 .OaCl 2 (Hautefeuille, O. B. 103, 
600; 104,501); Pb,(V0 4 ) a and SPb^VO^PbCL, 
(B., l.c.); Ag,Y0 4 (B., lx.) ; T1,V0 4 (Oarnelley, 
G.J. 26,323). 

Pyrovanadatbs M i 4 V 2 0 7 or 2M 2 O.V 3 O a . 

Barium pyrovanadate Ba 3 V 2 0 7 Obtained, as 
a white amorphous powder, by adding BaOlgAq 
to freshly-prepared Na 8 V0 4 Aq, washing, and 
drying at 100°. The salt is slightly soluble in 
water (Boscoe, G. J. [2] 9, 83). 

Potassium pyrovanadate K 4 V 2 0 T . Hard, de- 
liquescent monoolinic prisms, formed by adding 
KOHAq to KY0 8 Aq, rapidly evaporating to a 
syrup, and placing over H 2 S0 4 (Norblad, B. 8, 
126). 

Sodium pyrovanadate Na^O,.^!!^. 
Formed by fusing Y 2 O a and NagCO, in the ratio 
Y 2 0 8 :2Na 2 C0 3 , dissolving, and crystallising; also 
by exposing Na a V0 4 Aq to air free from CC 2 until 
addition of alcohol ppts. sil^y scales (Na 4 V 2 0 7 ) 
(Boscoe, Z.c., p. 81). White six-sided tables ; 
e. sol. water, insol. alconol. Na 4 V 2 0 7 Aq is de- 
composed by CO a to Na200 s Aq and NaVOgAq 
(R., lx.). 

The other pyrovanadates that have been pre- 
pared are 2Ca 2 V 2 0 7 . 5aq (Boscoe, l.c. ; cf. Ditte, 
G. R. 104, 1706) ; Cu 2 V 2 0 7 . 3aq (von Ha^er, lx.) ; 
Pb 2 Vj0 7 (Ditte, l.c.) ; 2Pb 2 V 2 0 7 .Pb0 (Boscoe, lx .) ; 
Li 4 V 2 0 7 .oaq (von H., Z.c.); Mn 2 V 2 0 7 (Ditte, l.c.); 
Ag 4 V 2 0 7 (Rosooe, l.c. ; Ditte, lx.) ; T1 4 V 2 0 7 
(Oarnelley, G. J. 26, 323) ; Zn 2 V 2 0 7 (D., l.c.). 

Tbtravanadates M/V^u or M 2 0.2V # 0 a (also 
called divanadates). 

Ammonium tetravanadate (NH 4 ) 2 V 4 0„. scaq 5 
x = 3 or 4. Formed by adding a little acetic 
acid to boiling NH 4 V0 3 Aq and evaporating in 
vacuo ; also by saturating NH„Aq with V a O a in 
a closed, warmed flask, and allowing to eva- 
porate ; red prismatio crystals with a golden- 
yellow sheen (Berzelius, P. 22, 1; Rammelsberg, 
B. B. 1883. 3 ; von Hauer, l.c. ; Ditte, C. R. 102, 
918). 

Potassium tetravanadate K^O,,. ccaq ; 
«=»8, 4, 7, and 10. Obtained by saturating 
KaOOjAq at 80° with excess of V 2 O a and allowing 
to oool ; also by adding acetic acid to V a O a in 
KOHAq, concentrating at 80°, and letting cool 
(Ditte, G. R. 104, 902, 1061, 1168; cf. Norblad, 
B. 8, 126). Orange-coloured tablets (v. also 
Gibbons, G. N. 80, 267). 

The other tetra vanadates are GaV 4 0„.9aq 
(Manasse, A. 240, 23); PbV 4 O n (Ditte, lx.); 
Li 2 V 4 0j,. 9aq (Norblad, l.c.) ; MgV 4 0„. 9aq. (B., l.c . ; 
von Hauer, l.c.) ; NiV 4 0„. 8aq (Badau, A. 251, 
114); Na 2 V 4 0„.9aq (Berzelius, P. 22, 1; von 
Hauer, Z.c. ; Norblad, Z.c.) ; SrV 4 O u .9aq (B., lx.; 
von H., lx.). 

Hexavanadates M 2 l V e O l- .«ELO or 
M 2 0.8V 2 0 s .ccH 2 0 (also called trivanadates). 
These salts have been described by Norblad 
(B. 8, 126) and Ditte (G. R. 104, 902, 1061, 
1168). The chief are those where Mg— (NH 4 ) 9 
Gd, Ca, Kg and Na 2 . 

The principal vanadates belonging to other 
series than those already mentioned are the fol- 
lowing:— (1) 8M 2 0.4V 2 0 a («M 8 mY 8 O m ), M«G& 
t nd Sr (v. Manasse, lx.) ; 

(2) 8M0.5V 2 0 a ( = M“ 8 V 10 O 2i ) f M-Ba, Mg, K* 
(t>. Manasse, lx. ; Badau, A. 251, 114) ; 
(8) 2M0.8Y 8 0 a («M« 2 V a 0 17 ), ^-(NHJ,, Ba, 
Li,, Mg, Kg, Nag (v. Ditte, l.c . ; also C. 1$. 96 r 
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1048 ; Manasse, l.c. ; Norblad, l.c.) ; 
(4) 4M 2 0.VA(“M* 8 V 2 0 9 )» M-Li and Na (v. 

Ditto, l.c.). 

Several other vanadates not belonging to any 
of these series have also been described ; for Ca 
and Sr salts (and double salts), v. Manasse (Z.c.); 
and for T1 salts u. Garnelley ( G . J. 26, 828). 

HYPOVANADATE3. Salts of hypothetical 
hypovanadic acid V 4 0 7 (0H) 2 ( = 2V,0 4 .H 2 0). 
These salute belong to the form M I 2 V 4 0 9 .a:H 2 0 
{ =* M 2 0.2V 2 0 4 .a:H 2 0). The formation of the NH 4 
and K salts was described by Berzelius ; a series 
of salts was prepared and examined by Grow 
{C. J. [2] 15, 458, The alkali salts are obtained 
by treating fairly cone. V0 2 ClAq (v. Hydbated 
VANADIUM DIOXYMONOOHLORIDE, p.864) with eXCOSS 

of caustic alkalis, allowing the pps. to settle in 
closed vessels, washing with alkali solution, then 
with dilute alcohol containing a little acetic 
•acid, and iinally with alcohol alone, and drying 
between paper. The salts of Pb and Ag are ob- 
tained by ppn. from a solution of the K salt. 
The salts form brown to black crystalline pow- 
ders ; the alkali salts dissolve in water. Grow 
prepared salts with M 2 = (NH 4 ) 2I Ba, Pb, K 2 , Ag 2 , 
and Nv 

HYPOVANADO-VANADATES. Salts of the 
form nV 2 0 4 .wV 2 0 6 .pM 2 0.a;H 2 0. Alkali salts of 
this series were obtained by Brierley (C. J \ 49, 
32) by reducing V 2 0 5 Aq by S0 2 , adding V 2 O ft in 
alkali, then a slight excess of alkali, and then 
acetic acid ; pouring into alkali acetate solution, 
washing the pps. with alcohol, and drying over 
CaClj. The salts crystallise in greenish- black, 
or black, prisms. The following were prepared ; 
<1) 2V 2 0 4 .V 2 0 5 .2Na 2 0.13H 2 0 ; 

<2) 2V 2 0 4 .V 2 0 6 .2K 2 0.6H 2 0 ; 

(3) 2Y 2 0 4 .2V 2 0 v (NH 4 ) 2 0.14H 2 0; these salts are 
soluble in water: (4) 2Y 2 0 4 .4Y 2 0 6 .5K 2 0.H 2 0 ; 
<6) 2V 2 0 4 .4V 2 0 5 .3(NH 4 ) 2 0.6H 2 0 ; these are in- 
soluble in waters 

COMPLEX VANADIC ACIDS AND SALTS. 
Vanadic oxide V 2 0 5 combines with several an- 
hydrides, such as As 2 0 5 , I A» P 2 0„ &c. } and many 
of the compounds thuB produced combine with 
basic oxides. The compounds of Y 2 0 5 with 
certain anhydrides are generally regarded as 
aoidio ; and the compounds formed of Y 2 O 0 , an- 
hydrides, and bases are usually classed as salt- 
like substances. It is quite likely that many of 
the compounds of V 2 0 5 with anhydrides, such as 
As 2 O a , P 2 0 4 , &c., would be better classed as salts, 
just as the compounds of V,0 5 with S0 t are 
classed as salts. 

Abseno-vanadic acids and salts. By boiling 
V 2 0 4 with excess of H s As0 4 Aq, and concen- 
trating the solution, Fernandez (B. 17, 1632) 
obtained lustrous, golden-yellow crystals of 
V 2 O ft .A8 2 O ft . llaq (cf. Friedheim a. Schmitz- 
Dumont, B. 23, 2600). Gibbs (P. Am. A . 21, 
50) obtained aV 2 0 ft .yAs 2 0 6 . *aq (a; and y proba- 
bly either 5 and 8, or 7 and 6), by decomposing 
a mixture of Na vanadate and arsenate by 
HN0 8 Aq. For various compounds of the form 
mV 2 0 4 .nAs 3 0 a .pM0, where m and n are 1 and 1, 
12 and 8, land 2, 2 and 1, &o., and jp varies f-om 
l to 5, v. F. a. S.-D. 

Iodo-vanadio aoids. Ditte (0. B. 102, 757) 
says that compounds of Y 2 O ft and Ij0 4 arG 
formed by heating V A with cone. HIO,Aq ; he 
gives formula^ but no analyses. 


Molybdo-vanadio acids and salts. For de- 
scriptions of numerous compounds of the forms 
«V A*2/MoO f . raq, «V A.yMoO r pMO. * a< l> an d 
also aVjOjj.j/MoOg.wPApMO. saq, v. Gibbs 
(P. Am. A. 18, 232). 

Phospho-vanadic acids and salts. Various 
compounds of V A, P A» an< * U 2 0 are described 
by Gibbs (P. Am. A. 21, 50) ; Ditte (O. B. 102, 
757) also assigned formulas to substances ob- 
tained by heating V 2 0 5 with cono. H,P0 4 . 
Friedheim (B. 23, 1530) obtained V 2 0 & Pt0 4 .2H 2 O 
by dissolving V 2 O s in syrupy H 8 P0 4 . 

For descriptions of a great many compounds 
of the form ®V 2 0 5 .i/P 2 0 5 .mM0. eaq, v. Gibbs 
(lx.) ; and cf. Friedheim (l.c.). 

F. divides the compounds formed byreacting 
with V 2 0 4 011 alkali phosphates into two classes, 
which he calls luteo- and purpureo- com- 
pounds. 

Luteo- compounds are formed by (1) the inter- 
actions of phosphoric and vanadic aoids in. 
solution; (2) the interactions of solutions of 
phosphates and vanadates in presence of small 
quantities of acids ; (3) the interactions of solu- 
tions of phosphates and vanadic acid; (4) the 
interactions of vanadates and phosphorio acid, 
by heating solutions nearly to boiling and eva- 
porating. These compounds are yellow, granu- 
lar, and indistinctly crystalline ; the alkali com- 
pounds are very slightly soluble in water, solu- 
tion being accompanied by decomposition. The 
following luteo- compounds are described by F.; 
VA-PA.2HA 9aq, 

VA.PA-(NH 4 ) 2 O.HA2aq, 

2V,0 # .P,0 6 .(NH 4 ) t 0.7aq, 

V2O5.PaOj.K2O.H20. 2aq, and 
2V2O5.P2O5.K2O.7aq. 

Purpureo- compounds are formed by dis- 
solving vanadic acid in cone, solutions of alkali 
phosphates, and by adding phosphorio acid to 
cone, solutions of alkali vanadates; in each 
case the solutions should be strongly heated. 
The purpureo- compounds described by F. belong 
to the form 12V 2 0j.P 2 0 ft .7M 2 0. 26aq ; they are 
dark-red crystalline substances, sol. in water. 

F. regards the luteo- compound of the form 
V2O5.P2Oj.2H2O.9aq as acid phosphate of the 
radicle V0 2 , thus (VOjJEyPO^ 9aq ; he com- 
pares this with the acid orthophosphates 
MhyA. The compounds of the form 
VjOj.PjOj.MgO.HA aaq are looked on as double 
acid phosphates of alkali metal and VO„ 
thus NH 4 (V0 2 )HP0 4 . The luteo- compounds 
2V2O5.P2O5.M2O.aaq are formulated by F. as 
double compounds of alkali metavanadates ani 
(V0 2 )H2P0 4 ; thus 2V2O5.P2O5.K2O.2H2O.6aq 
«2(KV0 s .(V02)H2P0 4 .'2$aq). The purpureo- 
compounds which belong to the form 
12 V2O5.P3O5.7M2O. ®aq are looked on by F. as 
double compounds of acid vanadates and acid 
phojphates ; this view of their constitution Is 
expressed by the statement 
i2V2Oj.P3O5.7M2O. xBfi m 
P3O5.2M2O.H3O + I2V2O5.6M2O+ (a-lJI^O. 
These views of F. are considerably modified in a 
later paper (Zeit.f. anorg. Chemie , 5, 437), where 
the purpureo- compounds are looked on as di- 
vanadates with some VAisomorphously replaced 
by PjO*. According to F., many of the subs+ancea 
described by Gibbs and by Ditte do not exist. 

Berzelius (P. 22, 1) described a compound 
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ot YjjO,, P 2 0 5 , and SiO^ with 33,0, which may be 
named phospho-silico-vanadic acid . 

Tungsto-vanadic acids a nd salts. The com- 
pounds of Y 2 0 § with WO, and bases that have 
been described are very numerous, and the for- 
mula given are generally extremely complex 
(v. Gibbs, P. Am. A . 18, 232; Rosenheim, A. 
251, 197, 234 ; and especially Friedheim, B . 17, 
1505; 23, 1505; 24, 1173). 

Vanadium, oxy bromides of. Two compounds 
Of V with 0 and Br have been isolated ; VOBr 2 
and VOBr„ corresponding with two of the five 
oxychlorides. According to Schafarik ( W. A. B. 
33, 14; 47 [11] 261), other oxybromides also 
exist. 

Vanadium oxydibromidb VOBr 2 . (Vanadyl 
dibromide.) A brown, deliquescent powder. 
Prepared by heating VOBr, (v. infra) ; decom- 
position to VOBr, and Br occurs slowly at tem- 
peratures below 180°, and suddenly at 180°. 
Heated in air forms V 2 0 5 ; dissolves in water, 
forming a blue solution (Roscoe, C. J. [2] 9, 26). 
Ditto (C. jR. 102, 1310) says that a compound 
VOBr,.4H,0 is formed, as dark-green, deli- 
quescent crystals, by treating red V 2 0, with 
HBr. D. writes the formula V20 s Br a .2HBr.7H,0. 

Vanadium oxytribromide VOBr,. (Vanadyl 
tribromide.) Prepared by passing vapour of 
pure Br over V 2 0, heated to redness, condensing 
the yellowish-white vapours that are formed, 
removing excess of Br from the red liquid by 
heating to 40°-50° at o. 100 mm. pressure in a 
current of perfectly dry air, and then distilling 
in vacuo (Roscoe, C. J. [2J 9, 24). VOBr, is a 
red, very Hygroscopic liquid that boils at 130°- 
136° at 100 mm. pressure ; S.G. 2*9673 at 0°, 
2*9325 at 14*5°; decomposes slowly at the 
ordinary temperature, and suddenly at 180°, to 
VOBr, and Br (R., Ic.). 

Vanadium, oxychlorides of. Five compounds 
•f V with O and Cl have been isolated : VOC1, 
VOCl„ VOCl„ V 2 0 2 C1, and V0 2 C1. x&q. 

Vanadium oxymonochloride VOC1. (Vanadyl 
monochloride.) Obtained by the regulated re- 
duction of VOC1, by H. The mixed vapours are 
passed through a red-hot tube; VOC1 is de- 
posited near the end whereat the vapours enter 
the tube. A brown, light, flocculent powder ; 
insol. in water; easily dissolved by HNO,Aq 
(Roscoe, C. J. [2] 6, 347). 

Vanadium oxydichloride VOCl 2 . (Vanadyl 
dichloride.) Prepared by heating a slight excess 
of VOC1, with zinc for some days in a sealed 
tube, at 400°, cutting off the part of the tube on 
which the sublimate of VO Cl, has formed (V 2 0 4 
and 2nd, are the other products), quickly 
placing it in a wider tube, and removing VOC1, 
by heating in a stream of dry CO, at 130°. Also 
obtained by passing vapour of VO Cl, and H 
through a red-hot tube; VOC1, is deposited near 
the end of the tube whereat the gases enter, and 
V,0,C1 at the further end of . the tube (Roscoe, 
I.C., p. 348). Lustrous, grass-green, deliquescent 
tablets ; S.G. 2*88 at 13° ; slowly decomposed 
by water; soluble in dilute HNOgAq. A com- 
pound with PtCl 4 , having the composition 
2(VOGl,*PtCl 4 ).21aq, is said by Brauner (3f. 3, 
58) to be formed by dissolving V 2 0, in cone. 
HCUc hi presence of PtCl 4 Aq. 

Vanadium oxytriohloride VO Cl,. (Vanadyl 
trichloride .) Mol. w. 173*27. 


Formation. — 1. By heating V 2 0, gently in 
a stream of Cl (Berzelius, P. 22, 1).— 2. By heat- 
ing a mixture of V 2 0 5 and C in Cl. 

Preparation. — A mixture of V 2 O a and sugar- 
charcoal is heated to redness in a stream of dry 
H, and allowed to cool in that gps ; a stream of 
dry Cl is then passed over the mixture, which is 
heated to redness, and the product is condensed ; 
the liquid thus obtained is heated for some 
hours in a flask with an inverted condenser, in a 
ourrent of dry C0 2 , and then rectified over Na 
(Roscoe, G. J. [2] 6, 342). 

Properties and Reactions . — A clear, mobile,, 
lemon-yellow liquid (Berzelius, Z.c.; Roscoe, Z.c.; 
Schafarik, A. 109, 85). S.G. 1*836 at 17*5°, 

1-828 at 24° (R., Z.c.) ; 1-86534 at 1-63073 at 

b.p. (Thorpe, C. J. 87, 348). B.P. 127-19 c (T.„ 
Z.c.). S.V. 106 25. Does no' solidify above 
- 16° (R., Z.c.). V.D. 88*38 at 186° (R., Z.c. ; cf. 
T., C. N. 24, 827 ; Schafarik, Z.c.). Gives off 
thiok, yellowish-red fumes in the air. Dissolves 
in a little water, forming a thick, red liquid; 
dissolves in much water, forming a clear yellow 
liquid ; dissolves in absolute alcohol with a red 
colour, but the solution soon becomes blue, 
owing to reduction. Heated to 60°-70° in a 
closed tube with ether forms needles of the com- 
position VOClj-Etp (Bedson, C. J. 29, 309). 

Divanadium dioxymonochloride V 2 0 2 CL 
(Dvvanadyl monochloride.) Yellow-bronze, 
microscopic crystals, resembling mosaic gold\ 
formed by passing VO Cl, and H through a red- 
hot tube. The crystals are deposited on the 
part of the tube farthest from the end whereat 
the gaseB enter (Roscoe, C. J. [2] 6, 348). In- 
soluble in water; soluble in HNO,Aq. This 
compound was thought by Schafarik (A. 109, 
85) to be V. 

Hydrated vanadium dioxymonochloridm 
V0 2 01.a;aq. (Hypovanadic chloride 
V 2 0 4 C1 2 . xaq.) Formed, as a brown, deliquescent 
solid, by passing H 2 S into a solution of V 2 O a in 
hot HClAq, filtering from S, and evaporating 
(Crow, C. J. 30, 457). Heated in a stream of 
dry C0 2 gives off HC1 and H 2 0, and leaves V g O^ 
C. (Z.c.) gives the hydration as V 2 0 4 Cl r 5aq. 

Vanadium, oxyfiuorides of. No compound 
of V with O and F has been isolated with cer- 
tainty. V 2 O s dissolves in exoess of HFAq ; on 
evaporation, solution in water, and evaporation 
over H 2 S0 4 , Petersen (J. pr. [2] 40, 194) obtained 
blue, microscopic crystals which he supposed 
might be VOF 2 . scaq, inasmuoh as a solution of 
these crystals in HFAq treated with fluorides 
yielded salts of the form xM.F.yVQF % (v. Hypo- 
vanadoxyeluobides, p. 845). P. did not obtain 
enough of the blue crystals for analysis. 

Vanadium, oxyiodides of. According to Ditto 
( O . R. 102, 1310), an oxyiodide 2VOI r 9BLO is 
formed, as a black, deliquescent mass, by adding 
excess of HIAq to a warm solution of red V 2 O a , 
removing free 1 by shaking with finely-divided 
Ag, filtering, and evaporating in vacuo. The 
confound is said to react with NH|Aq, 
giving (NH 4 ) 2 V 4 0 9 . D. writes the formula as 
V 2 0 # I 2 .2HI.8H 2 0 ; but no analyses are given. 

No reaotion occurs when 1 is heated with. 
V 2 0, (Roscoe, O . J. [2] 9, 28) ; nqjr when V,0 # is 
digested with water, or alcohol, and 1 (Guyard, 
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Bl. [2] 25, 351). V 2 0 6 and I 2 0 5 probably com- 
bine (v. Ditfce, G. JR. 102, 757 , 1019). 

Vanadium, oxy sulphides of. None of these 
compounds has been certainly isolated. Oxy- 
sulphides may perhaps be formed by decompo- 
sing alkali thiovanadates in solution by dilute 
acids (v. Kay, G J . . 37, 728). 

Vanadium, salts of. Compounds of the 
oxides V 2 O s , V 2 0 4 , and V 3 0 5 with acidic oxides 
have been isolated ; the formulae of one or two 
of the compounds may be written as derived 
from oxyacids by replacing H by V, but it is 
simpler, and more in keeping with the facts that 
are known, to re^ resent all the compounds by 
the general formula V 3 O a .i/X, where X is an 
aoidie oxide. The best-studied compounds of 
V 2 0 4 with acidic oxides may be represented as 
salts, of the radicle V 3 0 3 (di vanadyl), or of the 
radicle VO (vanadyl) ; and the compounds of 
V 2 O ft with acidic oxides as acid salts of the 
radicle V0 2 . The sJphates have been better 
studied than the other salts ; the following 
table presents the compositions of the sul- 
phates. 

I. Vanadous sulphates (v. p. 847) : 
V 2 0 8 .4S0 s . <caq *■ V 2 H 2 (S0 4 ) 4 .|/aq (y~x- 1) ; 
??V 2 0 3 .3S0 3 * V 2 (S0 4 ) 3 . 

II. Hypovanadic sulphates (v. p. 848) : 
V 3 0 4 .2S0 4 * V 2 0 3 .(S0 4 ) 2 - (VO) S0 4 ; 

V 2 0 4 .3S0 8 . a?aq = VjO^H^SOJ,. y&q (y-x-1) 
«(V0.S0 4 ) 2 .H 2 S0 4 .^aq. 

III. Vanadic sulphates ( v . p. 850) : 
V 2 0 a . 2S0 3 =“ (V0 2 ) 2 S0 4 .S0 3 ; or if the salt con- 
tains a:aq, then V 2 0 5 .2S0 3 . araq = 

(V 0 2 ) 2 S0 4 .H 2 S0 4 . y&q (y = x- 1) ; 

V 2 0 v 3S0 3 m (V0 3 ) 3 S0 4 .2S0 3 ; or if the salt con- 
tains zaq, then 

V 2 0 5 .3S0 3 . <raq - (V0 3 ) 3 S0 4 .2H 3 S0 4 . yHfi 
(y~x- 2). 

Alkalis probably ppt. V 2 0..a:aq from solu- 
tions of vanadops sulphates (v. p. 847); from 
solutions of hypovanadic sulphateB alkalis ppt. 
V 2 0 4 . xaq (v. p. 848). 

V 2 0 2 dissolves in oxyacids, forming lavender 
solutions which probably contain V 2 0 3 . xX, where 
X is an acidic oxide ( y . p. 846). 

Various salts of V 2 0„ V 2 0 4 , and V 2 0 5 besides 
the sulphates probably exist, but they have not 
been thoroughly examined (v. Hypovanadic 
salts, p. 848 ; Vanadic salts, p. 850 ; Akseno- 

VANADIO ACIDS AND SALTS, p. 863 *, IODO-VANADIG 
ACIDS, p. 853 ; MOLYBDO- VANADIC ACIDS AND SALTS, 
p. 853 ; Phospho-vanadio acids and salts, p. 853 ; 
and Tunosto- vanadic acids and salts, p. 854). 

Vanadium, silicide of. Rosooe (C. J . [2] 8, 
858) says that V acts on glass or porcelain 
vessels when strongly heated therein, forming a 
compound with Si ; tubes in which V chlorides are 
reduced by heating in H get coated with a grey 
lustrous mirror of this compound. No details or 
analyses are given. 

Vanadium, silicofluoride of. By boiling 
V 2 0 5 with H 2 SiF e Aq and alcohol, Guyard (Bl. 
[2] 40, 352) obtained a greyish, uncrystallisable 
mass whicn he took to be a silicofluoride of V ; 
no analyses or details of preparation are given. 

Vanadium, sulphides of. 'Berzelius (P. 22, 
1) described two compounds of V and S, one ob- 
tained by ppg. a solution of an alkali thio- 
vanadate by dilute acid, and the other by heat- 
ing V 2 Q, in Hjti. B. gave the formula VS, and 


VS 3 to the compounds he described. The sul- 
phides of V were re-examined by Kay in 1880 
( C . J. 37, 728), who found that the pp. obtained 
by adding dilute HClAq or B^SC^Aq to a solu- 
tion of sodium vanadate saturated with BL,S, or 
to solution of V 2 0 5 in an alkali hydrosulphide, 
contained O, but probably had not a definite 
composition ; and that the product of heating 
V 2 0 3 in H 2 S is the trisulphide V 2 S 3 ; Kay pre- 
pared three sulphides, V 2 S 2 , V 2 9 2 and V 2 S 3 , 
corresponding to three of the four oxides ; the 
sulphides dissolve in solutions of alkali sulphides, 
probably forming thiovanadates (q. v . infra)* 

Vanadium disulphide V 2 S 2 . (Hypovanadous 
sulphide .) Prepared by heating V 2 S 3 to full 
redness, for a long time, in H quite free from 0. 
Forms blaok lustrous plates, or a brownish-black 
powder ; S.G. 4*2 to 4*4. Absorbs O very quickly 
when heated in air, giving V 2 0 3 , V 2 0 4 , and then 
V 2 O s , with evolution of S0 2 . Not acted on by 
boiling HClAq, dilute or cono., nor by boiling 
dilute HjSG 4 Aq, or cold cono. H 3 SOj. Dissolves 
in hot cone. HjSC^; dissolves In HN0 3 Aq. 
Slowly acted on by NaOHAq or KOHAq, hot or 
cold ; dissolves in (NH 4 ) 2 SAq or KHSAq, form- 
ing purple to reddish-brown solutions (Kay, l*c* 
p. 735). 

Vanadium teisulphidb V 2 S 3 . ( Vanadous 

sulphide.) Formed by strongly heating V 2 0, in 
a stream of PLjS (Berzelius, l.c . ; Kay, l.c . p. 
736) ; also by heating any chloride of V, or VOC1,, 
to redness inH 2 S (K., Z.c.) ; and by strongly heat- 
ing V 2 0 5 in a stream of vapour of CS, so long 
as any reaction occurs (K., l.c.). Forms dark, 
lustrous plates, or a black amorphous powder ; 
S.G. 3*7 to 4*0. Oxidised by heating in air, 
finally to V 2 0 6 , giving off S0 2 . Scarcely acted 
on by dilute HClAq or H 3 S0 4 Aq, hot or cold, nor 
by cono. HClAq ; readily oxidised by HN0 3 Aq. 
Soluble in (NH 4 ) 2 SAq or KHSAq, forming purple- 
red to golden-red solutions; also somewhat 
soluble in KOHAq, NaOHAq or NH 4 .OHAq 
(Kay, l.c.). 

Vanadium pentasulphidh V 2 S 6 . ( Vanadic 

sulphide.) Prepared by mixing V 2 S 3 with £ its 
weight of pure powdered S, heating to fusion (o. 
400°) in a narrow tube quite filled with CO t and 
sealed, cooling, and dissolving out excess of 8 
with CS 2 . A black powder ; S.G. 3*0. Heated 
in a gas that does not react with it, V 3 S 5 gives 
off S and leaves V 3 S 3 *, heated in air gives off S0 3 , 
forming V 2 0 3 and finally V 2 0 & . Behaves towards 
acids similarly to V 2 S 3 . Dissolves in hot 
NaOHAq; also in (NH 4 ) 2 SAq or KHSAq, forming 
yellow to red solutions (Kay, l.c . p. 738). 

Vanadium thio-aoids, and salts thereof. No 
compound of V with H and S has been isolated, 
but some thiovanadates, and also some oxy- 
thiovanadates, have been prepared by Krflss a. 
Ohnmaia (B. 23, 2547). 

Ammonium thio-orthovanadate (NH 4 ) 3 VS 4 . 
Obtained, in purple crystals, resembling 
KMn0 4 , S.G. 1*62, by passing H 2 S into a solu- 
tion ^f NH 4 V0 3 in NHgAq S.G. *898; the solu- 
tion is saturated in the cold, and is kept cold 
while H.,S is passed in. A brown pp. is formed, 
and this dissolves after passing in more H 3 S to 
a dark- violet liquid, from which the salt crystal- 
lises aftrjr some time. 

Sodium monoxy- 1 hio -orthovanadate 
Na s V08 r 5aq. Obtained by saturating 80 0 . 0 . 
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N&OHAq S.G. 1*122, with H^S, adding a solu- 
tion of 3 g. Na 4 V 2 0 7 in 6 c.c. water, cooling the 
liquid by ice, and passing in H^S for 4 hours. 
The salt was also obtained without water of 
crystallisation by Kriiss (Zcit. f. anorg . Chenvie , 
3, 264) by fusing a mixture of V 2 0 5 , Na^CO,, and 
S, until excess of S was removed. Small crystals, 
that melt at the ordinary temperature to a red, 
oily liquid (K. a. 0., Z.c.). 

Sodium trioxy-thio-orthovanadate 
Na 8 VO g S. lOaq. Obtained by heating Na 4 V 2 0 7 Aq 
to boiling, adding freshly prepared NaSHAq, 
cooling by ice, and adding alcohol. A red oil, 
that solidifies to a crystalline mass which melts 
at 18° (K. a. O., Z.c.). 

Ammonium monoxy-thio-pyrovanadate 
(NH 4 ) 4 V 2 OS fl . Formed by passing H 2 S into a 
cooled solution of NH 4 V0 8 in NHgAq S.G. 
greater than *898, and allowing the liquid to 
stand for some months, when crystals separate 
having S.G. 1*715 (K. a. 0., lx.). 

Potassium monoxy-thio-pyrovanadate 
K 4 V 2 OS 6 . 3aq. Obtained by passing H 2 S into 
KVO, in KOHAq S.G. 1*472, air being excluded 
and the liquid cooled by ice. Crystals resemble 
KMn0 4 ; S.G. 2*144 ; loses all water slowly at 
150°. By evaporating the mother-liquor from 
this salt in vacuo , large crystals of the salt 
2K 4 V 2 OS B . 3aq are obtained (K. a. 0., Z.c.). 

M. M. P. M. 

VANADOXYFLUORIDES and Hypovanad- 
cxyfluorides ; v . pp. 844-5. 

VANADYL COMPOUNDS ; compounds of the 
radicle VO: v . Vanadium oxybromides (p. 854), 
Vanadium oxychlorides (p. 854), and Hypo- 
Van adio 8 alts (p. 848). 

VANILLIC ACID v. Methyl derivative of 
Pbotocateohuio acid. 

VANILLIN v . Methyl derivative of Pro- 

fOCATECHUIO ALDEHYDE. 

VAN ILLO-DIACETON AMINE v. Aoeton- 

AMXNE. 

VAPOUE DENSITIES. The term * vapour 
density * is now generally employed to signify the 
Specific gravity of a gas referred to hydrogen 
as unity. For descriptions of the principles of 
the methods used in determining vapour den- 
aities, v . Densities, relative, vol. ii. p. 874 ; 
and for an account of the application of vapour 
densities to finding molecular weights, v . Atomic 
AND MOLECULAR WEIGHTS, VOl. i. p. 340. 

VEGETABLE PBOTElDS v. Proteidb. 

VERATBALBINE v, Jervine. 

VEBATRIC ACID v. Di-methyl derivative of 
Pbotocateohuio acid. 

Homo-veratric acid v. Di-oxy-phenyl-acetic 
acid. 

VERATROLE v. Di-methyl ether of Pyro- 

CATECHIN. 

VEEATEUM ALKALOIDS. 

Veratrine C^H^NO*. Cevadine . [2fo5°]. 
8. *12 at 15° Occurs in the seeds of Veratrum 
SabadUla (Meissner, N. J. T. 5, 8 ; PelleCier a. 
Caventou, A. Ch. [2] 14, 69 *, Oouerbe, A. Ch. [2] 
52, 352 ; Merck, A. 95, 200 ; Ar. Ph. 231, 135 ; 
Delondbre, J. Ph . [3] 27, 417 ; Weig^lin, 0. 0 . 
1872,229; Schmidt, Ar. Ph. [8] 10, 511 ; B. 9, 
1115 ; A. 185, 224). Ocours also in the root of 
Samxenia purpurea (St. Martin, Z. [2] 2, 442 ; 
Hdtet, C. it. 88, 185). Prepared by extracting 


the seeds with boiling alcohol containing a little 
tartario acid, concentrating the extraot, adding 
water, filtering from resin, adding Na^OO,, and 
shaking with ether. The ethereal solution is 
shaken with dilute tartario acid solution, and 
the acid solution mixed with Na 2 00, and ex- 
tracted with ether. The etljreal extract is 
mixed with ligroin and allowed to evaporate 
spontaneously, when a visoidmass first separates, 
followed by crystals which are rc crystallised 
from alcohol (Wright a. Luff, 0. J . 83, 338). 
If commercial veratrine [144°] be dissolved in 
alcohol at 70°, water added till turbidity ensues, 
and the solution evaporated at 50° to 60°, crystal- 
line veratrine separates firs 4 -, then a resinous 
mixture of veratrine and veratridine, while the 
mother-liquor contains veratridine and veratroin 
veratrate (Rosetti, Ar. Ph . [3] 21, 81). 

Properties. — Needles (from alcohol), sol. 
ether, insol. water. Inactive to light. Very 
poisonous, a small quant' „y producing vomiting 
and purging. Introduced into the nose it pro- 
duces sneezing. Alkaline to test papers Gone. 
H ? S0 4 forms a yellow colour changing to 
crimson, 1 pt. colouring 3,000 pts. H 2 S0 4 (Vas- 
mer, Ar. Ph. 2, 74). Cono. HClAq forms a 
violet solution on warming. HNO s forms a red 
solution, becoming yellow. Veratrine mixed 
with sugar (3 pts.) is coloured by H 2 S0 4 dark 
green and finally deep blue (Weppen, Fr. 13, 
454). A solution of ammonium selenite (1 g.) 
in ILjSO* (20 c.c.) gives a yellow colour at 30° ; 
in 3 hours a red pp. is formed, the liquid re- 
maining yellow (Da Silva, 0. JR. 112, 1267). On 
heating with alcoholic potash or baryta it yields 
angelic acid and cevine (W. a. L. ; Rosetti ; 
Stransky, M. 11, 482). IC1 forms ayellowfloooulent 
pp., sol. hot HClAq (Dittmar, B. 18, 1612). Cone. 
HClAq yields tiglic acid. Veratrine yields tiglic 
acid and (0) -methyl-pyridine on distillation. On 
distilling veratrine with lime the products are 
(0) -methyl-pyridine and its hexahydride and 
isobutyrio acid (Ahrens, B. 23, 2705). Vera- 
trine is not affeoted by boiling dilute H 2 S0 4 . 

Salts . — B'HCl. Amorphous. — B'-jEyPtCl^ : 
amorphous. — B'HAuCl 4 . Yellow needles (from 
alcohol).— B'HAuCl, 2aq (Rosetti, J. 1883, 1351). 
— B'HHgCl 8 . Crystalline pp., v. sol. alcohol. — 
ByE 2 S0 4 (dried at 100°).— B'HI S . Reddish- 
brown amorphous solid (Bauer, J. 1874, 861). 

Benzoyl derivative Cj^H^BzNOg. [170°- 
180°]. Brown crystals (containing 14 aq) (from 
ether) . — B 'HAuC1 4 . 

Dibromide C w H 4P Br 2 NO p . Formed by 
allowing the tetrabromide to stand in contact 
with dilute KOHAq. Light-yellow amorphous 
solid. 

Tetrabromide 0 w H l8 Br 4 N0 9 . Formed by 
shaking veratrine with bromine-water. Yellow 
amorphous powder, insol. water, v. sol. alcohol 
and ether (Ahrens, B. 23, 2701). 

Cevine C 27 H 48 N0 8 (W. a. L.); G 27 H 48 NO, 
(Rosetti). Cevedine. [145°] (W. a. L.) ; 

[182°-185°] (R.). Formed by boiling veratrine 
with alcoholic NaOH 1W. a. L.). Yellow resin, v. 
sol. alcohol, si. sol. etner. Its aqueous solution 
becomes turbid on warming. Does not attack 
the mucous membrane, gives a crimson oolour 
with H 2 S0 4 , and a brown colour with cane-sugar 
and HjSO,. Its salts are amorphous.— B'HHgl, 
(dried at 100°). Precipitate* 
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Veratridine C S7 H M NO n (W.a.L.); 
C 12 H 4B NO B (Rosetti). Veratrim. [180° cor.] 
(W. a. L.) ; [150°-155°] (R.). S. 8 at 15°. If 
the viscid mass which separates before veratrine 
when a solution of the crude base in alcohol- 
ligroin is evaporated be shaken with ether, ceva- 
dilline remains undissolved, while veratridine 
dissolves in the ethor (Wright a. Luff). 
Amorphous resin, si. sol. ether. Decomposed by 
alcoholic potash into veratric acid and verine 
C w H 1& NO g [c. 95 °] (W. a. L.) or veratroin 
[143°-148°] (R.), an amorphous 
base, sol. ether. Veratridine dissolves in boiling 
water, being converted into veratroin veratrate 
2aq (Rosetti), which melts, 
when anhydrous, at 165°-170°. R,S0 4 forms a 
yellow solution which turns crimson. — Salts. — 
B'HA*C1 4 . Amorphous.— B'H 2 S0 4 lOaq, crystal- 
line. 

Cevadilline C8 4 H,y,NO B . Obtained as above 
(W. a. L.). Amorphous, si. sol. ether, m. sol. 
benzene. Decomposed by alcoholic potash. 

Salts.- B'HAuC 1 4 .— B'HHgI 3 . Gelatinous. 
Cevadilline is perhaps identical with the s a b a- 
dilline C 4l H riH N,0 18 of Wiegelin (C. C. 1872, 229), 
to which Hesse (4. 192, 186) assigns the formula 
C 2 ,H 3s N0 7 ; while sabatrine C 51 H g< ,N 2 0 17 (W.) 
or C^H^NO,, (H.) was probably a mixture of 
decomposition -products (Wright a. Luff). 

Veratrum album. The alkaloids in the root 
of this plant, and in that of V . viride , are de- 
scribed under Jervine. 

VERATRUMIC ACID is Veratric acid. 

VERINE v. Veratrum alkaloids. 

VERNIN C,„H J0 N 8 O g 3aq. Occurs in young 
vetch plants ( Vicia saliva), in young red clover 
(Trifolium pratense ), in pumpkin seeds, in 
ergot, and in the blossom of Corylus avellana 
and Pinus sylvestris (E. Schulze, J. pr. [2] 32, 
447 ; H. 10, 80, 326). Separated from aspara- 
gin by crystallisation from hot water. Minute 
silky prisms, v. sol. hot water, insol. alcohol. 
Its aqueous solution is neutral, gives no pp. 
with Pb(OAc) 2 , but is ppd. by AgNO s , by picric 
acid, and by phosphotungstic acid in presence of 
HC1. Boiling hydrochloric acid forms guanine.— 
Ag 2 C 16 H )H N H 0 8 . Gelatinous pp. 

VERNONIN C, 0 H 24 O 7 . Occurs in the root of 
Vemonia nigritiana, used on the west coast of 
Africa as a febrifuge (Heckel a. Schlagdenhauffen, 
C. R. 106, 1446). White powder, si. sol. ether 
and chloroform, boI. alcohol. Cone. H 2 S0 4 gives 
a brown colour changing to purple. Cardiac 
poison, 80 pts. being required to produce the 
efifeot of 1 pt. of digitalin. Decomposed by 
boiling dilute HC1 into glucose and a resin 
C 4 H 10 O,. 

VICIN C 28 H 5l N n 0 2 ,. S. 1 at 23°. Occurs 
in the seeds of Vicia sativa , V. Faba , and 
F. Faba minor (Ritthausen, J. pr. [2] 2, 333 ; 
24, 202 ; 29, 359). Obtained by extracting the 
seeds with oold dilute H 2 S0 4 (1:50), neutralising 
with lime, filtering from CaS0 4 , evaporating to 
dryness and crystallising from 85 p.o. alcohol. 
The yield is *25 p.o. 

Properties. — Tufts of small needles, nearly 
insol. alcofiol. Loses 2H 2 0 at 160°. Sol. 
alkalis and alkaline earths, reppd. on neutral- 
isation. Not •affected by boiling baryta-water. 
Bol. dilute HC1 end H 2 S0 4 , but after boiling the 
solution gives a deep-blue colour with Fed* and 


NH„ and a violet pp. with baryta. Boiling 
KOHAq (S.G. 1*1) also forms divioin. When 
evaporated with HNO a (S.G. 1*2) the residue is 
edged with deep violet. Potash-fusion forms 
KCy. 

Salts. B' a 4H 2 S0 4 . — B' 4 11HC1. Slender 
needles. 

Divioin By boiling vioin with 

water (5 pts.) containing H 2 S0 4 (I pt.) at 0° 
there is formed crystalline (0 a2 H 28 N 20 O B )2£SO 4 , 
which yields divicin on treatment with exactly 
the calculated quantity of KOHAq. Flat prisms 
(from water). Reduces AgNO, at once. Not 
ppd. by baryta. A little Fe01 a followed by NH f 
gives a splendid blue colour.— B'8HNO s . Whet- 
stone-shaped crystals, got by adding HNO g to a 
solution of divicin. 

Convicin C 2u H 28 N g O| 4 2aq. Obtained from 
powdered vetch seeds by extracting with alcohol, 
allowing vicin to crystallise from the extract, 
ppg. the mother-liquor with HgCl 2 and potash, 
decomposing the pp. with aqueous HJ3, and 
evaporating. The mixture of vicin and convioin 
so obtained is treated with dilute H 2 S0 4 , which 
dissolves the vicin only. Thin plates (from 
water), often resembling leucine. Hardly sol. 
cold water, si. sol. alcohol. Not decomposed by 
boiling KOHAq (S.G. 1*1). Potash-fusion gives 
off NH a , but forms no KCy. Insol. cold dilute 
HC1 and H 2 S0 4 . Its aqueous solution gives a 
flocculent pp. with Hg(NO a ) 2 . 

VINAC0NIC ACID v. Tri-methylene dx- 
carboxylic acid. 

VINCET0XIN C lfl H 12 O g . [59°]. [a] D «-50°. 
Extracted by milk of lime from powdered 
asclepias root (Tanret, G. R. 100, 277 ; Bl. [2] 
43, 620). Occurs in two forms, one soluble and 
one insoluble in water. Both forms are lasvo- 
rotatory, amorphous, si. alcohol, insol. ether. 
Boiling dilute HG1 yields an amorphous, in- 
active sugar, which does not ferment with yeast. 

VINYL ALCOHOL OH.rCH.OH. This sub- 
stance might be expected to be identical with 
aldehyde CH g .CHO, but Poleck a. Thummel 
(B. 22, 2863) suppose it to be present in ether 
that has been exposed to air and sunlight, and 
that its presence is indicated by the formation 
of a pp. CjjHjOHgOHg^Clj when a solution of 
mercury oxychloride in Na 2 C0 8 Aq is added to 
commercial ether. This pp. is white, and is 
converted by boiling potash into explosive 
greenish-black 4 acetylene mercury ’ C 2 H 5 0 4 Hg 4 , 
and by adding nitric acid to its alkaline solu- 
tion into C 2 HHg 2 OCl 2 , which is not explosive. 
H 2 S passed into water containing the compound 
C 2 H 3 0 2 Hg 3 Cl 2 yields ( 7 )-tri-thio-acetic aldehyde 
[76°]. 

VINYL-DIACETON AMINE v. Acetonamines. 

VINYL-AMINE CH^.CH.NH,. Formed by 
the action of moist Ag 2 0 or of KOHAq on 
brom -ethylamine hydrobromide at 48° (Gabriel, 
B. 21, 1049, 2665). Known only in aqueous 
solution. Volatile with steam. Decomposes in 
aqueous solution even in the cold. S0 2 converts 
it into taurine. 

Salts.— x B f HCl. Poisonous. Its aqueous 
solution is decomposed by heat.— B'gH^PtClg. 
Crystals, v. sol. water. — B',2BiI s . Minute 
scarlet hexagonal leaves. — B'HA uG 1 4 . Gulden 
crystals.— B'C 8 H,N 8 O y . [142°]. Slender yellow 
needles. 
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R eferen ce. — Di-iodovin ylamine . 

VINYL BROMIDE v. Bbomo-ethylene. 
Vinyl t ribro mide v. Tri-bromo-ethane. 
VI NYL CHLORIDE, v. Chloro -ethylene. 
VINYL ETHANE v. Butylene. 

V IN YL-ETHYL-C ARB INOL v. Pentenyl 

ALCOHOL. 

VINYL-ETHYLENE v. Butinene. 

VINYL ETHYL OXIDE CH.iCH.OEt. 
(86-5° i.V.). S.G. iff -7625. Formed by heat- 
ing chloro-acetal CH a Cl.CH(OEt) 2 with sodium at 
140° (Wislicenus, A. 192, 106). Liquid, smelling 
like ether mixed with allyl compounds. Com- 
bines with Cl and Br, forming di-chloro- and di- 
bromo- di-ethyl oxide. A small quantity (1 g.) of 
iodine converts large quantities of the oxide 
(200 g.) into a viscid liquid. Dilute (1:4) BLjSO. 
forms aldehyde and EtHS0 4 . 

Reference. — Chloro-vinyl-ethyl oxide. 
VINYL-ETHYL-PYRIDINE 
C a H 3 NEt.CH:CH 2 . (98°-102°at21mm.). Formed 
by heating C a H 3 NEt.CH 2 .CH 2 OH with cone. HC1 
at 170° (Prausnitz, B . 26, 2394). Oil, v. sol. 
ether.— B'jHjHg^Cl,,,. Needles, si. sol. hot water. 
VINYL IODIDE v . Iodo-ethylene. 
VINYL-MALONIC ACID v. Trimethylene 

DIOABBOXYLIO ACID. 

VINYL OXIDE (CsHJ.O. (39°). Formed 
by the action of dry Ag 2 0 on vinyl sulphide 
(Semmler, A . 241, 90). 

Reference . — Hexa-chloro-di-vinyl oxide. 
o- VINYL-PHENOL CH 2 :CH.C fl H 4 .OH. 
Methyl ether CH 2 :CH.C a H 4 .OMe. o- 
Vinyl-anisole. (c. 198°). S.G. |g 1*0096, |g 
1*0006. Formed from either of the methyl deri- 
vatives of o-oxy-phenyl-acrylic acid by successive 
treatment with HI and NajjCO^Aq (Perkin, C. J. 
83, 211 ; 39, 429). Oil. Polymerises readily (at 
160°), forming a glassy mas3, which, however, on 
distillation, regenerates the original oil. It 
smells like high-boiling coal-tar naphtha. It 
forms a colourless compound with bromine. 
Forms a red solid with H^S0 4 . 

p- Vinyl-phenol. Methyl ether 
CH a :CH.C # H 1 OMe. [3°]. (205°). S.G. if 

1-0029 ; *9966. Formed by distilling methoxy- 

phenyl-aorylio acid (g.u.) and from the same 
acid by successive treatment with cone. HI 
(S.G. 1*94) and Na 2 CO,. 

Reference . — Bromo- and Nitro- vinyl- 
phenol. 

VINYL-PIPERIDINE C 6 H 10 (Cja s )N (?). 
(147°). Formed by dehydration of oxy-ethyl- 
piperidine [32°] (Ladenburg, B. 22, 2687). 
Liquid, smelling like tropidine and coniine, v. sol. 
water. 

Reference. — Bromo- vinyl-piperidine. 

»- VINYL-ISOPROPYL-BENZENE C U H 14 i.e . 
O i H 4 Pr.GH:OH r (204°). S.G. *8902. 

Formed by distilling cumyl-acrylio acid at 210° 
or by boiling a-bromo-/3-cumyl-propionio acid 
with Na t CO # Aq (Perkin, C . J. 1877, ii. 660). Oil, 
smelling like cuminio aldehyde. Partially poly- 
merises on boiling, and also on keeping, forming 
a glassy mass, reconverted into the original 
hydrocarbon by heat. Yields 0 n H l4 Br 2 [71°]. 
•-VINYL-PYRIDINE C ? H : N i.e . 

n^ch— CH> CH - ( 159 °)- sg - * ‘ 9985 - 

Formed bypassing a mixture of pyridine and 


ethylene through a red-hot tube (Ladenburg, B, 
20, 1643). Formed also by distilling oxy-ethyl- 
pyridine under high pressure or in presence of 
KOH (Ladenburg, B. 22, 2586), and by the ac- 
tion of NaOHAq on £-bromo-0-pyridyl-propionic 
acid (Einhom, A . 265, 229). Liquid smelling 
like oonyrine, m. sol. water, v. boi. alcohol. De 
composed by distillation under atmospheric 
pressure, but boils at 81° under 29 mm. Oxidised 
by KMn0 4 to picolinio acid, and reduced in alco- 
holic solution by Na to ethyl-pyridine.— Salts: 
B'jjEyPtCV [174°]. Crystals, m. sol. water. — 
B'HAuCl 4 . [144°]. Yellow needles. 

Tetra-vinyl-pyridine OJX(C 2 H 3 ) 4 N. (277°). 
S.G. 1-0516. Formed in „he preparation of 
7 -ethyl-pyridine by heating pyridine ethylo- 
iodide in sealed tubes at 320° (Karan, B. 25, 
2776). SI. sol. water. — B' 2 H 2 PtCl 6 . [175°].— 
B'HAuCl 4 . [148°]. — B'HHgCl . [146°]. Needles. 

VINYL-QUINOLINE v. Quinolyl-ethylene. 

VINYL SULPHIDE 0 4 H fl S i.e . SfCH.-CH,).. 
(101°). S.G. -913. Constitutes the chief part 
of the essential oil of Allium ursmum (Semmler, 
A. 241, 90). Liquid, smelling like allyl sulphide. 

Reactions. — 1. DryAg 2 0 forms vinyl oxide. — 
2. Moist Ag 2 0 gives aldehyde.— 3. Alcoholic 
HgCl a forms crystals of C 3 H 12 Cl 4 Hg 2 S 2 , which, 
when heated with potassium sulphocyanide, 
yields vinyl sulphocyanide. — 4. PtCl 4 added to 
its alcoholic solution ppts. (C 2 H 8 ) 8 Cl # Pt 2 S„ which 
is decomposed by ammonium sulphide into 
vinyl chloride and dark-brown (C 2 H 3 ) 2 PtS 3 . — 

5. AgNO a forms (C 2 H 3 ) 2 SAgNO s .— 6. Br gives 
(GfHjBr^SB^ [195°].— 7. Oxidising agents 
yield C0 2 , oxalic acid, and H 2 S0 4 only. 

VINYL-TOLUIDINE so called is Di-p-tolyl- 

DI -ETHYLENE-DIAMINE. 

VIOLAQUERCITRIN v. this vol. p. 373. 

VIOLANTIN C*H,N 3 0 3 4aq. Formed by 
mixing hot cone, solutions of nitroso- and nitro- 
barbiturio acids (violurio and dilituric acids). 
Formed also by warming hydurilio acid with 
dilute HNO, (Baeyer, A. 127, 223). Yellowish- 
white, crystalline powder, decomposed by water 
into its two component acids, but may be re- 
crystallised from HOAo or 50 p.c. alcohol. It is 
also split up into its components by salts of the 
stronger acids. 

VIOLURIC ACID C 4 H 3 N 3 0 4 i.e. 
C 2 0 2 <^^^>C:NOH. Nitroso-barbituric acid . 
Mol. w. 157. 

Formation. — 1. From hydurilio acid by the 
action of nitric acid (S.G. 1-2) or nitrous acid 
(Baeyer, A. 127, 200).— -2. By heating diliturio 
(nitro-barbituric) acid with glycerin. — 8. By 
warming ferrous diliturate with KCy.— 4. By 
boiling an aqueous solution of alloxantin with 
hydroxy lamine hydrochloride (Pellizzari, 0. 17, 
258).— 5. By adding hydroxylamine to an aqueous 
solution of alloxan (Ceresole, B . 16, 1133). — 

6. By adding KNO a to barbituric acid (Baeyer* 
A. 130, 140). 

Properties.— Trimetrio crystals (containing 
aq); aur.c** -83:1:1*92. M. sol. cold water, si. 
so*, alcohol. Its aqueous solution is ppd. by 
alcohol. FeS0 4 gives a deep indigo-blue colour. 
HNO. forms nitro-barbituric acid. Br forme 
di-bromo-b&rbiturio aoid and f nitrous fumes. 
Reducing agents form uranil (amido-barbiturio 
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acid). Cone. UClAq forms hydroxylamine on 
heating. 

Sal ts.~ NH 4 A'. Dark-blue prisms. — KA'2aq. 
Deep-blue crystals, v. sol. water, forming a blue 
solution; turned red by excess of KOH. A 
solution of the K salt in cono. HClAq deposits 
(KA') a (HCl) s 6aq in colourless efflorescent 
prisms. — BaA' 2 4aq. Bed dimetric tables, nearly 
in8ol. cold water. — MgA' 2 6aq. Purple-red crys- 
tals. — PbA' 2 5 4aq. Small red crystals. — AgA'. 

Bentyl ether CO<^g;°Q>C:NOC,H,. 

[226°]. Formed by the action of benzyl ohloride 
on silver violurate (Conrad a. Guthzeit, B. 15, 
2849). Silvery scales, sol. hot water and alcohol, 

VIRIDIC ACID v. Caffetannic acid. 

VIBIDINE C 12 H l9 N. (251°). S.G. 1*024. 
A honsologue of pyridine occurring in coal-tar 
(Thenius, C . O. 1^62, 53). Yellowish oil, with 
slight greenish fluorescence, si. sol. water, v. sol. 
alcohol and ether. — B'-jHjPtCl,,. Greenish 
brown, insol. water, alcohol, and ether. The 
mercuric ohloride double salt melts at 
S5° and crystallises from water. 

Isomende C 12 H 19 N. (230°-235°). Obtained, 
with other bases, by heating methyl-ethyl-acro- 
lein with alcoholic ammonia (Hoppe-Seyler, M. 
9, 651).— B'HAuC 1 4 . [93°]. — B' 2 H 2 PtCl 8 . [135°]. 

VI8CIN C l0 H 2 4 O 4 (?). The glutinous consti- 
tuent of the stalk, leaves, and berries of the 
mistletoe (Viscum album). Extracted from the 
bark by kneading with water, washing the sticky 
mass with 90 p.c. alcohol, and extracting the 
viscin with oold ether. The residue consists of 
visoaoutohin and woody-fibre (Beinsch, G. C. 
1861, 145). Colourless, tasteless, semi-fluid 
mass, S.G. 1*0, decomposed by distillation, 
yielding oily vi scene (226°) S.G. *85, which 
forms a crystalline Na salt with cone. NaOHAq. 
Yiscaoutchin is very glutinous. Its S.G. is 


*978, and it is insol. alcohol and ether, sol. oil 
of turpentine. 

VISCOSE is Dextrane (a. vX 

VITELLIN v. Pboteids. 

VITELL08E v. Proteids. 

VOLUMES, SPECIFIC ; v. Specific volumes, 
p. 498. 

VULPIC ACID C 19 H 14 0 5 i.e. 
C Ph:C(OH). g;CPh.CO a Me - 

[148°]. Occurs in Cetraria vulpina , a lichen 
growing in N orway, and used there, mixed with nux 
vomica, as poison for wolves (Bebert, A. 2, 342 ; 
Strecker a. MSller, A. 113, 56 ; Spiegel, B. 13, 
1629; 14, 1686; A. 219, 15). The lichen con- 
tains to 4 p.c. of the acid, which may be ex- 
tracted by warm milk of lime. Vulpio acid is 
also formed by dissolving pulvio anhydride in a 
solution of KOH in MeOH. It appears to occur 
in the lichen Parmelia parietina (Berzelius ; 
Stein, J. 1864, 553). 

Properties . — Yellow plates or needles, sol. 
alcohol and ether, v. e. sol. chloroform, nearly 
insol. boiling water. Decomposed above 200® 
into MeOH and pulvio anhydride. Boiling milk 
of lime converts it into pulvio acid. Boiling 
KOHAq forms di-benzyl-glycollio acid and GO t . 

Salts NH 4 A\ Yellow crystals, sol. water. 
— BaA' 2 2aq. Yellow needles (from water).— 
BaA' 2 7aq. — KA'aq. Light-yellow needles, si. sol. 
water. — AgA'. Pp. Blackens at 100°. 

Acetyl derivative C 19 H l3 Ac0 4 . [156°]. 
Colourless needles, insol. NaOHAq. 

Methyl ether v. Di-methyl ether of Pulvio 
acid. 

Isovulpio acid C, g H n Me0 5 . [124°]. Formed, 
in small quantity, together with pulvio anhydride, 
by heating vulpic acid at 200° (Spiegel). Thin 
golden plates (from alcohol). Forms orange 
solutions in alkalis. 
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WACKEHRODERS SOLUTION. The solu- 
tion obtained by passing H^S for a long time 
into nearly saturated SO^q. The solution con- 
tains HtS,0., muoh H 2 S 4 0„, H^SjO*, and pro- 
bably HgS'Oj, along with H 2 S0 4 , dissolved 
colloidal 8, ard a little S in suspension; v. 
Thionic acids, p. 698. 

WALDIVIN 0^0,0. [230°]. S.G. 1*46. 

S. -17 at 15° ; 3 at 100°. S. (alcohol) *53. Ex- 
tracted by dilute alcohol from the powdered fruit 
of Simdba waldivia (Tanret, Bl. [2] 35, 104; 
C. B. 91, 886). Hexagonal prisms (containing 
5aq), v. sol. chloroform, insol. ether. Neutral to 
litmus. Inactive to light. Tastes bitter. 

WATEB. HjO. (Hydrogen monoxide.) Mol. 
w. 17*96. (For physical data v. Properties.) 

Occurrence .— Pure water is never found in 
nature. The properties of different specimens 
of naturally occurring waters deuend on the im- 
purities they contain, and these impurities are 
derived from the substances with which the 
water has come into contact ; hence it is cus- 
tomary to classify natural waters in accordance 
with their origin, as rain-water, surface-water, 


well-water, mineral spring-water, and sea-water. 
The composition of the substances found in these 
waters, and the properties of the waters them- 
selves — that is, of the various more or less dilute 
aqueous solutions— are discussed in pp. 939-960 
of vol. iv. of the Dictionary of Applied Chemis- 
try. Solid water, more or less pure, is found 
as ioe and snow. Water vapour is a constant con- 
stituent of the atmosphere. A great many mine- 
rals, and also many organic substances, oontaii: 
water combined with other compounds. 

Historical . — In 1781 Cavendish showed ex- 
perimentally that water was the only product of 
burni ig H and O mixed in certain proportions, 
and that almost the whole of the H and O dis- 
appeared. The account of the experiments made 
by Cavendish was published in 1784 (T. 1784. 
116). 

* When a nurture of inflammable and dephlogistioated 
air [<•*. in modern language, hydrogen and oxygen] la ex 
ploded In such proportions that the burnt air la not muoh 
phlogtstioaUd, the condensed liquor contains a little acid, 
which is always of the nitrous kind . . . ; but if tLj pro- 
portions he such that the burnt air is almost entirely 
phlogisticated, the condensed liquor is not at all acid, hot 
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seems pure water, without any addition whatever ; and as, 
when they are mixed in that proportion, very little air 
remains after the explosion, almost the whole being con* 
doused, it follows that almost the whole of the Inflammable 
and dephlogisticated air is converted into pure water ’ (l.c. 
p. 183). 

Translated into modem language, this state- 
ment would be taken as asserting that water is 
formed by exploding a mixture of H and 0 in 
proper proportions. It is, however, worthy of 
note that Cavendish did not himself interpret 
his experimental results as we interpret them 
to-day. He regarded * dephlogisticated air * 
[oxygen] as ‘ nothing but dephlogisticated water, 
or water deprived of its phlogiston.* He said: 
* We must allow . . . that inflammable air [hydro- 
gen] is either pure phlogiston ... or else water 
united to phlogiston * (l.c, pp. 137, 140). 

The formation of water by burning H and 0 
was thought of by Cavendish as the restoration 
of phlogiston to water that had been deprived 
of this principle. * Water,* he said, * consists of 
dephlogisticated air united to phlogiston.’ 
Cavendish evidently thought of H and 0 as what 
we might now call forms of water ; one of these 
was water with too little phlogiston, and the 
other was water with too much phlogiston ; the 
explosion restored the phlogistic balance, and 
the properties of water were apparent. When 
Lavoisier had interpreted Cavendish’s results, 
Cavendish spoke of Lavoisier’s explanation as 
an hypothesis: ‘According to thiB hypothesis 
we must suppose that water consists of in- 
flammable air united to dephlogisticated air’ 
(Z.c. p. 150). Cavendish established the fact 
that water is the product of burning a mixture 
of H and 0 in the ratio (approximately) of 2 
vols. H to 1 vol. 0 ; but he stated this fact in 
language that no longer carries a definite mean- 
ing with it. Lavoisier added to the experimental 
basis whereon the faot rested, and he expressed 
the fact in language that still iB clear, definite, 
and descriptive. 

Formation. — 1. By the direct union of H 
and O by igniting a mixture of these elements. 
2. By deoxidising metallic oxides, and many 
other compounds that contain 0, by heating 
with H. — 3. By the decomposition of many 
compounds containing H and 0, by heat, or by 
reactions with other substances. 

According to Freyer a. V. Meyer (B. 25, 622), 
a mixture of H and 0 in the ratio 2H:0 does 
not explode when slowly passed through a glass 
tube at 606°, and the temperature of ignition of 
the wet, gaseous mixture is between 650° and 
730°. Askenasy a. V. Meyer (A. 269, 49) found 
that when pure, dry electrolytic gas was passed 
at a moderate rate through a glass tube heated 
to 518°, only c. *7 to 1*7 mgms. of water were 
produced in ten hours ; and that a little more 
water, but still only a very small quantity in 
proportion to the total quantity of H and O, 
was formed at 606°. Experiments made to de- 
termine the relation between the quantity of 
water formed and the time of the experiment 
showed that no constant relation could be arrived 
at, even when every precaution was taken to 
insure equality of conditions; the irregular 
action of the surfaoes of the vessels was probably 
the cause of the irregularities in the results. 

Davy (T. 1817) found that electrolytic gas did 
not explode when the pressure was so reduced 


that the gas was rarefied to ^ of its ordinary 
density. Thomas (O. J. 35, 215) found that the 
gas exploded at 168 mm. pressure. L. Meyer a. 
Seubert (C. J. 45, 586) found that the sparks 
from a Kuhmkorff ooil caused the combination 
of c. | of a quantity of electrolytio gas at 
c. 70 mm. pressure, and that the remainder 
combined when the pressure was increased until 
it became the same as before the first explosion ; 
this result is in keeping with Bunsen’s deter- 
minations of the quantity of oxygen needed to 
prevent the explosion of 2H + 0 (v. M. a. S., Z.c. 
p. 588). Dixon (2*. 1884. 634) noticed that elec 
trolytic gas did not explode at a pressure under 
70 mm., but that explosion occurred under 
75 mm. pressure (c/. D., l.c. p. 642). 

According to the experiments of Dixon (l.c.), 
‘the union of oxygen ana hydrogen : s not 
affected by the presence or absence of water * ; 
dry electrolytio gas exploded by the spark at a 
pressure between 70 miu. and 75 mm., and the 
wet gas exploded at the same pressure. 

The velocity of explosion of electrolytic gas 
was found by Berthelot and Vieille (O. jR. 95, 
151) to be 2,810 metres per second (cf. Explo- 
sion, vol. ii. p. 530). 

Preparation. — Stas ( Chem . Proport. 110) 
prepared pure water as follows. When large 
quantities were required, spring- water was very 
slowly distilled through a long copper tube, bent 
into zigzag form, completely filled with pure 
copper turnings that had been oxidised by 
strongly heating in O, the copper tube being 
surrounded by alumina and sand, and heated to 
full redness ; the distillate was then distilled in 
an apparatus of platinum. 

The second method recommended by Stas, 
especially when comparatively small quantities 
of pure water are required, is based upon de- 
stroying the organic matter in distilled water 
by the action of K manganate °nd permanganate. 
The process is described by Stas as follows : — 

I prepared potassium manganate by reacting on man- 

f anese oxide with caustic potash and potassium chlorate. 

shook up the powdered product with water, just sufficient 
to dissolve the manganate that had been formed, and 
allowed the mixture to settle in a closed vessel. I then 
added 4 or 5 p.o. of the olear, dark-green solution to the 
spring water which was to be distilled, and allowed the 
components of this mixture to react for 34 hours. I then 
poured into the distillation vessel one or two litres of the 
cono. solution of potassium manganate that had been mixed 
with an equal volume of oono. caustic potash solution ; 
this solution of potash was sufficiently oono. to make the 
salt so stable that its dilute solution oould be heated for a 
long time without decomposition. 1 then filled the dis- 
tillation vessel to o. ^ with the water which had been in 
contact with the potassium manganate, and distilled in the 
ordinary way. When boiling began I moderated the heat, 
in order to prevent the liquid, which frothed muoh for 
some minutes, from passing over. When the frothing has 
stopped, the water may be boiled rapidly without the least 
inconvenience. When A of the water has distilled over, 
that which then distils is completely free from organic 
substances, and also from mineral substanoes, if the upper 
part of the distillation vessel is furnished with diaphragms 
to hold back the extremely small drops that are always 
carried forward when a liquid is boiled vigorously. 

Stas says that water thus prepared is perfectly 
free from organic matter. When he wished to ob- 
tain water absolutely free from any form of solid 
matter, Stas re-distilled the water that had been 
purified as described above, using as condenser a 
long tube of platinum soldered rrith gold. It 
is advisable to distil the water iust before it is 
to be used. 
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On one occasion Stas nsed rain-water instead 
of well-water, and he found distmot quantities 
of ammonia in the distilled water thus prepared. 
To remove this he recommends to re-distii with 
jJto part of NaHS0 4 or KHSO v 

Composition of water . — The gravimetric com- 
position of water was determined by Berzelius 
a. Dulong (-4. Ch. [2] 15, 86) and by Dumas 
(A Ch. [8] 8, 189) by passing pure H over a 
weighed quantity of red-hot OuO, and weighing 
the water produced and the copper which re- 
mained. The results gave the ratio H:0 =* 1:8 
(B. a. D.) and 1:7*98 (D.). An extended series of 
measurements by the same method, with many 
precautions, by Dittmar a. Henderson (C. N. 67, 
127, 139, 151, 164 L 1893]) gave the ratio H:0- 
1:7*9327. 

Several measurements have been made of 
the proportion by volume in which H and O 
combine to form water. Gay-Lussac in 1805, 
and Humboldt in 1805 (A. Ch. 53, 239), found 
the volumetrio ratio of H:0 to be 2:1. Morley, 
in 1891 (Am. 8 . [3] 41, 220, 276), determined 
the ratio of H:0 to be 2 00023:1 by directly 
measuring the volumes of the gases. In 1892 
Leduo ( C . B. 116, 1248) found the ratio H:0 =* 
2*0037:1, from determinations of the relative 
densities of H, O, and electrolytic gas. In 1893 
Scott ( T . 184, 543) completed a most carefully 
performed Beries of syntheses of water by spark- 
ing mixtures of H and O, and determined the 
most probable value of the volumetric ratio 
H:0 to be 2*00245:1. 

Properties. — Water is a clear, transparent, 
almost colourless, tasteless, odourless liquid. A 
column of water appears slightly blue when 
looked at lengthwise. Bunsen (A. 72, 44) 
pointed out that the slight blue colour of water 
may be observed by looking at a shining white 
object through a column of water 2 metres long, 
contained in a tube blackened inside. V. Meyer 
( B . 15, 297) recommends to join five wide, thin- 
walled glass tubes, c. 40 mm. internal diameter, 
and each o. 14 metres long, by wide caoutohouo 
tubing, and tnua to form a tube o. 7J metres 
long ; to lay the tube perfectly horizontal, and 
to close the end by smooth glass plates held in 
position by metallic clasps ; then to cover the 
tube with black cloth. On looking through the 
tube the field of view appears quite colourless, 
but on now filling the tube with pure water (by 
means of brass tubes passing through the metallic 
clasps) a deep-blue colour is seen on looking 
through the oolamn of water. 

The boiling-point of water is 100° under the 
pressure of 760 mm. Zeuner (Orundzilge der 
mechanischen W(Lrmetheorie % Tab. 10 [1877]) 
gives the following table, showing the increase 
of boiling-point with increase of pressure : — 


Pressure 

Boiling- 

Pressure 

Boiling- 

in atmos. 

point. 

in atmos. 

point. 

1 . 

. 100 

8. . 

. 170*81 

2 . 

, 120*6 

9. . 

. 175*77 

3 , 

. 133*91 

10. . 

. 180*31 

4 . 

. 144 

11. . 

. 184*50 

5 . 

. 152*22 

12. • 

. 188*41 

6 . 

• . 159*22 

13 . • 

. 192*08 

7 . 

. 165*34 

14. . 

. 195*53 


An elaborate table is given by Brooh ( Trav . 
€t Him. du Bureau intemat. des Poids et Mes. t 


1, 46 [1881]) based on Begnault's determinations ; 
the table gives the b.p. of water for each *1 mm. 
from 680 to 800 mm. pressure. (The table is 
given in Landolt a. Bornstein’s Physikalisch - 
Chemische Tabellen [Berlin, 1883], pp. 47-49.) 

The melting-point of ice is Blightly lowered 
by pressure. J. Thomson (T. E. 16) calculated 
that the m.p. would be lowered by n *0075° for 
an increase of n atmospheres ; W. Thomson 
(P. M. [3] 37, 123) confirmed this calculation by 
determining the m.p. of ice at 8*1 and 16*8 atmos. 
Mousson (A. Ch. [3] 56, 252) kept water liquid 
at - 5° by greatly increasing pressure, and he 
found that at o. 13,000 atmos. pressure ice melted 
at -18°. 

The specific gravity of water is greater at 4° 
than at any other temperature. Exner gives 
the temperature of maximum density as 3*945° 
(older determinations are tabulated by Exner, 
W. A. B. 68 (ii.), 463 [1873]). The following 
table, showing the density and volume of water 
from 0° to 100°, is given by Volkmann (W. 14, 
260 [1881]) ; it is based on the determinations 
of Hagen, Matthiessen, Pierre, Kopp, and Jolly : 


Temp. 

Density (in vacuo) 
i.e. wt. of 1 o.o. 
water in grams. 

Volume of 1 gram 
water in o*e. 

• 

0 

*999878 

1*000122 

1 

*999933 

1*000067 

2 

*999972 

1*000028 

8 

*999993 

1*000007 

4 

1-000000 

1*000000* 

5 

*999992 

1000008 

6 

•999969 

1*000031 

7 

*999933 

1-000067 

8 

•999882 

1*000118 

9 

*999819 

1-000181 

10 

*999739 

1-000261 

11 

•999650 

1*000350 

12 

•999544 

1*000456 

13 

•999430 

1*000570 

14 

*999297 

1*000703 

15 

*999154 

1*000847 

16 

•999004 

1*000997 

17 

•998839 

1*001162 

18 

•998663 

1-001330 

19 

•998475 

1*001527 

20 

•998272 

1-001731 

21 

•998065 

1-001930 

22 

*997849 

1*002156 

23 

•997623 

1-002388 

24 

*997386 

1-002621 

25 

*997140 

1-002868 

30 

•99577 

1-00425 

35 

•99417 

1-00586 

40 

*99236 

1*00770 

45 

•99035 

1-00974 

50 

•98817 

1-01197 

55 

•98584 

1*01436 

30 

•98334 

1*01694 

65 

•98071 

1-01967 

70 

•97789 

1-02261 

75 

•97493 

1*02572 

80 

•97190 

1-02891 

85 

•96876 

1-03225 

90 

•96549 

1-03574 

95 

•96208 

1*03941 

100 

•95856 

1*0432? 
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Rossetti (P. Ergdmbd. 5, 268 [1871]) gives 
the densities and volumes of water for each 
degree from —10° to 100°, referred both to water 
at 0° and to water at 4° as unity. The S.G. of 
ice is c. *916 at 0° (water at 0° « 1) ; according 
to recent determinations by Zakrzevski (W. 47, 
156 [1893]) the value is *916660. 

The expansion of water for various intervals 
of temperature has been measured by various 
observers ; putting V t =» V # (1 + at + bt' 1 + ct % ), the 
following values are given by Kopp (P. 72, 1 
[1847] ; cf. Pierre, P. 86, 451 ; Weidner, P. 123, 
800 ; Matthiessen, P. M. [4] 81, 149 ; Rossetti, 
P. Ergdnzbd . 5, 258 ; Him, A . Ch . [4] 10, 32) : 


saturated water vapour and the weight (in 
kilos.) of 1 c. metre of the vapour, at tempera* 
tures from 0° to 200°, is given by Zeuner (v. 
Landolt a. BSrnstein’s Physikalisch-chemische 
Tabellen [Berlin, 1883], p. 53; c/. Dieterioi, 
W. 38, 1). According to Dieterici (Lc.) water 
vapour saturated at 0° behaves like a perfect 
gas. 

The vapour pressure of water varies from 
1*0288 mm. at — 19° to 20926*4 mm. at 230° ; for 
complete tables calculated from Regnault’s deter- 
minations^. Landolt a. Bomstein’s Physikalisch - 
chemische Tabellen [Berlin, 1883] pp. 40-46 (the 
vapour pressure is given for each *1° from —19° 


Temp. 

0° to 25° 
25° to 60° 
60° to 76° 
75° to 100° 


-*000061045 

-*000065415- 

-•00005916 

-*00008645 


b 

*0000077183 

•0000077587 

•0000031849 

•0000031892 


-*00000003734 

-*000000035408 

*0000000072848 

•0000000024487 


For the expansion of water above 100° v. 
MendeUeff (A. 119, 1). 

As water freezes it expands by c. ^ of its 
volume ; one volume of water at 0° becoming 
1*09082 volumes of ice at 0°. It expands when 
heated at temperatures below 0° ; Zakrzevski ( W. 
47, 155) gives the co-efficient of expansion 
-000077 (v. also Brunner, P. 64, 116 ; Struve, P. 
06, 298; Marchand, J.pr. 35, 254). 

The compressibility of water is small. 
ROntgen a. Schneider (W. 33, 644) give the 
absolute compressibility at 17*95° as *0000462 
per atmosphere of pressure (v. also Ramsay a. 
Young, T. 1892 ; and cf. Grassi, A. Ch. [3] 81, 
437 ; and Rankine, P. M. [4] 1, 548 ; also Amaury 
a. Descamps, C. R. 68, 1664; and Cailletet, 
€. R. 75, 77). 

A table showing the volume of 1 kilo, of 


to 101°, and for each 1° from 101° to 230°). 
Ramsay a. Young (T. 1C 92) give a table of the 
vapour pressures of water up to 270°. In con- 
nection with the vapour pressures of w ater and 
ice, v. R. a. Y. (P. 1884. 470). For an expression 
representing the vapour pressure of water at any 
temperature up to 325°, v. Antoine (C. R. 113, 
328). 

The spec, heat of water increases as tempera- 
ture rises ; the quantity of heat required to raise 
1 g. of water from t° to t 0 + 1 is taken as unity 
in determinations of the spec, heats of other 
subBtanceB. The following table presents the 
data for S.H. of water at intervals of 10° from 0° 
to 230° (the memoirs by the different observers 
are : Regnault, Acad. 21, 729 [1847] ; Jamin a. 
Amaury, C . R. 70, 661 [1870]; Bosscha, P. 
Jubelbd. 549 [1874] ; von Mimchhausen, W. 1, 


fair 

therm.) 

Regnault 

Jamin a. 
Amaury 

Bossoha 

v. Miinchhauaen 

Henrichsen 

Baumgartner 

0° 


1*0000 


■ 

1*0000 

1*0000 

10 


1*0111 

1*0022 


1*0036 

1*0031 

20 

* B5*i ! m 

1*0225 

1*0044 

MK M^ ; 

1*0079 

1*0061 

30 


1*0341 

1*0066 

mew 

1*0131 

1*0092 

40 

»C*it "MU 

1*0459 

1*0088 

mssSi 

1*0191 

1-0128 

50 

1*0042 

1*0580 


1*0213 

1*0259 

1*0154 

•60 

1*0056 

1*0703 


1*0255 

1*0335 

1*0184 

70 


1*0829 


1*0298 

1*0419 

1*0215 

80 


1*0957 


1*0340 

1*0511 

1-0246 

90 

1*0109 

1*1087 

■!i|& 

1*0383 

1*0612 

1*0276 

aoo 

1-0130 

1*1220 


1*0425 

1-0720 

1*0307 

110 

1-0163 

1*1855 

; ■ , ■ 

1*0468 

1*0837 

1*0338 

120 

1*0177 

1*1493 


1*0510 

1*0961 

1*0368 

130 


1*1632 

|B| "a™ 

1*0553 

1*1094 

1*0399 

140 

1*0232 

1*1775 


1*0595 

1*1235 

1-0430 

150 

1*0262 

1*1920 

■ 


1*1384 

1*0461 

160 

1*0294 

1*2067 

1*0352 


1*1540 

1*0491 

170 

1*0328 

1*2217 

1*0374 

1*0723 

1*1706 

1-0522 

180 

1*0364 

1*2869 

,1-0396 

1*0765 

1*1879 

1-0653 

190 

1*0401 

1*2523 

1*0418 

1*0808 

1*2060 

1-0583 



1*2680 

1*0440 


1*2249 

1*0614 

*210 

1-0481 

1*2839 

1*0462 

1*0893 

1*2447 

1-0645 

220 

1*0524 

1*8001 

1*0484 

1*0935 

1*2652 

1-0675 

280c 

1-0568 

j 1*8165 

1*0506 

1-0978 

1*2866 

1-0706 















WATER. 


868 


599 ; 10, 284 [1877 and 1880] ; Henriohsen, W. 8, 
63 L1879] ; Baumgartner, W. 8, 648 [1879]). 

The following values for S.H. of water, from 
0° to 85°, are given by Bartoli a. Stracciati 
(A Ch. [6] 29, 285) ; the values in the column 
• calculated * were obtained by using the formula : 

S.H. » 1*006630 

- -000593962* 

+ -000004338650P 

+ -000000425520** 

- -000000002819* 4 

The unit is the quantity of heat given out by 
1 gram water at 15° in cooling to 14°. 


t° 

L.H. oalod. 

S.H. observed. 

0° 

1*006630 

1*00664 

l 

1*006041 

1*00601 

2 

1*005463 

1*00543 

3 

r *004898 

1*00489 

4 

1*004350 

1*00435 

5 

1*003820 

1*00383 

6 

1*003307 

1*00331 

7 

1*002824 

1*00283 

8 

1*002362 

1*00233 

9 

1*001927 

1*00190 

10 

1*001522 

1*00149 

11 

1*001146 

1*00111 

12 

1*00080 

1*00078 

13 

1*000496 

1*00048 

14 

1*000224 

1*00023 

15 

0*999990 

1*00000 

16 

0*999795 

0*99983 

17 

0*999642 

0*99968 

18 

0*999530 

0-99959 

19 

0*999462 

0-99951 

20 

0*999439 

0-99947 

21 

0*999463 

0*99950 

22 

0*999533 

0*99955 

23 

0*999652 

0*99964 

24 

0*999821 

0-99983 

25 

1*000040 

1*00005 

26 

1*000311 

1*00031 

27 

1*000633 

1*00064 

28 

1*000967 

1*00098 

29 

1*001438 

1*00143 

80 

1*001921 

1*00187 

31 

1*002459 

1*00241 

82 

1*003054 

— 

33 

1*003668 

— 

84 

1*004408 

— 

35 

1*005170 

— 


The S.H. of ice is considerably less than that of 
water ; Regnault’s determinations gave *474 be- 
tween -75° and 0°; the determinations of 
Person a. Desains gave *504 between — 20° and 
0 ° ; Ramsay a. Young ( T . 1884. 475) give the 
value *5 as the mean of various experiments. 
S.H. of water gas at 100° is given by Strecker 
(W. 17, 85) as *37 referred to an equal weight of 
water ■> 1, and 1*36 referred to an equal volume of 
S H p 

aif =»1 ; the ratio given by S. is 1*4, 

Jaeger (W. 36, 165 [1889] gave the value 1*33 to 
this ratio, and Cohen (W. 37, 628 [1889]) gave 
the value 1*287 for the temperature interval 
144° to 300°. 

The heat of vaporisation of water — i.e. the 
quantity of heat required to convert 1 g. of 
water at 100° into steam at 100°— is 535*77 


gram-units, according to Favre a. Silbermann 
(A. Ch [3] 37, 461). The following values are 
given for the heat required to convert 1 g. of 
water at *° completely into water vapour; 
606-5 when *«0°, 637 when f « 100°, 676*6 when 

* = 230° (Regnault, Acad . 21, 635] ; Dieterioi 
(W. 38, 1) gives 596*8 when t~ 0° ; Regnault 
(lx.) gives the formula X « A + B* for the total 
heat of vaporisation of water at different tem- 
peratures, and gives the values A « 606*5, B •» 
•305. 

According to Sakurai (C. J. 61, 495 [1892]), 

* the temperature of the steam escaping from a 
boiling salt solution is exactly the same as that 
of the solution.’ 

The heat of fusion of ice, i.e. the quantity of 
heat required to convert 1 g. of ice at t° into 
1 g. of water at *° is given as follows by 
different observers (the values are in gram-units 
of heat):— 79*24 and 79*06 when *° «= 0°(Regnault, 
A. Ch. [3] 8, 19); 79*25 when *« 0°, 74-2 when 

* « - 10°, 80*02 when * varies from - 2° to - 21° 
(Person, A. Ch. [3] 21, 295 ; 30, 73) ; 77*85 at 
-2*8°, 76*75 at— 4*995°, 76*11 at- 6*28°, 76*0 
at — 6*5°,(Pettersson, J. pr. [2] 24, 129). 

The thermal conductivity of water, from 10° to 
18°, was determined by Winkelmann (P. 153, 481) 
to be *154 ; Bottomley (Pr. 31, 300) obtained nearly 
the same value ; this figure means that heat 
sufficient to raise *154 mgm. water from 0° to 1° 
passes per second through a layer of water 1 mm. 
thick and 1 sq. mm. area, when the difference 
between the temperatures of the two surfaces of 
the layer is maintained at 1°. For electrical 
conductivity of water v. Reactions, No. 2. 

The refractive indices of water at different 
temperatures, and for different lights of deter- 
minate wave-lengths, have been measured by 
many observers. The following values have 
been found for p Um : 1*83120 at 19*9°, 1*33091 
at 23*7°, 1*33050 at 26° fBriihl, B. 24, 644). For 
detailed tabulation of tne results obtained by 
Fraunhofer, van der Willingen, Bailie, Damien, 
Landolt, Wiillner, and Riihlmann, v . Landolt 
a. Bdrnstein’s Physikalisch-Chemische Tabellen 
[Berlin, 1883] 205; cf. also Perkin (C. J . 61, 
293), who gives values for p for the lines A C D 
and F, at 15° and 83*7°. 

Observations have been made on the absorp- 
tion spectrum of water and water-gas, but the 
matter has not been thoroughly investigated ( v . 
Vogel, P. 156, 326 ; Jansen, B. A. 1866. 11). 

Water crystallises, as ice, in rhombohedral 
forms ; snow is generally found crystallised in 
six-sided stars derived from six-sided prisms. 

Molecular weight of liquid water. Several 
observations have been made which tend to 
show that the molecular weight of liquid water 
is greater than 18. Paterno (B. 21, 3180), from 
measurements of the lowering of the freezing- 
point of water dissolved in acetic acid, con- 
clude i that the mol. w. might be 18, or might 
perhaps be 36. From the depression of the 
freezing-point of paratoluidine by water dissolved 
therein, Eykman (Z. P. C. 4, 510) concluded 
that the mol. w. of liquid water is probably 36, 
and this conclusion was strengthened by Walker’s 
experiments on the connection between heats of 
fusion and solubility (Z. P. C. 6, 194). From 
measurements of the surface tension of water 
Ramsay and Shields (C. /.63, 1089 [1893]) coa* 
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elude that the mol. w. of liquid water is pro- 
bably 72 at the ordinary temperature. 

Reactions. — 1. In 1847 Grove (T. 1847. 1) 
showed that water was decomposed into H and 

0 by heat Grove formed a little ball on the 
end of a Pt wire, by fusing the Pt, heated the 
globule of Pt to whiteness by an eleotrio current, 
and plunged it into a little air-free water, nearly 
boiling, in a small basin, with a test tube full 
of air-free water arranged to collect any gas 
that might come off. JDeville ( 0 . R. 56, 195, 
322 [1868]) found that H and 0 were given off 
in considerable quantities when molten Pt was 
plunged under water. D. noticed no decompo- 
sition when steam was passed through a Pt tube 
heated to bright redness, but by passing a cur- 
rent of an indifferent gas, suchasC0 2 , through the 
hot tube, and thus sweeping away the products 
of decomposition, H and 0 were obtained.*— 
2. Water is scarcely decomposed by an electric 
current Kohlrausoh found the electrical con- 
ductivity of the purest water he could obtain by 
distillation in vacuo to be 2*5 x 10 -6 in C.G.S. 
units, or c. 72 billionths of the conductivity of 
Hg (JP. M. [5] 18, 542). By calculations based 
on this result, Ostwald concluded that in a litre 
of pure water the weight of water dissociated 
into H and OH ions, expressed in gram-molecules, 
is *6 x 10~® (Z. P. C. 11, 521), By other methods 
of calculation, based on other data, Ostwald ar- 
rived at the value *2 to *9 x 10"* for what has 
been called the dissociation constant of water 
(Z. P. C. 11, 521) ; Wijs, by calculations based 
on the hydrolysis of methyl acetate, obtained the 
values *1 x 10" 7 (Z.P. C. 11, 492), and *14 x 10'* 
(ibid. 12, 514) ; Arrhenius obtained the value 
•1125 x 10"“ (ibid. 11, 827) ; and Bredig, the 
value *6 x 10"® (ibid. 11, 829). Later experi- 
ments on the conductivity of water by Kohlrausoh 
a. Heydweiller (Z. P. C . 14, 316 [1894]) with water 
that had been distilled in vacuo ten years ago, 
had then stood in a vessel filled with water, and 
been again distilled in vacuo t gave the following 
results : — conductivity (Hg=* 1) *014 at 0°, 04 at 
18°, *058 at 25°, *089 at 34°, *176; all these to be 
multiplied by 10' l0 . K. a. H. say that 1 mm. of 
this water at 0° had a resistance = that of 40 
million kilometres of Ou wire of the same area. 
K. a. H. calculate that in 1 litre of the purest 
water at 18° there is *00008 mgm. H as free ions, 
and *000105 mgm. at 25°. — 8. Steam is decom- 
posed by electric sparks ; for conditions and 
details of results v. Thomson (Pr. 53, 90). 

The reactions of water are so many that an 
approximate classification of them into groups 
is all that can be attempted here. — 4. Many 
metals react with water, at temperatures varying 
from the ordinary to a full red heat, forming 
oxides or hydroxides and giving off H. The fol- 
lowing metals decompose cold water : Ba, Cs, Ga, 
(Oe ?), (La ?), Li, K, Rb, Na, Sr. Al, Fe, Pb, Mg, 
(?Mn),Mo, Ti react ato. 100° ; and most of the 
other metals at temperatures from o. 100° to a 
full red heat. — 5. Many non-metals react, gene- 
rally slowly, with water, forming acids anti giving 
eff O. F rapidly decomposes water at the ordi- 
nary temperature; 01 reacts slowly at the ordi- 
nary temperature, and somewhat more rapidly 
at a red heat ; Br reacts more slowly than Cl ; 

1 hes probably a very slight (?any) action. S 
and P react slowly at 100° ; Se is said not to 


decompose water at 160°. Carbon gives off H at 
a red heat. Boron acts like a metal, giving off 
H at a red heat. — 6. Many haloid compounds reaot 
with water, giving oxyhaloid compounds or 
oxides, and haloid acids. — 7. Some metallic sul- 
phides react with steam to form oxides and H 2 S. 
8. A few of the lower oxides decompose water; 
e.g . Cr0.zH 2 0 at the ordinary oemperature, and 
CO at c. 600°.— 9. Water reacts with many 
oxides to form hydroxides which are either basic 
or acidic; in some cases hydrates are formed. 
Hydrates of various salts are also produced by 
combining the salts with water (v. Hydrates, 
vol. ii. p. 703 ; of. Hydroxides, vol. ii. p. 733). — 
10. Water dissolves very many compounds of 
the most different properties {v. Solutions, vol. 
iv. p. 484). 

Small quantities of water often bring about 
chemical changes that do not occur wh m the 
substances are perfectly dry ; for instance, a 
mixture of dry CO and O is not exploded by 
sparks, but a trace of w^ter suffices to start the 
change (v. Baker, C. J. 65, 611 [1894]). 

The acidio and basic characters of water are 
so nearly br lanced that the compound cannot be 
classed among either aoids or basio bodies. The 
chemical relations of water to the compounds 
formed by reactions between it and other sub- 
stances are determined chiefly by the ohemioal 
characters of the substances that reaot with it ; 
thus the relations of HOH to M x (OH)„, formed 
by the interaction of water and metals, are those 
of an acid to its salts, whereas the relations of 
HOH to HX, formed by the interactions of water 
and non-metals, are those of a basio hydroxide to 
salts derived therefrom. The relations between 
both classes of derivatives of water and the 
parent compound are sometimes expressed by 
saying that the compounds belong to the water 
type (v. Types, vol. iv.p. 811). M. M. P. M. 

WAX. A term applied to various natural 
solids more or less resembling bees’-wax. They 
are compound ethers, but differ from fatB in 
yielding monovalent alcohols and not glycerin 
on saponification. They melt below 100°, are 
insol. water, si. sol. or insol. alcohol, and boL 
ether. They are not volatile. 

Bees’ -wax. [64°]. S.G. *965. Consists of 
a portion (about 5 p.c.) soluble in alcohol (cerin) 
and a portion insoluble in alcohol (myricin). 
Myricin is myrieyl palmitate (Brodie, A . 67, 
180; 71, 144). Cerin is chiefly composed of 
cerotic acid *, but it contains small quantities of 
melissic acid C 80 H 80 O 2 [90°], and ^n acid melting 
at 73° (Schalfejeff, B. 9, 278, 1688 ; Nafzger, A . 
224, 246). There is also present one or more 
acids whose lead salts dissolve in ether and 
whose Ba salts dissolve in alcohol, and which 
therefore probably belong to the oleic series. 
Myricin may be saponified by alcoholic potash,, 
and the myrieyl alcohol separated from potas- 
sium palmitate by extraction with ligroin. Crude 
myricin yields CC1 4 and Ofi\ H when heated with 
I and exoess of SbCl 5 at 400° (Hartmann, B . 
24, 1022). Bees’-wax contains two hydrocarbons, 
one of which [60°] (c. 275° at 11 mm.) is pro- 
bably w-heptairosane O^H^, and the other [68°j 
(L 300° at 11 mm.) n-hentriacontane 0 8 ,H 64 . 
(Schwalb, A . 235, 106). According to Schwalb, 
the myrieyl alcohol of bees’-wax has the formula. 
C 81 H 84 0 [85°], and is converted by heating yifch. 
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soda-lime Into an acid 0„H M 0 a [89°} f which 
forma a methyl ether [71°] and an ethyl ether 
[70°]* Among the products of saponification of 
bees’-wax, ceryl alcohol C^H^O or G M H w O, and 
an alcohol 0 2i H 5<{ 0 or 0„H M 0 oocur. The last- 
mentioned alcohol when heated with soda-lime 
gives an acid or O w H 48 O j [75*5°]. 

OarnaiLba wax v . vol. p. 710. 

Chinese wax, which is produced by an insect, 
is almost entirely composed of oeryl oerotate 
(0 R HJ0 w H li 0 a (Brodie, A. 67, 199). 

Cork wax v. Oerin. 

Pine wax v. Oeropio acid. 

Sugar-cane wax v. Cerosin. 

Japan wax. [42°-66°]. Obtained in the 
East from Rhus succedanea. It appears to be 
really a fat, since palmitin is its chief com- 
ponent , It also contains the ether of a fatty 
acid of higher melting-point than stearic acid 
(Sthamer, A . 43, 343; Buri, Ar. Ph . [3] 14, 
403). 

wax of Ficus gummiflua of Java contains 
an alcohol C I5 H 30 O [78°], v. sol. ether, and a 
small quantity (5 p.o.) of isocervl alcohol 
0 27 H.„0, si. sol. ether (Kessel, B. 11, 2112). 

myrtle wax. [49°]. Got by boiling the 
berries of Myrica cerifera of North America 
with water (Moore, J. 1862, 606). Consists of 
palmitic and some laurio acid and (20 p.o. of) 
palmitin. 

Opium wax. Contains oeryl cerotate and 
ceryl palmitate (Hesse, B. 3, 637). 

Tobacco wax. Contains O 70 H 140 O a [63°], insol. 
cold alcohol, sol. ether and a Bmall quantity of 
C w H m 0 2 [64*6°], si. sol. cold ether (Kissling, B. 
16, 2433). 

Coca leaf wax (Hesse, A. 271, 214). The 
wax from Trujillo coca is palmityl-09)-amyrin 
G^HgoO* [76°] [o] d -64*6°. On saponification it 
yields palmitic acid and (3)-amyrin C^H^O 
[196°] [a] D «94*2°, Which yields an acetyl deriva- 
tive [236°] and a benzoyl derivative [228°]. 
The wax from the broad-leaved coca of Peru 
and Bolivia melts at 70°; contains palmityl- 
(fi)-amyrin and a ketone, (fl)-cerotinone C^jH^gO 
[66°], m. sol. alcohol, ether, and ligroin. The 
wax from Java coca contains the same sub- 
stances, and also some ceryl cerotate and ethers 
of myristic acid and of oxycerotic acid C<27H M O g 
[82°], which is v. e. sol. hot alcohol and ligroin, 
v. si. sol. ether, and is converted by Ac a O at 
100° into cerotolio acid [70°]. 

WHEY-PROlElD v . Milk. 

WINE OIL. Light oil of wins. An oil ob- 
tained in the preparation of ether by distilling 
alcohol with H^SO*. The ether is shaken with 
milk of lime and fractionally distilled, the suc- 
cessive fractions being ether, aloohol, and wet 
alcohol. Light oil of wine (*26 to *6 p.o. of the 
aloohol etherified) rises to the surface when the 
last fraction (90°-120°) is allowed to stand. 
When dried over CaGl a it has S.G. !£! *903. 
It contains C lt H„ (157 J ), EtOC*H u (112°), 


Et.CO.OjH,, (164°), and CH 3 .CO.O„H l8 (164°) 
(Hartwig, J . pr. [2] 23, 449). 

Heavy oil of wine , which passes over when 
the temperature is raised after the preparation 
of ether, consists of Et>S0 4 mixed with olefines 
(Claesson, J.pr . [2] 19, 259j Serullas, A . Ch. [2] 
39, 152). 

WINTERGBEEN OIL contains methyl o-oxy- 
benzoate. 

WINTEBENE G ls H a4 . (260°-265°.) S.G. 4* 
*934. [a]j 11*2° at 16°. A dextrorotatory sesqui- 
terpene obtained by distilling winterbark (from 
Drymis Winter-Forster) with water (Arata a. 
Canzoneri, O. 18, 527). Coloured green by Br 
in CHC1*. 

WOOD v . Lionone. 

WOOD GDM v . Xylan. 

WOOD NAPHTHA v . Methyl aloohol. 

WOOD OIL. Gurjun Balsam. Flows from in- 
cisions in the stem of Dipterocarpus costatus. It 
contains an essential oil, which gives a splendid 
violet colour when its solution in CS a (20 pts.) 
is treated with a drop of a cold mixture of HNO a 
and H^SO^ The same reaction is exhibited by 
the balsam itself, and also, in a more transient 
manner, by cod-liver oil and copaiba balsam 
(Fliickiger, Ph. [3] 7, 2). The essential oil con- 
sists chiefly of a terpene (255°) (Werner, J. 
1862, 461), which composes 65 p.c.of the balsam 
(Guibourt, J. 1876, 907). The resin contains a 
neutral substance, C 2g H M O s , which crystallises 
from light petroleum in triclinic prisms [126°- 
130°] ; it dissolves in cone. HjS 0 4 , and is reppd. 
from the resulting reddish solution by adding 
water. It is not affected by potash-fusion 
(Fliickiger, Ar. Ph. [3] 12, 58). A substance 
C M H 8 o0 2 [129°] is described by Brix (M. 2, 616) 
as ppd. by adding water to an alcoholic extract 
of wood oil. It is neutral and insol. alkalis, and 
yields a diaoetyl derivative [75°] . It is perhaps 
identical with the compound C^H^Og. Wood 
oil also contains gurjunio acid C & H !{l 0 4 [220°], 
which orystallises from aloohol, distils with de- 
composition at 260°, and forms Ag-A". 

WOOD SPIBIT v. Methyl alcohol. 

WOBMSEED OIL. Oleum Cvrue . Ob- 
tained by steam-distillation from wormseed, the 
flower-buds of Artemisia Vahliana , A. Sieberi , 
and A. inculta (Trommsdorff, Tr . N. J. 3, 812 ; 
Vdlckel, A. 38, 110 ; 87, 312 ; Hirzel, J. 1864, 
591; 1855, 655; Kraut a. Wahlforss, A. 128, 
293; Faust a. Homeyer, B. 7, 1429; Hell a. 
Ritter, B. 17, 2609 ; Wallach a. Brass, A. 225, 
291). It consists chiefly of oineol G,„H, h O. 
Wormseed (A. Qallica) also contains betaine and 
choline (Jahns, B. 26, 1493). 

WBIGHTINE 0„H l8 N. [122°]. OccurB in 
the juice of Wrightia antidysenterica (Sten- 
house, Ph. [2] 5, 493 ; Wamecke, B. 19, 60). 
Needles with bitter taste, si. sol. water, v. sol. 
alcohol and ether. Cone. HgS0 4 at 100° gives a 
dark-green colour, turned dark blue by adding 
water. Wrightine is probably identical with 
oonessino (g. v.). 
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XANTH ALINE a gr H 88 N 2 0*. [206°]. Occurs 
!n opium (T. a. H. Smith, Ph . [3] 23, 798). 
White crystalline powder, insol. water and 
alkalis, si. sol. hot alcohol, m. sol. benzene, v. e. 
sol. chloroform. Weak base, forming yellow salts 
from which it is ppd. by hot water. Cone. 
1^804 forms a deep-orange solution, from which 
water ppts. the sulphate as yellow needles. Hot 
HNO g does not decompose it. Zinc and R 2 S0 4 
reduce it to hydroxanthaline C s7 H 3R N 2 0 9 , which 
forms white crystals [137°], nearly insol. water, 
v. sol. alcohol and benzene, and forms easily 
soluble crystalline salts. Hydroxanthaline is 
coloured deep-violet by H 2 S0 4 (even free from 
HNOA, the colour being destroyed by water, but 
reproduced by R 2 S0 4 .-~ B'H 2 Cl 2 4aq : yellow 
needles. Gives off all its acid at 150°. 

XAKTHAMIDE v. Ethyl ether of (8 )-Thio- 

CARBAMIC ACID. 

XANTHATES. The salts RS.CS.OEt where 
R is a metal ; v. Ethyl dithiocAbonatb. 

XANTHIG ACID v. Ethyl dithiocarbonate. 

XANTHINE C ft H 4 N 4 0 2 i.e. 

Xanthic oxide. Mol. w. 

162. S. *007 in the cold ; *08 at 100°. Occa- 
sionally found in urinary calouli (Marcet, Essay 
on Calculi , London, 1819 ; Liebig a. Wflhler, A. 
26, 340 ; Lebon, C. R. 78, 47) and in urinary 
deposits (Bence Jones, C . J. 16, 78). Occurs in 
small quantity in the urine of man, in the 
pancreas, spleen, and liver of oxen, in the 
thymus gland of the calf, in muscle of mam- 
malia and fishes (Soherer, A. 107, 814; 112, 
267 ; Stadeler, A. Ill, 28 ; 116, 102 ; Durr, A. 
134, 46; Kossel, H. 6, 422), in some kinds of 
guano (Unger a. Phipson, C. N. 6, 16), and in 
yeast (Schindler, JET. 13, 432). Occurs also in 
lupin seeds (Salomon, J. 1881, 1012 ; Schulze 
a. Barbieri, J.pr. [2] 27, 868), in pumpkin-seeds 
(E. Schulze, J. pr . [2] 32, 467), and in tea 
(Baginsky, JET. 8, 396). 

Formation . — 1. By the action of nitrous acid 
on guanine (Streoker, A. 108, 141 ; 118, 161 ; 
131, 121 ; Balke, J. pr. [2] 47, 542).— 2. In small 
quantity by heating a mixture of HOAc and 
aqueous HCy (Gautier, Bl. [2] 42, 141). 

Preparation. — 1. Separates as a crystalline 
powder when NaN0 2 (8 g.) is added slowly to a 
solution of guanine (10 g.) in HgS0 4 (20 g.) and 
water (160 g.) at 76° (Fischer, A. 215, 809).— 
2. The aqueous extract of sprouting lupin seeds 
is evaporated, the residue treated with alcohol, 
and tiie alcoholic filtrate evaporated. The 
residue is dissolved in water and AgN0 8 and 
NH 9 added. The gelatinous pp. is disserved in 
hot HNOj, (S.G. 1*1), which yields on cooling a 
crystalline oompound of hypoxanthine and silver 
nitrate, and on adding NH„ to the filtrate silver- 
xanthine is ppd. (S. a. B.). — 8. Urine is ppd. 
with baryta-water ; the filtrate is evaporated to 
a small bulk and boiled with cupric acetate. 
The pp. is dissolved in warm nitrio acid and 
ppd. with AgNO s ; the pp. is crystallised from 
hot diluted HNO g , treated with ammoniacal 
AttNn^ decomnosed by H*S, and the solution 


evaporated. — 4. A solution containing xanthine 
is treated with Fehling’s solution and hydroxyl- 
amine hydrochloride, and the ppd. copper com- 
pound decomposed by H 2 S. The xanthine may 
be further purified by preparing its lead salt and 
decomposing this with H..S (Balke, J. pr. [2] 47, 
552). 

Properties. — Small scales (by evaporation) 
or powder composed of minute globules, nearly 
insol. cold water, insol. alcohol and ether. V. e. 
sol. KOHAq and reppd. by C0 2 and other acids. 
Weak base. Does not form an acetate. A cold 
saturated aqueous solution of xanthin. gives 
white pps.withHgCl 2 and AgNO„, and a yellowish- 
green, flocculent pp. with hot cupric acetate. 
An ammoniacal solution of xanthine is ppd. by 
HgCl 2 , ZnCl 2 , CdCl 2 , and AgN0 9 . Xanthine 
reduces ammoniacal cupric chloride (Drechsel, 
B. 25, 245 /< ). Xanthine evaporated with nitrio 
acid leaves a yellow residue turned orange by 
KOH (but not by NH g ), the colour becoming 
violet-red on warming. Solid xanthine added 
to a mixture of bleaching-powder and NaOHAq 
on a watch-glass forms a dark-green spot, chan- 
ging to brown and finally disappearing. Xanthine 
warmed with chlorine-water and a trace of 
HNO, as long as gases escape, and then evapo- 
rated to dryness, yields a residue which ia 
coloured rose-red by gaseous NH* (Weidel, A . 
158, 365 ; Kossel, H. 6, 426). 

Reactions. — 1. Decomposed above 160°, giv- 
ing off HCy, NH„ cyanogen, and CO a .— 2. KC10 g 
and HClAq at 60° form urea and alloxan. — 
8. Cone. HClAq at 230° forms glycoooll, formic 
acid, NH„ and C0 2 (E. Schmidt, A. 217, 311).— 
4. NaOH (2 mols.) and Pb(OAc) 2 form a lead 
salt which, if dried and heated with Mel at 
130°, yields theobromine (Fischer). — 5. Slowly 
attacked by pure HNO„ tne gas evolved con- 
sisting of nitrogen (1 vol.), C0 2 (4 vols.), and 
NjO (11 vols.) (Franchimont, R. T . C. 6, 223). 

Salts. — BTIC1. Nodular groups of silky 
needles.— B'H 2 S0 4 aq. Scales, decomposed by 
water. — B'BaH 2 0 2 . SI. sol. water.— B' 2 Cu 8 0 2 . 
Formed by the action of Fehling’s solution ana 
hydroxylamine hydrochloride (Balke). — B'Ag a O. 
Yellowish- white flocculent pp., got by adding 
AgNO s to an ammoniacal solution of xanthine. 
Blackens on boiling. — NaC g H 8 N 4 0 2 aq. Minute 
needles. 

Bromo-xanthine C 4 H 8 BrN 4 0 2 . Formed by 
heating xanthine with bromine at 100°, and 
also by the action of nitrous acid on bromo- 
guanine (Fischer a. Reese, A. 221, 343). Crys- 
talline powder, sol. cone. HClAq and H 2 S0 4 , but 
reppd. by water; si. sol. hot water and hot 
alcohol ; sol. alkalis. 

Isoxanthine C a H 4 N 4 0 2 i.e. 

C? NH.C.CH Formed by reducing dlazo- 

ijonitroso-methyl-uracil C 5 H g N A 0 4 with SnCl* 
and HClAq (Behrend, A. 245, 223). Needles 
(containing 4aq), sL soL hot water. Dissolves 
in Ac 2 0 without change. On evaporation jvith 
HNO. it leaves a residue coloured orange by 



XANTHOBHAMNIN. 807 


KOHAq. Yields C 5 H s BrN 4 0 2 aq, crystallising 
from water in six-sided tables. 

Pseudo-xanthine C 5 H 4 N 4 0 2 . A product of 
the action of H 2 S0 4 (2 pts.) on uric acid (1 pt.) 
At 120° fSchultzen a. Fileline, B. 1, 150). 
Formed also by the action of nitrous acid on 
Adenine (Kossel, BL. 10, 258). Powder, si. sol. 
water, HClAq, and NH 3 Aq, v. sol. KOHAq. Its 
aqueous solution is acid in reaction, and on 
•evaporation with HNO* leaves a lemon-yellow 
residue, which is turned orange on warming 
with KOHAq. 

The name pseudo-xanthine is also given by 
•Gautier ( Bl . [2] 48, 19) to a substance C 4 H 4 N 4 0 
•occurring in muscular tissue. This is a yellow 
powder, which forms a very soluble hydro- 
chloride. Its aqueous solution is ppd. by HgCl 2 , 
AgNO a , and ammoniacal Pb(OAc) 2 , but not by 
Pb(OAc) 2 . This nseudo-xantnine also gives an 
•orange colour when the residue, alter evapora- 
tion with HNO*, is tret ted with potash. 

Paraxanthine C^HgN^ [c. 284°]. Occurs 
in huniLn urine (Salomon, B. 16, 195 ; 18, 3406 ; 
BL. 13, 187 ; Thudichum, BL. 11, 415 ; Kossel, 
BL. 18, 302). Silky needles or monoclinic tables, 
insol. alcohol and ether, si. sol. cold water, v. sol. 
hot water. Sol. NH*Aq and HClAq. Poisonous, 
acting like caffeine and theobromine. AgNO, 
added to its solution in HNO* or NH s Aq gives a 
gelatinous or flocculent pp. Picric acid forms a 
jrellow crystalline pp. when added to its solution 
in HClAq. Gives a red colour (like xanthine) 
when the residue after evaporation with ohlorine- 
water is exposed to gaseous NH 3 . Does not 
.give an orange colour when KOHAq is added to 
•the residue after evaporation with HNO s . Cone. 
NaOHAq forms a crystalline salt. KOHAq 
•does the same. A solution of paraxanthine is 
ppd. by Cu(OAc) 2 , phosphotungstio acid, HgC^, 
and ammoniacal lead subacetate, but not by 
mercuric nitrate. ^ 

Heteroxanthine C 8 H 8 N 4 0 2 . Occurs in urine 
of men and dogs (Salomon, B. 18, 3407 ; BL. 11, 
412). Amorphous powder, v. si. sol. oold water, 
sol. NH,Aq, insol. alcohol and ether. Its solu- 
tion in HClAq is not ppd. by picric acid. AgNO a , 
HgCl 2 , Cu(OAc) 2 , and ammoniacal lead sub- 
acetate give pps. When evaporated with chlorine- 
water and HNO, it leaves a residue which is 
•coloured red by gaseous NH„ the colour chan- 
ging to blue on addition of NaOHAq. NaOHAq 
forms a salt crystallising in tables, v. sol. water, 
si. sol. NaOHA q. The hydrochloride forms spa- 
ringly soluble crystalline aggregates, whioh lose 
•HGi on treatment with water. 

Hypoxanthine v. vol. ii. p. 745. 

XANTHININE C 4 H 3 N 8 0 2 . S. *0025 in the 
•oold ; *025 at 100°. Formed by heating ammo- 
nium thionurate at 200° (Finck, A. 132, 298). 
Got also by heating pseudo-uric acid with H 2 S0 4 
at 150° (Grimaux, Bl. [2] 31, 535). White 
powder, nearly insol. water, sol. NH g Aq, forming 
a solution with blue fluorescence. Its solution 
.gives a white pp. with HgCLj and a yellow pp. 
with AgNO*. Not attacked by HNO*. Sol. 
KOHAq and reppd. by COa. Sol. cone. H 2 S0 4 , 
forming a* laminar sulphate, decomposed >y 
water with separation of xanthinine, — B'Ag 2 0. 
Bulky yellowpp., got by pouring an ammoniacal 
solution of xanthinine into excess of aqueous 
AgNO*. 


XANTHOCHELIDONIC ACID v . CHelidonic 
acid. 

XANTHOCREATININE v. Creatinine and 
Leucomaines. 

XANTHOGALLOL C 18 H 4 Br 14 0* is. 
C 4 H3r 4 0<g^||^>0(?). [122“]. Formed 

by adding pyrogallol (1 pt.) to bromine (10 pts.), 
leaving the mixture to stand for two hours, and 
then shaking with water and heating (Stenhouse 
a. Groves, C . J. 28, 1 ; A. 177, 191 ; 179, 237; 
Theurer, A. 245, 334). Tri-bromo-pyrogallol is 
an intermediate body in its preparation. Yellow 
laminae (from CS 2 and ligroin), v. sol. ether and 
CS 2 , m. sol. ligroin. Decomposed by boiling 
with water or alcohol. Very stable towards oxid- 
ising agents, even crystallising unaltered from 
cone. HNO s . Not reduced by sodium-amalgam 
or by zinc and dilute H 2 S0 4 . Aniline in HOAc 
yields an anilide [205°], to which Theurer assigns 
the impossible formula C, 8 H 4 Br n (NHPh) 4 0*. 
p-Toluidine forms a corresponding p-toluide. 
Reacts with phenyl-hydrazine acetate. 

Reactions. — 1. NaOHAq forms hexa-bromo- 
benzene dihydride ^H^Br, [139°], si. sol. alcohol, 
which crystallises in prisms, while the mother- 
liquor contains a sodium salt of an acid 
C 4 H 4 Br 2 0 3 [124°], which forms BaA", crystallis- 
ing from dilute alcohol in large white plates 
(Theurer). By the action of dilute NaOHAq 
on xanthogallol, Hantzsch a. Schniter (B. 20, 
2033) obtained C^H^rj^OHJgO,,, which yields 
Ba*(C 14 H 4 Br n 0 8 ) 2 and crystalline C^H^nAc/)*. 
2. Na 2 C0 3 Aq converts xanthogallol in the cold 
into C 1B H 7 Br n O e , crystallising from benzene in 
needles [72°] and prisms [131°], yielding the 
crystalline derivatives C^HyBrnOBBNPhH* and 
Cj 8 H T Br ll 0 8 8NH 2 .C e H 4 Me. — 3. HBr passed into 
a cooled solution of xanthogallol in MeOH 
forms C, g H 4 Br,,0*(0Me) 8 , crystallising from 
MeOH in prisms [113°], and converted by boiling 
dilute NaOHAq into an acid C a H 2 Br 4 0 2 (0Me) 3 
[105°], and by MeOH and hydrochloric acid into 
C 8 HBr 4 Cl(OMe) 4 [77°]. The brominated acid 
C 8 H.jBr 4 0 2 (0Me) 2 reacts with aniline, forming 
crystalline C u H 2 Br 4 0 2 (OMe) 2 NH 2 Ph. Cone. 
H 2 S0 4 converts C B H 2 Br 4 0 2 (0Me) 2 into C^B^O, 
[65°].— 4. Hydrochloric acid gas passed into a 
cooled solution of xanthogallol in MeOH forms 
C, 8 H 4 Br,,Cl 3 0 8 (0Me) # [86°], which is insol. water, 
v. sol. alcohol, does not react with aniline, and 
is decomposed by dilute alkalis.— 5. HC1 passed 
into an alcoholic solution of xanthogallol forms 
C 18 H 4 Br,,Cl 3 0 3 (OEt) 8 , crystallising from alcohol 
in colourless prisms [75°J, converted by NaOHAq 
into a product [92°]. C^HjB^jOIjO* [104°] is a 
bye- product in the action of alcohol and HOI 
on xanthogallol. It forms large yellow crystals, 
v. sol. alcohol. 

XANTHOGENIC ACID v. Ethyl dxthiocaa- 

BONA^. 

XANTHOMETHYLIC ACID v. Methyl thio- 
carbonates. 

X/ NTH0NE is Diphbnylene ketone oxide. 

XANTHOPUBPURIN is w-Di-oxy-anthba- 

QTJINONE. 

XANTHOQTJINIC ACID v. Oxy-quinoline 

CARBOXYLIC ACID. 

XANTHOBHAMNIN G 4t H w O M (?). Obtained 
from Persian berries (the fruit of Rhamnu* m* 
ftetoria ) by extracting with three times thek 
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weight of 85 p.c. alcohol ; the yield being 12 p.c. 
(Liebermann a. Hormann, B. 11, 952, 1618 ; A. 
196, 807 ; cf. Kane, P. M. [3] 23, 3 ; Gellatly, 
N. E. P. J. 7, 252 ; 0. N. 8, 196 ; Hlasiwetz, A. 
Ill, 108 ; Bolley, A. 115, 55 ; C. J. 13, 328 ; 
Stein, Z . [2] 6, 183, 568 ; Behrend, B. 11, 1353). 
Yellow needles (containing 2aq), v. sol. water 
and alcohol, insol. ether. Has little tinctorial 
power. Reduces Fehling’s solution and am- 
moniacal AgNO„ forming a mirror. FeCl„ gives 
a dark-brown pp. Ppd. by ammoniacal lead 
acetate. Boiling dilute H 2 S0 4 splits it up into 
rhamnetin (2 mols.) and isodulcite (4 mols.). 

Salts. — C^H^I^O*,. Yellow powder, v. e. 
iol. water. — Pb^A 1 ". Yellow pp. 

Acetyl derivatives O^H^c^O.^ 
(Schfitzenberger, Z, [2] 4, 668). — C^H^Ac^O^. 
Powder, v. e. sol. alcohol (Liebermann a. Ber- 
gami, B. 20, 2245). 

XANTHOROCCELIN v. Picro-roccelin. 

XANTHORRH(EA RESIN is Acaroid resin. 

XANTHOXYLIN C 10 H l2 O 4 . [80°]. Occurs, 
together with xanthoxylene C, 0 H la (162°) in the 
essential oil from japan-pepper (Xanthoxylon 
piperitum ) (Stenhouse, Ph. [2] 13, 423 ; 17, 19 ; 
A. 104, 237). Silky monoclinic crystals, insol. 
water, v. sol. alcohol and ether. Its alcoholic 
solution is not ppd. by AgNO, or lead acetate, 
even on addition of NH a Aq. 

XENYL AMINE v. p-Amido-diphenyl. 

XENYLEN £ -DIAMINE v. p-p-Di-AMroo-Di- 

PHENYL. 

XERONIO ACID v. Di-ethyl-maleio acid. 

XYLAN C fl H, 0 O 5 . Tree gum. Wood gum . 
S. 2 at 100°. [<*]„=- 69*6° (Tollens) ; -84° 

(Thomsen). Obtained from the bark of trees 
(T. Thomsen, J. pr . [2] 19, 146 ; Poumardde a. 
Figuier, A. 64, 388). Obtained, to the extent of 
1*73 p.c., by extracting jute with dilute (5 p.c.) 
NaOHAq ; and got also by extracting Deech- 
wood or pine- wood sawdust with 5 p.c. NaOHAq 
(Tollens, A. 254, 307, 320, 324, 826 ; Bl. [3] 1, 
1102 ; Winterstein, H. 17, 381). Obtained also 
by extracting wheat -straw, first with 2 p.c. 
NHgAq, and then with 5 p.o. NaOHAq (Tollens, 
A. 260, 291). The alkaline extract is ppd. with 
alcohol ana HC1. 

Properties.-— Porous mass, insol. cold, sol. hot, 
water; sol. NaOHAq. The hot aqueous solu- 
tion becomes opalescent on cooling. Insol. 
alcohol, but the aqueous solution is not ppd. by 
alcohol unless an acid or the salt of an alkali is 
added. Insol. NH s Aq, lime- and baryta-water. 
Its aqueous solution is laevorotatory. Gives 
furfuraldehyde when distilled with H 2 S0 4 or 
HC1, and xylose when boiled with dilute H.,S0 4 . 
Gives no colour with iodine. HNO a oxidises 
xylan to sacchario acid, but gives no mucio acid. 

o-XYLENE C 8 H 1# i.e. C tf H 4 Me 2 [l:2]. Du 
methyl-benzene . Mol. w. 106. [—28°] (Colson, 
A . Ch. [6] 6, 128). (142°). S.G. J *8932 

(Pinette, A, 243, 50) ; 24 *876 (Gladstone, O. J. 
59, 290). 1*4928, p B 1*5328. C.E. (0°-10°) 

•00098. S.V. 139*9 (Schiff); 187*6 (Knette). 
H.C. 1,084,274 [C;0 2 * 94,000 ; 2^,0*69,000] 
(Stohmann, J* pr. [2] 85, 41). M.M. 18*31 
(Sohfinrock, Z. P. 0. 11, 758. Critical tempera - 
Pure : 358° (Altschul, Z. P. C. 11, 590). Occurs 
In ob&l-tar. The S.G. of crude xyLne varies 
between *857 and *866 ; it contains 70 to 87 p.o. 
wi-xyfcike, 8 to 10 p.c. p-xylene, 2 to 15 p.o. 


o-xylene, and 3 to 10 p.e. fatty hydrooarbons 
(Levinstein, B. 17, 444 ; cf. Fittig, A. 148, 10). 
II 100 c.c. of the mixture are boiled for 45 
minutes with 40 c.c. of HNO* (S.G. 1*42) diluted 
with 60 c.c. of water, the p - and o-xylene are 
oxidised, leaving the ra-xylene and fatty hydro- 
carbons. If the residual hyurocarbons, after 
washing with NaOHAq followed by steam dis- 
tillation, be Bhaken for 80 minutes with 1^ 
volumes of H 2 S0 4 , the m-xylene will be sul- 
phonated and dissolved, while the fatty hydro- 
carbons remain. If 100 c.o. of crude xylene be 
shaken with 120 c.c. of HjS 0 4 , the o- and m- 
xylene dissolve, leaving the p-xylene and fatty 
hydrocarbons. On crystallising the sodium 
salts of the dissolved sulphonic acids, sodium 
o-xylene sulphonate separates first, and may be 
converted into o-xylene by heating in a sealed 
tube with HClAq at 190° (Jacobsen, B. 10, 1009), 
or by heating with diluted sulphuric acid. 
Nolting, Witt, and Fort' (B. 18, 2668) found 25 
p.c. of p-xylene in commercial xylene. According 
to NSlting and Palmer (B. 24, 1955), crude 
xylene may contain 10 p.c. of ethyl-benzene. 
When a mixture of o-xylene and ethyl-benzene 
is treated with Br (20 pts.) and I, tetrp-bromo- 
xylene is formed, together with a less highly 
brominated ethyl-benzene (Crafts, O. R. 114, 
1110 ). 

Formation. — 1. By distilling its carboxylic 
acids with lime. — 2. From o-bromo-toluene, 
Mel, and Na (Jannasoh a. Hiibner, A . 170, 117 ; 
Reymann, Bl. [2] 26, 632). — 3. By heating 
cantharidin with P 2 S 4 (Piccard, B. 12, 680).— 4. 
By passing Mel through a mixture of toluene 
and AlClg at 85° (Jacobsen, B. 14, 2628). 

Properties.-— Oil, solidifying in a freezing- 
mixture at — 28°. Unlike m- and p- xylene 
it does not yield a solid nitro- derivative with 
a cold mixture of H 2 S0 4 and HNO„. It is com- 
pletely oxidised by chromic aoid mixture. 

Reactions. — 1. Dilute HNO a forms o-toluic 
acid. — 2. Boiling aqueous KMn0 4 oxidises it to 
phthalic aoid.— 8. PC1 4 at 200° reacts, forming 
C a H 4 (CCl g )<CHCl 2 (Colson a. Gautier, Bl. [2] 45, 
507). — 4. Bromine in the dark forms bromo-o- 
xylene CgHgMeJBr [1:2:4]. In direct sunshine the 
products are C a H 4 Me.CH 2 Br and CJB^CHjBr^ 
(Schramm, B. 18, 1278). — 5. A1C1 S and gaseous 
HC1 at 100° yield benzene, m - and a little p- 
xylene, ^-cumene and mesitylene (Hesse a. 
Tdhl, A. 270, 168). 

w-Xylene C 8 H 4 Me 2 [1:3]. Y.D. 8*68 (calc. 
3*67) (Schiff, A. 220, 92). (139°). S.G. Jj *8812 
(Pinette, A. 243, 50); ^ -8715 (S.) 5 ’8655 

(Briihl, A/ 235, 13) ; m *864 (Glalstone, C. J . 
59, 290). C.E. (0°-10°) *00096. m. 1*495 (B.) 
Ma 1*4876, Mh 1*6277. S.V. 139*8. , H.C. 
1,084,168 (Stohmann, J.pr. [2] 35, 41). M.M. 
12*73 at 20°-30° (Schdnrock, Z. P. C . 11, 753k 
Critical temperature : 846° (A.). Occurs in coal- 
tar ( v . o-Xylene). 

Formation. — 1. From m-iodo-toluene, Mel, 
and Na (Wroblewsky, A. 192, 200). — 2. From 
(1,3,4) -xylidine and amyl nitrite (Staedel a. Holz, 
B( 18, 2919). — b. From toluene, MeOi, and A1C1 S 
(Friedel a. Crafts, A. Gh. [6] 1, 461 ; Ador a. 
Rilliet, B. 11, 1627). — 4. By distPling mesityl- 
enic and xylylio acids with lime (Fittig, A . 148, 
10; 156, 236). 
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Pr^cr&es.-— -Liquid. Not attacked by dilute 
HNO*. Gone. HNO, on warming forms tri- 
nitro-xylene [176°], si. sol. alcohol. 

Reactions.— I. Oxidised by chromic acid 
mixture to isophthalic acid. — 2. PCI* at 200° 
forms a hexachloride (Colson a. Gautier, Bl. [2] 
45, 508).— 3. Jromine in the dark forms 
CaHgMe^Br [1:3:4], whilo in direct sunshine 
CaHjMefCRjBr) and C g H 4 (CELjBr) 2 are produced 
(Schramm, 3 . 18, 1277 ; M. 8, 305).— 4. A1C1* 
and gaseous HC1 at 100° form benzene, mesityl- 
ene, and some p-xylene and ^-cumene (Heise a. 
Tohl, A. 270, 168). On boiling with A1C1 S the 
products are benzene, toluene, a little p-xylene, 
V'-cumene, mesitylene, and durene (Anschutz, A. 
235, 182). — 5. On heating with Mel and I at 250° 
it yields ^-cumene, mesitylene, and C, 0 H U (Ray- 
man Preis, A. 223, 320).— 6. Ethyl-malonyl 
chloride at 60° ir presence of A1C1 8 forms the 
ketone C IS H I4 0 2 [63°] (B6hal a. Auger. Bl. [3] 8, 
122). — 7. Benzoyl pei xide forms wixylylene 
C le H I(l (265°), S.G. ^ *9984 (Lippmann, M. 7, 
528). — 8. Cr0 2 Cl 2 added to its solution in CS 2 
ppts. chocolate brown C (j H 4 Me 2 2Cr0 2 01 2 , which is 
converted by water into ra-toluio aldehyde and 
ut 200° vields C.^Me.CHfCrO.ClJj (£tard,4. Ch. 
{5] 22, 244). — 9. CHjCl.; and AlCl a form tetra- 
methyl-anthracene [163°] (Friedel a. Crafts, 

A. Ch. [6] 11, 268).— 10. PH 4 I forms C a H l4 on 
heating (Baeyer, Z. [2] 4, 455). HIAq and P 
at 280° form w-xylene hexahydride. 

p-Xylene C a H 4 Me. 2 [1:4]. [13°] (Reissert, B. 
23, 2242); [15°] (Jannasoh). (138°). S.G. g 
•8801 (P.) ; -860 (Gladstone, O . J. 69, 290). 

C.E. (0°-l0°) *00098 (Pinette, A. 243, 51). 

1*4854. fi H 1*5253. S.V. 140 (Schiff). H.C. 
1,084,274 (Stohmann, J. pr. [2] 35, 41). M.M. 
12*79 at 20 J -30° (Sohonrock, Z. P. C. 11, 753). 
Critical temperature : 344°. Occurs in coal-tar 
( v . supra) and in Galician petroleum (Pawlewski, 

B . 18, 1915). Formed by the action of Mel and 
sodium on p-bromo-toluene (Fittig, A. 136, 303 ; 
Jannasch, A. 171, 79) and onp-di-bromo-benzene 
(V. Meyer, B. 3, 753). Monoclinio prisms; 
o:5:c* 2*32:1:2*34; 0 = 69*5° (Baeyer, A. 245, 
141). 

Reactions.— 1. Dilute HNO* forms p-toluic 
acid.— 2. Chromic acid mixture yields tere- 
phthalic acid.— 3. PC1 5 at 190° gives CyH^CB^Cl^ 
and at 200° G a H 4 (CCl 8 ) 2 (Colson a. Gautier, Bl. 
[2] 46, 6, 507).— 4. Bromine in the dark forms 
C^H*BrMe 2 , while in direct sunshine the products 
are CgH^Me.CF^Br and C^fCH^BrJj (Schramm, 
B. 18, 1276).— 5. AlCl a and HC1 at 100° aot in 
the same way as with o-xylene. 

References . — Bbomo-, Bromo-nitro-, Chlobo-, 
Diohloro-nitro, Di-iodo-, Nitro-, and Oxy- 

XYLENES. 

XYLENE-AZ0- compounds v. Azo- com- 
pounds. 

XYLENE CARBOXYLIC ACID v . Di-methyl- 
ren zoic acid and Mesitylenio acid. 

m-XYLUNE DICABB0XYLIC ACID C 10 H 10 O 4 
i . e . G*R t Me 2 (C0 2 H) 2 [1:8:4:6]. Dimethyl-iso- 
phthalic acid. 

(a)~Cumidic acid . Mol. w. 194. [above 820°]. 
Formed by" heating dhbromo-m-kylene dissol* ad 
in ether under pressure with ClCO^t and sodium- 
amalgam. Formed also, together with (0)- 
cumidio acid, by oxidation of durene with dilute 
HNO* or of duryiic acid with KMn0 4 (Schnapauff, 


B. 19, 2508). Minute prisms (from water) or 
plates (by sublimation).— BaA" liaq : crystals, 
v. sol. water. Yields m-xylene on distilling with 
lime. 

Methyl ether Me*A". [76°]. Crystals. 

m-Xylene dicarboxylic acid 
C 6 H 2 Me 2 (C0 2 H) 2 [1:3:4:5]. Dimethyl-phthalic 
acid. Isocumiaic acid. [280°]. Formed by oxida- 
tion of (0)- and (y)-isodurylio acid (Jacobsen, B. 
15, 1857). Small crystals. May be sublimed. 
Yields m-xylene on distillation with lime. The 
Ca salt crystallises in small plates. The Ba 
salt is amorphous. 

p-Xylene dicarboxylic acid 
CgltjMe^CO^Ja ,[1:4:2:5]. Di-methyl-terephthaUc 
acid. ( p)-Cumidic acid. Formed, together with 
(a) -cumidio acid, by oxidation of s-durene with 
dilute HNO s or of duryiic acid with KMnO« (S.). 
Minute six-sided prisms (from alcohol). Sub- 
limes in small plates without melting. Nearly 
insol. hot water. Yields p-xylene on distilling 
with lime. — BaA" 2|aq *. tables, v. sol. water. 

Methyl ether Me <2 A". [114°]. (o. 297° oor.). 

Xylene dicarboxylic aoid 
C 6 H 8 Me(C0 2 H)CH 2 .C0 2 H [8:2:1]. [178°]. Formed 
by oxidation of C e H 8 Me(CO.Et)CH 2 .C0 2 H (B6hal 
a. Auger, C. R. 109, 972). Gives off GO t on 
fusion. 

Xylene di-a-carboxylio acid v . Phenymene- 

DIACETIO AOID. 

Reference. — Oxy-xylene carboxylic aoid. 

XYLENE GLYCOL v. Di-oxy-xylene. 

o-XYLENE DIHYDRIDE v. Cantharens. 

m-Xylene dihydride C 8 H I2 . (133°). S.G. 
*828. V.D. 3*74 (calc. 3*88). md 1*4675. Formed, 
together with a polymeride C| 8 H. 24 (280°-285°) 
S.G. *832, by heating the ketone G 8 H l4 0 with 
ZnCl 2 . The ketone itself is obtained by dis- 
tilling the anhydride O, 0 H 14 O 4 which is got by 
the action of Ac 2 0 on cineolic acid, formed by 
oxidation of eucalyptol (Wallach, A . 268, 827). 
Liquid, smelling like xylene. Yields on nitration 
C^Me^NOJ [1:3:4]. 

p-Xylene dihydride CMe<^^ CH^CMe. 

(134°) at 720 mm. Formed by heating di-methyl- 
quinite dibromide C g H, 4 Br 2 with quinoline 
(Baeyer, B. 25, 2122). Smells like turpentine. 
Forms a crystalline compound with HBr. 

m-Xylene tetrahydride C a H a Me 2 . (H9°). 
S.G. 2 *814 ; 14 *794. 

Formation. — 1. By heating oxycamphorio 
anhydride C,„H 14 0 4 with water at 180° or with 
HI at 150° (Wreden, A. 163, 386).— 2. By heat- 
ing camphoric acid with syrupy phosphoric aoid 
at 200°.— 3. By distilling camphoric acid with 
ZnCl 2 (Ballo, A. 197, 822). — 4 By heating cam- 
phoric acid with HIAq at 200° (Wreden, A. 187, 
171). 

Properties.— Oil. Oxidised by chromic add 
mixture to acetic, isotoluic, isophthalic, and 
terephthalio acids. HNO* forms tri-nitro-m- 
xylene. 

XyJene tetrahydride C*H I4 . (181°). S.G. 
£4 *816. Occurs among the products of the dis 
filiation of colophony (Renard, A. Ch. [6] 1, 
236). Slightly dextrorotatory liquid. Yields 
oily di- and tri- broino- derivatives. Sulphuric 
acid formj an oily polymeride C^H^, which is 
oxidised by fuming HNO* to succinic and oxalic 
adds. Absorbs oxygen. Does not reduce 
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ammoniacal AgNO r In ethereal solution it com- 
bines with Br, forming C.H 14 Br 2 . 

m-Xylen© tetrahydride (?) C S H U . (120°). 
Octonaphthylene . Formed by the action of 
moist Ag*0 on C 8 H, 5 I f . which is got by the action 
of Cal 2 at 60° on GgH 14 Cl (175°), a product of the 
chlorination of octonaphthene (Jakowkin, J. R. 
16, ii. 294). Oil, smelling like turpentine. Com- 
bines with Br (2 atoms). An isomeric octonaph- 
thylene (123°~129°) is got by distilling CgH l5 Cl 
obtained by chlorination of iso-octonaphthene 
(Putochin, J. R. 16, ii. 295). 

m-Xylene hexahydride C 8 H 18 t.c. 

C 6 H 10 Me 2 [1:3]. Octonaphthene . (118°). S.G. 

g *7814 (Lossen, A. 225, 110) ; a *7706 (A.). 
C.E. (0°-26°) *001072. Y.D. 3*87. S.V. 164*8. 

1*419 at 22° (Wallach, B. 25, 923). Occurs 
in Baku petroleum (Beilstein a. Kurbatoif, B. 
13, 1820; Markownikoff a. Spady, J3. 20, 1850), 
and among the products of the distillation of 
colophony (Renard, A. Ch. [6] 1, 229). Formed 
by heating heptanaphthene carboxylic acid 
with HIAq and P (Aschan, B. 24, 2718). Pre- 
pared by heating camphoric acid or m-xylene 
with HIAq at 200° (Wreden, A. 187, 157). 
Liquid. Not oxidised by aqueous KMn0 4 . H 2 S0 4 
and HN0 8 form tri-nitro-m-xylene. Sulphur at 
220° forms m-xylene. 

Isomeride G*H 18 . Iso-octonaphthene. (122°). 
S.G. 8 '7767 *7637. Occurs in Caucasian 

petroleum (Putochin, J. R . 16, ii. 295). Liquid. 

jp-Xylene hexahydride C«H 10 Me 2 [l:4]. (138° 
•or.). Y.D. 4*01 (obs.). S.G. J *7956. Formed 
by heating bromo-camphor with ZnCl 2 (R. Schiff, 
B. 18, 1407 ; Q . 10, 320). Liquid, yielding tri- 
nitro-^-xylene [127°] on nitration* 
m-XYLENE PHOSPHINIC ACID 
Chloride OAMe^PCl* [1:3:4]. (257°). 

Got from mercuric dixylyl Hg(C 8 H. t Me 2 [4:1:3])* 
and PCI, at 235° (Weller, B. 20, 1720). Liquid, 
converted by water into the acid C^HsMe^PfOH)^ 
Chlorine forms the compound CgHaMe^Cl*, 
which is converted by water intoC 6 H 3 Me.jPO(OH) 2 
[194°]. 

m-Xylene-phosphinic acid C 8 H 8 Me 2 P(OH) 2 
[98°] (Michaelis, A. 212, 237). Formed by the 
action of water on the chloride. Needles (from 
aloohol). Probably a mixture. 

Chloride C,H 8 Me 2 .PCl 2 (256°). S.G. 
1*24. Formed from m-xylene, PCI,, and A1C1, 
(Weller, B. 20, 1720). It is a mixture of the 
preceding body and tne 1,8,5 isomeride. Readily 
absorbs chlorine, forming C s H,Me 2 PCl 4 , whence 
SO* forms C^Me^OO* (280°~300°). 

«-Xylene phosphinio acid O a H 3 Me a P(OH) 2 . 
p-Xylene phosphinous acid. Formed by treating 
the chloride with hot water (Weller, B. 21, 
1494). Crystallises with difficulty. 

Chloride C,H,Me 2 PCl,. [-30°]. (254°). 
S.G. If 1*25. Formed by heating p-r ylene 
(160 g.) with A1C1, (30 g.) and PCI, (200 g.) for 36 
hours with inverted condenser (Michaelis a. 
Paneck, A. 21 2, 236). Strongly redacting 
liquid. 

m-XYLENE i-PHOSPHONIC ACID 

C < ,H 8 Me J{ .PO(OH)*. m-Xylene (a? r phosphinic 
add. [194°]. S. 1*5 at 20°; 6*9 at 100°. 
Formed by boiling the chloride Cja,MeJPCl 4 (v. 
supri) with water (Weller, B. 20, 1721). Needles, 
f* a aol. alcohol. Decomposed into m-xylene 


and phosphoric acid on heating with alkalis. 
Br added to dilute solutions forms bromo- and 
di-bromo-m-xylene. Yields two nitro- derivatives- 
[182°] and [100°]. 

Salts. — BaA" aq. Plates. — CdHjA"* aq. 
Plates, more sol. cold than hot water. — 
NiH*A" 2 aq.— Ag^A" : white pp. 

m-Xylene s-phosphouic acid 
CJH,Me 2 .PO(OH) 2 . m-Xylene (&) -phosphinio* 
acid. [161°]. S. 1*8 at 15°; 117*3 at 100°. 
Prepared by boiling with water the mixture of 
chlorides C^HsMejj.POCl, (280°-300°) which is- 
got by the action of S0 2 on the mixture of tetra- 
chlorides CgH 8 Me,.PCl 4 formed by combination 
of chlorine with the mixture of chlorides 
CAMejPCLj obtained by heating m-xylene with 
PCI, and A1C1, (W.). Plates or needles, v. e. 
sol. alcohol and ether. Decomposed by "lkalie 
into m-xylene and phosphoric acid. 

jp-Xylene phosphonic acid C 8 H 3 Me r PO(OH) 2 ^ 
[180°]. formed by tl a action of water on. 
C 6 H,Me 2 .PCl 4 [c. 60°] whioh is got by passing Ci 
through the product of the action of PCI, on p- 
xylene in presence of A1C1, (Weller, B. 21, 1494). 
Needles, m. sol. water, v. sol. alcohol, si. soL 
ether. Cone. HHO, forms the compound 
CAfNCyMesPOfOHL [224°]. KMn0 4 yield* 
C 8 H,Me(C0 2 H).P0^ 2 [278°]. 

Salt s. — KHA". — BaA". Pearly plates, more 
sol. cold than hot water. 

Chloride C tt H 8 Me 2 .POCl*. (281°). S.G. 4» 
1*31. Oil. Formed by the action of S0 2 on 
O a H,Me 2 .PCl 4 . 

Reference.— Nitbo-xylene phosphonic acid. 

XYLENE PHTHALOYLIC ACID t>. Phenyl. 

XYLYL KETONE CARBOXYLIC ACID. 

o-XYLENE SULPHINIC ACID C g H J0 SO 2 U. 
C e H,Me 2 .S0 2 H [1:2:4], [83°]. Formed by the 
action of zinc-dust on o-xylene sulphochloride 
(Jacobsen, B. 10, 1011). Plates (from water). 

m-Xylene sulphinio acid C 8 H,Me 2 (S0 2 H> 
[1:3:4]. [o. 50°]. Formed by reducing the 

sulphonic chloride C fl H 3 Me 2 .S0 2 Cl (Jacobsen; 
cf. Lindoff a. Otto, A. 146, 233). Crystalline. 

jp-Xylene sulphinio acid C 8 B^Me 2 (S0 2 H) 
[1:4:2]. [85°]. Groups of needles (Jaoobsen r 
B. 11, 22). 

o-XYLENE SULPHONIC ACID C 8 H ie SO* U. 

CgHgMejJSOj^S) [1:2:41. Formed by warming 
o-xylene with H 2 S0 4 (Jacobsen, B. 10, 1011 ; 11,. 
22). Tables (containing 2aq) (from dilute 
H,S0 4 ). — NaA' 5aq. — BaA'* 2aq. S. 6-8 at 0°; 
33*6 at 100°. 

Chloride CgHjMej.SOjCL [52°]. Prisms. 

Amide C 8 H 8 Me 2 .S0 2 NH r [144°]. Yield* 
two acids C 8 H 8 Me(C0 2 H).S0*NH, on oxidation 
by KMn0 4 . 

o-Xylene c-sulpbonic acid C 8 H 3 Me*.SOJH 
[1:2:3]. Formed by the action of sodium-amal- 
gam on C 8 H*Me 2 Cl(S0 8 H) [1:2:6:3] (Kruger, B+ 
18, 1760). 

Amide C 8 B^Me 2 .SO^H*. Granules. 

m-Xylene c-sulphonic acid C 8 H 9 Me 2 (SO*H^ 
[1:3:2]. m-Xylene (&) -sulphonic acid. Formed* 
together with a larger quantity of the (1,3,4)- 
isomeride, by dissolving m-xylene in fuming 
H^SO, (Jacobsen, A. 184, 188 *, B. il, 18). It 
remains in the acid liquor after ppg. the (1,3,4)- 
isomeride by the proper quantity of water* 
Potash -fusion yields p-xylenol [74*6°] (Jacobsen* 
B. 21, 2828), Its £ salt heated with sodium 
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format© forms an acid C B H le O a [99°].— KA'« — 
BaA' s : minute needles. — CuA .aq. 

Chloride C a H a Me 2 .S0 2 Cl. Oil. 

Amide OgHgMe^SOaNH,. [96°]. Needles. 
w-Xylene sulphonio acid C a H 3 Me 2 (S0 3 H) 
[1:8:4]. m-Xylene (tf-sulphonic add . Formed 
as above. Long flat prisms (containing 2aq). 
Its K salt heated with sodium formate yields 
xylylic acid.— NaA'.— BaA' 2 . Small plates. — 

ZnA' 2 9aq.- CuA' 2 6aq. 

Chloride C a H 3 Me 2 .S0 2 Cl. [34°]. 

Amide [137°]. Needles (from water). 
BzCl at 160° forms C a H s Me 2 .S0 2 NHBz [151°] 
(Mahon, Am. 4, 194), which yields crystalline 
Ca(0 I5 H 14 NS0 a ) 2 aq and BaA'g, si. sol. water. 

^-Xylene sulphonio acid C a H 3 Me.,(S0 3 H) 
[1:4:2]. Formed by sulphonating p-xylene 

g leils^oin a. Wahlforss, A. 133, 38 ; Fittig a. 

linzer, A . 186, 305; Jacobsen, B. 10, 1009; 
11, 22 ; Bemsen a. Emerson, Am. 8, 265). Plates 
or prisms (containing 2uq). Oxidised by alkaline 
KMn0 4 to sulpho-terephthalic and two sulpho-p- 
toluic acids. — NaA'aq. [148°]. Trimetric plates; 
a:b:c** 1*077:1:1*488 (Moody a. Nicholson, C. J 
67, 978).— KA'aq.— BaA' 2 . S. 2*27 at 0° ; 5*53 
at 100°.— CuA' 2 8aq. Light - blue triolinio 
prisms. — ZnA' 2 lOaq. 

Chloride C a HjMe 2 .S0 2 01. [26°]. Prisms. 
Amide [148°]. Needles, m. boI. hot water. 
o-Xylene disulphonic acid G a H 2 Me 2 (S0 s H)2. 
Formed by heating (l,2,4)-xylene sulphonio acid 
with CISOjH at 150° (Pfannenstill, J.pr. [2] 46, 
165). — K^'aq. — BaA"3aq. — PbA"3aq. Prisms. 
Chloride C a H 2 Me 2 (S0 2 01) 3 . [79°]. Prisms. 
Amide C^Me^SOsNH^. [239°]. 
m-Xylene disulphonic acid C a H 2 Me 2 (SO a H) 2 
[1:3:4:2]. Formed by heating m-xylene with 
fuming H.S0 4 at 150° (Wisohin, B. 23, 3113), 
and by heating (l,3,4)-xylene sulphonio acid 
with SO* at 150° (P.). Deliquescent needles, 
converted by po!ash-fusion into C a H 2 Me 2 (OH) 2 
[146°],- (NH,)^". — NaHA" Saq.-K^" 2aq.— 
BaA"8aq. Needles, v. sol. water.— PbA" 3aq. — 
CuA". Gummy mass. 

Ethyl ether Et 2 A". Plates. 

Chloride C a H 2 Me 2 (S0 2 Cl) 2 . [129°]. Con- 
verted by PC1 4 at 180° (2,4,l,3)-di-chloro-xylene 
( 220 °). 

Amide C 8 H, 2 N 2 S 2 0 4 . [249°]. Needles. 

Oxidised by KMnO, to C„H,(<gQ>NH) [225°]. 
Ethylamide CgHaMe^SOjNHEt^. [136°]. 
m-Xylene disulphonic acid C a EL 2 Me 2 (S0 3 H) 2 
[1:S:2:6?]. Formed in small quantity, together 
with the preceding isomeride, by heating (1,3,2)* 
xylene sulphonio acid with ClSO a H at 150° 
(Pfannenstill, J. pr. [2] 46, 164). Needles. 
Chloride C a EL 2 Me 2 (S0 2 Cl) 2 . Oil. 

Amide . [210°]. More sol. water than its 
isomeride. 

p-Xylene disulphonic acid 0 a Q 2 Me 2 (S0 2 H) 2 
[i:4:2:6?]. # Formed by heating (1,4,2) 
CgHgMe^SO.Cl) with fuming HjSO* (Holmes, 
Am, 18, 872 ; Pfannenstill, X pr, [2] 46, 166). 
Needles, v. e. sol. water.— BaA'*3aq. — CaA" 4aq. 
— MgA'' 7aq. — PbA" Saq.-Ag^aq. . 

Chlorid e C a H 2 Me 2 (S0 2 Cl) 2 . [75°]. J 
Amide CgHjMe^SO^NBLj)*. [296°]. 
References. — Bbomo-, Bbomo-nitro-, Nitbo*, 
ai^d NlZBO-AlKXOO*, XYLENE sulphonio acto. 


XYLENE THI0SULPH0NIC AGIO. Xylyl 
ether CgH1.SO2S.CgH0. Xylyl disulphoxide . 
Formed by heating xylene sulphinio acid with 
water at 150°-160° (Otto a. Lindoli, A. 146, 239). 
Oil, v. sol. alcohol and ether. 

XYLENI0 ALCOHOL is Tolyl-cabbinol. 
XYLENI0 DIBROMIDE v. Di-u-bbomo* 

XYLENE. 

XYLENI0 GLYCOL v. Di-w-oxy-xylene. 


o-XYLENOL C a H l0 O i.e. C a HgMe 2 .OH [1:2:4]. 
Mol. w. 122. [62°]. (225° i.V.). H.F.p. 61,666 
(Stobmann, X pr. [2] 84, 816). Obtained by 
potash-fusion from the sulphonio acid (Jacobsen, 
B. 11, 28), and by the diazo-reaction from (1,2,4)* 
xylidine (Jacobsen, B. 17, 161). Long needles 
(from water). SiCl 4 yields Si(OC 8 Hg) 4 , crystal- 
lising in prisms (350°-360° at 120 mm.) (Hert- 
korn, B. 18, 1691). Ammoniacal ZnBr 2 at 800° 
from xylidine and dixylylamine. — NaOCgH*. 
Flat needles, v. si. boI. NaOHAq. 

Benzoyl derivative [67°]. H.F. 77,768 
(Stohmann, J.pr. [2] 36, 8). 

o-Xylenol O a H 8 Me 2 (OH) [1:2:8]. [76°]. 

(218° i.Y.). Occurs in coal-tar (Schulze, B . 20, 
410). Formed by the action of nitrous acid on 
c-o-xylidine (T6hl, B. 18, 2662 ; Ndlting a. Forel, 
B. 18, 2673). Slender needles. Its aqueous 
solution gives a blue colour with FeCl,. 

c-wt-Xylenol C a H a Me 2 (OH) [1:3:2]. [49°]. 

Obtained from the crude xylidine, or by the 
action of HOI onp-oxy-mesitylenic acid (Ndlting; 
Jacobsen, B. 21, 2829). n-Xylenol is got instead 
of w-xylenol by potash-fusion from (1,3,2)- 

xylene Bulphonic acid (Jacobsen, B. 11, 26 ; 21, 
2828). 

w-Xylenol CgHgMe^OH) [1:3:4], [26®] 

(Jacobsen, B. 18, 3463); [28°] (Staedel a. 
H6lz, B. 18, 2919). (211*5° i.V.). S.G. 1 1*0362. 
H.F.p. 59,501 (Stohmann, J.pr. [2] 34, 316). 

Formation. — 1. From m-xylene sulphonio 
acid by potash-fusion (Jaoobsen, B . 11, 24, 876 ; 
c/. Wroblewsky, Bl. [2] 10, 286 ; Wurtz, X 1868, 
459).— 2. By heating oxy-mesitylenio acid with 
cone. HClAq at 200° (Jacobsen, B. 11, 2052). — 
3. By reduction of nitro-wt-xylene and treatment 
of the resulting xylidine with nitrous acid 
(Harmsen, B. 13, 1558 ; S. a. S. ; Hodgkinson a. 
Limpach, C. X 63, 104). 

Properties. — Needles, v. sL sol. water, 
miscible with alcohol and ether. Volatile with 


steam. FeCl, colours its aqueous solution blue 
and its alcoholic solution green, being changed 
to bright blue on dilution with water. Yields 
the corresponding xylidine and di-xylyl-amine 
when heated with ZnBr„ ammonia, and NH.Br 
at 315° (Muller, B. 20, 1041). Potash-fusion 
forms (4,1,3) -oxy-toluio acid. Yields oily 
PJfOCgBy, (Kreysler, B. 18, 1703). SiCl 4 forms 
8 (OC 8 HX (455°) (Hertkorn, B. 18,1690). 

Salt. — NaOUgHg. V. sol. water and cone. 
NaCHAq (unlike Na salts of other xylenols). 

Methyl ether MeOCgH* (192° i.V.) (J.) ; 
(186°) (S.). HJF.p. 46,336 (Stohmann, Xjpr.[2] 
35, 24). 

Acetyl derivative CgHgOAc. (226° LV.). 


«*XylenolC a H # Me 2 (OH) [1:3:5]. [64°] (T.) 5 [68°] 
(N. a. F.) (920°). Occurs in coal-tar (Schulze, B. 
20. 410). Formed by the action of nitrous acid 
on a-xyndine (Thai, B. 18, 862; NdP'ing a. 
Forel, B. 18, 2679). Slender needles (tom 
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water). Not ooioured by FeCl*.— NaOC fl H*. 
Plates, b1. sol. NaOHAq. 

p-Xylenol C a H,Me 2 (OH) [1:4:2]. [74-6°]. 
(211*5° I.V.). H.F.p. 61,362 (Stohmann, J. pr. 
[2] 84, 816). S.G. ** *971. Formed by potash- 
fusion from m- and fromp-xylene sulphonio acid 
and from oxy-mesitylenio acid (Wurtz, A. 147, 
873 ; Jacobsen, B. 11, 26). Formed also from 
p-xylidine by diazotisation followed by boiling 
with water (Ndlting, Witt, a. Forel, B. 18, 
2665). Long flat needles (from dilate alcohol). 
Volatile with steam. Its aqueous solution is 
Sot coloured by FeCl*. 

Potash-fusion gives (3,4,1) -oxy-toluio and 
oxy-terephthalic acids. KN0 2 and HO Ac yield 
a nitroso- derivative C 8 H 2 Me 2 (OH)(NO)[l:4:3:6] 
[163°], which is the oxim of p-xyloquinone 
(Oliveri, 0 . 12, 162 ; Goldschmidt a. Schmid, 
B. 18, 568). 

Salt. — NaOC g H # . Large plates, si. sol. cold 
NaOHAq. 

Methyl ether MeOC 8 H 9 . (194° i.V.). Oil. 

Ethyl eaerEtOGgHg. (199°) (S.); (205°) 
(N. W. a. F.). Oil. H.F.p. 54,150. 

Acetyl derivative C g H B OAc. (237° i.V.). 
S.G. V 1*0264. Oil, not solid at -20°. 

Xylenol. (220°). Occurs in beechwood-tar 
arasse, A . 152, 75 ; Tiemann a. Mendelssohn, 
10, 57). Oil. Yields C^OMe (220°). On 
boiling with aqueous KMn0 4 it yields an acid 
which is converted by potash-fusion into tt-oxy- 
isophthalic acid [300°]. 

References . — Bromo- and Nitro- xylenols. 

XYLEN0LIC ACID v. Oxy-di-methyl-ben- 

zoio ACID. 

o-XYLENOL SULPHONIC ACID G 8 H 10 SO 4 i.e. 
C fl H. t Me 2 (0H).S0 9 H. Formed by sulphonation of 
(l,2,4)-xylenol (Jacobsen, B. 11, 24). FeCl 8 
gives a violet colour in neutral solutions. — NaA'. 
Slender prisms or small lamin®. — BaA'-. Nodu- 
lar groups of minute laminae, si. sol. cold water. 
f w-Xyienol (o)-sulphonic acid. Formed, to- 
gether with the (8)-isomeride, by dissolving 
1,8,4) -xylenol in H 2 S0 4 (J.). FeCl, gives a violet- 
blue colour.— NaA'. Tables. — KA'. Plates. — 
BaA' 2 . Leaflets. 

m-Xylenol (0) -sulphonic acid 
G g H 2 Me 2 (OH).SO*H [1:3:4:2] (Jacobsen, A. 195, 
283). Formod as above. Coloured violet-blue 
by FeCl*. Converted by potash-fusion into 
(2,5,1) -oxy-toluio acid. — NaA' 4aq. Laminae. 
— BaA' 2 . Minute needles, less soluble than the 
Ba salt of the (a)- acid. By sulphonating (1,3,4)- 
xylenol by GlSO a H, Hodgkinson (C. /. 63, 
110) obtained a xylenol sulphonic acid yielding 
BaA r t aq. 

• m-Xylenol sulphonic acid 
€ fl H,Ma 4 (0H).S0 3 H [1:3:6:4]. Formed from 

CgHiMejiiNBy.SOgHby the diazo-reaction (Sartig, 
A. 230, 886). Slender needles, v. sol. water and 
alcohol. The acid and its salts give with FeCl, 
a bluish-violet colour turned green by aloohol. — 
KA'. — BaA' 2 aq. Needles, v. e. soL water.— 
PbA' s 2aq. 

Ethyl derivative O^HgMe^OEtbsOjH. 
Formed by heating diazo-wz-xylene sulphonic 
acid with alcohol under pressure. Minute tables, 
v. sol. water and alcohol. — BaA' s 3 04 . Minute 
plates, ▼. sol. water. 

p-^rlenol sulphonio aeid. Formed by dis- j 
Solving jp-xylenol in warm HgSO*. Hydrated j 


leaflets.— NaA'5aq. Tables.-*-BaA' s Minute 
needles. 

Reference. — Nitro-xylenol sulphonic acid. 

XYLENYL-AMIDOXIM v. Di-methyl-ben- 

ZOIC ACID. 

XYLENYL ALOOHOL v. Di-oxy-xylene. 

XYLENYL CHLORIDE v. Tetra-w-chlobo- 

XYLENE. 

XYLETIC ACID is Oxy-li-methyl-benzqig 

ACID. 

XYLIC ACID is Di-hethyl-benzoio acid. 

XYLIDIC ACID is Toluene digarboxylio 

ACID. 

c-o-XYLIDINE OAMe 2 (NEL) [1:2:3].— 
Di-methyl-phenyl-amine . Amido-xylene . Mol. 
w. 121. (223° i.V.) at 739 mm. S.G. 1* -991, 
Obtained by reducing di - bromo - 0 - xylidine 
CgHMe^Br^NEy [1:2:4:5:3] with sodium-amal- 
gam in the cold (TShl, B . 18, 2562). Got also 
by heating (1,2,4) -xylenol witn NH 4 Br and am- 
monio-zino bromide at 300° (Muller, B. 20, 1039). 
Prepared from o-xylene by nitration and reduc- 
tion (Nolting a. Forel, B. 18, 2671 ; Wroblewski, 
B. 18, 2904). Oil. When oxidised by K 2 Cr 2 0 7 
and H 2 S0 4 yields a small quantity of o-xylo- 
quinone [55°]. Converted by the diazo-reaction 
into o-xylenol [73°]. H 2 S0 4 and HNO, give 

(4,l,2,3)-nitro-xylidine [114°] and (6,l,2,3)-nitro- 
xylidine [65°] (NSlting a. Stoecklin, B. 24, 567). 
— Salts: B'HCl aq. Plates. Begins to sublime 
at 100°. — B'HNOg. Needles. — ByEl 2 S0 4 . Large 
plates, si. sol. water. 

Acetyl derivative O g H s Me;jNHAc. [134°] 
(N. a. F.) ; [131°] (T. ; W.). Slender needles. 

i-o-Xylidine CgH 8 Me 2 (NH 2 ) [1:2:4]. [49°]. 

(226°). S.G. 111* 1*0755. Prepared from o- 
xylene by nitration and reduction (Jacobsen, B . 
17, 159). Got also by heating m-toluidine hydro- 
chloride with MeOH at 300° (Limpach, B . 21, 
643). Monoclinic crystals, not coloured by ex- 
posure to light and air. Gives no colour with 
bleaching powder. Its solutions colour pine- 
wood yellow. On nitration it yields (6, 1,2,4)- 
nitro-xylidine [137°] and an isomeride [80°] (N. 
a. S.). Yields a saffranine on oxidation together 
with di-amido-di-phenyl-amine (Nietzki, B . 19, 
8163).— Salt : B'HCl aq. Prisms, v. sol. water. 
Yields ^-cumidine when heated with MeOH at 
310° (N. a. F.). 

Acetyl derivative GgH^Me^NHAc). [99°]. 

c-m-Xylidine O d H*Me 2 (NH 2 ) [1:8:2]. ($)- 

Xylidine (214° i.V.) at 739 mm. (N. a. F.). 
S.G. *3 *9942 (W.). Formed by distilling p- 
amido-mesitylemc acid with lime (Sohmitz, A. 
198, 179) and by reducing c-nitro-m-xylene 
(Grevingk, B. 17, 2430). Obtained from com- 
mercial xylidine by crystallisation of the sul- 
phate ; the last mother-liquor depositing crys- 
tals which are converted into the acetyl deri- 
vative by distillation with HOAo. The acetyl 
derivative is saponified by treatment with dilute 
(25 p.c.) H 2 S0 4 (N Siting a. Pick, B. 21, 8150; 
cf. Wroblewsky, 3. 12, 1226). Gives m-xylo* 
quinone [78°] on oxidation (N Siting a. Forel, 
B. 18, 2676). Yields (4,l,8,2)-nitro-xylidme 
[82°] on nitration (Nolting a. Stoecklin, Bl. [8] 
5, 881).— Salts: B'HCL— B'HCUaq. S. 9*7 
at 18°. Monoolinio plates. Yields mesidine 
on heating with MeOH at 810°. — B'HNO,. S. 
2*2. Needles.— B'^SO,. Very soluble needles. 
— B'HgSO^iaq. S. 60. 
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Acetyl derivative [174°] (G.); [176-5°] 
(N. a. F.). Needles. 

Benzoyl derivative [140°]. Needles. 
Helds benzoyl-nifcro-xylidine [178°] on nitration 
(Hiibner, A. 208, 818). 

s-m-Xylidine C„H,Me a (NH 2 ) [1:8:5], (222° 

i.Y.). S.G. ** *972. Formed by reduction of 
s-nitro-ra- xylene [71°] (Th6l, B. 18, 362 ; Ndl- 
ting a. Forel, B. 18, 2678). On oxidation by 
K 2 Cr 2 0 7 and H,S0 4 it gives m-xyloquinone [73°]. 
By boiling the diazo- oompound with water 
xylenol [68°] is formed. ClC0 2 Et forms 
C,H 3 Me.,NH.CO;Et [77*5°] (Frentzel, G. C. 1888, 
1361). -B'HCl. MeOH at 250°-300° yields iso- 
oumidine C tj HMe,(NH 2 ) [6:4:3:1] (Limpach, B. 
21, 643).— B'H 2 S0 4 aq.-B'HN0 2 . S. 4*66 at 13°. 

Acetyl derivative [HO'S 0 ] (N. a. F.); 
[138°] (T.); [144-5°] (W.). Colourless plates 
(from alcohol or ether). 

i-m-Xylidine C <J H s Me 2 (NH 2 ) [1:3:4]. (a). 

Xylidine. • (215°) at 745 mm. (G.). S.G. & 
•9184 (H.). S.V. 148-3. 

Formation.— 1. By reducing i-nitro-m- 
xylene (Deumelandt, A. 144, 273 ; Tavildaroif, 
B. 2, 553 ; Wroblewsky, A. 192, *15 ; 207, 91 ; 
Grevingk, B. 17, 2430 ; Wallaoh, A. 258, 331). 
It may be isolated from commercial xylidine by 
conversion into hydrochloride and several crys- 
tallisations from water ; the yield being about 
40 p.c. (Nolting a. Forel, B. 18, 2677).— 2. By 
beating o- and p-toluidine hydrochloride with 
MeOH at 300° (Hofmann, B. 9, 1295 ; Limpach, 
B . 21, 640).— 3. By distilling (4,3,l,5)-amido- 
mesitylenic acid with lime (Schmitz, A. 193, 
177).— 4. By heating i-m-xylenol with ammo- 
nium-zinc bromide and NH 4 Br (Muller, B . 20, 
1039). 

Reactions. — 1. When dissolved in H 2 S0 4 
(10 pts.) it yields C 6 HMe 2 (NRJ(N0 2 ) [1:3:4:6] 
[123°] on nitration (Nolting a. Collin, B. 17, 
265). — 2. The hydrochloride heated with MeOH 
at 310° yields * mesidine.— 3. ClCOjEt forms 
C«H 3 Me 2 .NH.C0. 2 Et [57°] (Frentzel, C . C. 1888, 
1361). — 4. When mixed witn. di-amido-di-phenyl- 
amine it yields a saff ranine on oxidation (Nietzki, 
B. 19, 8163).— 5. When w-xylidine (4 pts.) is 
heated with S (1 pt.) at 190° it gives off H 2 S 
and forms a base C,„H la N 2 S [107°] (283° at 
14 mm.) which crystallises from alcohol in 
yellowish- white prisms and yields C, tt Hi 5 AcN 2 S 
[227°] (Anschutz a. Schultz, B. 22, 582). By 
further heating with sulphur a homologue of 
primuline is formed, — 6. (Enanthol forms oily 
C 1 s H 2 ,NO (Lelds, B. 16, 288). — 7. Acrolein yields 
G n H l3 N t a reddish-yellow mass' which on dis- 
tillation yields cryptidine C n H n N (270°) (Leeds, 
A. C. J. 5, 1). 

Salts.— B'HCl. Monoclinio prisms.— 
B'HCl |aq. Plates (Staedel a. Hdlz, B. 18, 
2919). — B'jHJPtOl,,. — B'HBr. — Trimetrio plates. 
— B'HNO,.— B' 2 H 2 S0 4 4 Jaq. Cubes. Loses 
xylidine on evaporation of its solution (NSlting 
bd Pick, BL [2] 50, 606). — B'H£P0 4 . Only phos- 
phate formed (Lewy, B. 19, 2728)— B'H 2 C 2 0 4 . 
8. 3*32 at 18°.— B' ZnCL, (Lachovitch, M. 9, 
514). — B'HgH^SOJ* aq. — B' 2 Cu 2 H 2 (SO a ) 3 (De- 
luges, C. R. 112, 870). . » 

Formyl derivative G 9 B^Me^'E.GBO. 
[Ill 0 ] (G.) ; [114°) (G. a. M.). Got by heating 
the* base (12 g.) with formic acid (5g.) at 150° 
(Geaiorowski a. Merz, B. 18, 1011 ; Gudemann, 


B . 21, 2549). Crystals (from water). Converted 
by P 2 S ft at 100° into the thioformyl derivative 
[105°]. 

Mono-acetyl derivative 
C^Me^NHAc). [129°]. Needles or plates 
(from dilute alcohol). P 2 S & forms the compound 
C 8 H 3 Me 2 NH.CSMe [95°] (Jacobsen a. Ney, £.22, 
907). 

Di-acetyl derivative C 8 H 3 Me 2 NAo 2 . 
[60°]. Formed, together with the mono-acetyl 
derivative, by boiling the base with Ac 2 0 (Wal- 
lach, A. 258, 301). 

Benzoyl derivative C 8 H 3 Me 2 NHBz. 
[192°]. Needles (Hiibner, A. 208, 318). Con- 
verted by HNO a into the nitro-benzoyl deriva- 
tive [184°] which is reduced by tin and HOAo 

to 0,H 2 Me 2 < N ^>CPh [195°]. 

Phthalyl derivative [158°]. Prisms 
(from alcohol). 

p-Xylidine C 0 H s Me 2 (NH 2 ) [1:4:2]. [15-5°] 

(Michael, B. 26, 39). (215° i.Y.) at 789 mm. (N. 
a. F.) ; (213-5° uncor.) (M.) ; (220°) (S.). S.G. 
*980. Obtained from m-xylene by nitration and 
reduction (Schaumann, B. 11, 1537 ; NOlting 
a. Forel, B. 18, 2664 ; 19, 2680). Occurs to the 
extent of about 25 p.c. in commercial xylidine, 
from which it may be isolated by dissolving in 
warm H 2 S0 4 and pouring into hot water. The 
sparingly soluble m-xylidine sulphonio acid 
crystallises out, and the mother-liquor, after 
successive treatment with CaCO„ and Na 2 CO s , 
yields on evaporation sparingly soluble, pearly 
plates of sodium p-xylidine sulphonate, which 
on distillation with lime give p-xylidine almost 
without loss. May also be got from crude 
xylidine by means of its benzylidine derivative. 

Reactions.— 1. Oxidised by JLfir.fi. and 
H 2 S0 4 to p-xyloquinone [123°], the yield being 
70 p.c. — 2. Converted by the diazo- reaction 
into p-xylenol [75°] (210°). — 3. On heating with 
sulphur it yields C 18 H l8 N 2 S [144°], which crys- 
tallises from alcohol in yellowish needles, and 
yields an acetyl derivative [212°] (Anschutz a. 
Schultz, B. 22, 585). — 4. The hydrochloride 
heated with MeOH at 290° under pressure forms 
^-cumidine (Limpach, B. 21, 646).— 5. Benzoic 
aldehyde forms C 8 H 3 Me 2 .N:CHPh [102°] (Pflug, 
A. 255, 168). The same body [96°] is got by 
adding benzoic aldehyde to an alcoholic solution 
of thionyl-p -xylidine (Michaelis, A. 274, 237). 

Salts.— B'HCl aq. Leaflets, subliming at 
125°-130° in needles. — B'HNO,. Needles. — 
B'H 2 S0 4 . Plates, si. sol. water.— B'^CaOj. 

Formyl derivative C„H u NO. [112°]. 
Needles (Pflug, A. 255, 168). 

Acetyl derivative C B H 3 Me 2 NHAo. [189°]. 
Prisms. Yields on nitration acetyl-nitro-p- 
xylidine [192°]. 

Bromo-acetyl derivative 
C 8 B ,Me 2 .NH.CO.CH 2 Br. [145°]. Formed from 
bromo-acetyl bromide and p-xylidine in benz- 
ene (Abenius, J.pr. [2] 40, 435). Needles (from 
dilute alcohol). Boiling alcoholic potash con- 
verts it into an azine and the compound 
C 8 H 3 Me 2 NH.CO.CH 2 .OEt [50°]. 

Oxalyl derivative (C^HgMejjNHJjjCaOj. 
Formed by heating the oxalate at 130°. Needles, 
subliming at 125°. An oxalyl-xylidine '[204°] 
was obtained by Genz (£. 3, 227) from crude, 
commercial xylidine. 
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Beneoyl derivative C tf H 3 Me 2 NHBz. 

[140°]. Needles. 

References . — Bromo-, Chloro-, and Nitro- 
xylidine, 

XYLIDINE SULPHONIC ACID v. Amido- 
xylene sxjlphonic ACID and Bromo- and Nitro- 

^YLIDINE SULPHONIC ACIDS. 

XYLIDINIC ACID v. Toluene dicarboxylic 
fOLD. 

XYLINDElN. 0, 65*5 p.c. ; H, 4*7 p.o. ; 
N, 1*0 p.c. A green colouring matter in green 
decayed wood (Rommier, 0. R . 66, 108 ; Lieber- 
mann, B. 7, 1102). Extracted by phenol and 
ppd. by alcohol or ether. Four-sided blue plates, 
with coppery lustre. H 2 S0 4 forms a green solu- 
tion. Rideal (C. N. 63, 277) finds that the blue 
substance in decayed birch-wood is soluble in 
ehloroform, while the blue resin obtained from 
coniferin by successive treatment with H 2 S0 4 
and water is insol. chloroform. 

XYLITONE C, 2 H, g O. Xylite oil (252°) 
(Pinner, B. 16, 689; 16, 1729); (c. 240°) 
(Claisen a. Ehrhardt, B. 22, 1013). S.G. *935. 
A product of the action of HC1 on acetone (P.). 
Formed also by the action of NaOEt on mesityl 
oxide in ether, and in the preparation of acetyl- 
acetone by the action of boiling EtOAc and 
NaOAo on acetone (C. a. E.). Oil, easily resini- 
fied by strong acids. 

Dixylitone (310°-320°). A pro- 

duct of the action of HC1 on acetone (Pinner). 

XYLOHYDBOQUINONE v. Hydboxylo- 
quinone. 

XYLOlC ACID v. Di-methyl-benzoic acid. 

XYLONIC ACID C 5 H 10 O 8 . [a] D - 17*48°. 
Formed by oxidising xylose with bromine (Tol- 
lens, A. 260, 307). Dextrorotatory. Its Ca, 
Zn, and Ag salts are amorphous. — SrA' 2 . 
[a] D « +12*14°. 

XY LON IT RILE v. Nitrile of Di-methyl- 

BBNZOIC ACID. 

o-XY L0QTJ IN ONE C g H 8 0 2 i.e . 
G,II|Me 2 0 2 [l:2:3:6]. [66°]. Formed by oxidation 
of c-o-xylidine by K 2 Cr 2 0 7 and H 2 S0 4 , the yield 
being about 10 p.c. (Nolting a. Forel, B . 18, 
2673). Yellow needles (by sublimation), v. si. 
soL water, m. sol. alcohol and ether. 

m - Xyloquinone C 8 H 2 Me 2 0 2 [1:3:2:5]. 
[73°]. Formed by oxidation either of c-m- or 
a-m-xylidine with K 2 Cr 2 0 7 and H 2 SO. (Nolting 

а. Forel, J9. 18, 2679). Got also by oxidation of 
mesidine (Nolting a. Baumann, B. 18, 1161). 
Yellow needles. 

p-Xyloquinone C a H 2 Me 2 0 2 [1:4:2:6]. Phlor - 
one . Metaphlorone. Mol. w. 136. [124°]. 

Formation, — 1. Occurs, together with tolu- 
quinone and other bodies, among the products 
of the aofcion of MnO a and H 2 S0 4 on coal-tar 
and beechwood-tar (Rommier a. Bouilhon, C. R, 
66, 214 ; Gorup-Besanez a. von Rad, Z. [2] 4, 
660; Carstanjen, J. pr . [2] 23, 426). — 2. By 
oxidation of p-xylylene-diamine (Nietzki, B. 13, 
472; A* 216, 168). — 3. By oxidation of ^-cuirenol 
(Carstanjen, J. pr. [2] 23, 430). —4. By oxida- 
tion of ^-cumidine by CrO t (Ndlting a. Th. 
Baumann, B, 18, 1161 ; Sutkowski, B. 20, 977). 

б. By distilling xylidine (213°) with H 2 S0 4 and 
MnO a ;, the yield being 6 p.c. (C.).— 6. Py oxida- 
tion o4 ©-xylidine with K 2 Cr 2 0 7 and ELjSO,, the 
yield being over 70 p.c. (Ndlting, Witt, a. Forel, 


B. 18, 2667).— 7. By heating diacetyl with dilute 
NaOHAq (van Pechmann, B. 21, 1420). 

Preparation. — 1. Commercial xylene (180°- 
140°) is heated with H 2 S0 4 at 100° for six days ; 
the product poured into water; neutralised by 
CaCO s ; treated with KtCOg ; and the K salts of 
the sulphonio acids fused with potash. The 
product is dissolved in water, acidified, and ex- 
tracted with ether ; and the mixture of xylenols 
so obtained is dissolved in warm H^SC^, and 
then diluted with water and distilled with MnO r 
Crystals of p-xyloquinone appear in the con- 
denser and receiver (Carstanjen, J. pr. [2] 23, 
427). — 2. ‘Yellow carbolic acid* or ‘creosote,’ 
the mother-liquor from which phenol has crys- 
tallised, is dissolved in H 2 S0 4 , diluted with 
water, and then distilled with Mn0 2 . The solid 
found in the receiver is crystallised from alcnhol 
when the first crop of crystals is xyloquinone 
(E. Carstanjen, J.pr. [2] 23, 423). 

Properties. — Long yellrw needles (from benz - 
ene), si. sol. water and cold alcohol, v. sol. ether. 
May be sublimed. Volatile with steam. 

Reactions.*- 1. Distilled with zinc-dust gives 
a hydrocarbon that oxidises to terephthalio 
acid. — 2. Reduced by aqueous S0 2 to hydroxylo- 
quinone.— 3. Cone. HC1 converts it into a mix- 
ture of mono- and di-chloro-hydro-xyloquinones, 
C„HClMe 2 (OH) 2 [147°] and C tf Cl 2 Me 2 (OH) 2 [176°]. 

Mono-oxim C 8 H 2 Me 2 0 (N OH) . Nitroso-p - 
xylenol. [168°]. Formed by heating p-xylo- 
quinone (2 pts.) with an alcoholic solution of 
hydroxylamine hydrochloride (1 pt.) (Gold- 
schmidt a. Schmid, B. 18, 668 ; Sutkowski, B. 
20, 978). Obtained also by adding KN0 2 and 
excess of HOAc to an alkaline solution of 
p-xylenol (Oliveri, 0. 12, 162). Yellowish needles 
(from alcohol), v. sol. alcohol, ether, and benzene, 
insol. cold water. Alkalis form a deep orange- 
red solution. Reduced by SnCl 2 to amido-p- 
xylenol. Oxidised by alkaline K„FeCy 8 to nitro- 
p-xylenol. 

Di-oxim C 8 H 2 Me 2 (NOH) 2 . [272°]. Formed 
by boiling the quinone (1 mol.) with an alcoholic 
solution of hydroxylamine hydroohloride (2 mols.) 
(Sutkowski, B. 20, 977). V. si. sol. alcohol, 
acetic acid, and benzene, insol. water. Dissolves 
in alkalis with a yellow colour. By tin and 
HC1 it is reduced to xylylene-p-diamine. Its 
di-aoetyl derivative C^Me^NOAc^ crys- 
tallises from acetic acid in small yellow prisms, 
[170°J, v. sol. alcohol and benzene. 

References . — Di-bromo- and Chlobo-xylo- 
quinone. 

XYLORCIN v. Di-oxy-xylenb. 

XYLOSE v. p. 638. 

XYLOSTElN. A glucoside in the berries of 
Lonicera Xylosteum (Hiibschmann, J. 1866, 691 ; 
Enz, C. C. 1866, 393). Crystalline, insol. water, 
sol. alcohol and ether. 

XYL0YL-BENZ0IC ACID v. Phenyl xylyl 

KETONE CARBOXYL1 J ACID. 

XYL0YL-F0RKIC ACID v. Xylyl-oly oxylic 

ACID. 

pp-DIXYLYL C lg H, t i.e. 

[4:1*3] C 8 H 8 Me 2 .C 8 H > Me 2 [3:4:1]. [126°]. Pre- 

pared by distilling mercury di-p-xylyl (Jacobsen, 
B. 14, 2112). Long needles (from alcohol). 

Dixylyl. (290°~295°). Formed from bromo* 
m (?) -xylene and Na (Fittig, A. 14 1 , 38). Liquid. 
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Di-xylyl (so-called). (295°) (Oliveri, 0. 12, 
158). Is got by warming commercial xylene 
with HsS 0 4 , but never from xylene which has 
been made from xylene sulphonic acid. Hence it 
is probably not a benzene derivative (Armstrong, 
C. J. 45, 150). It is a colourless, fluorescent 
liquid, smelling like copaiba balsam. 

XYLYL-ACETAMIDE v. Acetyl derivative of 
Xylidine and Amide of Xylyl-acetic acid. 
XYLYL-ACETIC ACID 

[1:3:4] O tt H 3 Me 2 .CH 2 .CO.^H. [102°] . Formed 

from its amide, which is got by the action of 
ellow ammonium sulphide on xylyl methyl 
etone (Willgerodt, B. 21, 534). Slender needles. 
Amide CA-GHj.CO.NHj. [183°]. 
Beference.— Oxy-xylyl- acetic acid. 

XYLYL ALCOHOL is Tolyl-carbinol. 
XYLYL-AMIDO-ACETIC ACID C io E u K0 2 i.e. 
[1:8:4] CAMe 2 .NH.CH 2 .COA [134°]. Formed 
by boiling m-xylidine (2 mols.) with water and 
chloro-acetic acid (1 mol.) (Ehrlich, B. 16, 205). 
Prisms (from dilute alcohol). Insol. water, v. 
sol. acids. 

Xylide C 8 H # .NH.CH ? .C0.NHC H 9 . [128°]. 
Formed by boiling xylidine (2 mols.) with 
chloro^cetio ether (1 mol.). Thick needles 
(from alcohol), insol. water and HClAq. 

XYLYL- AM1D0-CR0T0NIC ETHER 
[1:3:4] C fl H s Me 2 .NH.CMe:CH.C0 2 Et. Formed 

from m-xylidine and acetoacetic ether (Conrad a. 
Limpaoh, B. 21, 526). Decomposed on heating 
into (Py. 1, 3 ; B. 2, 4) -oxy-tri -methyl-quinoline, 
di-xylyl-urea, and alcohol. 

XYLYL-AMIDO-ETHYL-PHTHALIMIDE 
[1:3:4] C fi H 3 Me 2 .NH.C 2 H 4 .N:C 8 H 4 0 2 . [123°]. 
Formed by heating bromo-ethyl-phthatimide 
with m-xylidine at 140° (Newman, B. 24, 2197). 
Small needles, v. e. sol. benzene, si. sol. cold 
alcohol. 

DI-m-XYLYL-DI-AMIDO-OIAZTHIOLE 

CitAAS i.e . [79°]. Formed 

by oxidising (l,3,4)-xylyl-thio-urea with aqueous 
HA (Hector, B . 23, 368). Insol. water. Forms 
a very soluble hydrochloride. — B'A^Clg. de- 
composes at 214°~217°. — B'jAgNO,. Explodes 
on heating. Blackened by sunlight. — B'C 8 H 8 N 3 0 7 . 
[218°]. Yellow crystals, v. sol. alcohol. Cyanogen 
passed into its alcoholic solution forms 
C, AoN.SCy, [103°]. 

Acetyl derivative C 18 H,„AcN 4 S. Needles. 
Benzoyl derivative C, 8 H l8 BzN 4 S. [212°]. 
Nitrosamine C 18 H I9 (NO)N 4 S. [146°]. 
XYLYLAM1NE v. Xylidine and Methyl- 
benzyl-amine. 

Di-o-xylyl-amine (CA^NH. (330°-345°). 
Formed, together with xylidine, by heating 
(l,2,4)-xylenol with ammonio-zinc bromide and 
NH 4 Br at 30O° (Miiller, B, 20, 1039). Liquid, 
solidified at a very low temperature. 

Di-m-xylyl-amine. (305 o -310°). Formed in 
like manlier from m-xylidine. Oil. 

Di-xylyl-amine. [162°]. Formed, together 
with a liquid isomeride, by heating xylidine with 
its hydrochloride (Girard a. Vogt). 

XYLYL-BkNZYL-AMINE <J 1 a H 47 N i.e. 
CAMe # .NH*CH 2 Ph* (c. 205° at 15 mm.). 
Formed byj heating m-xylidine with benzyl 
chloride at 160° (Joblip-Gonnet, Bl. [3] 6, 21). 
IteUowish oil, spL alcohol and benzene. 


p-Xylyl-benzyl-amine 

[l:4:2]C 8 H s Me r NH.CH ji Ph. (322°) (Pfiug, A. 
255, 168). 

o-XYLYL BENZYL KETONE C lfl H |g O i.e. 
C 6 H ; ,Me 2 .CO.CH 2 Ph. [95°]. (210°-220° at 25 
mm.). Formed from o-xylene, phenyl-aoetio 
chloride, and A1C1, (Wege, B . 24, 3540). Plates, 
sol. alcohol, v. sol. ether. Yields a crystalline 
oxim. NaOEt and benzyl ohloride yield 
C tt H 3 Me 2 .CO.CH(CH 2 Ph)Ph [75°]. 
m-Xylyl benzyl ketone 

[1:3:4] C 6 H 3 Me 2 .CO.CHy>h. (350°). Formed, 
together with a smaller quantity of an isomeride 
[93°], by the action of A1C1 8 on a mixture of 
m-xylene and phenyl-acetic chloride (Sdllscher, 
B. 15, 1681). Yields C a H 3 Me(C0 2 HL [3:4:1] on 
oxidation. NaOEt and benzyl chloride form 
oily CA-CO.CHPh.CHBh (365°-375°). 

p-Xylyl benzyl ketone CA-CO.CHjPh* 
(220°-230° at 26 mm.). Formed in like manner 
from p-xylene (Wege). Yields an oxim [99°] and 
a phenyl-hydrazide [96°]. NaOEt and benzyl 
chloride yield C 8 H 8 .CO.CHPh.CH 2 Ph [60-5°]. 

m-XYLYL-BENZYL-THIO-UREA 
CgH^NH.CS.NHCH^Ph. [85°]. Formed from 
benzyl-thiocarbimide and m-xylidine in alcohol 
(Dixon, C. J. 59, 558). Monoclinic prisms, v. 
sol. boiling alcohol and chloroform. 

XYLYL BROMIDE v. Bromo-xylene. 
XYLYL- ter t -BUTANE C 0 H 3 Me 2 .CMe 3 . (201°). 
Formed from m-xylene, isobutyl bromide, and 
A1C1, (Baur, B. 24, 2840). Got also from isobutyl 
alcohol, m-xylene, and H 2 S0 4 or ZnCl 2 (Nftlting, 
B. 25, 791). Oil, yields mesitylenic and trimesic 
acids on oxidation. 

XYLYL-BUTYL ALCOHOL 
[2:4:1] C„H 3 Me 2 .CHPr.OH. (above 270°). Got 
by reducing xylyl propyl ketone with zinc-dust 
and KOHAq, or with sodium-amalgam (Claus, 
J.pr. [2] 46,474). Oil, v. sol. alcohol and ether. 

Tri-xylyl-butyl alcohol (C 8 H B )ACMe 2 .OH. 
(above 300°). Formed from -xylene, tri-chloro- 
tert- butyl alcohol, and A1C1„ (Willgerodt a. 
Genieser, J. pr. [2] 37, 361). Oil, smelling like 
mushrooms. 

m-XYLYL-n-BUTYRIC ACID 

[l:3:4]C l( H,Me2.CH r CH 2 .CH J .CO J H. [70°]. 

Formed by saponifying the amide (Claus, J. pr . 
[2] 46,476). Needles, v. sol. hot water. May be 
sublimed.— BaA'jj 4aq. — CaA , 2 4aq. Prisms, v. sol* 
water and alcohol. 

Amide CAMe3.CA.CO.NHj. [124°]. Got 
by heating xylyl propyl ketone with S and 
ammonium sulphide in sealed tubes at 250°* 
Flat silky needles. May be sublimed* 
p-Xylyl-n-butyiic acid 

[1:4:2] C 6 H 3 Me 2 .CH 2 .CH 2 .CH 2 .C0 2 H. [70°]. 

Needle3, si. sol. cold water. — BaA , 4aq, — 
CaA' 2 4aq. Needles, sol. water and alcohol. 

1 mide CA-CA-CO.NH 2 . [125°]. Formed 
from p-xylyl propyl ketone (C.). Flat needles, v. 
sol. hot water. 

m-Xylyl-isobutyric acid 
[1:3:4] CAM6j.CH3.CHMe.COA [70°]. Flat 
pearly needles, sol. hot water, alcohol, and ether* 
May be sublimed. 

Amide CA.CA-CO.NH*. [120°]. Got by 
heating v xylyl isopropyl ketone with & and 
ammonium sulphide at 235° (Claus, /.pr.[2}46, 
483). Needles, sol* hot water# 
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XYLYL-CARBAMIC ACID 

[1:3:4] O rt H a Me 2 .NH.COjjH. Ethyl ether EtA'. 
[58°]. Fonned from w-xylidine and chloro- 
formio ether (Hofmann, B. 8, 657; Frentzel, 
C. C. 1888, 1361). Needles. 

Xylyl-carbamio acid 

[l:8:5]C a H s Me 2 .NH.C0 2 H. Ethyl ether EtA'. 
[77*5°] (Frentzel). 

DI-p-XYLYL-C ARBIN OL 
([2:5:1] C ti H 8 Me 2 ) 2 CH.OH. [131°]. Formed by 
reducing di-p-xylyl ketone with zinc-dust and 
KOH (Elbs, J. pr. [2] 35, 484 ; B. 19, 408). 
White needles (from alcohol), nearly insol. Aq. 

XYLYL CYANATE [1:3:4] C^Me^NiCO. 
(205°) (Frentzel, C. C. 1888, 1361). 

Xylylcyanate [1:3:5] O a H 3 Me 2 .N:CO. (208-5°). 
XYLYL CYAN URATE 

[1:3:4] (C a H 8 Me 2 ) B N 8 C 8 0,. [162°] (Frentzel, C. C. 
1888, 1361). 

XYLYLENE ALCOHOL v. Di-oxy-xylene. 
XYLYLENE-DI-ALLYL-DI-THIO-DI-UREA 

(CH S ) AH 2 (NH.OS.NH.O ? H 5 ) 2 [1:4:2:6]. [112-5 0 ]. 
Made from p-xylylene diamine and allyl thio- 
carbimide (Lellmann, A . 228, 252). Needles 
(from alcohol). Not decomposed on melting. 

w-XYLYLENE-m-DIAMINE 
C a H 2 (CH 3 ) 2 (NH 2 ) 2 [1:3:4:6]. m-Di-amido-m-xylene 
[105°]. Formed by reduction of nitro-xylidine 
[123°] or of di-nitro-xylene [93°] (Fittig, A. 147, 
18 ; Grevingk, B. 17, 2426 ; Witt, B. 21, 2419). 
White crystals. Sublimable. Does not yield a 
eurhodine on boiling with nitroso-dimethyl- 
aniline, NaOAc, and HOAc. — B"2HC1. — 
B"H 2 SnCl 4 . — B"H 2 S0 4 . Crystalline, v. sol. Aq. 
^i-Xylylene-o-diamine 

C 6 H 2 Me 2 (NH 2 ) 2 [1:3:5:6] [78*5°]. Formed by reduc- 
tion of [2:4:1] C«H 8 Me 2 .N 2 .C a H 2 Me 2 .NH 2 [l:3:5:6] 
(NOlting a. Forel, B. 18, 2683) and also by the 
action of tin and HClAq on di-bromo-di-nitro-ra- 
xylene [191°] (Jacobsen, B. 21, 2821), and on 
(5, 1,8, 6) -nitro-xylidine (Hofmann, B. 9, 1298). 
Plates (from water), si. sol. cold benzene, sol. 
ether. 

m-Xylylene-m-diamine 

OAMe 4 (NH ? ) 2 [1:3:4:2]. [64°]. Formed by re- 
duction of nitro-xylidine [78°] or of di-nitro-m- 
xylene [82°] (Grevingk, B. 17, 2426). White 
needles. Gives a Bismarck brown with nitrous 
acid and a chrysoidine with diazobenzene. 
p-Xylylene-o-diamine 

C a H 2 Me a (NH 2 ) 2 [l:4:2:3]. [75°]. Formed by 
reduction of c-di-nitro-p-xylene (Lellmann, A. 
228, 261 ; NSlting, B. 19, 145). White needles 
(by sublimation). Gives a deep-red colour with 
FeCl s . 

p-Xylylene-ra-diamine 

OAMejfNH^ [1:4:2:6]. [102°]. Fonned by 
reducing (2,6,l,4)-di-nitro-xylene (L. ; N.). 

Needles (by sublimation). Behaves like a m - 
diamine. 

p. Xylylene-p-diamine 

O a ^ { Me 2 (NH 2 ) a [1:4:2:5]. [142°] (S.); J147 0 ] 

(N. a. F.) ; [160°] (N.). Formation . — 1. By re- 
duction of xylene-azoxylidine (amido-azo-xylene) 
[2:6:1] C a H 8 Me 2 ,N r C a H 2 Me 2 .NH 2 [1:2:5:4] by zinc 
and HClAq (Nietzki, B. 18, 471; <N6lting a. 
Forel, B. 18, 2686). — 2. By reduction of nitro-p- 
xylidihe [142°] (N Siting, Witt, a. Fore*, B. 18, 
2666 $ von Eostanecki, B. 19, 2818 ; Marckwald, 
B. 28, 1021). — 3. By reduction of the di-oxim of 


p-xyloquinone G 4 H 3 Me 2 (N0H) f with tin and 
HC1 (Sutkowski, B. 20, 979). 

Properties. — Colourless needles, sol. hot 
water and alcohol, m. sol. benzene and ether. 
Yields xyloquinone [123°] on oxidation. Not 
oxidised by exposure to air. May be sublimed. 

Salts.— B"2HC1. Colouness leaflets. — » 

B"H 2 S0 4 . Crystalline meal. 
o-Xylylene azo-diamine 

[1:2] C tJ H 4 (CH 2 .NH 2 ) 2 . Formed by heating the 
phthalimide C a H 4 (CH 2 .N : C 2 0 2 : C a H 4 ) 2 with cone. 
HClAq at 200° (Strassmann, B. 21, 679). Alka- 
line liquid, smelling strongly like ammonia. 
Absorbs C0 2 . Gives with FeCl a a pp. of yellow- 
ish-red needles.— B'^HCl.—B' 2 HAuC 1 4 . Yellow 
plates.— B"2C a H 8 N 8 0 7 . Yellow needles, decom- 
posing above 170° without melting. 

Acetyl derivative CgHjoAc^N,. [14^°]. 
Benzoyl derivative C 8 K lc Bz 2 N r [168°]. 
ra-Xylylene-ezo-diamine 
[1:3] CeH^CH^NH^. (247°). Formed by the 
action of cone, hydrochloric acid at 220° on the 
C a H 4 (CH 2 .N:C 8 H 4 0 2 ) 2 [237°], which is got by 
heating potassium phthalimide with di-a>-bromo- 
w-xylene (BrSmme, B. 21, 2705). Liquid, sol. 
water, miscible with alcohol and ether. I bsorbs 
C0 2 . — B"2HC1. Needles (from water). — 
B''2H 2 PtCl a .-B''C fl H 8 N 8 0 7 . Yellow spangles, 
decomposing at 187°. 

Acetyl derivative CAJCBL^NHAo),. 
[119°]. Crystalline mass, v. boI. hot water. 
Reference . — Nitro-xylylkne -diamine. 

XYLYLENE-BENZEN YL-AMIDINE t?. Benz- 

ENYL- XYLYLENE -DIAMINE. 

XYLYLENE BROMIDE v. Di-bromo-xylene. 
XYLYLENE-CHLORO-MALONIC ETHER v. 
Chloro-xylylene-malonio ether. 

Xylylene-ezo-di-chloro-malonie ether v . Di- 
chloro-phenylene-di-methyl-di-malonio ether. 
XYLYLENE-ETHENYL-AMIDINE C l0 H 12 N 2 

i.e. CMe <^ 1 ^^>C a H 2 Me 2 . Foimed by reducing 

C a H 2 Me 2 (N0 2 )(NHAc) [1:3:5:4] with tin and HC1 
(Hobreoker, B. 6, 922). Resinous mass. — 
B'HCl. Large needles.— B' a H a PtCl,.—B'HNO, 
Long needles. 

XYLYLENE IODIDE v. Di-iodo-xylene. 

X YL Y LEN E-DI-M ALONIC ACID v. Phenyl- 
ene-di-methyl-di-malonic acid. 

o-XYLYLENE SULPHIDE C t H s S i.e. 

0 ,,H,<£®p>S. [ 0 . 0°]. Fonned by heating 

di-«-bromo o-xylene with K^S (Leser, B. 17, 
1824 ; Hjelt, B. 22, 2904). Oil, smelling like 
mercaptan. Very unstable, quickly turning into 
a black resin. — B'sHgCl^ Long needles. 
Methylo -iodide B'Mel. [155°]. 
Di-xylylene disulphide 

[1:3:4:53 O a H 2 Me 2 :S 2 :C«H s Me 2 [5:4:8;!]. [118°]. 

Formed by heating xylylene-diazosulphide at 
200°-250° (Jacobsen a. Ney, B. 22, 911). Cone. 
H 2 S0 4 forms a t’ue liquid, remainir" blue ru 
dilution. 

w-DI-XYLYL-ETHANE O lg BL. i.e, 
CH 8 .CH(C g H 9 ) 2 . (324°). S.G. \ -966. Formed 
from ethylidene chloride, m-xylene, and A101 v 
(Ar ichiitz, B. 18, 665 ; A. 285, 826). Oil* 
Reference.— Chlobo-di-xylyl-ethams* 
DI-XYLYL-ETHYLENE O lt H» U. 
O a H 8 Me r CH:CH.C 3 H t Me r Tetra-methyl-stilbene* 
[106°]. (325°-34Q°). Formed by distilling 
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C s H f U e 2 . CH 2 .CH 2 C1, which is got from di-chloro- 
di-ethyl oxide, m-xylene, and H,S0 4 (Hepp, B . 
7, 1416;. Spangles (from alcohol), sol. ether 
and CS 2 . Unites with bromine. Oxidised by 
dilute HNO f to (l,3,4)-di-methyl-benzoio acid 
[ 122 °]. 

Di-xylyl-ethwlene O tf H 8 Me 3 .CH:CH.C tt H,Me 2 . 
[167°]. Formed in like manner from p-xylene. 
Plates (from alcohol). Less soluble than the 
preceding ipomeride. 

Tetra-xylyl-ethylene 

(0 a H,Me 2 ) 2 0:0(C <# H 8 Me 2 ) a . [245°]. Formed from 
xylene, CHC1 S , and AlCl, (Schwarz, B. 14, 1528). 
Yellow plates. 

m-XYLYL-ETFYLENE-DIAMINE 
C 8 H 8 Me 2 NH.C 2 H 4 .NH 2 . (274°). Formed from 
m-xylyl-amido-ethyl-phthalimide and HC1 (New- 
man,^. 24,2197).— B'HCl. [173°].— B'jftPtCl*. 
— B'C 8 H s N a 0 7 . [141°]. Reddish-yellow needles, 
v. e. sol. alcohol. 

DI-m-XYLYL-ETHYXENE DIKETONE 

C 2 H 4 (CO.C fi H 3 Me 2 [4:3:1]) 2 . [129°]. Formed from 
ra-xylene, succinyl chloride, A1C1 S and CS 2 
(Claus, B. 20, 1375). Needles, insol. water, v. 
sol. alcohol and ether. Dilute HNC^ oxidises it 
to (1,3,4) -di-methyl-benzoic acid. 

Oxim C 2 H 4 (C(NOH).C g H 9 ) 2 . [140°]. 
Phenyl -hy dr azide 
C 2 H 4 (C(N 2 HPh).C 8 H fl ) 2 . [189°]. Crystals. 

Di-p-xylyl ethylene diketone 
C 2 H 4 (CO.C 8 H 8 Me 2 [2:4:1])*. [123°]. Formed 

from p-xylene, succinyl chloride, A1C1 8 , and CS 2 
(Claus). Needles. 

m-XYLYL ETHYL KETONE 
[1:3:4) C 8 H 8 Me r CO.C 2 H 8 . (239°). Light oil, 
with aromatic odour, not solid at - 10° (Claus, 
J. pr . [2] 43, 140). Yields (1,3,4) -di-methyl- 
benzoic acid on oxidation. 

Phenyl-hy dr azide [126°]. Plates, v. sol. 
hot water, alcohol, and ether. 
p-Xylyl ethyl ketone 

[4:1:2] GaHgMea.GO.CjH*. (238°uncor.). Formed 
from p-xylene, Aid,, and propionyl chloride 
(Claus a. Fickert, B . 19, 3182). Oil. Oxidised 
by KMn0 4 to C 8 H a Me 2 .C0.CH 2 .C0 2 H [132°] and 
some (4,1 ,2) -di -methyl-benzoic acid. 

w-XYLYL ETHYL KETONE CABBOXYLIC 
ACID [4:2:1] C 8 H 8 Me 2 .C0.CH 2 .CH 2 .C0 2 H. 

Di-methyl~bcnzoyl~propionic acid . [108°]. 

Formed from w-xylene, succinyl chloride, 
AlCl a , and CS 2 (Claus, B. 20, 1376). Needles, v. 
sol. hot water, insol. cold.— NH 4 A'. — KA' 4aq. 
V. sol. water.— NaA' 4aq. Needles. — BaA' 2 3aq. 
Needles. — PbA* 2 : white pp. — AgA': white crystal- 
line pp. 

p-Xylyl ethyl ketone carboxylic acid 
[4:1:2] C 8 H 8 Me 2 .CO.CH 2 .CH 2 .CO*H. [84°]. 
Formed from p-xylene in like manner (C.). 
Colourless needles. 

XYLYL-DI-ETHYL-PHOSPHINE 
CaHsMej-PEt^. (260°). Formed by the action 
of ZnEt* on C^MeyPCl, (Czimatis, B. 15, 
2(H6). Thick, colourless oil. Y/elds B'MeI[90°), 
B^Me^tCl. [202°], and B'Etl [136°]. 

m-XTLTt-OLYOXALIKE 
[32°]. (279°). Formed by the action of H1^0 t 
an [192 °], which ic got by 

me action of HOI on the product of the action 
ot ^amido-aoetal on m-xylyl-thio-urea (Marok- 


wald, B. 25, 2368). SI. sol. water.— Auro- 
chloride [165°].— Pi crate. [159°]. Yellow 
needles, m. sol. chloroform. 

o-XYLYL-GLYOXYLIC ACID 
[4:3:1] C 8 H 3 Me 2 .C0.C0 8 H. [92°]. Formed by 

oxidising o-xylyl methyl ketone with alkaline 
K 8 FeCy 8 (Buchka a. Irish, B, 20, 1766).— BaAV 
m-X ylyl-glyoxylic acid 

[4:2:1] C a H 3 Me,.C0.C0 2 H. [54°]. Formed by 
oxidising m-xylyl methyl ketone with EMnO* 
(Claus, B, 19, 231 ; J. pr . [2] 43, 142) Flat 
prisms. Yields (4,2,1) di-methyl-benzoic acid 
on boiling with dilute HNO a . Gives rise to 
C 8 H 9 .CH(OH).C0 2 H [119°] on reduction.— 
CaA' 2 2aq. Needles.— BaA' 2 2aq.— AgA'. Needles, 
sol. hot water. 

p-Xylyl-glyoxylic acid 

[5:2:1] C 8 H 8 Me 2 .C0.C0 2 H. [70°-80°]. Formed 

by oxidation of p-xylyl methyl ketone by aqueous 
KMn0 4 (Claus a. Wollner, B . 18, 1859). Crys* 
talline, v. sol. alcohol, ether, and HOAc, v. si. 
sol. water. Splits up above 200 3 into C0 2 and 
di-methyl-benzoic aldehyde. Oxidised by HNO a 
to C a H 3 Me 2 .C0 2 H. Ac.fi and NaOAc yield di- 
methyl-cinnamic acid. — BaA' 2 6aq : small felted 
needles. — CaA' 2 3aq.— AgA' : crystalline pp. 
Ethyl ether EtA'. Oil. 

XYLYL GLYOXYLIC ALDEHYDE 
[1:3:4] C a H 3 Me 2 .CO.CHO. Oxim [95°]. Formed 
from xylyl methyl ketone, NaOEt, and C a H,,N0 2 
(Soderbaum, B. 25, 3463). Needles (from benz- 
ene-ligroin). Acetic anhydride gives the acetyl 
derivatives of the syn- oxim C 8 H 9 .CO.CH:NOAc 
[54°] decomposed by alkalis with formation of 
C 8 H 8 Me 2 .C0 2 H [126°] and by hot Ac,0 yielding 
C a H 3 Me 2 .CO.CN [47°]. AcCl converts the oxim 
into C a H,Me 2 .C(OH) 2 .CH:N OAc [142°], whence 
cold NaOH forms C a H 8 Me 2 .CH(OH).C0 2 H [103°], 
while NaOHAq at 50° forms ‘xylyl formom r 
C 8 H B .CO.CH(OH).CO.CO.C 8 H„ [155°]. 

DI-XYL YL-GTJ ANIDINE 
HN:C(NH.C S H B [1:2:4])*. [158°]. Formed by 

the action of PbO and alcoholic ammonia on di- 
xy lyl-thio- urea (Hofmann, B. 9, 1295). Needles, 
(from alcohol). 

XYLYL-HYDRAZINE 

[4:2:1] C a H 3 Me 2 NH.NH 2 . [85°]. Formed from 
xylidine by diazotisation followed by reduction 
with Na 2 SO s , the resulting C 8 H B .N 2 H 2 .S0 8 Na Jaq 
being then treated with zinc-dust and HOAo 
(Klauber, M. 11, 282). Pale-yellow needles, v* 
si. sol. water, v. sol. alcohol. Reduces Fehling’s- 
solution on warming. On heating with aceto- 
acetic ether it yields a crystalline body [203°} 
reduced in alcoholio solution by Na to oxy- 
xylyl-methyl-pyr azole. 

Salt.— C'HC12aq. [183°]. Small needles. 
Di-o-xylyl-hydrazine 

[3:2:1] C 8 H 8 Me 2 NH.NHC 8 H 3 Me 2 [1:2:3J. [141°]. 

c-Hydrazo-O’Xylene. Got by heating nitro-o- 
xylene (20 g.) with NaOH (20 g.), alcohol (10G 
c.c.) ana zino-dust (25 g.), and reducing the pro- 
duct with alcoholic ammonium sulphide (Noiting 
a. Strieker, Bl. [2] 50, 613). White needles, sol. 
alcohol and ether. Easily oxidised by air. 
w-Di-o-xylyl-hydrazine 

N 8 H 2 (C 8 H 8 Me 2 [l:3:4)) 2 . [107°]. Formed by re- 
ducing pitro-o-xyiene with sodium-amalgam 
(N. a. 8.). Yellowish white needles, soL alco- 
hol. 
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Di-m-rylyl-hydrazine 

NAfQAMe, [l:B:6]) a . [125°]. Obtained from 
s-nitro-m-xylene (N. a. S.). Needles, easily oxi- 
dised by air. 

u-Di-m-xylyl-hydrazine 

NA(OAM© 2 [1:2:4])*. [122°]. Got by warm- 
ing nitro-m- xylene (BO g.) with NaOH (30 g.), 
ainc-dust (40 g.), and alcohol (250 c.c.) and 
treating the xylene-azo-xylene so obtained with 
-alcoholic ammonia and H a S (N. a. S.). White 
needles, sol. alcohol and ether. 
Di-p-xylyl-hydrazine 

NA(CAMe 2 [l:2:5]) 2 . [145°]. Formed from 

nitro-p-xylene (N. a. S.). Needles, not affected 
by air. 

XYLYLIC ACID v. Di-methyl-benzoic acid. 
a-Xylylic acid v. Tolyl-acetio acid. 
p-XYLYLIDENE-DI-IMINE 
OA(CH:NH) 2 [l:4]. Formed by the action of 
alconolic NH 8 or dry NH 8 gas upon terephthalio 
aldehyde (Oppenheimer, B . 19, 576). Glassy 
brittle crystals. V. si. sol. alcohol and ether. 

DI-XYLYL-XETONE 00(C 6 H 8 Me 2 ) 2 . (c. 340°). 
Obtained from (m ?) -xylene, COCl 2> and A1C1„ 
{Ador a. Billiet, B . 11, 399). Liquid, not solid 
at - 60°. Split up by long boiling into R 2 0 and 
*C J7 H 18 . 

Di-p-xylyl ketone 

{2:5:1] C 8 H,Me 2 .CO.C 8 H,Me 2 [1:2:5]. (827° un- 

«or.). Formed fromp-xylene, CS 2 , and COCl 2 in 
closed vessels ; the yield being 55 p.c. (Elba, 
J. pr. [2] 35, 481). Oil. Quickly decomposed 
by distillation into E^O and (£. 2, 1', 4') -tri- 
methyl-anthracene [227°]. Reduced by zinc- 
dust and alcoholic KOH to di-jp-xylyl-oarbinol 
£131°]. 

Di-xylyl-tetraketone 

OA-CO.CO.OO.CO.O AMe 2 [4:3:1]. [180°]. 

Formed by the action of cold HNO, (S.G. 1*4) 
on C 8 H fl .CO.CH(OH).CO.CO.CA(S6derbaum, B. 
”25, 3475). Scarlet needles (from CS 2 ). On dis- 
solving in HOAc and ppg. by water it yields a 
dihydrate [100°] C^H^O.. 

XYLYL MERCAPTAN C a H 8 Me 2 .SH. (214°). 
6.G. ^2 1*036. Got by treating xylene sulphonic 
•chloride with Zn and dilute H 2 S0 4 (Yssell, Z. 
1865, 360), and also by heating xylyl ethyl 
xanthate with alcoholic potash (Leuckart, J. pr. 
[2] 41, 192). Liquid. — Hg(S.CA) 2 - — 

PbfS.CAL. Yellow powder. 

TRI-p-XYLYL-METHANE CH{C a H 3 Me 2 } s . 
£188°]. (above 360°). From di-p-xylyl-carbinol, 
p-xylene, and P 2 0 8 by boiling for four hours 
{Elbs, /. pr. [2] 35, 484). Crystalline grains 
>£from alcohol), v. sol. ether and benzene. 

o-XYLYL METHYL KETONE 
£4:8:1] C e H 8 Me 2 .CO.CH 8 . (246°). Formed from 
o-xylene, AcCl, and A1C1 3 (Claus, B. 18, 1856 ; 
19, 232 ; J. pr. 1890, 410). Oil, smelling like 
•coumarin (Armstrong a. Kipping, C. J. 63, 81). 
Yields (4,8,l)-di-methyl-benzoic acid on oxida- 
tion. Cone. HClAq forms C^H^O [114°]. P 2 O s 
gives a body melting at 165°. Zinc-dust reduces 
the ketone to CA-CH(OH).CH, (257°). ^ 

Oxim CA-C(NOH).CH,. [85°]. Prisms* 
{from dilate alcohol), converted by AcCl into 
OA-C(NOAc).CH 8 [72°]. 

Phenyl-hydraeide . Colourless prisms. 
m-Xvlvl methyl ketone 
C4.2.1] OAMe^CO.CH,. (228°). Formed from 
m-xylene, AcCl, and A1C1, (Claus, B. 19, 280). 


Obtained also by boiling nt-xylene with HOAo, 
ZnCl*, and POCl 8 (Frey, J. pr. [2] 48, 120). Oil, 
smelling like peppermint. Not condensed by 
HClAq. Yields C, ABr 3 0 [69°]. Reduction by 
HI yields CAMe 2 .CH 2 .CH 8 (184°) (Claus, J. pr. 
[2] 45, 380). HN0 3 gives C w H w N 2 0 4 [108°] 
(Claus, J. pr. [2] 41, 492). 

p-Xylyl methyl ketone 

[5:2:1] CAMe 2 .CO.CH 3 . (225° uncor.). S.G. 

*9962. V.D. 4*93. Formed from p-xylene, 
AcCl, and A1C1 8 (Claus a. Wollner, B. 18, 1856). 
Oil, v. sol. alcohol and ether. Oxidised by cold 
aqueous KMn0 4 top-xylyl-glyoxylic acid. Dilute 
HNO, forms di-methyl-benzoio and methyl- 
phthalic acids. 

Oxim CA-C(NOH).CH 8 . [58°]. 

XYLYL METHYL KETONE CARBOXYLIC 
ACID v. Methyl-benzoyl-acetic acid. 

XYLYL-DI-METHYL-FHO^PHINE 
CAMe 2 .PMe 2 . (230°). Formed from ZnMe t 
and C 6 H 3 Me 2 .PCl 2 (Czimatis, B. 15, 2016). OiL 
Unites with CS 2 , forming a compound [115°]. 

XYLYL-METHYL-THIOHYDANTOlii 
[1:3:4] C„H s ^e 2 .N<^g-^. [165°]. Formed 

from xylyl-thiocarbimide and alanine 'Marck- 
wald, B. 24, 3282). Needles, v. sol. alcohol. 

XYLYL PENTADECYL KETONE 
C a H 8 Me 2 .CO.C,Ai- [37°]. (269° at 15 mm.). 
Formed from m-xylene, palmityl chloride, and 
AICI3 (Krafffc, B. 21, 2269). Small plates, yield- 
ing di-methyl-benzoic acid [126°] on oxidation. 

XYLYL PHENYLAMYL KETONE 
CAMe^CO.CHPh.CA. [91*6°]. Formed by 
Friedel and Craft’s method (Wege, B. 24, 3541). 

XYLYL-PHENYL- v. Phenyl-xylyl-. 

TRI-XYLYL PHOSPHATE PO(OC 6 H 8 Me,) 8 . 
The 0- and p- compounds are formed by heating 
o- and p-xylenol with POCl 8 (Kreysler, B. 18, 
1702). They are oils, v. sol. ether, alcohol, and 
benzene. 

m-XYLYL-PHTHALEDE 
C.H,<g W |Me >>> 0. [84°]. Got by heating 

CAMe 2 .CO.C,H J .CO^ with zinc and HOI 
(Gresly, A. 234, 237). Needles (from alcohol), 
si. sol. benzene. 

XYLYL-PROPIONIC ACID 
[1:3:4] CAMe2.CH2.CH2.CO2H. [105°]. Formed 
by saponifying the amide. Silky needles, v. sol. 
hot water. — BaA' 2 6aq. Plates, m. sol. water, — 
CaA' 2 4aq.— AgA'. White powder. 

AmidfiCAMe 2 .CA-CO.NH r [107°]. Got 
by heating the oxim of m-xylyl ethyl ketone with 
yellow ammonium sulphide under pressure 
(Claus, J. pr. [2] 46, 477). Needles, sol. hot 
water. 

m-XYLYL PROPYL KETONE C l2 H l# 0 
[4:2:1] CAMe 2 .CO.Pr. (251°). Formed from 
m-xylene, butyryl chloride and A1C1, (Claus, 
(J. pr. [2] 46, 474). Oil, v. sol. alcohol and 
ether. Yields u-xylyl-glyoxylio aw [54°] on 
oxidation with KMn0 4 . 

Oxim. Crystals, v. e. sol. alcohol. 

p-Xylyl propyl ketone [5:2:1] CAMe2.CO.Pr. 
(2^49°). Formed in like manner from p-xylena, 
Light oil. 

Oxim [47°]. Colourless needles. 

o-Xylyl isopropyl ketone 
[4:3:1] CAMeyCO.Br. (258°). Oil, amellingdike 
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turpentine (Claus, J. pr. [2] 46, 484). Yields 
di-methyl-benzoio aoid [163°] on oxidation. 

Oxim [68°]. Large prisms. 

ra-Xylyl isopropyl ketone 
£4:2:1] C a H 3 Me 4 .CO.Fr. (245°). Oil, yielding 
m-xylyl-glyoxylio acid on oxidation by KMn0 4 . 

Oxim [97°] Prisms (from alcohol). 

Phenyl -tiy dr azide [129°]. Crystals. 

p-Xylyl isopropyl ketone 
£5:2:1] C 8 H*Me 2 .CO.Fr. (240°). Formed from 
p-xylene, isobutyryl chloride, and A1C1* (Claus, 
J. pr. [2] 46, 484). Oil, smelling like mush* 
rooms. 

Oxim [76°]. Plates and prisms. 

TETBA-o-XYL f L SILICATE Si(OC B H 3 Me 2 ) t . 
£o. 460°). Formed by heating o-xylenol with 
SiCl 4 , the yield being 85 p.c. of the theoretical 
amount (Hertkorn, B. 18, 1691). Large prisms. 

Tetra-m-xylyl silicate Si(OC a H 3 Me 2 ) 4 . (453°- 
457°). Formed, in like manner, from rrc-xylenol. 
Oil. 

m-XYLYL THIOCABBIMIDE C,H 9 NS i.e. 
[4:2:1] C a H 3 Me 2 .N:CS. Formed from di-xylyl- 
thio-urea and P 2 0 5 (Hofmann, B. 9, 1295). 
Crystals. Converted by PhOEt and A1C1 S into 
C 8 H 9 NH.CS.C 8 H 4 .OEt [140°] (Gattermann, B. 25, 
3530). 

XYLYL ETHYL DITHIOCABBONATE 

CSJOEtJ.SC^HjMe,. Formed from potassium 


xanthate and m-diazo-xylene chloride (Leuckart, 
J. pr. [2] 41, 192). Oil, converted by heating 
with alcoholic potash into xylyl mercaptan 
(214°). 

DI-XYLYL-THIO-TTBEA 

CS(NH.C fl H s Me ? [1:2:4] ) 2 . [153°]. Formed by 

digesting xylidine with CS 2 as long as H a S 
escapes (Hofmann, B. 9, 1295). Crystals (from 
alcohol). 

XYLYL-TTBEA NH 2 .CO.NHC a H 3 Me 2 [1:2:4]. 
[186°]. Formed from crude xylidine sulphate 
and potassium cyanate (Genz, B. 3, 226). 
Needles (from alcohol). 

s-Xylyl * urea NH 2 .CO.NH.C a H 3 Me 2 [1:3:5]. 
[162°] (Frentzel, C. 0. 1888, 1361). 

Di - s - xylyl * urea CO(NHC 6 H 3 Me 2 [1:8:5] ) r 
[275°] (F.) ; [251°] (G. a. C.). Formed from 
s -xylidine and COClj (F.). Formed also from 
m-xylyl cyanate and xylidine (Gattermann a. 
Cantzler, B. 25, 1089). Needles. 

Di-ra-xylyl-urea CO(NH.O a H 3 Me 2 [1:2:4]),. 
[263°]. A product of the distillation of m-xylyl- 
amido«crotonic aoid (Conrad a. Limpaoh, B. 21, 
527). Sublimes when melting. 

Di-xylyl-urea COfNHCJ^Me,),. Formed by 
heating urea (1 pt.) with crude xylidine (3 pts.). 
Felted needles (from hot alcohol), not melted at 
250 u (Genz, B. 3, 226). 

Reference . — Methyl-benzyl-urea. 
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YTTERBIUM. Yb. At. w. o. 173. This nfcme 
is given to the metal, not yet isolated, of an 
earth separated byMarignac, in 1878, from crude 
erbia obtained from gadoliivite or euxenite. The 
claim of ytterbia to rank as a definite homo- 
geneous compound is not yet satisfactorily estab- 
lished. 

The discovery of a new earth in a mineral 
from Ytterby in Sweden was announced in 1788 
by Gadolin ; in 1797 Eckeberg confirmed the dis- 
covery. The new earth was named yttria , and 
the mineral from which it was obtained was 
called gadolinite. Researches into the nature of 
yttria were conducted by Berzelius in 1819 ( v . 
Lehrbuch [5th ed.] 2), Mosander in 1839 and 
1843 (J. pr. 30, 27), Scheerer in 1842, Cleve and 
others. In 1878 Marignac made a careful ex- 
amination of erbia (2. Ch . [5] 14, 247) ; he 
fractionally decomposed erbium nitrate by heat, 
and obtained an earth which he called ytterbia. 
The erbia used by Marignac was pink, and gave, 
in solution, an absorption speotrum; the new 
earth was white and showed no absorption spec- 
trum. Nilson (B. 12, 554 ; 13, 1439 [1879-80]) 
prepared vtterbia, but found a reacting weight 
tor theudtfch different from that assigned to it by 
Marignac. By repeated fractional decomposition 
by heat of the nitrate of ytterbium, Nilson 
separated another earth which he called scandia 
(ef. Scandium, this vol., p. 431). Nilson (B. 
13, 1430) in 1679 made a fuller examination of 
ytterbia, and determined the at. w. of the metal 
of this earth, and the properties of several salts 
of the metal. ' In this memoir Nilson asserted 


that erbia was separable into seven distinct earths : 
erbia proper, scandia, terbia, thulia, ytterbia, 
yttria, and Soret’s X (afterwards called holmia). 
(cf. Erbium, vol. ii. p. 456 ; and Metals, rare, 
vol. iii. p. 245). 

Occurrence. — Along with erbia, scandia, yttria, 
Ac., in very small quantities in a few rare Scandina- 
vian minerals, chiefly in gadolinite and euxenite. 
Nilson (l.c.) obtained o. 20 g. ytterbia from 6-7 
kilos, of the crude earths prepared from e. 15 
kilos, gadolinite. 

Preparation of ytterbia. — Nilson (B. 13, 1430) 
mixed finely powdered euxenite or gadolinite , c. 
400 g. at a time, with four times its weight of 
KHS0 4 , fused over a powerful burner, pulverised 
the fused mass, and thoroughly exhausted with 
cold water; he ppd. the aqueous solution by 
ammonia, washed the ppd. hydrated oxides, and 
dissolved in HNO g Aq ; after boiling the solution 
for some time and filtering, he ppd. by 
oxalic acid, washed the pp., dried it, and heated 
strongly until it was decomposed. The crude 
earths thus obtained were freed from ILOO* by 
boihng with water, and were then dissolved in 
HN0 3 Aq ; the solution was evaporated to dry- 
ness, and the residue was fused until red vapours 
begr a to come off. The reddish-yellow, opaque 
solid was then treated with boiling water, where- 
by a reddish-yellow pp. was formed, which was 
filtered off by means of a suction-pump. .(This 
pp. contained oxide of Th, along with oxides of Ge, 
Fe, and U.) The reddish filtrate was evaporated 
to dryness, and the solid nitrates thus obtained 
were partly decomposed by heating, the soluble 
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(undecojnposed) portion removed by solution 
in water, the residue dissolved in HNO s Aq, 
the solution evaporated to dryness, the resi- 
due partly decomposed by heating, the unde- 
composed nitrates were removed by washing 
with water, the residue was dissolved in HN0 8 Aq, 
and so on. After thirty repetitions of this process 
a solution was obtained that showed merely 
a trace of red colour after thirty-five repetitions 
the solution was quite colourless, and showed 
only two faint absorption bands, one in the green 
and the other in the red ; after forty repetitions a 
solution was obtained which gave only the red 
band ; and when the process of partial decomposi- 
tion by heat had been repeated sixty-eight times 
a solution in HNOgAq was obtained which showed 
no trace of an absorption spectrum. This solu- 
tion was saturated with H 2 S, the small yellowish- 
brown pp. of PtS 2 was filtered off, the filtrate 
was ppd. by pure oxalic acid, the pp. was washed, 
dried, and decomposed by heating strongly, and 
pure ytterbia was thus obtained. For a modifica- 
tion of this method of separating ytterbia from 
accompanying earths v. Auer von Welsbach (M. 
4, 630). 

Atomic weight of ytterbium .— The metal has 
not been isolated ; the at. w. was determined 
by Nilson (. B . 13, 1433) by dissolving pure Yb 2 0 8 
( v . supra) m HNO,Aq, adding a suitable quantity 
of BLjSC^Aq, evaporating on a water-bath to drive 
off HNO„, then on a sand-bath, and finally over 
a flame until all free fl 2 S0 4 was removed, 
weighing the Yb 2 (S0 4 ) 8 thus obtained, and 
analysing it. Nilson dissolved pure Yb 2 0 8 in 
HN0 8 Aq, evaporated to dryness, partially de- 
composed the nitrate by heat, treated with water, 
Ac., as described supra , and in this way obtained 
seven fractions, each of whioh was converted into 
sulphate. The results are presented in the fol- 
lowing table : — 


Weight of 
Yb.O, 
taken 

Weight of 
Bulphate 
formed 

Potge. composition 
of sulphate 

Atomic w. 
of Yb. 

Yb.O, 

BO. 

1*0068 

1*0139 

*8509 

•7871 

1*0005 

•8090 

1*0059 

1*6186 

1*6814 

1*3690 

1*1861 

1*6099 

1*3022 

1*6189 

62*171 

62*149 

62*155 

62*145 

62*147 

62*126 

62*134 

37*829 

37*851 

87*845 

37*855 

37*853 

37*874 

37*866 

173*21 

173*03 

178*08 

173*00 

178*01 

172*84 

172*91 

Mean. • » • . 62*147 

87*853 

173*01 


Chemical relations of ytterbium . — If Yb is 
really a homogeneous substance, it must be 
placed in Series 10 of Group III. in the periodic 
classification of the elements. This group con- 
tains the following elements : 

Even series — 

2 4 6 8 10 12 

B (11) Sc (44) Y (89) La (189) Yb(173)‘ — 

Odd series — 

3 5 7 9 11 

A1 (27) Ga (70) In (114) — T1 (204) 

A comparison of the position of Yb with the 
positions of elements placed in Series 10 (v. 
table on p» 8U of voL iii.) shows that Yb 


ought to be decidedly more metallic than B, and 
somewhat more metallic than Al, Ga, or In ; the 
data, however, are too meagre to allow a detailed 
comparison to be made. Little is known of the 
properties of compounds of Yb; but what is 
known broadly confirms the conclusions drawn 
from the position of the element in the periodic 
soheme of classification [cf. Earths, metals or 
the, vol. ii. p. 424). 

Ytterbium oxide Yb 2 O a . (Ytterbia.) A very 
heavy, white, infusible powder ; slowly acted on 
by acids when cold or gently warmed, but readily 
dissolved by dilute aoid solutions when boiling. 
Solutions in acids are colourless, and show no 
absorption spectra. The emitrion spectrum of 
a solution in QGlAq, obtained by help of the 
spark, shows several lines, the most conspicuous 
of which have the wave-lengths 6221, r 556, 
5476, 5352, and 5334 (v. Lecoq de Boisbaudran, 
C. R. 88, 1342). S.G. 9*175. S.H. (0°-100°) 
•0646 (Nilson, l.c.). 

Hydrated ytterbium oxide. A white, gela- 
tinous, but heavy pp. obtained by adding NH 8 Aq 
to a solution of a salt of Yb ; shrinks much 
when dried, and absorbs C0 2 from the air. 
Easily soluble in acids (Nilson, l.c.). 

Ytterbium salts. Nilson (lx.) prepared an 
oxalate, an acid selenite, and a sulphate ; and 
Marignac (C. R. 87, 578) prepared a formate. 

Ytterbium oxalate Yb 2 (C 2 0 4 ) 8 . lOaq. A white, 
microscopically crystalline powder; insoluble 
in water, scarcely soluble in dilute acids ; un- 
changed in air; gives up part of its water at 
100°. Prepared by adding oxalic acid to a warm 
solution of the sulphate. 

Ytterbium selenite Yb 2 0„.4Se0 2 . 5aq. Ob- 
tained by adding Na 2 SeO,Aq to a solution of 
Yb£(S0 4 ) ? , washing the ppd. normal selenite, dis- 
solving in water containing a large excess of 
H^SeO,, evaporating nearly to dryness, and wash- 
ing the residue with water. A white crystalline 
salt, insoluble in water. Loses 4S.fi at 100°. 

Ytterbium sulphate Yb 2 (S0 4 ) 8 . Prepare d by 
dissolving Yb 2 O s in HNO*Aq, adding H 2 SO.Aq» 
evaporating on a water- bath to drive off HNO*, 
then on a sand-bath, and finally over a flame at 
low redness till all H 2 S0 4 is removed. An opaque, 
white solid. Dissolves in water when a large 
quantity is added at once ; if a little is added 
much heat is produced, the salt combines with 
the water, and then dissolves very slowly when 
more water is added. Decomposed at a red 
heat, fully at a white heat. S.G. 3*793. S.H. 
•1039 at 0° to 100°. 

A hydrated sulphate Yb 2 (S0 4 ) 8 . 8aq was ob- 
tained by Nilson in large, white, lustrous prisma 
by evaporating a solution of Yb 2 (S0 4 ) g in water 
at a gentle heat. M. M. P. M. 

YTTRIUM. Y. At. w. c. 89*6. The nam* 
yttrium is given to the metal of an earth ob- 
tained from a few rare Swedish minerals. The 
separation of a new earth from a mineral found 
at Ytterby, in Sweuen, was made by GauOlin itf 
1788. The existence of the new earth was con- 
firmed in 1797 by Eckeberg, and the earth was 
called by him yttria. Subsequent researches 
carried on by Berzelius, Mosander, 3oheerer* 
Berlin, Delafontaine, Popp, Bahr a, Bunsen* 
Marignac, and others showed that the yttria of 
Gadolin and Eckeberg was a mixture of mamr 
oxides (cf. Erbium* yoL ii. p. 456 ; bcandium, vol 
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iv. p. 481 ; Ytterbium, this vol, p. 879 ; and v. 
infra. Homogeneity of Yttria ). 

Occurrence.— About 80 to 35 p.o. of yttria, in 
combination with SiO a , is found in the exceed* 
ingly rare Swedish mineral gadolimte ; some 
specimens of ortkite also contain yttria, and the 
oarth has also been found, in combination with 
tibgOft and Ta 2 C 5 , in specimens of euxenite. The 
oxides that generally accompany yttria in these 
rare minerals are ceria, didymia, erbia, lanthana, 
lime, magnesia, soda, and oxide of iron. 

Preparation of yttria. — The crude oxides of 
yttrium, erbium, <fco., are separated from 
gadolimte by the method of Bahr a. Bunsen 
described under Erbium (vol. ii. p. 467). Ma- 
rignao (A. Ch. [6] 14, 247) converted the oxides 
into nitrates, heated the nitrates in a Pt basin 
until red fumes came off freely; treated the 
residue with water, and separated the solution, 
vhich contained much Yt nitrate, from insoluble 
basic nitrates of Er, &o. He then evaporated 
the solution to drynes , heated again until par- 
tial decomposition was effected, again treated 
with water, poured off the solution, evaporated 
it to dryness, partially decomposed the solid 
nitrates by heat, and so on. After some hun- 
dred repetitions of these processes, approxi- 
mately pure yttria was obtained. Auer von 
Welsbach (M. 4, 630) separated approximately 
pure yttria from the crude earths obtained from 
gadolinite by a long-continued series of opera- 
tions based on the facts (1) that yttrium nitrate 
is less readily decomposed to basic salts than 
erbium nitrate when a fairly cone, solution of 
these nitrates is heated with the oxides of the 
metals made into a paste with water, and 
(2) that basic yttrium nitrates dissolve in a solu- 
tion of the normal nitrates of Y and Er more 
readily than basic erbium nitrates. 

References.— Gadolin ( CrelVs Annal. 1796 [1] 
313) ; Eckeberg ( Scher . J. 3, 187) ; Klaproth 
( Scher . J. 6, 5311 ; Yauquelin (Scher. J. 6, 652) ; 
Berzelius (Scher. J. 16, 250, 404 ; and Lehrbuch 
[5th ed.], 2, 177) ; Berlin (P. 43, 105) ; Soheerer 
(P. 66, 483) ; Mosander (P. M. 23, 251) ; Popp 
(A. 131, 179) ; Delafontaine (Ar. Sc. [2] 21, 97 ; 
22, 30; 26, 112; 51, 48; 61, 273); Bahr (A. 
135, 376) ; Bahr a. Bunsen (A. 137, 1) ; Oleve 
a. Hdglund (Bl. [2] 18, 193, 279) ; Oleve (Bl. [2] 
21, 344). 

Preparation of yttrium. — The metal has not 
been obtained pure. W6hler in 1828 (P. 13, 
580) obtained impure yttrium by reducing the 
chloride by sodium. In 1864 Popp (A. 131, 179) 
dissolved yttria in HClAq, added NH,GlAq, eva- 
porated, separated and dried the double ohloride 
of yttrium and ammonium thus formed, mixed 
this with Na, the double salt and the Na being 
arranged in alternate layers, heated the mixture 
in a closed crucible till action began and then 
allowed the reaction to proceed ; washed the 
fused mass with water, separated unreduced 
yttria by leyigation, washed the dark-grey powder 
tbit remained with water, and tnen with alcohol, 
and dried it over H 2 S0 4 . In 1890 Winkler 
(B. 23, 787) obtained a black powder that de- 
composed water by heating yttria and finely- 
divided Mg in the ratio Y g O s ;3Mg (cf. Ytt^, 
p. 882). Popp describes yttrium as a dark-grey 
powder resembling ferrum redactum, decom- 
posing cold water slowly and hot water rapidly, 
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easily dissolved by dilute acids, including acetic 
acid, decomposing boiling KOHAq,and NH,01Aq 
at the ordinary temperature, with evolution of 
H and NH, ; the metal burns brilliantly when 
heated on Pt foil ; when heated in O it burns 
with a very dazzling light. 

An examination of the emission spectrum of 
yttrium was made by Thal6n; the most pro- 
minent lines observed had the wave-lengths 
6191, 6131, 5987, 5971, 6662, 6496, 5402, 5205, 
5200, 5088, 4900, 4881, 4854, 4374, and 4309 
(Kongl. Sw. Vetens. Acad . Hcmdl. 12). 

The atomio weight of yttrium was deter* 
mined by Berzelius, Delafontaine, Popp, Bunsen 
a. Bahr (u. supra , References) by analyses of the 
sulphate, or by transforming yttria into the sul- 
phate ; the values varied from 92*2 to 102*3. 
In 1873 Cleve a. Hdglund (v. B . 6, 1467) made 
more accurate determinations by analysing purer 
specimens of Yt 2 (S0 4 ) 8 , and obtained the value 
89*6. 

Chemical relations of yttrium. — Assuming 
yttrium to be a homogeneous element with 
at. w. o. 89, it must be placed in Series 6 of Group 
III. in the periodic arrangement of the elements. 
This group contains the earth metals ; yttrium 
is preceded in the even series family by B and Sc, 
and is succeeded by La and Yb. A consideration 
of the position given to Y in the periodic clas- 
sification shows that the element ought to closely 
resemble the other metals of the earths. Ton 
little is known of the properties of many of the 
earth metals to allow of a detailed comparison 
of them one with another. A general account 
of the relations of these metals will be found in 
Earths, metals of the (vol. ii. p. 424). 

The homogeneity of yttria. — The properties 
described as belonging to yttria before 1885 were 
the properties of a mixture of at least five, and 
perhaps six, different bodies, according to Crookes 
(C. N. 54, 13, 155). Crookes subjected * yttria ' 
to a prolonged process of fractionation by am- 
monia (for a description of this method v. Earths, 
vol. ii. p. 423), and he then examined the phos- 
phorescence spectra of various fractions. Orookea 
concludes that yttrium is a compound, or per- 
haps a very intimate mixture, of simpler bodies. 
For details of the phosphorescence spectra of 
the substances obtained by fractionating * yttria * 
v. Metals, rare (vol. iii. p. 248). By thirty-two 
fractionations of * yttria ’ by ppn. with NH,Aq, 
followed by twenty-six fractionations by ppn. 
with oxalio acid, Lecoq de Boisbaudran (O. R. 
103, 649 [1887]) obtained a white specimen of 
yttria which gave no phosphorescence specthm: 
when mixed with lime, and which, when con- 
verted into ohloride, gave a spark spectrum, 
showing only the lines of yttrium. 

Yttrium, bromide of, YBr,.9H/). Colourless, 
very deliquescent tablets ; obtained by dis- 
solving Y 2 Oj, in HBrAq and concentrating (Oleve, 
Bl. [**] 18, 193). The anhydrous salt is obtained 
by Duboin (C. R. 107, 99, 243) by heating Y/), 
to redness on a support of gas-carbon in a cur- 
rent tf CO and Br vapour. Very soluble in 
water or alcohol ; insoluble in ether. 

Yttrium, chloride of, YC1 3 .6H0. Obtained 
by dissolving yttria in HClAq, evaporating to 
dryness on a water-bath, dissolving in alcohol, 
and evaporating over H^SO* (Cleve, l.c.). Crys- 
tallises in large, colourless, very deliquescent, 
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rhombic prisms (C., l.c.). The anhydrous com- 
pound is formed by heating yttria to redness on 
a support of gas-carbon in a slow stream of GO 
and Cl(Duboin, lx.). By evaporating a solution 
of yttria in HClAq with addition of NH 4 C1 a 
double compound of YG1, and NH 4 C1 is obtained ; 
double compounds with KOI and NaCI are formed 
by fusing the constituent chlorides together. 
Popp (A 131, 179) described the double compound 
YCl a .3HgCl 2 .9H 2 0. Cleve (Bl. [2] 31, 195) de- 
scribed YGl,.SnCl 4 .8H 2 0. 

Yttrium, fluoride of, 2YF a .H 2 0. Obtained as 
a gelatinous pp. by adding HFAq, or solution of 
an alkali fluoride, to solution of a salt of yttrium 
<Cleve, Bl [2] 18, 193). 

Yttrium, iodide of, (? YI S ). Deliquescent 
crystals, soluble in alcohol ; obtained by evapo- 
rating a solution of yttria in HIAq (Berlin, P. 
43, 105 ; no analyses given). 

Yttrium, oxides of. Besides yttria, Y 2 O s , 
there probably exists another oxide containing 
more oxygen. 

Yttria Y 2 O s . (Yttrium sesquioxide.) A hy- 
drate, probably YjO^OH-jO (Popp, l.c.) f is ob- 
tained, as a gelatinous pp. closely resembling 
hydrated alumina, by ppg. the solution of a 
salt of yttrium by ammonia. The oxide is 
formed by strongly heating this hydrate ; also 
by decomposing by heat the carbonate, nitrate, 
or oxalate of yttrium in presence of air. Yttria 
is described as a heavy, white or almost white 
powder, S.G. 6*078 (Cleve, l.c .) ; 5*046 (Nihon 
a. Pettersson, B. 13, 1459). S.H. (0°-100°) 
-1026 (N. a. P., lc.). By nesting amorphous 
yttria with Ca01 2 for some hours, and washing 
with warm water, Duboin ( C . R . 107, 99, 243) 
obtained highly refractive crystals of Y 2 0„ 
scarcely acted on by acids or by fused Na 2 CO v 
Yttria is a markedly basic oxide ; it absorbs C0 2 
from the air, and decomposes solutions of am- 
monium salts, giving off NH a . Yttria is insoluble 
in water ; it dissolves slowly in cold HClAq, 
HN0 8 Aq, or Hj,S0 4 Aq, but more rapidly on 
warming. By heating a mixture of yttria and 
finely-powdered Mg, in the ratio Y 2 0,:3Mg, 
Winkler ( B . 23, 787) obtained a black powder 
which slowly gave off H from cold water, rapidly 
from hot water, and dissolved in dilute HClAq, 
with violent evolution of H. 

Yttrium peroxide. By adding H 2 0 2 Aq and 
NH,Aq to a solution of sulphate or nitrate of 
yttrium, Cleve (Bl [2] 43, 63) obtained a white 
gelatinous pp. to which he gave the composition 
but this formula cannot be regarded as 


Yttrium, salts ot The salts which are 
formed by replacing the H of acids by yttrium 
belong to the form YgXj, where X = 2C10„ 2NO g , 
S0 8 , S0 4 , CO*, j|P0 4 , Ac. Almost all the yttrium 
salts of oxyacids that have been prepared are 
normal salts ; a basic nitrate, and an acid ortho- 
phosphate and selenate, are known. Many of 
the salts are obtained by dissolving yttria in 
acids and evaporating; those salts which are 
insoluble, or but slightly soluble, in water are 
formed by ppn. from the nitrate or sulphate. 
The salts formed by ppn. are the arsenate , 
borate, carbonate , chromate , iodate and period - 
ate , oxalate , phosphates , selenite and sulphite ; 
besides these salts, the following salts of oxy- 
acids are known, and are soluble in water: 
bromate , chlorate and perchlorate, nitrate , 
selenate , sulphate , thiosulphate and tungstate . 
A few double salts are known; the priroipal 
are Y 2 (CO s ) s .M 2 CO s .tH 2 0, 
Y 2 (C 2 0 4 ),.3M 2 C 2 0 4 .a:H 2 0, and 
Y 2 (S0 4 ),.mM 2 S0 4 .a;H 2 0, where M»an alkali 
metal. Duboin (C. R. 107, 99, 243) obtained a 
silicate Y 2 O a .SiO a by very strongly heating a 
mixture of 3 pts. yttria with 80 pts. CaCl 2 , 
and washing with water. The yttrium salts of 
oxyacids have been examined, chiefly bv Cleve 
(Bl. [2] 18, 193, 289 ; 21, 344 ; v. also Berlin, 
P. 43, 105 ; Hogbom, Bl [2] 42, 2 ; Popp, A. 
131, 179). 

Yttrium, sulphide of. No compound of 
yttrium and sulphur has been isolated with cer- 
tainty. Addition of (NH 4 ) 2 SAq or NH 4 HSAq to a 
solution of a salt of yttrium ppts. hydrated oxide. 
By fusing yttria, S, and an alkali carbonate, and 
washing the fused mass with water, a yel- 
lowish-green solid is obtained that is insoluble 
in water, but is partly decomposed thereby to 
hydrated oxide and HjS ; this solid dissolves in 
acids, giving off H 2 8. The same solid seems to 
be obtained by strongly heating yttria in H laden 
with CS r No compound of yttrium and S was 
obtained by heating yttria with Na 2 S ? . By heat- 
ing YCl a in a stream of H a S, HC1 is given off, 
and a yellow powder remains, which is decom- 
posed by water, with evolution of much H-S (v. 
Popp, A. 131, 179). According to Popp (lc.) t the 
composition of this substance is Y 2 S a . 

By passing dry HjS over a mixture of YC1, 
with excess of NaCI, heated to c. 1000° in a 
boat of gas-carbon, Duboin ( C . R. 107, 99, 243) 
obtained a greenish, crystalline solid, whicn 
when washed with water left transparent, 
greenish lamellae of the double compound 
Y a S r Na 2 S. M. M. P. M. 
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ZANZAIOlH v. Aloin. <. 

ZE0EIN CjaHjjO. [231°]. Occurs in the 
ethereal extract from Zeora sordida (Paterno, 
G. 7, 281, 608). Small pyramids with hexa- 
gonal base (from ether-alcohol), v. sL sol. 
alcohol and ether, insol. water. Neutral. Not 
attached by alkalis or dilute adds. 


ZINC. Zn. At. w. 0 . 65*3 (v. infra). 
Mol. w. c. 65*3 at c. 1400° ; probably the same 
in solution in Hg ( 0 . infra). Melts at 419° (de- 
termined by air thermometer; V. Meyer a. 
Riudle, B. 26, 2443) ; at 417*57° (determined 
by platinum thermometer, Callendar a. Griffiths! 
C. N. 63, 1) ; for older determinations, giving 
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XQ.p. from 340° to 450°, v. Carnelley’s Melting- 
and Boiling-point Tables (X, 14). Boils between 
D30° and 954° (Deville a. Troost, C. B. 90, 773) ; 
at 930° (Violle, C. I?. 94, 720 ; cf. Troost, C. R. 
94, 788). S.G. o. 6*9 to 7*2 (v. Schiff, A. 107, 
69; Kalischer, B. 14, 2750; Quincke, P. 135, 
042 ; Spring, B. 16, 2724). V.D. 34 3 at c. 1400° 
(Mensohing a. V. Meyer, B . 19, 3295). S.H. 
(0° to 100°) *0935 (Bunsen, P. 141, 1) ; (19° to 
47°) *0932 (Kopp, T. 165, 71; cf. Schuller a. 
Wartha, B. 8, 1016). C.E. ; if length of bar at 
0° = Z°, then length at t° * (1 + 3 1 ) ; if volume at 
O c =*V 0 , then volume at Z°=(l + 3j8Z); 
*00002976 from 0° to 100° (Matthiessen, P. M. 
{4] 32, 472). Heat of fusion for 1 kilo = 28,130 
•(Person, A. Ch. [3] 24, 129). T.C. (Ag = 100) 
98*1 (Wiedemann, P. M. [4] 19, 243). E.C. 
<Hg at 0° = 1) 16-1 at 0°, 16-92 at 100 6 (B6noit, 
P. M? [4] 45, 314) ; 14-83 at 15° (Kirchoff a. 
Hausemann, W . 13, 406). Chief lines in emis- 
sion spectrum 6360, 6100, 4924, 4911, 4809, 
4722,4679 (Huggins, i. 154, 139; cf. ThAlen, 
Determin. des Longueurs d' Onde des Raies Metal - 
liques [Dpsala, 1868] ; and Ames, P. M. [6] 30, 
33) ; for wave-lengths of lines of hif-h refrangi- 
toility v. Hartley a. Adeney (T. 1884 [1], 97). 
Zinc crystallises in tabular hexagonal plates, 
a : c « 1-356425 (Williams a. Burton, Am. 11, 
219 ; cf. Stolba, J. pr. 89, 122 ; 96, 178 ; Sharpies, 
Am. S. [3] 7, 223 ; Noggerath, P. 39, 324 ; 
Niokl&s, A. Ch. [3] 22, 37 ; G. Bose, B. B. 1852. 
26 ; P. 107, 448 ; Storer, P. Am. A. 6 ; Cooke, 
Am. S. 81, 191). The metal is probably 
dimorphous. H.C. [Zn,0] » 85,430 (Thomsen, 
Th. 8, 276). Refraction equivalent =* 9‘8 (Glad- 
stone, Pr. 18, 49). 

Historical. — That copper acquired a reddish 
•colour, and that its properties were modified, by 
melting with certain ores, was knowir to the 
ancients and the alchemists ; the ore with which 
copper was generally melted to form brass was 
called cadmia fossilis. The fact that a lustrous 
solid could be obtained by heating cadmia fossilis 
seems to have been known to the ancient writers 
on mineralogy. According to Kopp ( Oeschichte 
der Chemie , 4, 116), the earliest use of the word 
sine is found in a writing of the fifteenth cen- 
tury attributed to Basil Valentine. Paracelsus, 
in the sixteenth century, speaks of zino as a 
definite metal-like substance, and assigns it 
to the class of bastard or semi-metals. The name 
' zinc ’ was applied during the seventeenth and 
eighteenth centuries alike to zinc ores and to the 
metal-like substance obtained from these ores. 
Boyle speaks of zinc, and also uses the word 
spelter, or spiauter , a term of Indian origin ac- 
cording to Kopp. Tolerably pure zino seems to 
have been obtained from zinc ores about 1720 ; 
probably by Henckel (v. Percy’s Metallurgy , 
1, 520). 

Occurrence . — Zinc is found in small 
quantities ; Becker (J. M. 1857. 698), and 
JPhi^on ( n B. 65, 218) noticed ,>the occurrence 
of native zinc in Victoria. Considerable quanti- 
ties of compounds of zinc occur in many places ; 
the commonest ores are calamine (carbonate!, 
siliceous calamine (silicate), blende (sulphide), 
and red zinc, ore (oxide) ; aluminate, arsenat k, 
phosphate, and sulphate of zinc are also found, 
hut in smaller 1 quantities. Small quantities of 
Cd compounds o?cur in most zino ores. The 


ash of a plant that grows on the wa^te heaps of 
the zinc works in Rhenish Prussia {Viola cola- 
minqria) is said to contain compounds of zino 
(Braun, P. 92, 175). Zinc compounds have been 
found in some springs ( v . Hillebrand, U. 8. Geolog. 
Survey Bull. No. 113 [1893]). Traces of zinc 
compounds have been found, according to 
Lechartier a. Bellamy (C. B. 84, 687), in the 
human liver, in calves’ liver, in beef, hens’ eggs, 
wheat, barley, maize, beans, and vetches. 

Formation. — Zinc ore, generally carbonate 
or sulphide, is roasted in reverberatory calciners ; 
the roasted ore is mixed with half its weight of 
powdered charcoal, coke, or anthracite, and 
heated in crucibles or retorts arranged so that 
the reduced metal distils from the impurities ; 
the metal is condensed and collected in suitable 
vessels, and CO passes off. For details and 
descriptions of the different forms of apparatus 
v. Dictionary of Applied Chemistry, voL iii. 
p. 1042. 

Preparation. — Commercial zino generally 
contains from -5 to 3*3 p.c. lead, with o. -2 to 
*5 p.c. iron and cadmium, and small traces of 
arsenic. 

Pure zino was prepared by Reynolds a, 
Ramsay (C. J. 51, 854 [1887]) by dissolving 
zinc sold as free from common impurities in 
dilute H 2 S0 4 Aq, evaporating, crystallising the 
sulphate several times, electrolysing a solution 
of this salt, the metal being deposited on an 
electrode of Pt wire, dissolving the metal in 
dilute HQlAq, ppg. ZnO^Hj by NH,Aq, dis- 
solving the pp. in excess of NH^Aq, and ppg. 
ZnS by HjS ; the ZnS was dissolved in HClAq, 
and again ppd. from an ammoniacal solution 
by HjS ; the pp. was well washed, dissolved in 
pure dilute H^SC^Aq, and the sulphate obtained 
on crystallisation was re-crystallised several 
times ; an aqueous solution of this sulphate was 
then electrolysed, using a Pt wire as electrode, 
and the metal was melted in a tube of hard 
glass from which the air had been exhausted. 
By distilling this metal in vacuo in a tube of 
hard glass, very pure zinc was obtained. Pul- 
linger (C. J. 57, 816 [1890]) distilled zinc sold 
as ‘ chemically pure * in a hard glass tube, bent 
slightly towards the closed end, placed in a 
combustion furnace, the open end being con- 
nected with a good water-pump. By melting 
the distilled zinc in a tube of hard glass with a 
small bulb blown on the end, the part of the 
tube between the bulb and the wider portion 
containing the zinc being capillary, and the 
open end being connected with a water-pump, 
he obtained the zinc in perfectly bright, smooth, 
lustrous spheres free from hollows ; the pump 
was stopped while the zinc was molten, and the 
increased pressure caused the molten metal to 
filter through the capillary tube into the bulb. 
For the preparation of pure zino by electrolysis 
of an ammoniacal solution of the sulphate, v, 
Myers (C. B. 74, 195). 

Stoljba (C. C. 1884. 419) says that zinc can 
be obtained free from As and nearly free from 
iron by the combined interaction of S and 
water vapour. He mixes burnt gypsum with 
one-fourth its weight of S powder, moulds the 
moistened mixture into spheres about 5 .cm. 
diameter, and sinks these to the bottom of a 
crucible containing molten zino; vapours of 
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H^S and 8 are given off, and the molten metal is 
thereby briskly agitated. When the reaction is 
completed, the little balls are taken out, the 
upper crust is removed, and the operation is 
repeated if necessary. 

Zinc-dust is obtained either in the distil- 
lation of the metal, or, in not saoh fine division, 
by crashing and powdering the metal in an iron 
mortar at a temperature somewhat below the 
m.p. of zinc. The Zn0 2 H 2 always present in 
specimens of zinc-dust may be removed by digest- 
ing with NH 4 ClAq and then with NH s Aq, and 
drying on a porous tile in vacuo (Carnegie, 
C. J . 58, 471). 

Properties.— Zi no is a white metal, with a 
slight shade of blue ; it is very lustrous when 
polished. Commercial zinc is brittle at the 
ordinary temperature, but it becomes malleable 
between 100° and 150° ; at 210° it again becomes 
brittle, and at that temperature it can be finely 
powdered in a mortar. Pure zinc is said to be 
malleable at the ordinary temperature. Com- 
mercial zinc that has been heated to 100°-150° 
retains its malleability when it cools. Kahlischer 
(£. 14, 2747) noticed that rolled zinc ceased 
to give a ringing sound when struck after it was 
heated to o. 160°-300°, that it could then be 
bent easily, and that when bent it emitted a 
sound like the * cry 1 of tin ; he found that the zinc 
became crystalline, and the crystalline structure 
was more decided the higher the temperature ; the 
S.G. was very slightly increased, and the electri- 
cal resistance was reduced by c. 8 p.o. Zinc is 
a softer metal than copper ; its hardness is in- 
creased by rolling. The tensile strength of zinc 
varies much with the mode of preparation. 
Zinc orystallises easily, especially when pure ; 
the form is that of hexagonal plates (for refer- 
ences v. supra , beginning of this article). Zinc 
melts at o. 420°, and boils somewhat below 1000° 
(y. supra). Molten zinc expands somewhat 
during solidification. The metal can be distilled 
at a full red heat ; the vapour takes fire in the 
air, and bums with formation of ZnO and the 
production of a bright white light, Zino exposed 
to the ordinary air becomes very gradually 
covered with a thin film of a basic carbonate which 
protects the mass of the metal from further corro- | 
sion ; in pure dry air zino is unchanged. Zinc dis^ 
solves in dilute acids, generally with evolution 
of H (v. infra t Reactions with sulphuric and 
nitric acids) ; it also dissolves in solutions of 
caustio potash or soda. When impure zinc is 
amalgamated it resists the aotion of aoids. Zinc 
is not acted on by mineral lubricating oils ; some 
of the commoner animal oils attack it slightly 
(t>. Redwood, C. S. I. 5, 862). Zinc ppts. most 
of the other metals from their solutions; if a 
piece of impure zino is dissolved in an acid, 
most of the metallic impurities (As, Cd, Gu, Pb, 
&c.) remain undissolved as long as undissolved 
zino is present. Zino combines directly with 
O, S, Se, Te, the halogens, and P ; it forms 
alloys with many metals. Pure zino <fyes not 
decompose boiling water, but the commercial 
metal reacts and gives off H. Zinc-dust usually 
contains some ZnOj^H, ; it is said also to oontain H, 
produced by the interaction of Zn and ZnOjH, 
(v. GreviUe Williams, O. N. 52, 205, 268). 

atomic and molecular weights of sine. In 
1609 Gay-Lussac (Mem* 8 . d*A. t 2, 174) deter- 


mined the weight of ZnO obtained by dissolving 
a determinate weight of zino in nitric acid,, 
evaporating to dryness, and strongly heating the 1 
residue ; Berzelius in 1811 repeated the experi- 
ment of Gay-Lussac JG. A . 87, 400 ; v. also P * 
8, 184) ; and in 1848 Erdmann made similar ex- 
periments (t>. Berzelius * Lehrbuch , 8, 1219). The 
values obtained for the at. w. oi zino were 65*39 
(G.-L.), 65-41 (B.), and 64*94 and 64*88 (E.). In 
1844 Favre decomposed ZnC 2 0 4 by heating in 
air, and determined the weights of ZnO and CO s 
produced ; the value 65*85 was thus obtained for 
the at. w. of zino. In the Bame year Favre ob- 
tained the value 65*78 by dissolving zino in 
dilute H 8 S0 4 Aq, burning the H given off by 
passing it over hot CuO, and weighing the water 
thus produced (A. Ch. [3] 10, 163). In 1884 
Marignao determined the Cl and the Zn in 
Zn01 3 .2KCl, and obtained the value 65*18 xor the 
at. w. of zinc (A. Ch. [6] 1, o09 ; v. also Bau- 
bigny, C. R. 97, 908 [1883]). By dissolving zino 
in dilute H 2 S0 4 Aq and measuring the H given 
off, van der Plaats concluded that the at. w. of 
zino is 65*18 ( O . R. 100, 52 [1886]). Reynolds 
a. Ramsay, in 1887, by measuring the H given 
off by the interaction between very pure zino 
and HgSC^Aq, obtained the value 65*^3 (O. J » 
51, 854). By oxidising zino to ZnO, by 
HNO a Aq, in 1888, Morse a. Burton obtained the 
value 65*1 (Am. 10, 811). In 1889 Gladstone a. 
Hibbert (C. J. 55, 443) determined the ratio of 
zino dissolved to silver deposited by one and the 
same electric current ; taking the at. w. of silver 
as 107*66 (the value adopted in this Dictionary) 
the at. w. of zino was found to be 65*29. 

In 1886 Mensching a. V. Meyer ( B . 19, 8295) 
found the V.D. of zinc at c. 1400° to be 34*3, a 
number, which shows that the gaseous molecule 
of zincTs monatomic. Ramsay, in 1889, deter- 
mined the lowering of the vapour pressure of 
Hg produced by dissolving zinc therein (C. /. 
55, 521) ; assuming that equa' volumes of dilute 
solutions contain equal numbers of molecules, 
and that the molecular weight of liquid Hg is 
200, Ramsay’s results indicate that the mole- 
cules of zino in dilute solutions of this metal in 
Hg are monatomio. The experiments of Hey- 
cook a. Neville (C. J. 57, 876 [1890], and 61, 
888 [1892]) on the lowering of the freezing- 
points of Bi, Cd, Pb, Sn, and Na by solution of 
zinc in these metals tend to confirm the con- 
clusion that the molecule of zino in dilute solu- 
tions in these metals is monatomic. 

Chemical relations of zinc. Zinc is the 
second odd-series member of Group H. in the 
periodic classification of the elements. Zino is 
preceded in the odd series of this group by Mg 
and iB followed by Cd, — , and Hg ; the members 
of the even series of Group II. are Be, Ca, Sr, 
Ba, — , — . Zinc is the second member of series 
5 ; it is preceded in this series by Cu, and is 
succeeded by Ga, Ge, As, Se, and Br. The 
general chemkil character of zin~ that of a 
metal ; its oxide ZnO is basic, its chloride ZnCl f 
is volatilisable without decomposition. No adds 
are known containing zinc, and the molecule of 
the element is monatomio. The fact that com- 
pounds of ZnO and K>0 are obtained by dis- 
solving ZnO^Hj in KOHAq and adding alcohol 
shows that the hydroxide of Jxe metal has 
feebly marked acidic properties, and the i sola- 
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t!on of a number of oxychlorides and basic 
carbonates, nitrates, and sulphates illustrates 
ihe fact that zinc is less positive than Mg, which 
4s the first member of the zinc family of Group 
II. For a general account of the properties of 
ihe family of which zinc forms a member v . 
Magnesium gr up of elements, vol. iii. p. 168. 
The atom of zinc is divalent in the gaseous 
molecules of its compounds. 

Reactions and Combinations . — 1. Zinc is un- 
changed in pure dry air ; in ordinary air the 
surface layers are slowly converted into a basic 
carbonate, which protects the metal beneath. 
Heated strongly in air or oxygen , zinc burns to 
ZnO. — 2. Heating zinc in bromine , chlorine , or 
iodine produces ZnBr 2 , ZnCl 2 , or Znl*— 8. When 
zinc is heated in phosphorus vapour, phosphide 
of zinc ( q . v. t p. 890) is formed. — 4. By heating 
zinc with selenion vapour, a compound of Zn 
nnd Se is formed ( v . Zinc selenide, p. 890). — 
■5. Zinc combines with tellurium when the ele- 
ments are heated together ( v . Zino telluride, 
p. 891)v— 6. Sulphur and zino combine when a 
mixture of these elements is very strongly com- 
pressed (Spring, B. 16, 1000). — 7. Zino decom- 
poses water at a red heat. Commercial samples 
of zinc decompose water at 100° (L’H6te, C. R . 
101, 1163). — 8. ZnSis formed by strongly heating 
zino in a stream of hydrogen sulphide ; when 
hydrogen selenide is used the produot is ZnSe, 
and by heating the metal in hydrogen telluride 
ZnTe is formed (v. Margottet, <5. R, 84, 1293).— 
0. Zinc is said to reduce carbon monoxide at a 
very high temperature. — 10. Zinc is superficially 
oxidised by heating to dull redness in nitric 
oxide (Sabatier a. Senderens, C. R. 114, 1429). 
Oxidation in nitrogen dioxide (NOJ is effected 
•at 800° (S. a. S., C. R. 116, 236).— 11. Many 
metallic oxides are reduced by heating with 
zinc.— 12. Zinc reacts with sulphurous acid 
solution ; according to Schweizer (v. C . N. 23, 
293), the products are ZnS0 8 , along with 
H 2 S. ; 0 4 Aq, ELjS 8 O a Aq, and S.— 18. Zino dissolves 
in hydrochloric acid , giving off H and forming 
ZnClg. Reynolds a. Ramsay (C. J . 61, 857) say 
that pure zinc scarcely reacts with boiling hydro- 
chloric acid. For reactions of zinc with sul- 
phuric and nitric acids, v. infra. — 14. Zino dis- 
solves slowly in hot solutions of caustic soda or 
potash , giving off H, and forming ZnO^rM^O (c/. 
Zinc hydroxide, p. 888) ; the reaction is much 
hastened by adding iron or Pt along with the 
zino. — 15* M sgiy metallic salts in solution are 
reduced by zinc, with ppn. of the metals, e.g. 
salts of As, Cd, Ou, and Pb.— 16. When zinc- 
dust is shaken with an aqueous solution of 
ferric chloride , the whole of the ferrio salt is 
very rapidly reduced to ferrous chloride (for 
details of the application of this reaction in the 
estimation of ferric iron, v * Carnegie, C. J. 53, 
468 [1888]).— 17. According to Siersch (J. 1867. 
257), zinc dissolves in sodium chloride solution, 
furmiftgHfoCl 2 .2NaClAq, Zn\J, and H. — 18. 
Poumar&de (J. pr. 73, 496) says that nearly all 
chlorides and fluorides are reduced by reacting 
with vapour of zino in an atmosphere of H. — 
19. By heating to redness admixture of ipnc 
filings and sodium metaphosphate % Hvoslef 
(A. 100, 991 probably obtained phosphides of 
sine («. Zmo fhobhsxdxs, p. 890).— 20. Zino re- 
acts with soctium hydrogen sulphite solution, 


forming ZiiS0 3 , Na 3 S 3 0 4 Aq, and Na^SO^Aq (t?. 
Hyposulphites, this vol. p. 592)*— 21. By heat- 
ing zino with sine sulphide in an exhausted 
tube, some of the ZnS is carried forward and 
deposited in the front part of the tube ; probably 
at a high temperature ZnS is decomposed, and 
there exist only Zn and S, and at a lower tem- 
perature these recombine to form ZnS (Morse a. 
White, Am . 11, 348). A similar phenomenon is 
noticed on heating zino with zinc oxide (M. a* 
W., l.c. p* 258). — 22. ZnS is formed by strongly 
heating zinc and mercuric sulphide or zino and 
potassium polysulphides (v. Zino sulphide, 
p. 890). 

When slips of zinc-foil are immersed la 
CuS0 4 Aq, a deposit of finely-divided Cu is 
formed on the zinc. This copper-zinc couple is 
an energetic reducing agent ; KC10 s Aq is reduced 
to KCLAq, KNO„Aq to KNOjjAq and NH,Aq, 
KjFeCyaAq to K 4 FeCy 8 Aq, SO-jAq to S, As^OjAq 
to AsR,, C 8 H 6 N0 2 (in alcohol) to C # H 8 NB^, Ac. 
(v. Gladstone a. Tribe, C. J. 83, 806). 

Reactions of zinc with sulphuric and nitric 
acids. Commercial zinc dissolves easily in 
dilute H 2 S0 4 Aq, with formation of ZnS0 4 Aq and 
evolution of H. In 1830 De la Rive noticed that 
very little action took place between approxi- , 
mately pure zinc and H 2 S0 4 Aq; this fact has 
been confirmed by other experimenters. Rey- 
nolds a. Ramsay (C. J. 51, 857 [1887]) found 
that zino prepared by repeated electrolysis of 
the sulphate and distillation in vacuo scarcely 
reacted with H 2 S0 4 Aq ; L’H6te (C* R. 101, 1153) 
also asserted that pure zino does not react with 
HsSO^q. Divers a. Shimidzu (C* /. 47* 698 
[1885]) observed very great differences between 
the rate of action of the same E^SO^q on sheets 
of commercial zino of the same size. Pullinger 
in 1890 ( C . 67. 816), and Weeren in 1891 

(B. 24, 1785), made somewhat elaborate inves- 
tigations into the connections between the con- 
ditions and the rate of the interaction of zino 
and H^SC^Aq. 

Pullinger used * pure ’ sulphuric acid diluted 
with three times its weight of water ; and zino 
prepared by distilling that sold as ‘ chemically 
pure ’ in vacuo and casting in balls under pres- 
sure to prevent the formation of cracks or hol- 
lows (i>. supra, Preparation of zinc, p. 885). Ho 
found that when the surface of the zino was very 
smooth— this was best accomplished by im- 
mersing in agua regia for 10 or 15 seconds, 
and washing with water— and the acid was 
boiled for some hours before the experiment, 
there was practically no reaotion at, 20°~25 9 
(spheres of zinc weighing o. 24 g. lost from 6 to 
6 mgms. in 20 hours)* Pullinger found that 
the presence of small quantities of H 2 S, SO* or 
HsSjjOyAq did not affect the weight of zino dis- 
solved by the boiled H 2 S0 4 Aq ; addition of some 
HjO b materially increased the rate of action; 
and H 2 S0 4 Aq that had been electrolysed before 
nse dissolved from four to ten times more zino 
tharjeome of the same acid that had not been 
electrolysed ; addition of a few drops of HNO*Aq 
considerably increased the action ; when a few 
drops of RIAq were added to the H^SO^q prac- 
tically no action occurred. P. supposed that all 
the * purp ’ acid used by him contained traces of 
an oxidising substance, probably H,£U> t , and 
I that the solvent action was due to this- P. 
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insists onthe Important connection between the 
rate ol action and the smoothness or roughness 
of the surface of the zinc used. But he con- 
cludes that 1 in all probability pure dilute sul- 
phuric acid would» at ordinary temperatures, be 
entirely without action upon metallio zinc, 
whether the surface of the latter were rough or 
smooth.’ 

Weeren used zinc which he found to be 
chemically pure by analysis ; he gives no ac- 
count of his method of preparation nor any de- 
tails of his analytical results. W. found that 
the weight of pure zinc dissolved by pure 
H 2 S0 4 Aq (1:20) at the ordinary temperature, and 
under a pressure of 10 mm., was c. ten times 
greater than the weight dissolved at 760 mm. 
pressure; but the weights of impure zinc dis- 
solved at the two pressures were almost the 
same. The pure zinc used by W. dissolved fairly 
rapidly in boiling ELjSC^Aq ; in one case when 
2*1 mgm. dissolved at 0° after thirty minutes’ 
action, 122 mgm. dissolved in the boiling acid. 
W. found that the solubility of his pure zinc 
increased very slowly as temperature rose up to 
within 1° of the b.p. of the aoid used, but that 
when ebullition actually began the solubility of 
the zinc suddenly increased ; the weight of pure 
*ino dissolved by H 2 S0 4 Aq at 100° and boiling, 
was c. sixteen times greater than the weight of 
the same zinc dissolved by the same acid at 100° 
but kept from actually boiling by pressure. On 
the other hand, W. noticed that as much impure 
zino dissolved at 100° when the acid was boil- 
ing as when it was prevented by pressure from 
boiling. Addition of oxidisers, CrO a or 11,0*, 
enormously increased (c. 300 times) the solu- 
bility of pure zinc in H.,S0 4 Aq at 18°-20°, but 
only slightly increased (c. six times) the solu- 
bility of impure zino. W. supposes that when 
pure zino is immersed in pure K 2 S0 4 Aq a slight 
reaction occurs, and that the H produced 
is attracted to and held firmly on the sur- 
face of the zinc, and that the reaction ceases 
because the surface of the metal is protected by 
the layer of H. Increase of temperature does 
not appreciably affect the rate of action, because 
the layer of H remains fixed to the surface of 
the zinc, but when the acid boils the H is re- 
moved and rapid dissolution occurs ; any condi- 
tions which remove the layer of H increase the 
aokibility of the zinc. W. supposes that the rate 
of dissolution of impure zinc in H 2 S0 4 Aq is not 
much affected by boiling, presence of oxidisers, 
<fec., because H is not given off at the surface of 
the zinc, but at the surface of the more negative 
impurities. The rapid solution of zino in 
HNO»Aq is connected, according to W., with the 
rapid oxidation of the H produced at the surface 
of the zinc, and hence the production of a layer 
of water on the surface of the metal which de- 
stroys the attraction between the zinc and any 
Ii that may escape oxidation. 

As regards the products of the interaction of 
sine iknd sulphuric acid, when the acid is fairly 
concentrated (c. H 2 S0 4 .EL0 to c. RjS 0 4 ) S0 2 is 
given off, and at moderately high temperatures 
H,S and 8 are also produced (v. Calve' t a. John- 
son, C. /. [2] 4, 436 [1867]). A qualitative ex- 
amination of the products by Patti son Muir a. 
A die (b\ J. 53, 47 [1888]) showed that ZnS0 4 is 
Ike only salt of zinc produced, with any concen- 


tration of aoid, and at any temperature up to 
the b.p. of the acid used ; that with approxi- 
mately pure zino little or no S0 2 or is 
formed unless the temperature be high ; and 
that the purer the zino the less is the quantity 
of S produced (cf. Ditte, A. Ch. [6] 19, 68). 

The products of the interv.ction of zino 
and nitric aoid are ZnfNOJjfAq, Zn(N0 2 ) 2 Aq f 
NH.NOgAq and NH.NO^q, and NO, N 2 0, and 

N. Acworth found that when HNG a Aq reacts 
with zinc in presence of (NH 4 )NO s the chief 
gaseous product is N (along with some N z O and 
NO) (C. J . 28, 828 [1876]). Acworth a. Arm- 
strong studied the reaction of HNO s Aq and Zn 
more fully in 1878 (C. J. 32, 5v),and found that 
the only gaseous products were N, N«0, and NO 
{cf, Deville, C, R. 70, 22, 660 [1870])* Accord- 
ing to Divers ( G . /.43, 443 [1883]), alittie NF 2 OH 
is formed when cold HNO*Aq (8 to 4 p.c.) is 
poured on to granulated zinc and quickly poured 
off again. Divers a. Sh midzu (C. J. 47, 597 
[1885]) found that considerable quantities of 
NH 2 OH are produced by the combined reaction 
of HNO s Aq and H 2 S0 4 Aq, or HNO*Aq and 
HClAq, on zinc (v. Hydroxyiamine, Formation , 
vol. ii. p. 734). Divers (l,c.) thought that zino 
does not form Zn(N0 2 ) 2 bya direct reaction with 
HNOgAq, but by interacting with some of the 
Zn(NO a ) 2 formed by the primary action of the 
metal on the acid. The products of the inter- 
action of zino and HN0 3 Aq have been examined 
reoently by Montemartini (O. 22 [1],277 [1892]), 
who says that free H is not produced (he also 
says that no NH 2 OH is formed), and that in 
addition to nitrate and nitrite of zino and 
ammonium, hyponitrite is also produced ; the 
gaseous products, according to M., are N 2 0, NO, 
N0 2 , and N ; there is no nitrous acid formed, 
says M., if the HNOsAq contains more than 80 
p.c. HNO s ,and no NO ? if less than 80 p.o. HNO, 
is present. M. also gives determinations of the 
quantities of the various products at different 
temperatures, and of the rate of reaotion with 
different concentrations of HNO a Aq (Abstract in 

O. J. 62, 1279 [1892]). 

Zinc, alloys of. Alloys of zino have been 
formed with most metals by fusing the consti- 
tuents together ; the alloys are generally hard, 
some of them are brittle. With antimony , two 
crystalline alloys are formed by melting the 
metals together, in the ratios SZn:2Sb and 
Zn:Sb, and allowing to cool very slowly ; Cooke 
(Am. S . [2] 18, 229 ; 20, 222) formulates these 
alloys as Zn s Sb 2 and Zn 2 Sb 2 respectively. These 
alloys react with water and give off H. Alloy® 
with arsenic are formed by heating together Z» 
and As, or Zn and As 2 0„ or by heating Zn in 
vapour of As and H; by the last method 
Descamps (C. R. 86, 1022, 1065) obtained crys- 
tals agreeing in composition with the formula 
Zd,As 2 . Spring (B. 16, 324) formed an alloy by 
compressing Zn And As, in the ratio 8Zn:2As, 
at 6,500 atmospheres. Zino alloys witn otsmuth 
when the metals are melted together, but on cool- 
ing two layers are formed, the upper containing: 
zinc with o. 2 p.o. Bi, and the lower Bi with from 
8 to 14 p.c. zino. An alloy of zino with bismuth 
and lead (3 pts. Zn, 5 pts. Bi, and 5 pts. Phi 
melts at 94*5°. For descriptions of alloys with 
calcium v. Caron (C. R, 48, 440 ; 60, 647); 
Wdhiler (A. 138, 253); and Norton ft. Twitchelk 
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(Am. «T. 10, 70). Brass is composed of alloys of 
zinc with copper (v. vol. ii. p. 254 ; and for de- 
tails v. Dictionary of Applied Chemistry, vol. 
iii. p. 1052). Alloys of zinc with copper and 
nickel form German silver ; most modern 
bronzes are alloys of zinc with copper and tin 
(«. vol. ii. p. 2C4 ; and for details v. Dictionary 
of Applied Chemistry, vol. iii. p. 838). Zinc 
alloys with iron (for details v. Dictionary of 
Applied Chemistry, vol. iii. p. 1051). For 
alloys with lead v. vol. iii. p. 125 (also Krant, 
S . C. J. 5, 537). Alloys with lead and tin are 
mentioned in vol. iii. p. 125 (v. alBo Wright a. 
Thompson, Pr. 48, 25). For alloys with mag - 
nesvum v. Parkinson (J. pr. 101, 875). Zinc and 
mercury form a number of amalgams, which are 
brittle when a little Hg is present and pasty 
wher. much Hg Is present (for references v. S. C. I . 
9, 512). For alloys with platinum v. this vol. 
p. 288. For alloys with silver v . Wright a. 
Thompson (Pr. 48, 25). 

For an account of the formation of zinc 
alloys by immersing zinc in various metallic 
solutions v . Mylius a. Fromm (B. 27, 630 
[1894]). 

Zinc, amide of, Zn(NH 2 ) r This oompound 
was obtained by Frankland (Pr. 8, 502) by 
passing dry NH S into an ethereal solution of 
ZnEtj. A white, amorphous powder ; unchanged 
at 200°, but decomposed at a red heat to Zn,N 2 
( v . Zinc nitride, p. 889) and NH, ; reacts with 
water to form Zn0 2 H 2 and NH„. 

Zinc, bromide of, ZnBr 2 . Formula probably 
moleoular, from analogy of ZnCl 2 . S.G. 8*643 
at 10° (BOdeker). Melts at 394° (Carnelley, C. J. 
83, 277). Boils at 695° to 699° (0. a. Williams, 
C. J. 88, 283) ; at 650° (Freyer a. V. Meyer, B . 
25, 622). H.F. [Zn,Br*] - 75,930 (Th. 8, 275). 

Preparation.— 1. Zinc filings are heated to 
dull redness in a Btream of Br vapour.— 2. Zinc, 
or Zn0 2 H 2 , is dissolved in a slight excess of 
HBrAq, the solution is evaporated to dryness, 
and the dry residue is sublimed out of contact 
with air. 

Properties and Reactions . — White needles; 
very deliquescent. Easily soluble in water, 
aloohol, or ether ( v . Berthemot, J. Ph. 14, 610). 
Thomsen gives [ZnBr*,Aq] « 15,030 (Th. 3, 275). 
Aqueous solutions of ZnBr 2 of different concen- 
trations have the following specific gravities 
according to Kremers (P. 108, 115) : — 


B.G. ZnBr a Aq at 19*6®. 

P.o.ZnBr,, 

1*1849 

18*3 

1*3519 

81*7 

1*5276 

43*2 

1*7082 

62*6 

1*8525 

59*1 

2*1027 

68*0 


Combinations.— 1. With ammonia to form a 
series of compounds. These compounds were 
examined by Rammelsberg (P. 55, 240), and, 
iffbre recently, by Andr6 (Bl. [2] 39, 398 [1888]). 
By dissolving ZnBr* in NH a Aq under different 
conditions, A. obtained (1) ZnBr 2 .2NH s .H 2 0, 
(2) 3ZnBr 3 .8NR l .2H 2 0, (3) BZnBr^lONH^.HA 
and (4) ZtiBr 2 .6NH, ; by saturating hot NH<BrAq 
with ZnO, he obtained 8ZnBr r 6NH 3 .li,(/ — 
2. With caesium bromide, to form ZnBr 2 .8CsBr 
and ZnBr r 2CsBr (Wells a. Campbell, Zeit. f. 
ataorg. Chemie , 5, 278). 


Zinc, chloride of, ZnCl 2 . Mol. w. c. 13li 
Melts at 262° (Braun, P. 154, 190). Boils at 
708°-719° (Carnelley a. Williams, C . J. 83, 284) ; 
at 730° (Freyer a. Y. Meyer, B. 25, 622). S.G. 
2*753 at 13° (Bddeker). Y.D. at 890° to 907° - 
66 (F. a. M., l.cX H.F. [Zn,Cl*]» 97,210 (Th. 
8, 275). 

Formation.— 1, By heating zinc filings in 
Cl.— 2. By heating a mixture of 2 pts. HgCl x and 
1 pt. zinc filings in a retort. — 8. By distilling a 
mixture of equal pts. ZnS0 4 and CaCl 2 , or a 
mixture of 1 pt. ZnO and 2 pts. NH 4 C1. — 4. By 
dissolving zinc, or Zn0 2 H 2 , in HClAq, evapo- 
rating to dryness, and heating the residue in a 
retort. 

Preparation.— 1. Zinc filings are heated In a 
small retort in a stream of Cl ; the produot is 
distilled.— 2. Zinc, or ZnOjH,, is dissolved in a 
slight excess of HClAq ; the solution is evapo- 
rated to dryness, and the residue is distilled from 
a small retort. 

Properties and Reactions . — A white, semi- 
transparent, crystalline, very ca lstio solid ; very 
deliquescent. Easily soluble in water, also in 
alcohol. Thomsen gives [ZnCl*,Aq] « 15,630 
(Th. 3, 275). Sublimes at a red heat. An 
aqueous solution is partly decomposed on eva- > 
poration, giving oxychlorides (g.v.). Oxychlorides 
are also formed by heating a solution of ZnCl s 
in HClAq with ZnO, also with HgO or PbO. 
Kremers (P. 105, 360) gives the following data ; 

S.G. Zn01 g Aq P.c. ZnO, 

1*1275 13*8 

1*2466 25*8 

1*8869 87*5 

1*5551 49*2 

A cone, solution of ZnCl 2 is often used as a 
bath for maintaining fairly high constant tem- 
peratures. Dry ZnCl* is used as a caustic ; also 
as a dehydrating agent ; a dilute aqueous solu- 
tion is employed as an antiseptic. 

Combinations.— 1. With water . By keeping 
ZnCl*Aq containing 70*5 p.c. ZnCl 2 at 0° foi 
24 hours, Engel ( C . R. 102, 111) obtained large 
crystals of the trihydrate, ZnCl 2 .3H 2 0, melting 
at 7°. When ZnCl*Aq containing 79*9 p.c. 
ZnCl 2 at 0° is kept for a long time it solidifies ; 
on heating to 16° a part melts and a part 
remains solid ; the liquid part is the dihydrate 
ZnCl 2 .2H 3 0, and the solid part is the hydrate 
2ZnCl 2 .3H 2 0 (E., l.c.). By heating a syrupy 
solution of ZnCl a with a little HClAq, Schindler 
(Mag. Pharm. 86, 45) obtained octahedral crya. 
tals of the monohydrate ZnCl 2 .H 2 0. According 
to Engel (l.c.), the hydrate obtained by S. was 
2ZnCl 2 .8BU). — 2. With hydrogen chloride and 
water. Engel (M. 5, 482) obtained the com- 
pounds 2ZnCl 2 .HCL2H 2 0 and ZnCl 2 .HCl. 2 HaO 
by passing HC1 gas into ZnClaAq, and adding 
zinc from time to time, and, when the solution 
had the S.G. of 2*0, cooling to 0°.— 3. Various 
compounds of ZnCl* with ammonia have been 
descilbed; the formulas ZnCL>.NH„ ZnCl^NBL,, 
2(ZnCl r 2NH,).HaO, ZnCL.4NHa.HaO, and 
ZnCl 2 .5NH 8 .H 2 0 have been given to compounds 
obtained by dissolving ZnCl 2 in NHaAq, passing in 
NH„ and evaporating under different conditions 
(v. Marignac, Ann. M. [5] 12, 1 ; Divers, C*>N. 18, 
18; Priwoznik, P. 142, 487; Davia, C. X. 25, 
265; AndrA, A. Oh. [6] 8, 84, 98; Thoms, B. 2% 
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748).— 4* Lang (B. 21, 1578) described a com- 
pound with pyridine, ZnCl 2 .2C 5 H s N.— 5. ZnCi 2 
combines with alkali chlorides . Compounds, 
ZnCl r NH 4 OUH 2 0, ZnCl~2NH 4 Cl.xH/>, and 
Znd v .8NH 4 Cl are described by Schindler (Mag. 
Pharm. 86, 45), Marignao (J. 1857. 217), Ram- 
melsberg (P. 94, 508), and Hants (A. 66, 287). 
A oompound ZnCL,.2KCl is described by R. (Z.c.) 
and M. (Z.c.) ; and a compound ZnCl2.2NaCl.8H3O 
by M. (Z.c.). Wells a. Campbell (Zeit. /. anorg . 
Chemie , 5, 278) describe two compounds with 
CsCl, to which they give the formulas 
ZnClj^CsCl and ZnCl 2 .3CsCl.— 6. With sine 
oxide , f>. Oxy chlorides , p. 891. 

A solution of zino in cone. HClAq, to which 
as much NH 4 C1 has been added as the weight of 
zino dissolved, is used for cleaning the surfaces ' 
of ^metals that are to be soldered together ; any 
oxide on the metallic surfaces reacts with the 
NHCl present to form chloride which dissolves 
in the ZnClj solution. 

Zinc, cyanide of, and double zino cyanides ; 
,0. vol. ii. p. 347. For details regarding the con- 
ditions of formation and the properties of zinc- 
mercuric cyanide , v . Dunstan, C. J. 61, 666 
[1892]. 

Zinc, ferrooyanide of ; v. vol. ii. p. 837. 

Zino, fluoride of, ZnF r Formula probably 
molecular, from analogy of ZnCl 2 . Formed by 
heating zino or ZnO to rednesB in a stream of 
dry HF ; also by the interaction of fused ZnGL* 
afcd % dry HF at 800°to 900 :> ; also by heating 
the'hydrated salt to redness in dry HF (Pouleno, 
C. B. 116, 681 [1893]). The tetrahydrate 
ZnF ? .4H ? 0 is obtained by evaporating a solution 
of zinc in HFAq, and crystallising. The Balt 
ZnF s crystallises in colourless needles, probably 
pQioi\oclinic. S.G. 4*84 at 15° ; the crystals act 
strongly on polarised light (P., Z.c.). Clarke 
(Am. 8 . [3] 13, 291) gives S.G. of ZnF 2 as 
4*556 at 17°, and 4*612 at 12°; and the S.G. of 
ZnF 2 .4H 2 0 as 2*567 at 10° and 2*535 at 12°. 
ZnF 2 is slightly soluble in cold, more soluble in 
hot, water; it is insoluble in aloohol at 95°; 
soluble in boiling HClAq, H 2 S0 4 Aq, or HNO,Aq 
{P ., Z.c.). Heated in air, or to redness in steam, 
it is wholly changed to ZnO ; fusion with alkali 
carbonates produces ZnO and alkali fluorides ; 
heating with H a S forms ZnS, and with HC1 
iorms ZnCL. It is reduced by H at a red heat 
(P., Z.c.). ZnF 2 forms double salts with A1F # 
and with alkali fluorides. Berzelius (P. 1, 26) 
.described the salts ZnF 2 .2AlFj, and ZnF 2 .2KF ; 
and Wagner (B. 19, 896) the salts 

^nl^NH^. 2aq, ZnF 2 .KF, and ZnF 2 .NaF. The 
compound ZnF 2 .ZrF 4 . oaq( » ZnZrF e . 6aq) is de- 
scribed by Marignac (A. Ch. [8] 60, 257) ; S.G. 
2*255 at 12° (Topsoe, 0. 0. 4, 76). For 
JZnF 2 .SiF 4 v. Zinc silicofluoride, p. 890. 

Zino, hydrophosphide of, ZnPH. A white, 
friable solid having this composition was ob- 
tained by Dreohsel a. Finkelstein (B. 4, 352) by 
passing dry PH S into a oooled ethereal solution 
of ZnEtg. The compound can be kept tin a 
closed vessel; in air it absorbs moisture and 
rapidly decomposes, giving off PH« 

Zinc, hydrosulphide of. According to Thorn- 
pen (B. 11, 2044 [1878]), the pp. obtained by 
mixing NaHSAq and ZnS0 4 Aq, in equivalent 
quantifies, is probably a hydrosulphide of zino 
(no analyses or formula given). Addition of 


two equivalents of NaSH in solution to an 
equivalent of ZnS0 4 in solution produces no pp., 
but the solution gives a pp. of ZnS or hydro 
sulphide on standing, or on addition of acid or 
soda (T., l.c.). According to von Zotta ( M , 10, 
807 [1890]), the pp. supposed by Thomsen to 
be zinc hydrosulphide has tLe composition 
ZnB it H z .2ZnS. When four equivalents of NaSH 
are added to one equivalent of ZnS0 4 , both 
in solution, and the clear solution is .boiled, or 
treated with aoid or alkali, a pp. of Zn S 2 H 2 .2 ZnS 
is obtained (von Z., Z.c). Linder a. Picton (C. J. 
61, 130 [1892] obtained evidence in favour of the 
existence of compounds of Zn, S, and H, pro- 
bably 7ZnS.HJ3 and 12ZnS.H 2 S, by passing 
H 2 S into water at 0° with ZnO-jH* in suspension ; 
they failed to isolate a definite oompound with 
certainty. 

Zinc, hydroxide of, Zn0 2 H,. ( Zinc hydrate. 
Hydrated zinc oxide.) Obtained, as a white 
flocculent pp., by adding to solution of a salt of 
zinc rather less KOHAq than is sufficient to de- 
compose the whole of the salt, washing thoroughly, 
and drying at a low temperature. According to 
Ville (O. B. 101, 875), ZnO a H 2 is obtained in 
crystals by shaking very finely-powdered ZnOO„ 
or basio carbonate, with twice &b much KOH in 
10 p.o. solution as is theoretically required for the 
decomposition of the carbonate; formation of 
crystals of Zn0 2 H 2 begins at once, and is com* 
plete after twenty to thirty minutes. ZnOaH* is 
said to be obtained in lustrous rhombic prisms 
by immersing zinc in contact with iron or copper 
in NH s Aq (Nioklds, A. Ch. [3] 22, 31 ; Cornu, Bl. 
5, 64 [1863]). Bddeker (A. 94, 858) obtained the 
monohydrqted hydroxide Zn0 a H 2 .H 2 0 in very 
lustrous octahedra by keeping a saturated solu- 
tion of the hydroxide in NaOHAq in a dosed 
vessel for some weeks. S.G. of ZnO^ is given 
by Nickl&s (Z.c.) as 2 677, and by Filhol (A. Ch. 
[3] 21, 415) as 3*058. Thomsen gives 

[Zn,0,HO] = 82,680 (Th. 3, 27o). ZnO-ft dis- 
solves easily in acids, forming salts ZnX 1 .^ 

ZnOgH.; also dissolves in caustic alkali solu- 
tions, and in (NH,) 2 CO„Aq. By adding alcohol 
to a solution of Zn0 2 H 2 in KOHAq, Laux (A. 9, 
183) obtained small lustrous crystals (?Zn0 2 K3) ; 
Fremy (C»B. 16, 1106) obtained (?)ZnOj,K 2 .ZnO; 
by using NaOHAq Comey a. Jackson (B. 21, 
1589 [1888]) obtained two compounds derived 
from ZnOjE^ by replacing H by Na. They 
shook a solution of ZnO^ * n cone. NaOHAq 
with alcohol, separated the upper (alcoholio) 
layer and allowed it to crystallise, and treated 
the lower (watery) layer repeatedly with aloohol 
until it solidified. The crystals from the lower 
layer had the composition 
Zn a O d Na 4 H 2 .17H t O( . Zn,(0H) 2 (0Na) 4 .17H30), 
agreeing, except in water of crystallisation, with 
an ammonium oompound described by Malaguti 
( C . B. 62, 418 [1866]) ; this oompound melts at 
c. 70°, rapidly absorbs CO, from the air, loses 
12H 2 0 at 100°, is insol. in ether, and is decom- 
posed by water, but not in presence of excess of 
NaOH, with formation of ZnO and a little 
ZnOjtH,. The crystals from the upper layer had 
the composition 

*ZnO*NaH.7ELO * (2Zn(0H)(0Na).7H30), 
corresponding with the compound described by 
Fremy (Z.c.) ; this oompound forms white radi- 
ating needles, which do not meit at 300°; it 



ZINC OXIDES. 


880 


uhsorbs C0 3 from the air more slowly than the 
other compound, is decomposed by alcohol or 
water, and does not lose H 2 0 until heated above 
200° (v. Am . 11, 145 [1889]). 0. a. J. failed to 
obtain compounds derived from ZnO^ by re- 
placing H by NH 4 or Mg. Compounds of ZnO 
with BaO, Or 9, and MgO are described by 
Bertrand (0. R. 115, 989) ; these compounds are 
of the forms 2Zn0.M0.a!H 2 0. 

Zinc, iodide of* Znl 2 . Formula probably 
moleoular, from analogy of ZnC^. Formed by 
heating together zinc and iodine, and subliming; 
also by digesting I with water and excess of zinc 
nntil the liquid is colourless and evaporating over 
H 2 SO, (Rammekbefg, P. 48, 665). Crystallises 
in white octahedra ; S.G. 4*696 (BOdeker) ; melts 
at c. 446° (Carnelley, C.J. 83, 278) ; and boils at 
o. 6^4° (0. a. Williams, v. Carnelley’s Melting - 
and Boiling-point Tables , 1, 23). H.F. 

(Zn,F] - 49,230 ; [Zn,P,Aq] - 60,540 (Th. 3, 
275). Heated in air ZnL, gives off I, and ZnO 
remains. Kremers (P. Ill, 61) gives the follow- 
ing da ja :— 

S.G.ZnI,Aq P.c.ZnI, S.G, ZnI a Aq P.o. 2nl, 
1*2340 23*1 1*9746 63*5 

^5121 42*6 2*3976 76*0 

1*7871 56*3 

Hot ZnI 2 Aq is said to dissolve zinc in con- 
tact with the air, and on filtering an oxyiodide 
is said to be deposited (Muller, J.pr. 26, 441). 
ZnI 2 Aq also dissolves I; Baup (J. Ph. 9, 37 
[1823]) says enough I is dissolved to form Znl 4 . 

Znl 2 combines with NH S . By allowing a 
solution of Znl 2 in NH s Aq to evaporate, Ram- 
melsberg (P. 48, 162) obtained lustrous, four- 
sided prisms of ZnI r 4NH„ decomposed by water 
with production of ZnO. Various double com- 
pounds with other iodides have been described ; 
ZnI r 2MI, where M = NH 4 , K or Na (Rammels- 
berg, l.c. ; alsa P. 48, 665) ; Znl^CsI and 
Zn^,.3CsI (Wells a. Campbell, Zeit. f. anorg . 
Chemie , 5, 273) ; 2ZnL £ .BaI 2 (R., he.) ; 

ZnI 2 .2BiI 8 . 12aq (Linau, P. Ill, 240). 

Zinc, nitride of, Z^N^ Obtained by Frank- 
land (Pr. 8, 502) by heating zinc amide 
(ZnfNHJa ; v. p. 887) to low redness. A grey, 
pulverulent solid ; unchanged by heating to red- 
ness out of contact with air; reacts violently 
with water to give ZnO-ft and NH S . 

Zinc, nitroprusside of, v. vol. ii. p. 841. 

Zinc, oxides of. Besides the normal basic 
oxide ZnO, there seems to be another higher 
(? superoxide) of zinc. 

Zinc otox ZnO. Formula not certainly 
moleoular. 

Occurrence . — With oxides of Mn, and Fe, as 
red einc ore and franklinite. 

Formation.— 1. By burning zinc in air or O. 
2. By strongly heating ZnOjHj, Zn(NO,) 2 , 
ZnCO„ or another salt of zinc w;ith a volatilisable 
aJd. 4 } 

Preparation.— Pure ZnS0 4 , prepared as de- 
scribed under Zinc, Preparation (p. 883), is dis- 
solved in water, and the solution is very slowly 
added to r boiling solution of pure Na 3 GO s con- 
taining rather less Na^OO, than suffices to de- 
compose all the ZnS0 4 . . The pp. of basio zinc 
carbonate is washed by decantation with boiling 
water until the washings are free from carbonates 


and sulphates; it is then dried, powdered, 
and heated either in a Hessian orucible, or; 
better, in a flask of hard glass, until a portion 
taken from the middle dissolves, when cold, in 
acid without effervescence. The solid is now 
finely powdered, sifted through a fine sieve, 
again heated, and then rubbed up with water, 
and washed and dried. ZnO iB prepared in 
crystals by heating ZnGl„ to redness in steam 
(Daubr6e, C . B. 39, 153) ; also by heating the 
amorphous oxide slowly in a stream of H 
(Regnault, A. Gh. [2] 62, 350 ; Deville, A. Ch. [8] 
43, 477) ; also by heating the amorphous oxide 
to whiteness in a stream of O (Sidot, C. B . 69, 
202) ; also by heating Zn(NO a ) a to redness 
(Briigelmann, W. 4, 283). 

Properties . — A slightly yellow, powdery solid ; 
becomes darker yellow when heated, but reoovers 
its original colour on cooling. S.G. 5*5 to 5*7 
(v. Briigelmann, B. 13, 1741 ; Filhol, A. Ch. [3] 
21, 415 ; Herapath, C. J. 1, 42 ; Karsten, 8. 65, 
394). 8.G. crystalline (at 15°) 6*782 (Briigel* 
mann, W. 4, 286). ZnO crystallises in Blightly 
yellow, lustrous, hemimorphous pyramids be- 
longing to the hexagonal Bystem (B., Z.c.). 
Thomsen (Th. 8, 275) gives H.F. [Zn,0] » 85,430. 
Rjphards a. Rogers (Am. 15, 667 [1893]) found ( 
that ZnO, prepared by heating Zn(NO,) a , gave off ' 
some gas when dissolved in dilute aoids ; the 
maximum amount of gas from 10 g. ZnO was 
20 o.o. ; the gas consisted chiefly of N, with a 
little O; the higher the temperature to wjiioh 
the Zn(NO,) 2 had been heated the less was the 
quantity of gas obtained; but some N always 
came off, even from ZnO which had been heated 
to the softening temperature of porcelain. Mois- 
san (C. B. 115, 1034 [1893]) states that ZnO 
volatilises readily when heated in an eleotrio 
furnace, and oondenses again in transparent 
crystals. ZnO is not decomposed at c. 1750° 
(Read, C. J. 65, 313 [1894]). 

Reactions and Combinations . — 1. ZnO is a 
basio oxide. It interacts with most acids to 
form salts ZnX(X=.2NO„ S0 4 * $P0 4 , Ac.) and 
water. — 2. With fairly oono. caustic soda or 
potash , salts are formed which are most simply 
regarded as derived from ZnOgH^, with H re- 
placed by Na or K ( v . Zinc htoroxidk, p. 888). — 
3. ZnO is reduced to Zn, with explosive violence, 
by heating with magnesium (v. Winkler, B. 28, 
128).— 4. Morse a. White (Am. 11, 258) heated a 
mixture of ZnO and einc in an exhausted tube, 
and found that a deposit of ZnO formed in the 
front part of the tube. They suppose that some 
of the original ZnO is deoomposed by the com- 
bined action of heat and zinc, and that zino and O 
exist together in the hot part of the tube, but 
combine in the cooler parts of the tube to form 
ZnO.-— 5. Oxychlorides, oxybromides, and pro- 
bably oxyiodides of zino are formed by heating 
ZnO with einc chloride , bromide, and iodide re- 
spectively. — 6. ZnO is reduced to zino by heating 
with carbon or in carbon monoxide. — 7. ZnO 
does not directly interact with water ; ZnOjH, 
is produced by ppg. a zino salt solution by an 
alkali ( v . Zinc bxdeoxzdb, p. 888).— 8. By heat- 
ing ZnO vuth oxides of aluminium, chromium, 
and iron along with B 9 0 9 in a pottery furnace 
until tb$ B 2 0 9 was volatilised, Ebelmen (A. Ch , 
[3] 38, 34) obtained the compounds ZnOMfig, 
ZnO.Cr 2 0„ and ZnO.Fe*O r 
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zinc oxides; 


Zinc peb^xIde. In 1818 Th^nard (4. Ch. [2] 
9, 55) obtained what he called * deutoxide de 
s&ino' by the action of H 2 0 2 Aq on gelatinous 
ZnQA, and also by adding KOHAq to a solu- 
tion of ZnOjELj in HClAq to which H 2 0 2 had 
been added. In 1884 Haas (B. 17, 2249) ob- 
tained a white, tasteless, neutral, gelatinous pp. 
by adding HjO^Aq to. solutions of zinc salts and 
then adding NH^Aq ; after washing and drying 
at 100°, the solids had approximately the com- 
ositions Zn 4 O g and Zn s 0 4 . H. thinks it pro- 
able that the substances obtained by him were 
compounds of ZnO and Zn0 2 ; the formula 
2Zn0.3Zn0 2 agrees well with some of his 
analyses. 

Zinc, oxybromides of. Oxybromides of zino 
are formed by heating solutions of ZnBr 2 with 
ZnO, and by partially ppg. ZnBr 2 Aq by NH 3 Aq. 
Several compounds have been described by 
Andr6 (Bl. [2] 39, 398 [1884]) : 

S ZnBr 2 .4Zn0.jcH I 0, a:«10, 13, and 19; 
ZnBr 2 .5Zn0.6H 2 0; (3) ZnBr 2 .6Zn0.35R 2 0. 
Zinc, oxychlorides of. These compounds are 
formed by adding to ZnCLAqa quantity of NH 3 Aq 
less than sufficient for complete ppn.; also by 
boiling ZnCljAq with ZnO, or with certain other 
metallic oxides. Schindler (Mag. Pharm. 36, 
46) obtained ZnOl 2 . 3 ZnO. 4 H 2 O by boiling 
ZnC^Aq with ZnO, and the Bame compound by 
partially ppg. ZnCljAq by NH,Aq. By adding 
to ZnOlpAq so much NH^Aq that the pp. which 
formed at first partly dissolved, and also by 
treating ZnClj^NH, with water, Kane (A. Ch. 
72, 296) obtained ZnCVBZnO.lOHA Andr6 
(C. B. 106, 854) obtained 2ZnCl 2 .3Zn0.11H 2 0 by 
boiling ZnCLfAq with HgO and letting the solu- 
tion cool ; using PbO he obtained another oxy- 
chloride, probably ZnCL.3ZnO, combined with 
ZnCl^PbO. 

Zinc* oxyiodides of. According to Muller 
(J. pr. 26, 441 [1842]), Znl^q dissolves zinc 
when warmed therewith in the air; on cooling, 
an oxyiodide, Znl 2 .BZnO. 2 aq, is ppd. 

Zino, oxysnlphides of. The compound 
dZnS.ZnO occurs native as voltzite, as spherical 
globules in some specimens of galena. A com- 
pound having the same composition was found 
in a furnace flue at Freiberg by Karsten (S. 67, 
186). By heating dry ZnS0 4 to redness in H, 
Arfvedson obtained a yellow-coloured oxysul- 
phide ZnS.ZnO (P. 1, 59). 

Zino, perbromoplatinocyanide of, v. vol. ii. p. 
846. 

Zinc, phosphides of. Zinc and P combine 
when heated together, forming a greyish, lus- 
trous, somewhat malleable compound. By heat- 
ing finely powdered zino in vapour of P, 
SohrOtter obtained a compound, with S.G. 4*76, 
having the composition ZnjP 2 (W. A. B. 1859. 
801). Vigier obtained the same compound by 
beating zino in H until distillation began, <md 
then passing H laden with vapour of P over the 
sine. The same compound was formed by 
Begnault (4. Ch. [4] 9, 162) by heating to white- 
ness a mixture of MgHP0 4 , ZnS and C ; along 
with the Zn*P 2 were formed crystals of another j 
phosphide, probably ZnP; and by treating | 
Zn t P 2 with dilute acid, an amorphous, yellow j 
solid remained which detonated whe" mixed 
with KU10, and struck, and which was peifcaps 1 
ZnP r The compound Zn t P 2 was obtained by 1 


Hvoslef ( A . 100, 99) by strongly heating a mix- 
ture of ZnO, P 2 O s , and 0. By heating a mix- 
ture of NaP0 8 and zino shavings in a retort, H. 
(l.c.) obtained a yellowish red, loose sublimate 
which contained Zn and P ; and by heating the 
fused mass in the retort with HClAq, grey lus- 
trous tablets of ZnP 2 remained. Liipke (C. C. 
1890 [ii.] 642) formed zinc phosphide (1 Zn 3 P 2 ) 
by adding amorphous P to molten zinc covered 
with (NH 4 ) 2 C0 8 ; this phosphide was not decom- 
posed by water, but was slowly decomposed by., 
dilute HClAq, giving off PH,. 

For the compound ZnPH v. Zinc hydrophos- 
phide, p. 888. 

Zinc, platinocyanide of, v. vrl. ii. p. 344. 

Zino, salts of. Many salts are obtained by 
replacing the H of acids by zinc. The greater 
number of the salts of zinc are normal salts; 
several basic carbonates, nitrater, and sulphates 
are known. The following are the chief salts of 
zinc derived from oxy*\cids ; — Arsenite and 
arsenate , borate, bromate , carbonates , chlorate 
and perchlorate, chromates , Mate and per- 
iodates, molybdates , nitrates and nitrites, 
phosphates a 1 A phosphites % selenate and selenite , 
silicate , sulphates and sulphite , thiosulphate , 
tungstates , vanadates (v. Carbonates, Nitrates, 
Sulphates, Ac.). 

Zinc, selenide of, ZnSe. This compound 
is formed, in reddish-yellow, regular crystals, 
S.G. 5*40, by heating zinc to redness in a stream 
of HjSe, and then subliming in a alow stream of 
H (Margottet, C. B. 84, 1293). 

Zinc, selenocyanide of, v. vol. ii. p. 348. 

Zinc, silicofluoride of, ZnSiF^.eHjO. Ob- 
tained in hexagonal plates, easily sol. in water, 
by evaporating to a small bulk a solution of 
ZnO in HjSiF^q (Berzelius). S.G. 2104 (Topsoe, 
C. C. 4, 76). 

Zinc, stannifluoride of, ZnSnF r 6H 2 0; v. 
this vol., p. 724. 

Zino, snlphocyanide of, v. vol. ii. p. 353. 

Zinc, sulphide of, ZnS. This compound it 
not formed by heating together zinc and S, as 
the S volatilises before the temperature of com- 
bination is reached. 

Occurrence.— As zinc blende . 

Preparation. — 1. By repeatedly subjecting a 
mixture of zinc and S, in the ratio Zn:S, to a 
great pressure; the product resembled zinc 
blende (Spring, B. 16, 1,000).— 2. By rapidly 
heating a mixture of zinc filings and cinnabar 
in a retort ; formation of ZnS occurs with de- 
tonation ; Hg distils off. — 8. By heating ZnO with 
S. — 4. By heating ZnO, or ZnOgR,, in a stream 
of H 2 S ; in the case of ZnOjHx fdhnation of 
ZnS takes place very slowly (v. Wagner, D.P. 

197, 334).— 5. ZnS is also formed by heating 
dry ZnS0 4 with S and C.— 6 ZnS is obtained 
by passing H,$ into a neutral or alkaline solu- 
tion of a zinc salt, or into a solution in a weak 
acid, such as acetic acid, washing the pp., drying 
it at 100°, and heating in a stream 01 ui j ju- 2 o. 
The pp. dried at 100° is said to be 2ZnS.H20 
(Geiger a. Reimann, Mag . Pharm . 81, 178 ; of. 
Souchay, Fr. 7, 78). 

Properties and Reactions. — S.G. of ZnS « 8*93 
(KaLsten, S . 65,394); S.G. of blende** 4*08 to 
4*07 ( v . Neumann, P. 23, 1). Thomsen (Th. 8 , 
276) gives H.F. of ZnS.£H 2 0 as [Zn,S,a;H*0] 

- 41,680. ZnS prepared by ppn. m a yellowish 
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solid; easily sol. in acid, forming salts of Zn 
and giving off E^S. Zinc blende is a grey to 
black crystalline solid ; slowly acted on by acids. 
By repeatedly washing ppd. ZnS, also by passing 
HjS into water containing pure ZnO^Hj * n sus- 
pension, Winssinger (BL [2] 49, 452 [1888]) ob- 
tained colloidal ^nS, sol. in water ; the solution 
oould be boiled until all excess of ELS was 
expelled without ppn. of ZnS. ZnS prepared by 
adding excess of NH a Aq to ZnCljAq, ppg. all the 
zinc as ZnS by H 2 S, washing and drying the pp., 
and then heating nearly to whiteness in a Hessian 
oruoible inside a plumbago crucible, is very 
phosphorescent ( v . Henry, C. R. 115, 503). 

By heating ZnS with zinc in a vacuous tube, 
Morse a. White (Am. 11, 348) found that some 
of the ZnS was carried forward and deposited on 
the cooler part of the tube ; they supposed that 
some of the ZnS was decomposed, and that Zn 
and S existed in the hottest part of the tube and 
oombined in the cooler; portions. By heating 
blende with I and a little water some ZnS0 4 is 
formed (Filhol a. Melhies, A. Ch . [4] 22, 58; 
Lasaulx, J. 1870. 1272). 

According to Schiff (A. 115, 74), oly sulphide 
of zinc, probably ZnS 5 , is formed byppg. a neutral 
solution of a salt of zinc by K 2 S s Aq, and drying 
the pp. over H 2 S0 4 . Spring (B. 16, 1000) thought 
that a polysulphide of zinc was probably formed 
by strongly compressing a mixture of zinc with 
excess of S. 

Zinc, telluride of, ZnTe. Obtained, in large 
ruby-red, regular crystals, by strongly heating 
zinc in a stream of H 2 Te, and then subliming in 
a slow current of H (Margottet, C.R. 84, 1293). 

Zinc, titanifluoride of, ZnTiF 6 ; v. this vol., 
p. 742. M. M. P. M. 

ZINC, ORGANIC COMPOUNDS OF. 

Zinc methyl or Zinc methide ZnC,H g i.e. 
ZnMe r Mol. w. 95. V.D. 3*29 (calc. 3-30). 
[-40°] (Haase, B. 26, 1053). (46°). S.G. m 
1*386. * 

Formation . — 1. By heating methyl iodide 
with zinc in sealed tubes at 150°. The com- 
pound IZnMe is formed as an intermediate pro- 
duct. The reaction takes place more easily 
when the Mel is mixed with two-thirds 
of its volume of ether and heated to 100°, 
but it is then difficult to separate the ether from 
the ZnM6 2 (Frankland, A. 85, 346 ; 111, 62 ; 
Wanklyn, O. J \ 13, 124 ; Butlerow, A. 144, 2 *, 
Ladenburg, A. 173, 147).— 2. By heating finely 
granulated zinc with HgMe 2 in a sealed tube for 
24 hours at 120°, and distilling the product 
(Frankland a. Duppa, C. /. 17, 30). — 8. IZnMe 
is formed in 24 hours if Mel is left in contact 
with a large amount of copper-zinc couple (Glad- 
stone, C. J . 35, 109). 

Preparation.— Zinc filings (9 pts.) are heated 
with reduced copper (1 pt.) till the copper-zinc 
oouple is produced, and the product treated with 
Mel (Gladstone, O . J . 35, 569). 

£ , vjjcrviks . — Colourless mobile liquid, taking 
fire on exposure to air Decomposed by water 
into CH 4 and Zn(OH) 2 . By very careful oxida- 
tion it appears to yield Zn(OMe) 2 and crystalline 
ZnMefOMc), which is split uj by water into 
Zn(PH),p methyl alcohol, and GH 4 . 

Reactions - 1. Acetyl chloride (1 mol.) forms 
GH*iGCl(OZnMe).CH s , which is slowly converted, 
by ' further treatment with ZnMe^ into 
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OH g .CMe(OZnMe).CH a + CIZnMe, orystallising 
in prisms, and converted by water into tert- 
butyl alcohol, CH 4 , zinc chloride, and Zn(OH) 2 . 
The compound CH s .GCl(OZnMe).CH 3 yields 
acetone on addition of water (Butlerow, Z. 1864, 
365, 702 ; Pawlow, N. Petersb . Acad. Bull. 22, 
497 ; Bogomoletz, A. 209, 88). — 2. Bromo-acetyl 
bromide , followed by water, yields methyl-iso- 
propyl-carbinol (Winogradoff, A. 191, 127).— 3. 
In ethereal solution secondary hexyl iodide has 
no action at 100° ; but at 125° the products 
appear to be CH 4 , ethyl iodide, and hexylene 
(Purdie, C. J. 39, 464).— 4. Chloral followed by 
water forms CCl,.CHMe.OH, while butyric 
chloral yields O a H 4 Gl 3 .CHMe.OH. — 6. Nitric oxide 
passed into ZnMe., forms CH 3 N 2 0 2 (ZnMe), 
which is decomposed by water, yielding crys- 
talline (CH s N 2 0 2 ) 2 Znaq, from which the Na salt 
CH 3 N 2 0 2 Naaq of * di-nitro-methylio ’ acid may 
be obtained (Frankland, A. 99, 369). 

Zinc ethyl or Zinc ethide ZnEt 2 . Mol. w. 
123. [-28°] (Haase, B. 26, 1058). (118°). 

S.G. 1* 1*182. H.F. —31,800 (Guntz, O. R. 105, 
673). V.D. 4-26 (obs. and calc.). 

Formation. — 1. By heating zinc or zinc- 
sodium alloy with EtI or a mixture of EtI and 
ether (Frankland, C. J. 2, 297 ; 3, 44 ; Tr. 142, 
431; 145, 259; A. 95, 28; Wanklyn, C. J. 13, 
124 ; Pebal, A. 118, 22 ; 121, 105 ; Rieth a. 
Beilstein, A. 123, 245; 126, 248; Ghapman, 
Laboratory , 1, 195 ; Alexejeff a. Beilstein, O. R. 
63, 171 ; Rathke, A. 152, 220 ; Wichelhaus, J. 
1868, 425). — 2. By heating granulated zinc with 
HgEt, in sealed tubes for 36 hours at 100* 
(Frankland a. Duppa, C. J. 17, 8).— 3. From 
zinc filings and EtBr (Wichelhaus, A. 152, 821). 

Preparation. — Clean zinc filings (180 g.) are 
mixed with copper (20 g.) reduced from the 
oxide at a dull-red heat by coal gas ; the mix- 
ture is rapidly heated over a very large Bunsen 
flame, and is well shaken meanwhile. As soon 
as the filings begin to cake together and the 
copper is no longer visible, the copper-zinc 
couple has been made. The flask is now con- 
nected with an inverted condenser, inclined 
slightly upwards, and when it is cold ethyl 
iodide (176 g.) is added. Dry C0 2 is passed 
through the apparatus, and the flask heated by 
a water-bath ; in half an hour the EtI ceases to 
run back from the condenser, for it has been 
converted into IZnEt. The apparatus is now 
tilted so that the condenser is inclined down- 
wards, and heated in a bath of paraffin. The 
reaction 2IZnEt « Zn^ + ZnEt 2 now takes place, 
and ZnEfc 2 (60 g.) is collected in a receiver kept 
full of C0 2 (Gladstone a. Tribe, C. J. 26, 445 ; 
35, 569). 

Properties. — Colourless, mobile liquid, fuming 
in the air, and quickly taking fire, burning with 
a luminous green-edged flame, and giving off 
clouds of ZnO. Immediately decomposed by 
water into Zn(OH) 2 and ethane. In like manner 
it attacks organic compounds containing 
hydroxyl or amidogen, with elimination of 
ethane. It causes india-rubber to swell remark- 
ably. 

Reactions . — L Gradually treated with dry 
oxygen it appears to produce ZnEt(OEt) and 
Zn(OEt) r successively (Frankland). According 
to Demutn a. Meyer ( B . 23, 394), the passage of 
oxygen through a solution of ZnEt in ligroln 
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(7 vole.) yields EtZn.O.O.Et, whioh is decom- 
posed by heat, sometimes with explosive violence. 
The compound EtZn.O.OEt sets free I from a 
solution of KI and yields alcohol when distilled 
with dilute R,S0 4 . — 2. Sulphur forms zincmer- 
captide Zn(SEt)*. Se appears to act in like 
manner (Chabri6, Bl. [3] 2, 788).— 3. Iodine 
forms. IZnEt and Znl 2 successively, together 
with EtI. Bromine acts in like manner. Zinc 
ethyl takes fire in chlorine. — 4. Dry ammonia 
forms Zn(NH 2 ) 2 and ethane (Erankland, Pr. 8, 
502).— 5. Nitric oxide is absorbed by an ethereal 
solution of ZnEt 2 forming crystalline ZnEt 2 (NO) 2 
which melts below 100° and is split up by water 
Into ethane and CySj.NjjO^ZnOH. Carbon dioxide 
passed into an aqueous solution of this salt ppts. 
zinc carbonate, while zino * dinitroethylate * 
(C^HjN^OJgZn remains in solution (Frankland, 
Tr. 1857, 59 ; A . 99, 342 ; C. J. 37, 570). The 
salt (C 2 H 9 N 2 0 2 ) 2 Zn aq crystallises in prisms, 
yields NH g and NBLjEt on treatment with sodium- 
amalgam (Zuckschwerdt, A. 174, 302), and 
HNO a andNHJEt on treatment with alcoholio 
potash (Zorn, B. 15, 1008). The dinitroethyl- 
ates NaA', BaA' 2 , CaA' 2 3aq, MgA'*, CuA' 2 £aq, 
AgA', and AgjA'fNO,,) were prepared by Erank- 
land. — 6. S0 2 forms zinc ethane sulphinate 
(Hobson, C. /. 10, 455).— 7. PC1 8 yields PEt s 
(Hofmann a. Cahours, Tr. 1857, 578). — 8. 8iCl 4 
gives SiEt 4 .— 9. Heated with EtI at 170° it 
forms n-butane and Znl 2 . Ethane and ethylene 
are also formed (Brodie, C. J. 3, 405). ZnEt 2 
does not act on amyl iodide. — 10. Displaces halo- 
gens in organic compounds by ethyl. — 11. Adds 
itself to a carbonyl group. Thus with di-ethyl - 
ketone it forms Et 2 C(OZnEt).Et, which is con- 
verted by water into tri-ethyl carbinol. Di-pro- 
pyl ketone forms, in like manner, ethyl-di-propyl- 
carbinol. Ketones containing the group CO.CH, 
aot differently, forming condensation-products ; 
thus acetone yields mesityl oxide and phorone 
(A. Saytzeff, J.pr. [2] 31, 319). Zinc ethyl has 
no action on paraldehyde (WedenBky, J. pr. [2] 
39, 588). With acetic aldehyde it forms 
CH r CHEt.OZnEt, which iB converted by water 
into sec-butyl alcohol. — 12. In some cases it can 
add ZnEt and H to a carbonyl group, CjH, being 
evolved. Thus ZnEt 2 converts chloral , dissolved 
in pure ether, into crystalline CCl,.CH 2 .OZnEt, 
whioh is converted by water into tri-ohloro-ethyl 
alcohol (Delacre, Bl. [2] 48, 784). Further 
action of zinc ethide on chloral yields 
(C01 s .CH 2 0) 2 Zn, a white powder. In like manner 
butyric chloral is converted into C,H 4 C1 S .CH 2 .0H. 
In this splitting off of an olefine, ZnEt 2 differs 
from ZnMe 2 , but resembles zino propyl and zino 
isobutyl (Garzarolli, A. 223, 1621. — 13. Can dis- 
place oxygen by two ethyl radicleB ; thus it con- 
verts oxaltc ether into C0 2 Et.CEt 2 .C0 2 Et (Frank- 
land a. Duppa,A.142, 1 ; Pr, 12, 396).— 14. Can 
displace ethoxyl by ethyl. Thus it converts 
formic ether into HCEt(OZnEt).OEt and then 
into HCEt(OZnEt).Et, which is turned by water 
into di-ethyl-carbinol (Wagner a. Saytzeff, A. 
175, 861). — 15. Can displace chlorine by hydro- 
gen. Thus with chloro-benzoic acid the first 
product is probably C 4 H 4 (ZnEt).C0 2 ^t, which is 
converted by water into benzoio ether, CjH*, and 
ZnO.— 16. With benzonitrile at 150°, and sub- 
sequent treatment with alcohol, cyaphenine is 
formed (Frankland a. Evans, O , J* 87, 568). It 
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polymerises phenyl-acetonitrile in the same way, 
forming oyanbenzine. —17. Cyanogen forms 
ZnCy 2 and EtCN (Frankland a. Graham, C. J . 
87, 740). — 18. Azobenzene is reduced by ZnEt„ 
followed by water, to aniline (Frankland a. Louis, 
C . J. 87, 563). — 19. Acts on primary and second- 
ary amines, giving off ethane, b*’t has no action 
on tertiary amines (Frankland, Pr* 8, 502 ; Gal, 
J. Ph, [5] 7, 484). ZnEt 2 has no aotion on 
nicotine or quinoline, but forms with many 
alkaloids containing O compounds from which 
the alkaloids are regenerated by water. — 20. Acet- 
amide gives (AcNH) 2 Zn, while oxamide gives 
C 2 0 2 (NH) 2 Zn. — 21. Acts on HgClj, forming 
CIHgEt and HgEt 2 (Buckcou, A. 109, 218). 
Hg 2 Cl 2 yields HgEt 2 , mercury, and ZnGl*. — 

22. AgCl forms ZnCL*, silver, and butane. — 

23. CC1 4 forms EtCl, ethylene, and propylene 
(Rieth a. Beilstein,i4.124, 242) — 24. Chloroform 
yields amylene (B. a. B.), while bromoform gives 
propylene and EtBr (Alexejeff a. Beilstein, C, B. 
68, 172). CHCljI produces ethylene, butane, 
and hydrogen (Borodine, A. 126, 289). 

Zinc bromo-ethide ZnBrEt. [62°]. Formed 
by the action of the copper-zinc couple on EtBr 
at 100° (Gladstone a. Tribe, C. J . 27, 410). 
Pearly scales, decomposed by heat paruy into 
ZnBr 2 and ZnEt 2 and partly into Zn, ZnBr 2 , 
CaH 4 , and CjH,. 

Zino iodo-ethide ZnlEt. Formed in like 
manner. Crystalline. Split up by heat into 
Znl 2 and ZnEt 2 . 

Zinc propyl ZnPr r (148°) (S.); (146°) 
(Gladstone a. Tribe, B. 6, 1136) ; (150°) (Pape, 
B. 14, 1873). Formed by heating propyl iodide 
with zinc and a small quantity of an alloy of 
zinc and sodium (Stcherbakoff, Bl. [2] 37, 345). 
Heavy liquid, witn disagreeable odour. Reacts 
with aldehydes, forming propylene and such com- 
pounds as RCH^OZnPr, which yield Beoondary 
alcohols on addition of water. 

Zinc isopropyl ZnEr^ (106°) with decom- 
position ; (96° at 40 mm.). Got by heating PrI 
(170 g.) with ether (100 g.), zinc (100 g.), and 
zinc-sodium (3 g.) at 100° (Ragozin, J. B. 24, 
549). Fuming liquid. Yields crystalline Zn(OPr) 2 
on exposure to air. Split up at 182° into Zn and 
hydrocarbons (Gladstone a. Tribe, C. J. 89, 6). 

Zinc isobutyl Zn(C 4 H*) 2 . (166°) at 784 mm. 
(Garzarolli -Thurnlackh a. Popper, A . 223, 167). 
Formed from zino and Pr.CHjI. Got also from 
Zn and Hg(C 4 H*) 2 (Cahours, Bl, [2] 21, 857). 

Zinc isoamyl Znf^H,,),. (220°). S.G. 8 

1*022. V.D. 6*95 (calc. 6*87). Prepared by heat- 
ing zinc with Hg(C a H u ) 2 (Frankland, A, 85, 860 ; 
130, 122). Liquid, fuming in the air but not 
taking fire. Takes fire in oxygen. When added 
to cooled aldehyde it yields, after addition of 
ice-cold water, methyl-isoamyl-carbinol, iso- 
propyl-ethylene, and ethyl and isoamyl alcohols 
(Sokoloff, C, C. 1887,988). 

Z1NCATES. Compounds derived from 
ZnO JEL 2 by replacing H by positive , v. 

Zinc hydroxides, p. 888. 

ZIRCON ATEB v. under Zirconium hydroxide, 
p. 896. . 

ZIRC0NIA ; /wide of eircomum (q v.,p. 896). 

ZIRCONIUM. Zr. At. w. o. 90 (v. p. 894). 
Mol. w. not known. Melts above m.p. of Sites, 
above c. 1800°) (Troost, J. 1865. 188). S.G. 
4*15 (Troost, Ac.) ; 4*25 (Moissaa, C, B* 116* 
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1022). S.0. (0°-100°) *066 (Mixter a. Dana, A . 
169, 888 [1873]). 

Historical— Klaproth in 1789 (Beitrdge t 1, 
203, 227) announced the discovery of a new 
earth, in combination with silica, in the rare 
mineral zircon. The same earth has been found 
in a few other rare minerals, suoh as eudialyte , 
polymignite , fergusonite, (fee. Bright-coloured 
varieties of zircon are generally called hyacinth , 
the greyish or brown kinds are called zirconite , 
and a variety whioh is nearly odourless is known 
as jargon. 

In 1845 Bvanberg (A, 56, 223) stated that 
ziroonia was a mixture of at least three oxides, 
but Berlin (/. pr. 58, 147), Marignac (A, Ch. [3] 
60, 267), and Hermann (J. pr. 31, 75 ; 97, 331) 
failed to obtain any evidence of the composite 
oharaoter of zirconia. At a later time, Sorby (B. 
2, 126, 193 [1869]), and also Forbes (B. 2, 337, 
388), thought they had obtained spectroscopio 
indications of the presence of another earth in 
zircon i but it was shown that the abnormalities 
observed were due to traces of compounds of 
uranium (Sorby, 0. N. 21, 73 ; Knop, A. 159, 
44 ; cf. Hannay, C. J. 26, 703). 

Occurrence . — Never uncombined. The prin- 
cipal naturally occurring compound of Zr is 
zircomte t whioh is more or less pure ZrSi0 4 . 
This mineral is found in small quantities in the 
sand and alluvial deposits of certain rivers in 
Ceylon, and in the older rockB in many parts of 
the world ; it has been found in the granites of 
Sweden, Switzerland, Tyrol, and North America 
(v.J.M. 1877.97). 

Formation. — 1. By heating K*ZrF 8 with K 
(Berzelius, P. 4, 117 [1825]). — 2. By passing 
vapour of ZrF 4 over Na in a red-hot tube (Troost, 
C. B . 61, 109 [1865]). — 3. By heating Zr0 2 with 
Mg (Phipson, /. pr. 96, 353 [1866]).— 4. By 
melting Zr0 2 in a oarbon crucible in an electric 
furnace ; or by mixing ZrO-with carbon, melting 
in an electric furnace, then mixing the Zr 
oarbides thus formed (v. Carbides , p. 894) with 
excess of Zr0 2 and again melting (Moissan, 
O. B . 116, 1222 [1893]). 

Preparation. — 1. Finely powdered zirconite 
(ZrOySiOJ is thoroughly mixed with an excess 
of finely powdered carbon, the mixture is oom- 
pressed into small cylinders which are placed in 
a dosed oarbon crucible and heated in an electric 
furnace (with a current of 30 to 85 amperes and 
70 volts), while a stream of C0 2 is sent through 
the crucible ; the greater part of the Si0 2 is thus 
volatilised (Troost, C. B. 116, 1428). The 
oarbides of Zr in the crucible are now mixed 
with excess of Zr0 2 and melted in the electric 
furnaoe (Moissan, C. B. 116, 1222).— 2. Finely 
powdered and sifted zirconite is mixed with 2 to 3 
times its weight of &QF 2 ,the mixture is heated to 
bright redness for c. 15 mins., and, after cooling, 
is boiled with water containing a little dilute 
HFAq; K,SiF 6 is removed by filtration, the 
f dA^osits K 2 ZrF 6 on coding. The K,ZrF tf 
is re-crystallised from water, then dried, mixed 
with K, and heated in a vessel of glass or iron ; 
the product is washed with water, digested for a 
long time with cone. HOlAq at 40°, then washed 
with water containing NH 4 C1, and finally with 
alcohol (Berzelius, l.c.\ Troost, A. 136, 353). 
This method yields amorphous zirconium. 
According to Bailey {Pr. 46, 74 [1889]), the only 


method that gives nearly pure amorphous Zr is 
to heat Zr0 2 with Mg foil (not powder) and treat 
with HOlAq. — 3. One part dry K 2 ZrF 6 is mixed 
with 1£ pts. Al, and the mixture is heated to the 
melting-point of iron in a oruoible made of gas 
ooke ; the product is digested with cone. HOlAq 
diluted with twice its volume of water, when the 
crystalline leaflets of Zr, that have formed on 
the surface of the Al, separate from the mass of 
Al before the latter is wholly dissolved. When 
the whole of the Al has dissolved an alloy of Zr 
and Al remains, besides the oryBtalline leaflets 
of Zr ; if the temperature of reduction is not 
sufficiently high, the main produot is the Zr-Al 
alloy (Troost, l.c.\ cf. Franz, B. 8, 58). This 
method yields crystalline zirconium . 

Various methods have been used for decom- 
posing zirconite and obtaining compounds of Zr. 
Franz (B. 8, 58) fuses the powdered mineral 
with KHS0 4 , treats the fused material with 
boiling water containing a little H 2 S0 4 , washes 
the insoluble 3ZrO. ; .SO g thus formed, and adds 
it, in small portions at a time, to molten NaOH ; 
he then lixiviates with cold water, dissolves the- 
Zr0 2 that remains in hot cone. H 2 S0 4 , dilutes, 
ppts. by NH,Aq, washes, dries, and decomposes 
the Zr0 2 .a;H 2 0 by heat. The method of fusing 
with KHF 2 used by Marignao (v. supra , No. 2) > 
yields pure K,ZrF # very readily ; Zr(S0 4 ) 2 may 
be obtained by heating the E^ZrF* with cone. 
H 2 S0 4 J v . Hiortdahl, A. 137, 34 ; cf. J. pr. 83, 
201). For other methods v. Hermann (/. pr. 
97, 330) ; Scheerer (P. 59, 48) ; Stromeyer (A. 
113, 727) ; Chancel (/. pr. 74, 471) ; Berlin (J. 
pr. 58, 145) ; Henneberg (/. pr. 88, 508) ; Bailey 
(Pr. 46, 74 [1889]). 

Properties. — Zirconium has been isolated as 
black amorphous powder, and also as a greyish 
crystalline solid. 

Amorphous zirconium ( v . Preparation r 
No. 2) is a black powder, which is extremely 
porous and resembles powdered charcoal ; when 
pressed with a burnisher it agglomerates to 
graphite-like laminae. After being heated strongly, 
and then cooled, in vacuo , it is said to glow and 
bum when exposed to air. The porous amor- 
phous metal is said not to conduct electricity. 
Amorphous Zr is stated to be insoluble in ordi- 
nary acids, inoluding aqua regia ; but, according 
to Bailey {Pr . 46, 74 [1889]), it dissolves in cold' 
cono. 2^864 ; HFAq dissolves it readily, H being 
given off. It is oxidised by heating in the air, 
when it bums to Zr0 2 with a brilliant whit* 
light ; oxidation is also effected by fusion with 
caustic or carbonated alkalis, or with KNO v or 
KCIO3. 

Crystalline zirconium ( v . Preparation , 
No. 3) is a very lustrous, greyish, brittle, solid, 
which resembles Sb in appearance; very hard, 
easily scratching glass and ruby (Moissan, C. B. 
116, 1222). S.Gr. 4*16 (Troost, J. 1865. 188) ; 
42^ (Moissan, l.c .). S.H. (0° to 100°) *066 (Mixter 
a. Dana, A. 169, 888 [1873]). Crystalline Zr 
bums in the O-H flame; it is not oxidised in 
O uhtil heated to whiteness ; it dissolves slowly 
in hot cone. HClAq, and is very slightly acted 
on by HNO,Aq or H,S0 4 , even when warm ; cold 
HFAq dissolves it readily. Molten KCIO,, or 
KNO s , is said to be without action ; molten KOH 
dissolves the metal &b long as any moisture uh 
present 
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According to Troost (J. 1865. 183), Zr melts 
above the m.p. of Si (i.e. above c. 1300°). The 
•emission-spectrum of Zr has been mapped by 
Thal6n ; the chief lines are 6127 in the red, and 
in the blue, 4815, 4771, 4738, 4709, and 4686. 

The at. w. of Zr was determined, (1) by Ber- 
.zelius (P. 4, 126; 8, 186 [1825]), by finding the 
ratio of Zr0 2 to SO, in the sulphate ; (2) by 
Hermann (/. pr. 31, 77 [1844]) by analysing 
ZrCl 4 : (8) by Marignac (A. Ch . [3] 60, 270 
[I860]), by analysing KjZrF* ; (4) by Bailey (Pr. 
46, 74 [1889]), by decomposing Zr(S0 4 ) 2 by heat 
and weighing the Zr0 2 produced ; (5) by Mixter 

а. Dana (A. 169, 388 [1873]), by determining the 
S.H. of Zr ; (6) by Deville a. Troost (P. 108, 
•636, 641 [1859]), by determining the V.D. of 
ZrCl 4 . The results of Berzelius gave the at. w. 
of Zr as 89*2 ; those of Hermann, 88*5 to 90*7 ; 
those of Marignac, 90*3 to 90*6 ; and the results 
obtained by Bailey gave 90*4 as the at. w. of the 
metal. 

Zirconium is the third member of the even- 
series family of Group IV. in the periodic classi- 
fication of the elements. This group contains 
the following elements : — 

Even Series 2 4 6 8 10 12 

O Ti Zr Ce — Th 

Odd Series 3 5 7 9 11 

Si Ge Sn — Pb 

As is to be expected from its position in the 
classificatory system, Zr is a metal with some 
non-metallic properties ; the oxide Zr0 2 forms 
corresponding salts, many of which are basic 
salts ; the haloid compounds, ZrX 4 , are probably 
all volatilisable without decomposition (the V.D. 
of ZrCl 4 only has been determined), but aqueous 
solutions yield oxyhalides on evaporation ; hy- 
drated Zr0 2 reacts as a weak acid towards strong 
bases, forming zirconates ; salts are known de- 
rived from the acid H 2 ZrF 8 ; there is an oxide 
higher than Zr0 2 , probably ZrO,. For a more 
detailed comparison of Zr with the other even- 
series elements of Group IV. v. Titanium group 
op elements (this vol. p. 749), and cf. Tin 
gboup op elements (this vol. p. 735). The 
atom of Zr is tetravalent in the gaseous mole- 
cule ZrCl 4 . 

Reactions and Combinations.— 1. Heated in 
mr t or oxygen , Zr burns to Zr0 2 , giving out 
dazzlingly white light; amorphous Zr burns 
easily, crystalline only at a white heat, and then 
merely superficially. — 2. Both amorphous and 
crystalline Zr dissolve readily in hydrofluoric 
acid , giving off H and forming ZrF 4 . — 3. Ac- 
cording to Bailey (Pr. 46, 74), amorphous Zr 
dissolves in cold cone, sulphuric acid . Both 
forms dissolve in aqua regia.— 4. Cone, hydro- 
chloric acid reacts with Zr, when warm, forming 
ZrCl 4 solution. Crystalline Zr is said to interact 
with gaseous hydrogen chloride , at dull redness, 
forming ZrCl 4 . — 5. Amorphous Zr is oxidised by 
molten potash or soda, also by molten nitre or 
j potassium chlorate ; the crystalline form of Zr 
is said not to be acted on by molten KN& 8 or 
KC10 S , and by molten caustic alkalis only as 
long as there are traces of moisture present. — 

б. Zr combines directly with the halogens , to 
form ZrX 4 , and probably with sulphur (v. Sul- 
phide, w. 897), 

De&ction and Estimation.— Addition of hot 


done. KjSC^Aq to solutions of salts of Zr ppti. 
white basic sulphate of Zr, which is insoluble in 
water and nearly insoluble in much HClAq. 
Turmeric paper becomes reddish-brown when 
immersed in a solution of a salt of Zrin HClAq* 
the reaction is completely masked by the pre- 
sence of boric acid (v. Brush. J. pr. 62, 7). 
Bailey (C. J. 49, 481 [1886]) found that addition 
of H 2 02 Aq to a slightly acid solution containing 
salts of Zr, along with salts of Fe, Nb, and Ti, 
ppd. the whole of the Zr as Zr0 8 (or Zr 2 0 5 ), but 
none of the other metals. Troost makes use of 
the comparatively small volatility of ZrO*, at a 
very high temperature, to separate this oxide 
from Si0 2 (v. O. R. 116, 1428). 

Zr is generally estimated as Zr0 2 ; salts of 
volatilisable acids are decomposed by heat; or 
solutions may be ppd. by NHaAq and the pp. 
washed, dried, and strongly heated. 

Zirconium, alloys of. An alloy of Zr with 
aluminium iB obtained in the preparation of 
Zr by reducing K 2 ZrF 6 by A1 (v. Preparation of 
Zirconium, No. 3). Mellis (Z. [2] 6, 296) obtained 
crystals having the composition ZrAl s (or per- 
haps Zr*Al 6 Si) by heating to whiteness a mix- 
ture of 1 pt. powdered zirconite with 5 pts. 
cryolite powder, 10 pts. mixed KOI and NaCl, 
and 1 pt. Al, treating with dilute HClAq, and 
separating the larger crystals of the alloy from 
the finer crystals of Si. 

Ziroonium, bromide of, ZrBr 4 . Formula 
probably molecular, from analogy of ZrCl 4 . Ob- 
tained by mixing finely powdered Zr0 2 with 
sugar charcoal, making into balls with starch 
paste, drying, and heating to bright redness in 
a current of dry C0 2 and dry Br (Mellis, Z. 
[2] 6, 296). ZrBr 4 is a white, microscopically 
crystalline, hygroscopic powder; it is easily 
volatilised ; heated in H it is not reduced to a 
lower bromide. Contact with moist air or water 
produces the oxybromide ZrOBr*; evaporation 
of an aqueous solution gives V'Q heptahydrate 
of this compound Zn0Br 2 .7H 2 0 in large needle- 
shaped, transparent crystals (M., l.c .). 

Zirconium, carbides of. By heating an in- 
timate mixture of Zr0 2 and C in the electric arc, 
in an atmosphere of C0 2 , Troost ( C . P.116, 1227 
[1893] obtained a very hard, steel-grey solid, 
approximating closely to the composition ZrC r 
By using less C, other carbides seem to be pro- 
duced (c/.Moissan, C. R. 116, 1222), but analyses 
of other compounds are not given. ZrC 2 dissolves 
easily in dilute HFAq, but is not acted on by 
other acids. Moissan (lx.) says that carbides 
of Zr containing more than 5 p.o. C (ZrC 2 con- 
tains o. 21 p.c. C] take fire fairly easily when 
exposed to the air; Troost says that carbides 
with a small proportion of C are only super- 
ficially oxidised by heating to redness, but that 
those with much C burn brilliantly at that 
temperature. 

Zirconium, chloride of, ZrCl 4 . Mol. w. 
c. 231-5. V.D. 117 at 440° (Deville .. m 
P. 108, 636). 

Formation. — 1. By heating Zr in Cl.— 2. By 
heating an intimate mixture of Zr0 2 and C in 
Cl. — 3. By passing vapour of SiCl 4 over heated 
ZrO (Troost a. Hautefeuille.C. R. 76, 1819). 

Preparation. — A mixture of Zr0 8 with e. its 
own weight of lampblack is made into a paste 
with oil ; little balls, c. the sine f hazel-nuts* 
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fcre formed of tins, and these are covered with 
powdered charcoal, and heated to full redness in 
a closed crucible until the oil is completely 
charred; the pellets are then heated to bright 
redness in a tube of hard glass, while a current 
of dry CH is passed through the tube ; the ZrCl 4 
whioh forms on the cooler parts of the tube is 
sublimed, in a stream of dry Cl, into a tube 
drawn out into bulbs, which are sealed off when 
the operation is finished (v. Bailey, Pr. 46, 74). 

Properties, Reactions, and Combinations . — 
A white ’solid ; volatilises unchanged at c. 400°. 
Dissolves in water , with production of heat ; the 
solution on evaporation gives oxychlorides 
(q-v.). Does not interact with zinc ethide at 
180° (Hinsberg, A . 239, 253). Combines with 
ammonia to form ZrCl 4 .4NH 3 ; with sodium 
chloride to form ZrCL.2NaCl (Paykull, B. 6, 
1467). t 

Zirconium, f^rrocyanide of. According to 
Hornberger (A. 181, 232), the pp. formed by 
adding K 4 FeCy fl Aq to a solution of a salt of Zr, 
when washed and dried, has the composition 
Zr 3 (FeCy a ) 2 (?) ; it is a blue powder with a greenish 
tinge, insoluble in water, decomposed by acids, 
giving off HCN. 

Zirconium, fluoride of, ZrF 4 . Formula pro- 
bably molecular, from analogy of ZrCl 4 . 

Formation. — 1. The hydrated compound 
ZrF 4 .3aq is formed by slowly evaporating a 
solution of ZrCJELj, or ZrF 4 , in HFAq. — 2. By 
heating Zr0 2 with twice its weight of (NH 4 )HF 2 
to dull redness, till all the ammonium salt is 
volatilised (Marignac, A. Ch . [3] 60, 263). 

Preparation — Deville (A. Ch. [3] 49, 84) 
obtained ZrF 4 by heating to whiteness a mix- 
ture of finely powdered zirconite and fluorspar 
in a stream of HOI (? ZrSi0 4 + 2CaF a + 2HC1 » 
ZrF 4 + CaCl* + CaSiO, + H 2 0). 

Properties and Reactions. — Prepared as de- 
scribed, ZrF 4 is a colourless, transparent, crys- 
talline (probably hexagonal) Bolid; volatilisable 
at white heat; insoluble in water and acids. 
ZrF 4 prepared by heating Zr0 2 with (NH 4 )HF 2 
is said to be soluble in water and in dilute 
HFAq. The crystals of ZrF 4 . 3aq are partially 
decomposed on drying. Heated to full redness 
in air, ZrF 4 gives Zr0 2 and HF. 

Combinations.— 1. With water (v. Formation , 
No, 1) to form ZrF 4 .3aq.— 2. With various me- 
tallic fluorides to form compounds of the form 
ZrF 4 .a:MF.yH 2 0. These saltB are often called 
zircono- fluorides, or fiuo-zirconates ; they are 
better named zirconi-fluorides. The zir- 
coni-fluorides have been examined chiefly by 
Marignac (A. Ch. [3] 60, 257) ; they are obtained 
either by gradual evaporation of solutions con- 
taining the constituent fluorides, or by adding 
hydroxides or carbonates of the various metals 
to solutions of ZrF 4 in HFAq, and evaporating. 

Ammonium zirconi-fluorides. Two 
salts are described : (1) 2NH 4 F.ZrF 4 = 

(NF 1 rhombic crystals, i amorphous with 
KjfZrF* ; (2) 8NH 4 F.ZrF 4 , small octahedra, 
showing simple refraction (Baker, C. J. 35, 
762). 

Cadmium zirconi-fluorides. Two salts 
seem to exist ; (1) 2CdF 2 .ZrF 4 J6aq, monoclinic 
crystals, isomorphous with the Mn salts; (2) 
CdFg.2ZrF4.Caq, laminar, fan-shaped groups of 
crystals. 
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Manganese zirconi-fluorides. (1) 
MnF 2 .ZrF 4 .5aq ; and (2) 2MnF 2 .ZrF 4 . 6aq. 

Nickel zirconi-fluorides. 

(1) NiF 4 .ZrF 4 . 6aq, hexagonal prisms ; S.G. 2*227 
(Topsde, C. C. 4, 76) ; and (2) 2NiF 2 .ZrF 4 . 12aq, 
monoclinio crystals. The first salt forms a 
double salt with K 2 ZrF a , viz. NiZrFa.K2ZrFj.8aq. 

Potassium zirooni-fluorides. 

(1) I^ZrFg ; obtained by strongly heating zir- 
conite with two or three times its weight of 
KHF 2 , boiling with very dilute HFAq, filtering 
from K 2 SiF 6 , and allowing the filtrate to cool. 
Crystallises in rhombic crystals, terminated by 
six-sided pyramids ; solubility » *78 at 2°, 1*4 at 
16°, 1*7 at 19°, and 25 at 100°. S.G. 3*582 
(Topsde, l.c.); (2) KF.ZrF 4 .aq ( « KZrF*. aq) ; 
obtained, in monoclinic crystals, by dissolving 
the preceding salt in water containing a large 
excess of ZrF 4 . (3) 3KF.ZrF 4 ( = K a ZrF 7 ) ; ob- 
tained by crystallising E^ZrF* from a solution 
containing excess of KF; small, brilliant, 
regular octahedra, with simple refraction (v. 
Baker, C. J. 35, 762). Soluble in water ; the 
hot cone, solution deposits XjZrFj on cooling. 

Sodium zirconi-fluorides. The salt 
5NaF.2ZrF 4 is said to be always formed in 
whatever proportion the constituent fluorides 
are mixed. Small, monoclinio crystals ; solu- , 
bility at 18° = *38, and at 100° «c. 1*6. 

Zinc zirconi-fluorides. (1) ZnZrF fl .6aq; 
isomorphous with ZnSiF e .6aq and ZnSnF fl .6aq, 
crystallising in regular hexagonal prisms, easily 
soluble in water. S.G. 2*255 (Topsde, l.c.). 
(2) 2ZnF 2 .ZrF 4 . 12aq ; deposited from a solution 
containing excess of ZnFj, in monoclinio crys- 
tals, isomorphous with 2NiF 2 .ZrF 4 . 12aq. 

Zirconium, hydride of. By heating Zr0 2 
and Mg powder, in the ratio Zr0 3 :2Mg, in an 
atmosphere of H, Winkler (B. 24, 888 ; cf. B. 
23, 2666) obtained a black powder which burnt 
in O, and contained c. *73 p.c. H. On treating 
this with dilute HClAq, Mg and MgO dis- 
solved, H being given off, and a black residue 
waB left which W. regarded as ZrH r Supposing 
the reduction of the ZrO, had proceeded in 
accordance with the equation ZrO a + 2Mg + 2H « 
2MgO + 2ZrH2, the product would have con- 
tained 53*44 p.c.ZrH 2 , and, therefore, would have 
given 1*15 p.c. H ; as only *73 p.c. H was found, 
W. concluded that 0. J of the Zr0 2 had been 
reduced. 

Zirconium, hydroxide of, (?) ZrOJS 2 . Addi- 
tion of NH s Aq to a solution of a salt of Zr pro- 
duces a white, bulky, gelatinous pp. of ZrO s ucHjO. 
According to Berzelius, the drypp. has the com- 
position Zr0 2 .H 2 0 «■ ZrOjH, ; Hermann (/. pr. 
97, 318) gave the formula Zr0 2 .2Hjj0 = ZrOj^ 
to the pp. dried at 17*5° ; Paykull (B. 12, 1719) 
said that after drying in vacuo the composition 
was Zr0 2 .3H 2 0. and after drying at 100° 
Zr0 2 .H 2 0. A detailed examination of the de- 
hyd >ation of the pp. formed by adding NH„Aq 
to a cold solution of Zr(S0 4 ) 2 was made by Gar- 
nelley a. Walker (C. J . 53, 68, 82 [1888]). The 
loss A water by the air-dried pp. was fairly regu- 
lar to c. 90°, when the pp. had approximately the 
composition Zr0 2 .2H 2 0 ; the loss was then less 
rapid, but very regular, up to c. 385°, whereat 
the composition was approximately 2Zr0 2 .H,0 ; 
somewhire between 385° and 415° there.* was a 
sudden increase in the percentage loss oi J water 
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for a rise of 10°, this increase being aooompanied 
by a change of colour from grey to pure white ; 
at 4X5° the composition was approximately 
24Zr0 2 .H 2 0 ; water was then given off very regu- 
larly, until at c. 660° dehydration was completed. 
0. a. W. conclude that probably no definite 
hydrate of Zr0 2 , unchanged throughout a fair 
range of temperature, is formed by heating 
Zr0 2 .®H a 0 ppd. from a salt of Zr; they think 
that the change of colour which accompanies 
the comparatively large percentage loss of water 
at o. 400° is an accompaniment of a condensa- 
tion of molecules chiefly of the composition 
w(2Zr0 2 .H 2 0) to molecules chiefly of the com- 
position n(24Zr0 2 .H 2 0). There is a distinct re- 
semblance between the phenomena of the de- 
hydration of Zr0 2 .trH 2 0 and those of the 
dehydration of SiO^xELjO, Sn0 2 .a?H 2 0, and 
Ti0 2 .a:H 2 0. 

Hydrated Zr0 2 ppd. cold, and washed with 
cold water, dissolves easily in the ordinary acids, 
including oxalic acid (Bailey, C. J. 49, 481), 
forming salts ZrX* 4 and ZrX u 2 ; .when ppd. hot, 
or washed with hot water, the pp. is only slowly 
dissolved by the ordinary acids. According to 
Paykull (B. 12, 1719), moist Zr0 2 .a;H 2 0 absorbs 
00 2 from the air. Digestion with Zr(S0 4 ) 2 Aq 
produces basic sulphates 3Zr0 2 .4S0 8 . 15aq and 
ezrcyrso*. 19aq (P., lx.). 

Zircon ate s. Zr0 2 .zH 2 0 behaves as a weak 
acid towards the stronger bases. A few salts 
have been prepared which are most simply re- 
garded as derived from Zr(OH)* by replacing H 
by alkali and alkaline earth metals ; these 
zirconates are obtained by heating Zr0 2 with 
bases; they have been examined chiefly by 
Hiortdahl (A. 137, 34, 236 [1866]). 

Sodium zirconates. (1) Na,jZr0 8 
(■•NaaO.ZrOJ; obtained by heating Zr0 2 with 
Na 2 COj, in the ratio Zr0 2 :Na 2 C0 8 ; the crystalline 
mass thus formed is gradually decomposed by 
water with separation of amorphous Zr0 2 . (2) 
Na 4 ZrOj (»2Na a 0.Zr0 2 ) ; obtained by heating 
Zr0 2 with a considerable excess of Na 2 C0 8 to 
whiteness for a considerable time ; decomposed 
by water, with formation of (3)Na 2 0.8Zr0 2 . 12aq, 
which forms hexagonal tablets. 

Zirconates of calcium and magnesium were 
obtained by H ( l.c .) by heating to rednesB mix- 
tures of ZrO s with Si0 2 and CaCl 2 or MgCl 2 . 
Ouvrard ( 0 . B. 112, 1444 [1891]) describes 
lithium eirconate , Li 2 ZrO a , obtained by fusing 
Zr0 2 with LiCl, and cooling slowly ; when Li 2 CO s 
was used, and the fused mass was treated with 
boiling water containing a little acetio acid, pure 
Zr0 2 remained. 

Zirconium,, nitride of. In fusing amorphous 
Zr with Al, in a cracked lime crucible, Mallet 
(Am. 8. [2] 28, 346 [1858]) obtained a dark-grey, 
porous solid, which gave yellowish lustrous 
microscopic cubes when treated with HClAq; 
the crystals were unchanged by aqua regia or 
alkali solutions; when fused with KOH they gave 
off NH,. The yellow crystals were probably a 
nitride of Zr. t 

Zirconium, oxides of. Besides zirconia, Zr0 2 , 
there exists a higher oxide, probably ZrO s ; and, 
possibly, also a lower oxide (?) ZrO. 

Zirconium dioxide Zr0 2 . (Zircoma. Zirconic 
anhydride.) Mol. w. not known. 

Preparation.— There are many Methods for 


preparing Zr0 2 from zirconite. 1. The mineral 
is heated to redness and thrown into water, and 
the least-ooloured pieces are finely powdered and 
levigated ; the powder is very strongly heated 
with four times its weight of Na 2 CO„, in a Pt 
oruoible, and the product is heated with excess 
of HClAq ; the whole is evaporated to dryness ; 
the residue is digested with water, filtered from 
Si0 2 , and ZrOj.aHjO is ppd. by NE^Aq. Thepp. 
is washed and dissolved inHOlAq, and the solu- 
tion is nearly saturated with Na 2 00 8 , and boiled 
with Na 2 S 2 0 8 Aq as long as S0 2 is given off, 
whereby Zr0 2 .«H 2 0 is ppd. (Berzelius, P. 4, 124; 
8, 186 ; Hermann, J. pr . 31, 77 ; Chancel, A. 
108, 237 ; Stromeyer, A. 313, 127). — 2. Very 
finely powdered eirconite is boiled with cone. 
HClAq, and the residue is washed with water 
and dried; 100 g. of the dried powder are 
added to 400 g. molten NaOH, with whioh 
20 g. NaP have been mixed, and the whole 
is heated in a nickel oruoible until the action 
ceases, when the molten mass is poured on to a 
sheet of nickel, and, after solidification, is plunged 
into water; the portion insoluble in water is 
dissolved in HClAq, the solution is evaporated 
to dryness, and treatment with HClAq and 
evaporation to dryness are repeated several 
times to remove Si0 2 and HF. The solution in 
HClAq is then ppd. by NH 3 Aq ; the ZrO^aHjO 
is thoroughly washed by decantation, dissolved 
in the smallest possible quantity of cone. HClAq, 
and the solution is evaporated to dryness ; the 
residue is washed in a funnel with cone. HClAq 
mixed with 4 pts. of alcohol ; the washed solid 
is then repeatedly crystallised from oono. HClAq. 
The white, lustrous crystals of ZrOOl^HjO 
thus obtained are dissolved in water, and 
Zr0 2 .»R 2 0 is ppd. by NH,Aq (Venable, O . N. 
64, 815 [1891]; cf . Bailey, Pr. 46, 74 [1889]; 
cf. Preparation of Zirconium, p. 893). By 
heating ppd. Zr0 2 .«H 2 0 to c. 650°, Zr0 2 is ob- 
tained. 

Crystalline zirconia is obtained from the 
amorphous form (1) by fusing with borax at a 
very high temperature, and washing with HClAq 
(Nordenskjold, P. 114, 612 ; Knop, A. 157, 8681 ; 
(21 by fusion with microcosmic salt (K., lx.) ; 
(3) by heating to dull redness in dry HOI at a 
pressure of three atmospheres (Hautefeuille a. 
Perrey, C. B. 110, 1038) ; (4) by melting and 
volatilising in an electric furnace, using a current 
of 360 amperes and 70 volts 1(Moissan, C . B. 
116, 1222 [1893]) ; (5) by heating, to dull red- 
ness, a salt of Zr with an acid that can be 
removed by heating, in a current of dry HC1 
(H. a. P., lx.). 

Properties. — Amorphous zirconia is a 
white, tasteless, inodorous powder ; S.G-. o. 5 ; 
insoluble in acids, except in cone. H 2 SO. (v. 
Beactions , No. 7) or HFAq. Crystalline 
zirconia is a transparent, colourless solid; 
S.G. 6*1 (Moissan, l.c.) t 5*42 (Knop, lx.) t 5*7 
(Nordensk'jold, lx.). The crystals are described 
by N. (lx.) as quadratic prisms, isomorphous with 
Sn0 2 (tinstone) and Ti0 2 (rutile). The crystals 
are extremely hard ; they scratch glass easily 
(Moissan, lx.). It is generally said that when 
ZrC 2 is heated to incipient redness it glows 
brightly, and becomes denser; but the experi- 
ments of Carnelley a. Walker (3. J. 63, 82 
[1888]) on the action of heat on ZrO^KgD 
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make it probable that the glowing ia an accom- 
paniment of the dehydration from approximately 
2Zr0 2 .H 2 0 to approximately 2iZrO r Bu l O. Zir- 
conia reacts towards acids as a basio oxide, 
forming salts ZrX* 4 and ZrX” 2 (many of whioh 
are basio salts) ; it plto decomposes alkali car- 
bonates, and some other alkali and alkaline 
earth-salts, when fused therewith, forming 
zirconates ?»Zr0 r nM 2 0 (v. Zirconates , p. 896). 

Reactions . — 1. When Zr0 2 is heated to a 
very high lemperature it melts, boils, and vola- 
tilises, condensing in crystals ; Moissan (C. R. 
116, 1222 [1893]) effected the volatilisation in 
a crucible heated in the electrio furnace, 
using a current of, 360 amperes and 70 volts.— 
2. When very strongly heated with excess of car- 
bon, carbides are formed (v.^ Carbides , p. 894). 
Heating in a carbon crucible in the electric fur- 
nace ; produces Zr (M., l.c.). — 8. Heating with 
magnesium produces Zr, perhaps also an oxide 
lower than ZrO a (Winkler, B. 23, 2642 ; 24, 888 ; 
Phipson, J. j or. 96, 86c ; Bailey, Pr. 46, 74 ; cf. 
Zirconium monoxide ). When heated with mag- 
nesium in an atmosphere of hydrogen , some 
ZrH^ is perhaps produced (v. Zirconium 
hydride , p. 896). — 4. ZrCl 4 is formed by heating 
Zr0 2 , mixed with carbon in a stream of chlorine; 
using bromine produoes ZrBr 4 (v. Bromide and 
Chloride , p. 894). — 6. ZrF 4 is formed by 
heating ZrO s to dull redness with excess of 
ammonium fluoride . — 6. K 2 ZrF„ is formed by 
slightly heating Zr0 2 with excess of potassium 
Jvydrogen fluoride , boiling with very dilute 
HFAq, ana filtering.— 7. Zr(S0 4 ) 2 is obtained by 
heating Zr0 2 with excess of a mixture of 2 pts. 
cone, sulphuric acid and 1 pt. water. 

Zirconium peroxide. By adding H. 2 0 12 Aq 
and NHsAq to a solution of Zr(S0 4 ) 2 , Cl&ve (Bl. 
[2] 43, 63) obtained an oxide containing more 
O than Zr0 2 ; to this oxide he gave the formula 
ZrO,. Bailey in 1886 (0. J. 49, 149, 481) ex- 
amined the pp. .obtained by adding to 

solution of Zr(S0 4 ) 2 ; according to B., the moist 
pp. has the composition Zr«O ft , and this com- 
position is unchanged after keeping (moist) for 
some months. In Bailey’s paper in 1889 (Pr. 
46, 74) he gives the composition Zr0„.3H 2 0 to 
the oxide ppd. by H^O.Aq, either from an acid or 
an alkaline solution of Zr(S0 4 ) 2 , after drying over 
P 2 0 5 ; and the composition Zr 2 O fl after drying at 
100°. The oxide ZrOj.xHjO was obtained (0. J. 
49, 485) by preparing a solution of Zr(S0 4 ) 2 by 
heating E^ZrF* with H 2 80 4# and at onoe adding 
I^OxAq. Zr peroxide is insol. in very dilute 
(1 p.o.) ELS0 4 Aq or H.GjH^OaAq (B., lx.). Bailey 
(lx.) employed the ppn. of ZrO t .a?H 2 0 to separate 
Zr from Fe, Nb, and Ti. 

Zirconium monoxide (?)ZrO. By heating 
Zr0 2 and powdered Mg, in the ratio Zr0 2 :Mg, in 
a stream of H, Winkler (B. 23, 2668 [1890]) ob- 
tained a black powder, which he allowed to cool 
in H, then kept for some time m 00^ freed from 
Mb uy treatment with dilute HClAq, washed with 
water containing HOI, then with aloohol, and 
finally with ether, and dried in vacuo . He thus 
obtained a deep-black powder, which was un- 
acted on by HClAq, HNO,Aq, w H 4 S0 4 Aq, even 
on warming, and which burnt to Zr0 2 when 
heated in ah*. W. supposed this black powder 
to be ZrO. 

Ton. IV. 


Zirconium, oxyaeid of. Hydrated ziroonia, 
ZrO^aHjO, reacts as a weak acid towards strong 
bases (v. Zirconates, p. 896). 

Zirconium, oxybromide of, ZrOBr^H^O. 
ZrBr 2 dissolves in water ; on evaporation, trans* 
parent needle-shaped crystals are formed, to 
which Mellis (Z. [2] 6, 296) gave the composi- 
tion Zr0Br 2 .7H 2 0. By dissolving Zr0 2 .xH/) in 
HBrAq and evaporating, Weibull ( B . 20, 1894 
[1887]) obtained lustrous needles of ZrOBr^HjO, 
isomorphous with ZrOOl^SH^O. 

Zirconium, oxychlorides of. Various oxy- 
chlorides have been described. (1) Zr0Cl 2 .a5H 2 0 ; 
prepared by dissolving Zr0 2 urH 2 0 in HClAq and 
evaporating (for details as to the best conditions 
v. Weibull, B. 20, 1394). Hermann (J. pr. 31, 
77) gave the formula &b ZrOCl^RjO ; Meliis (Z. 
[2] 6, 296) gave 2Zr0Cl 2 .9H 2 0 ; and Weibull (J.c.) 
ZrOCL^SHjO (v. also Paykull, B. 6, 1467 ; and 
Bailey, Pr. 46, 74). (2) Zr 2 OCl 2 ; prepared by 
Troost a. Haufcefeuille (C. R. 73, 563) by pass- 
ing steam and vapour of Zr01 4 through a red-hot 
tube. (3) 2Zr 2 0 a Cl 2 .15H 2 0 ; prepared by Ende- 
mann (J. pr. [2] 11, 219) by adding ether to a 
warm alcoholic solution of Zr0Cl 2 .xH 4 0. 

Zirconium, oxyiodidea of. By adding the 
calculated weight of BaL*, in solution, to Zr(S0 4 ) 2 
dissolved in a slight excess of H 2 S0 4 Aq, filtering, > 
evaporating over H 2 S0 4 , and removing free I 
from the residue by CS 2 , Hinsberg (A. 239, 253 
[1887]) obtained a white, amorphous powder, 
easily soluble in water, giving off I in moist air, 
to which he gave the formula ZrIQjHj.xtLgO 
(& probably « 3). 

Zirconium, oxysulphide of; v. Zirconium 
sulphides (infra). 

Zirconium, salts of. The salts formed by 
the replacement of H of acids by Zr belong to 
the forms ZrX 2 u and ZrX 4 * ; many basio salts 
are known. The following are the chief salts of 
Zr derived from oxy acids Arsenates, borates , 
carbonates , nitrates, oxalates, phosphates , 
selenites, silicates, sulphates , and sulphites. 

Zirconium, silioofiuoride of, (?)ZrSiF a ; 
probably obtained by Berzelius by evaporating a 
solution (? of Zr0 2 .xH 2 0 in BLjSiFgAq) (v. Lehr - « 
buck, 3, 505 [5th ed.]). 

Zirconium, sulphides of. According to 
Berzelius ( v . Lehrbuch, 2, 189 [6th ed.]), a com- 
pound of Zr and S is formed by heating the 
elements together in vacuo, or with H. The 
compound, to whioh no formula is assigned, is 
described byB.as a dark-brown coloured powder; 
unacted on by HaSOjAq, HNO s Aq, or HClAq; 
slowly attacked by boiling aqua regia; dissolved 
easily by HFAq, giving off BL 2 S ; insol. in KOHAq, 
and decomposed by fusion with KOH to K v 8 and 
Zr0 2 . By strongly heating Zr0 2 in vapour of 
CS 2 , Fremy (A. Ch. [8] 88, 326 [1858]) obtained 
a graphite-like solid, which was rapidly acted 
on by HNO*Aq, with separation of S ; Fremy 
supposed that the substance might be an oxy* 
sulphide. 

Zirconium, sutphocyanide of. By adding 
Ba(SCN) 2 to Zr(S0 4 ) 2 solution, Hornberger (A, 
181, 232 [1876J) obtained a solution which, he 
said, contained Zr(SCN) 4 ; this solution quickly 
decomposed, depositing a yellow solid, while 
Zr(SCK' a remained in solution. , 

M. M. M. 

8M 
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ALUMINIUM (vol. i. p. 141). Preparation .— 
By electrolysing a molten mixture of AlF,.3NaF 
with NaOl (Minet, G. B. Ill, 603 [1890]). The 
best results are obtained by using the salts in 
the ratio AlF,.8NaF:6NaCl ; details of the quan- 
tities to be used, the strength of current, <fcc., are 
given by M. 

Properties. — Minet (G. R. Ill, 603 [1890]) 
gives m.p. of Al as 675° ; and S.G. at 820° as 
1*76. The 8.H. of A1 is given by Richards (O. N. 
65, 97 [1892]) as -224 at 20°, *232 at 100 and 
•2845 at the m.p. * 625° ; the S.H. of molten A1 
at 650° =**308, according to Pionchon (G. R. 115, 
162 [1892]). The molecule of A1 in dilute solu- 
tion in tin is perhaps diatomic (Heycock a. 
Neville, O. /. 57, 376 [1890]). 

Reactions. — Volatilises in electric furnace, 
with current of 250 amperes and 70 volts 
(Moissan, C. R. 116, 1429 [1893]). Not ap- 
preciably aoted on by NO* at 500° (Sabatier a. 
Senderens, C. R. 116, 236 [1892]). An amalgam 
is formed by bringing 4U into a solution of a 
mercuric salt (Klaudy, G. C. 1893 [1] 201 ; ab- 
stract in C. J. 64 [11] 376 [1893]). Heated with 
NaPO, in a current of H, from 28 to 31 p.c. of 
the P distils over ; P is also obtained by heating 
Al with any phosphate of Ca or Mg (Rossel a. 
Prank, B. 27, 62 [1894]). According to Lunge 
( G . N. 65, 110 [1892]), vessels made of Al may 
be used for holding articles of food, at least at 
the ordinary temperature, without danger of the 
metal being dissolved ; this result is confirmed 
by Balland (O. B. 114, 1536 [1892]). 

Aluminium, alloys of (vol. i.p. 143). For an 
alloy with gold , Al,Au, v. Heycock a. Neville (C. J. 
65, 74 [1894]). 

Aluminium, chloride of (vol. i. p. 144). 
Nilson a. Pettersson (Z. P. G. 4, 206 [1889]) 
made a number of determinations of the V.D. of 
A1C1 S ; they find that the compound gradually 
dissociates above its b.p. until c. 800 3 , when its 
V.D. becomes constant and corresponds with the 
formula A1C1,. A1C1, may be prepared by heating 
an alloy of Ai and Cu nearly to redness in dry 
HG1 ; Aid, distils over unmixed with any Gu 
compound (Mabery, B. 22, 2658 [1 889]) . Sabatier 
(BL [3] 1, 88 [1889]) says that crystals of the 
hydrated ohloride after being in vacuo for three 
months at 20° over H,S0 4 have the composition 
A1C1,.6H,0. 

Aluminium, oxides of (vol. i. p. 146). By 
heating Al g O t with Mg, in the ratio Al a O,:Mg, 
Winkler (B. 28, 780 [1890]) obtained a brownish- 
black powder which, he says, contained Sr con- 
siderable quantity of an oxide lower than A1*0 8 , 
probably AlO. By the incomplete combustion 
of Al, Pionchon obtained a dark-grey powder, said 
by P. to have the composition ALO, - 2AL J O si Al 2 0 

4 U7, 828; abstract in 0. J. 64 [11] 672 
[1693]). By heating amorphous Al s O, to in- 


cipient redness in HOI gas at a pressure of three 
atmos., Hautefeuille a. Perrey (C. R. 110, 1038 
[1890]) obtained crystals of corundum . Accord- 
ing to Read ( O . J. 65, 818 [1894]), ALO. is un- 
changed at c. 1750°. 

Aluminium, phosphide of (vol. i. p. 146). 
A grey crystalline powder, A1,P„ was obtained 
by Rossel a. Frank ( B . 27, 52 [1894]) by heating 
Al in vapour of P, and then heating the product 
till P ceased to come off. 

AMMONIA (vol. i. p. 196). Formation . — 
According to Loew (B. 23, 1443 [1890]), traoes of 
NH 3 are formed by shaking Pt black with very 
dilute NaOHAq in the air. NH a is also formed 
by the combined action of Pt blaok and dextrose 
on KNO s Aq (L., Z.c., p. G75). 

Properties.— Ludeking a. Starr (Am. 8. [8] 45, 
200 [1892]) give S.H. of liquid NH S as *8857. 
For measurements of the wave-lengths of the 
lines in the emission speotrum of NH, v. Mag- 
nanini (Z. P. C. 4, 435 [1889]). Perkin (C. 

55, 689, 728 [1889]) gives M. M. of NH, in 
aqueous and alcoholic solutions ; also Mol. R. of 
various NH 4 salts in solution. Tables showing 
the solubility of NH, in alcohol of various con- 
centrations, at 10°, 20°, and 30°, are given by 
Del6pine (J. Ph. [5] 25, 496 ; v. abstract in G . J. 
62, 1049 [1892]). For the freezing-points of 
aqueous solutions of NH, v. Pickering (G. J. 68. 
181 [1893]). 

Reactions.— Dry NH, does ^ot combine with 
dry hydrogen chloride when these gases are 
mixed (Baker, C. J. 66, 611 [1894]). Nor do 
dry NH, and 0 dry carbon dioxide oombine 
(Hughes a. Soddy, G. N. 69, 138 [I894J). Miohel 
■ a. Grandmongin (B. 26, 2566 [1893]) say that 
the products of passing NH, over heated per- 
oxide of Ba, Pb, Mn, or Na, are N with a little 
HN0 2 and HNO„ and oxide or hydroxide of the 
metal. The reactions of liquid NH, with OrOL 
and FeOl, are described by Christensen (Zeit. J* 
anorg. Chemie t 4, 227 ; abstract in O. 64 
[11] 469 [1893]). 

AMMONIUM COMPOUNDS (vol. L p. 200). 

Ammonium amalgam (vol. i. p. 201). From 
measurements of the polarisation given by this 
substance in a solution of NH 4 C1 against zino 
amalgam, and a comparison of these measure- 
ments with the polarisations given by metallic 
amalgams, Le Blanc concludes that ammonium 
amalgam really exists (Z. P. O. 5, 467; abstract 
in G . J. 58, 1204 [1890]). 

Ammonium chloride (vol. i. p. 202). Baker 
(G.J. 65, 611 [1894]) asserts that the V.D.of the 
dry salt $t 350° is 28*7, corresponding with that 
required by the formula NH 4 C1. B. also says 
that no reaction ooours when dry NH 4 C1 and 
dry CaO are heated together. 

ANTIMONY (vol. i. p. 282). Reactions 
Montemartini (G. 22, 864, 426) finds that^no 
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appreciable quantity of NH„ is formed by the 
interaction of Sb and HNO s Aq varying from 
2 to 70‘8 p.c. HNO, ; N0 2 is practically the only 
gaseous product of the reaction ; when 70 p.c. 
HNOtAq is used, the residue probably has the 
composition (SbO)NO a . 

Antimonates (vol. i. p. 285). Several salts 
have been pn pared, by double decomposition 
from the K salt, by Peilstein and 0. v. Blase 
(C. C. 1889. 803; abstract in C. J \ 56, 1123). 
All the compounds are salts of HSbO a ; B. a. B. 
conclude that the only well-marked antimonates 
are derived from this acid. Ebel (B. 22, 8044 
[1889]) describes several metantimonates. 

Antimonites (vol. i. p. 285). For antimonites 
of K and Na v. Cormimboeuf ( C . 12. 115, 1305 ; 
abstract in C. J. 64 [11], 171 [1893]). 

Antimony, bromide of (vol. i. p. 286). The b.p. 
of SVBr a is given as 275° by Preyer a. V. Meyer 
(Zcit. /. anorg . Chemie , 2, 1 [1892]). 

Antimony, trichloride of (vol. i. p. 286). 
Boils at 223° (Freyer e V. Meyer, lx,). 

Antimony, pentaohloride of (vol. i. p. 287). 
The V.D. at 218° and 58 mm. pressure was found 
to be 144-7 (corresponding with the formula 
SbCl 5 ) by Anschutz a. Evans (A. 25", 95 [1890]). 
Double compounds of SbCl a with RbCl and 
CsCl aij described by Saunders (Am. 14, 152 
[1892]), and by Wheeler (Am. S. [8] 46, 269 
[1898]). 

Antimony, fluoride of (vol. i. p. 287). The 
double compound SbF a .2AmF is described by 
H. von Helmholt (Zeit.f. anorg. Chemie, 3, 115 
[1893]). 

Antimony, hydride of (vol. i. p. 288). The 
temperature whereat decomposition of SbH, 
begins is given by Brunn (B. 22, 8202 [1889]) 
as c. 150°. Por the reactions of SbH a with 
AgNO^Aq v. Vitali (abstract in C. J. 64 [11], 
206 [1893]). 

Antimonio oxide (vol. i. p. 290). When heated 
to dull redness Sb 2 0 5 gives off O, forming 
Sb 2 0 4 , which at : te. 1750° is further reduoed to 
Sb 2 O a (Read, C. J . 65, 313 [1894]). 

Antimonious sulphide (vol. i. p. 291). Black 
SbJ3 a is formed, according to Mitchell (C. N. 
67, 291 [1893]), by passing C0 2 into boiling 
water with ordinary Sb 2 S a in suspension. Picton 
(C. J . 61, 142 [1892]) obtained a colloidal Sb 2 S 8 
in very fine suspension in water, by allowing 
solution of tartar emetic to flow into saturated 
HaSAq. 

Antimony, thio-chlorides and thio-iodides 
of (vol. i. pp. 292-3). Ouvrard (0. R. 116, 
1616 [1893]) describes SbSOl and Sb 4 S 6 Cl 2 , ob- 
tained by tie action of H 2 S on SbCl, ; and SbSI 
formed by heating Sblg to 150° in dry H 2 S, and 
SbjjSala formed by heating Sb 2 S a with I and 
crystallising from CS 2 . 

ARSENIC (vol. i. p. SOI). A full account of 
the different forms of As obtained, along with 
AsjOg, by subliming As in a tube is given by 
R^trrprq (Z r JP. C. 4, 403 ; abst, act in C. J . 64 
[llj, 670 [1893]). Petersen gives the following 
heats of oxidation, and atomic volumes, of the 
allotropic forma of As (Z. P. C. 8, 601 [1891]);— 

At. volume 

Grey, rhombohedric . 156,830 18*1 > 

Grey-black, amorphous 154,840 15-94 

Brown, amorphous 163,500 • 15*99 


Arsenic, bromide of (vol. i. 309). AsBr t 
combines with NH, to form AsBr a .3NH t (Besson, 
0 . R. 110, 1268 [1890]). 

Arsenates (vol. i. p. 307). Por arsenates of 
Cd v. A. de Schulten (Bl. [8] 1, 478 [1889]) ; for 
arsenates of Cu, and of Cu and Na, v. Hirsoh 
(C. C. 1891 [1]. 15 ; abstract in C . /. 60, 644) ; 
many double arsenates of K, and of Na, with 
Od, Co, Mg, Mn, Ni, and Zn are described by 
Lef&vre (C. R. 110, 405 [1890]). 

Por thio-arsenates of Cu, Hg, Zn, and Zn and 
Na, v. Preis (A. 257, 178 [1890]). 

Arseni tes (vol. i. p. 306). For the prepara- 
tion, by double decomposition from the salt 
2 KAs0 2 .Ab 2 0 3 , and properties, of the arsenites 
of the following metals v. Reichard (B. 27, 1019 
[1894]) Al, Ba, Cd, Ca, Cr, Co, Cu, Au, Fe, 
Pb, Mg, Mn, Hg, Ni, Pd, Pt, Ag, Sr, Sn, Ti, U, 
and Zn (references and criticisms of former in- 
vestigations are given). Stavenhagen (Zeit. f. 
angew. Chemie , 1894. 165) obtained the double 
salt of K arsenite and sulphate, K a AsO a .10K 2 SO 4 , 
by evaporating solutions of the constituents 
after mixing. 

Arsenic acid (vol. i. p. 307). For a detailed 
account of the reaction of H 2 S with solutions of 
H s As0 4 v . Brauner a. Tomeetohek (C. J. 68, 146 
[1888]). 

Arsenious chloride (vol. i. p. 310). Accord- 
ing to Besson (C. R. 109, 940 [1889]), AsCl, 
solidifies at — 18°, forming white needles ; at 
— 30° AsCl„ absorbs much Cl, forming a liquid 
which does not solidify at —60°, and which 
with water gives off much Cl and forms As 2 O a Aq. 
Besson (C. R. 110, 1258 [1890]) says that the 
compound formulated by Rose as 2AsCl a .7NH a 
is really AsCl a .4NH 3 . 

Arsenious fluoride (vol. i. p. 310). Moissan 
(A. Ch. [6] 19, 280 [1891]) prepared AsF a by 
heating As 2 O a with HF ; he gives b.p. as 63° at 
750 mm., and says that it solidifies to white 
crystals at -8*6°. Besson (C. R. 110, 1258 
[1890]) describes the compound 2AsF a .5NH g . 

Arsenic, trihydride of (vol. i. p. 810). Brunn 
(B. 22, 3202 [1889 ]) finds that the first products 
of the action of air, or O, on AsH a are solid 
wAsH and H 2 0, and the next products are As 
and H 2 0. AsH„ and H-jS do not react in absence 
of air at the ordinary temperature, either as 
gases or in solution (. B ., lx.). AsH„ begins to 
decompose at c. 230° (B. t lx.). For the re- 
actions of AsH„ with AgNOjAqr. Vitali (abstract 
in C. J. 64 [11] 206 [1893]). 

Arsenious iodide (vol. i. p. 811). Besson 
(C. R. 110, 1258 [1890]) describes the com- 
pounds AsI 8 .4NH 8 and AsI a .12NH a . 

Arsenious sulphide (vol. i. p. 815). Picton 
(C. J. 61, 140, 144 [1892]) obtained an aqueous 
solution of colloidal AsJ3 a , containing also some 
very finely divided sulphide in suspension, by 
allowing AsjOjAq to flow into saturated HSAq, 
into which H 2 S was continually passing, and re- 
moving H 2 S by a stream of H. 

Arsenic pentasnlphide (vol. i. p. 816) As 2 S 5 is 
obtairsd, according to McCay (Am. 12, 647 
[1891], by passing HjS for a long time into a 
hot solution of an alkali dihydrogen arsenate, 
and then ppg. by a mineral acid. 

Arsenic, thiochlorides and thio-iodides of 
(voL i. iv 816). Ouvrard (C. R. 116, 1516 
[1893]) obtained As 4 S l Cl 9 by passing into 
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AsCl* and washing the pp. with CS 2 . By heat- 
ing 1 pt. As.,8, with 10 pts. AsCl, to 150° he 
obtained AsSCl. 

AZO-IMIBE (v. Eydrazoio acid, p. 919, 
Addenda), 

BARIUM (vol. i. p. 440). Richards, in 1893, 
made an elaborate experimental revision of the 
at. w. of Ba (P. Am, A, 28 , 1 ; 29, 55). As a 
mean result of the most trustworthy experi- 
ments, B. adopts 137*1 as the at. w. of Ba 
0-15*96). Limb (O. JR. 112, 1434 [1891]) 
ailed to obtain anyBa by electrolysing fused 
Bad,, or BaO^ mixed with NaOl. 

Barium, carbide of. By heating a mixture 
of Ba amalgam and powdered charcoal in H, 
Maquenne (G. R. 114, 361 [1892]) obtained grey 
BaC* ; decomposed by water, giving Ba0 2 H,Aq 
and OgHg; v. also Moissan, G. R. 118, 683 
(abstract in C. J. 66 [1], 314 [1894]). 

Barium, chloride of (vol. i. p. 441). By 
bringing BaCL, into contact with liquid NH„ 
and allowing the gas to escape at 0° and 760 mm., 
Joannis obtained BaCl^SNHj (C. R. 112, 337 
[1891]). 

Barium, fluoride of (vol. i. p. 441 ). BaR, is 
obtained in microsoopio crystals by adding 
BaCl*Aq (3*6 p.c.) to boiling KFAq (1 p.o.), 
boiling, washing, drying, and heating strongly 
(Moissan, BI. [8] 5, 152 [1891]). Poulenc 
(<X R . 116, 987 [1893]) obtained BaF 2 in well- 
formed octahedra by fusing amorphous BaF 2 
with KHF a and KC1. 

Barium, nitrides of. Maquenne (G. R. 114, 
220 [1892]) obtained a mixture, probably con- 
taining some Ba 3 N 2 , by heating Ba amalgam to 
redness in a current of N. Berthelot a. Matignon 
(A. Ch. (7) 2, 144 [1894]) say that BaN, is formed 
by heating AmN 8 Aq with BaO^Aq. 

Barium monoxide (vol. i. p. 442). BaO is 
unchanged at c. 1750° (Read, C. J. 65, 313 
[1894]) ; it liquefies at c. 2,000°, but is not de- 
composed at o. 2,500° (Moissan, C. R. 115, 
1034 [1892]). 

Barium dioxide (vol. i. p. 443). Ba0 2 is de- 
composed by salts of Al, Or, Co, Fe, &c. ; some 
salts— -e.g. those of Ca, Li, K, Na — do not react 
with Ba0 2 (v. Kwasnik, B. 25, 65). For decom- 
position of BaO, by heat v . Le Chatelier (C. R, 
115, 654 ; abstract in G. J. 64 [11], 71 [1893]). 

BERYLLIUM (vol.i. p.604). Kruss a. Moraht 
(B. 23, 727 [1890]) obtained hexagonal crystals 
of Be, mixed with BeO, by heating BeF 2 .2KF to 
redness with Na. K. a. M. (lx. p. 2552) ob- 
tained the value 9*03 for the at. w. of Be by 
converting BeO into BeS0 4 .4H 2 0, and this again 
to BeO. Gibson ( C . J '. 63, 909 [1893]) describes 
methods for preparing BeO from beryl 

Beryllium, fluoride of (vol. i. p. 506). Peter- 
sen (Z. P. C, 5, 263 [1890]) gives the thermal data 
H.F. [BeO*H*,2HFAq] » 19,683. The double 
compound BeF 2 .2AmF is described by Q. von 
Helmholt (Zeit. f. anorg . Ghemie , 3, 115 [1893]). 

Betyllium, oxide of (vol. L p. 506). By 
dissolving BeO.&aq in KOHAq, Kriias a. ^toraht 
(B. 23, 727 [1890]) obtained potassium beryllate 
BaO^K, (?), mixed with K 2 CO„ as a snow-white, 
silky solid. t 

BISMUTH (vol. i. p. 509). The at. w. of Bi 
was ire -determined by Classen in 1890 (B. 23, 
938 t!890]) f by converting Bi into nitrate, and 


this into Bi 2 O f ; the mean result was 208*38 
(0 = 15*96). Schneider (J, pr. [2] 42, 653; 44, 
23 [1891]) criticises Classen's results, and main- 
tains that Marignac’s value (almost exactly 208) 
is as trustworthy as that obtained by C. The 
molecule of Bi in dilute solution in tin is 
perhaps diatomio (?) (Heycook a. Neville, O. J. 
57, 376 [1890]). 

Preparation.— Classen (lx.) says that pure 
Bi is best prepared by electrolysing a solution 
of the metal in HNO a Aq, using a cone of Pt as 
the negative electrode, then washing \,ith aloo- 
hol, and fusing with KCy. 

Properties . — Melts at 264°, according to 
Classen (lx.) ; at 269*22°, according to Callendar 
a. Griffiths (O. N. 63, 1 [1691]). S.G. 9*7474 
(C., lx. ; no temperature given) ; 9*787 at — , 

9*673 solid at the m.p., 10*004 liquid at the m.p. 
(Yicentini, Rend. Acad . Lincc\ 6 [11], 121, 147 
[1891]). For S.G. of liquid Bi from 235° to 280° 
v . Cattaneo (Rend. A^ad. Lincei, 7 [11], 88 
[1892]). For electrical resistance v. E. v. Aubel 
(G. R. 108, 1102 [1889]). 

Reactions . — According to Yeley (Pr. 48, 458 
[1891]), Bi does not dissolve in 30 p.c. HNO a Aq 
at 80** if HN0 2 is absent ; but Bi dissolves 
readily in 1 p.c. HN0 2 Aq. 

Bismuth, bromide of (vol. i. p. 611). BiBr a 
boils at 453° (V. Meyer, A. 264, 122 [1891]). 
Cavazzi a. Tivoli (G. 21 [11], 806 [1892]) describe a 
lustrous, black, hygroscopic solid, PBrH(BiBr 2 ) 3 , 
obtained by allowing BiBr 3 to fall gradually into 
PH 3 (abstract in G. J, 62, 279). 

Bismuth, ohloride of (vol. i. p. 512). Boils 
at 435°-441° (uncor.) (V. Meyer, lx.). The only 
double chloride of Bi and K of those hitherto 
described that exists is BiCl a .2KCl. 2aq, accord- 
ing to Brigham (Am. 14, 164 [1892]). B. has 
also prepared BiCl 3 .KCl. aq. 

Bismuth, fluoride of (vol.i. p. 512). H.von 
Helmholt describes the double fluoride BiF r AmF 
(Zeit. f. anorg. Chemie , 3, 116 [1893]). 

Bismuth, iodide of (vol. i. p. 513). Astre 
(G. R. 110, 525 [1890]) obtained the double 
iodide 2BiI 3 .KI by keeping I, KOI, Bi, and water 
in contact for some weeks, and then crystallising 
from Et acetate. 

Bismuthous oxide (vol. i. p. 513). Classen 
(B. 23, 938 [1890]) gives S.G. as 9*044. Read 
(C. J. 65, 313 [1894]) found Bi 2 O t to be unchanged 
at c. 1750°. 

Bismuth, oxysulphide of (vol. i. p. 516). By 
passing dry EL.S into boiling benzene containing 
BiA in suspension, P. v. Scherpenberg (O. C. 
1889. [11] 643) obtained BIAS. 

Bismuth, selenide of (vol. L p. 516). The 
double compound Bi 2 Se s .E 2 Se is described by P. 
v. S. (lx.). 

Bismuth, sulphide of (vol. L p. 516), P. v. 
S. (Z.c.) obtained the double compound BigS^^S 
by fusing Bi 2 0 5 with K polysulphide. 

BORON (vo). i. p. 524). The at. w. of B has 
been determined by Abrahall by i»he a^i^sis 
of BBr 8 (C. J. 61, 650 [1892]) ; the value ob- 
tained was 10*67 (O = 15*96). Also by Ramsay a. 
Aston ( O . J. 63, 207 [1893]) by finding the per- 
centage of watnr in crystallised bo-ax, and by 
d* stilling fused borax with HClAq and OH s .OE^and 
weighing the residual NaCl ; the values varied 
about 11 , but showed considerable differences. 
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Bimbach (B. 26, X64 [1893]}, by titrating solu- 
tion* of borax with standard HClAq, using 
methyl orange as indioator, obtained the value 
10*91 (0 - 16*96). The following values for S.H. 
of amorphbus B are given by Moissan a. Gautier 
(C. B. 116, 924 [1893]): 0° to 100° = *3066, 
0° to 192° ss *3407, 0° to 234° -*3673. For 
atomic refraction of B v. Ghira (G. 23 [1], 452 ; 
abstract in C. J. 64 [11], 617 [1893]). 

Preparation . — According to Moissan (C. B. 
114, 819 [1892]), the methods employed to give 
amorphous boron yield substances containing 
from c. 45 to c. 72 p.c. of B. M. (l.c. p. 892) 
Says that nearly jpure amorphous B is obtained 
by heating to redness a mixture of one pt. 
powdered Mg with 3 pts. fused B 2 0„ washing 
with HClAq, KOH in alcohol, HFAq, and water 
(the process is tedious, details are given); by 
fusing this product with 50 pts. B 2 0 3 , and 
washing With HClAq <fec., a brown powder is 
obtained* containing c. 98*5 p.c. B, with traces of 
Mg and small quantities of other impurities. 

Properties and Reactions. — The properties of 
amorphous boron are described by Moissan ( O . R. 
114, 617 [1892]). Brown powde- ; S.G. 2*45. 
Does not fuse in electric arc, but volatilises (M., 
C. B. y 17, 423 [1893]) ; increases in density 
when heated to c. 1500° in H. Specific electrical 
resistance *=801 megohms. Burns in air at 
c. 700°. Combines directly with Br/Cl, (not I), 
N at c. 1200°, Se, S, (not Te) ; also with Al, Fe, 
Mg, Pt, and -Ag. Reduces many oxyacids and 
oxides when heated therewith; HC10,, HIO,, 
HNO a , and H 2 S0 4 are readily reduced; As 2 0, 
and As 2 O fi , CO, N 2 0, P 2 O fl , Si0 2 , steam, and S0 2 
are also reduced; many metallic oxides are 
reduced to metals, often with explosive violence ; 
molten KOH gives off H ; metallic fluorides are 
generally decomposed, giving BF a ; many other 
metallic salts, both in solution and When heated 
as solids, are reduced by amorphous boron. 

Boron, bromide of (vol. i. p. 525). BBr„ boils 
at 90° (Freyer a. V. Meyer, Zeit. f. anorg. 
Chemie , 2, 1). Ghira (Z. P. (7. 12, 768 [1893]) 

give* S.V. 94-72; and S.G. % = 2-64985. Ap- 

cording to Besson ( G . R. 112, 1001 [1891]), when 
a mixture of gaseous HI and BBr a is passed 
through a glass tube at 300°-400° the products 
are BBr.,1, BBrI 2 , and BI a . BBral and BBrlj 
are colourless liquids, distilling at c. 125° and 
180° ; they are rapidly decomposed by air and 
light. Tarible (C. B. 116, 1521 [1893]) Bays 
that BBr 3 combines with PBr a and PBr fc to form 
compounds easily decomposed by water, Cl, or 
NH, in the cold. Besson (C. B. 114, 642 [1892]) 
describes BBr r 4NH a , obtained by passing dry 
NH, into BBr, in dry CC1 4 at 0°. 

Brfron, carbide of; B a C. Moissan (G. R. 
118, 656 [1894]) says that B and C combine 
when amorphous B is mixed with c. § its weight 
of sugar charcoal, and the mixture is heated in 
thw electnd furnace for some minutes, using a 
current of 250-300 amp&res and 70 volts. After 
treating the product with HNO*Aq, and then 
with KClO.and HNO,Aq, the carbide remains as 
a very hard, lustrous, black, crystalline powder ; 
8*G. 2*61 ; burns very slowly in O at c. 1000°; 
acted on byjCl below 1000°, but not by Br, I, S, 
P, N, or mineral acids ; reacts with molten KOH 
or KNaOO, (abstract in C. J. 66 [UJ, 279 [1894]). 


mi 

Boron, ehloride of (voL i. p. 520). B01* boil- 
ing at 17° (Freyer a. V. Meyer, Zeit. /. anorg. 
Chemie , 2, 1). Ghira (Z. P. C. 12, 768 [1893]) 

give. S.G. 1-48886, and S.V. 81-94. 

Boron, fluoride of (vol. i. p. 626). According 
to BeSson (O. B. 110, 80 [1890]), BF S unites with 
PHj at o. - 30° to form 2BF s .PH a , decomposed 
by water giving off H and PH*. 

Ammonium borofluorideve described by Stolba 
(C. C. 1890. [1] 211 ; abstract in O. J. 58, 66Q), 

Boron, hydride of (vol. i. p. 526). Sabatier 
(C. B\ 112, 865 [1891]) says that the gas pro- 
duced by adding HClAq to the brown powder 
formed by heating B 2 0 8 with Mg in H has a 
very disagreeable odour, burns with a green 
flame, gives a brown pp. with AgNO,Aq, deposits 
B when passed through a glass tube at a dull 
red heat (H coming off), and is decomposed ;by 
electric sparks, giving pure H. The gas contains 
a little B hydride, according to S. (Z.C.); , qf f 
Winkler (B. 23, 772 [1890]). 

Boron, iodide of (vol. i. p. 627). BI* Pro- 
pared by Moissan ( C . B. 119, 717 [1891]), (1) by 
heating I and B to 700°-800° ; (2) by heating 
amorphous B (dried in H at 200°), in a stream 
of dry HI, in a tube of hard glass until the glass 
nearly soften* ; (8) by passing , HI and > BC1, * 
vapours through a porcelain tube heated .to red- 
ness. The produot is dissolved in, OS*, shaken 
with Hg, and allowed to crystallise. Colourless 
crystals, very hygroscopic, rapidly .become 
coloured in light. Melts at 43° and boils at 
9 10°. Decomposed by water, giving HlAq and 
HaB0 8 Aq. (For other reactions v. abstract in 
G . J. 60, 979 [1891].) . For compounds with 
NH, t). Besson (C. R. 114, 542 [1892] ; abstotit 
in C. J. 62, 771). 

Boron, oxide of (vol. i. p.,527), B 2 O a . >Fof 
reduction by Mg powder, giving Mg boride, v. 
Winkler (B. 23, 772 [1890]). ,The compound 
B 2 0 8 .P 2 0 5 ( = BP0 4 ) is obtained by evaporating 
P 3 B0 3 Aq mixed with H 9 P0 4 , heating to redness, 
and washing with, hot water. (G. Meyer, B. 22, 
2919 [1889]). - 

Borates (vol. i. p. 529). For soinh ney£ 
borates of Li, Kb, and Cs v. Beisohle (ZtiiL 
anorg. Chemie , 4, 166 [1893]). For , remarks oh 
the classification of alkali and alkaline eart^ 
borates v. Le Chatelier (G. B. 118, 1034 [1891]).; 
For a full account of Mn borate, v. Hartley ai 
Ramage (O. J. 63, 129 [1893]). The compounds 
6FeO.FeBr 2 .8B 2 O a and 6ZnO.ZnBr 2 .8B 2 O a are 
described by Rousseau a. Allaire (O. B. 116, 1445 ) 
abstract in C. J . 64 [11], 518 [1893]). 

Boron, phosphide of. According to Besson 
(C. B. 113, 78 [1891]), a phosphide of B is ob- 
tained by passing PH, into BBr„ and heating 
the product, BBr s .PH„ to 300°, when it gives 
HBr and B phosphide. The phosphide is safd 
to bb a brown powder, insoluble in water, react- 
ing with boiling oono. alkali solutions to give 
PH, : gives off P when heated to redness in N 
(for other reactions v. abstract in G. J. 60, 1418 
[1891]). 

Boron, selenide of. (?B 2 Se,). Obtained, as 
a yellowish grey powder, decomposed violently 
by water, giving R,Se and some Se, bv heating 
B to full redness in a current of B^Se (S'-hatier, 
O. B. 112, 1000 [1891]). 
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Boron, sulphides of (vol. i. p. 581). For heat 
of formation of B.8 t v. Sabatier (C. R. 112, 862 ; 
abstract in 0. * T. 60, 981 [1891]). Moissan (G, R. 
115, 203 [1892]) gives details of various methods 
of preparing B 2 S., and describes the reactions of 
this compound (o. abstract in 0. <7. 62, 1893 
[1892]). According to M. (lx. p. 271), boron 
pentasulphide, B 2 S 5 , is obtained by heating BI t 
with rather less than one equiv. of S in CS 2 
solution at 60° for many hours. M. describes 
the compound, which was not obtained pure, as 
a light white crystalline powder, S.G. 1*85. 

BBOMHYDBIC ACID (vol. i. p. 532). The 
V.D. has been determined by Biltz at — 15° and 
-28° (Z. P. C. 10, 354 [1892]); the results 
agree with the V.D. required by the formula 
HBr. The M. M.s of HBrAq from 15*47 to 
65*59 p.o. HBr have been measured by Perkin 
(0. L 55, 706 [1889]). 

Preparation.— 1. By the interaction of P, Br, 
and H 2 0, v . Fileti a. Crosa (G. 21, 64 [1891] ; 
c/. Gassman, abstract in C. J. 64 [11], 453 [1893]). 
2. By passing HjS into Br covered with water 
(Recoura, C. R . 110, 784 [1890]). — 8. By adding 
HjjSO^q S.G. 1*41 to KBr (Feit a. Kubiersohky, 
J. Ph. [6] 24, 159 ; abstract in G. J. 60, 1320 
[1891] ; v. also Addyman, 0. /. 61, 97 [1892] ; 
and cf. L6ger, abstract in G. J. 64 [11], 114 
[1893]). 

Hydrates,— Pickering (P. M. [5] 36, 11 [1894]) 
has isolated HBr.3B 2 0 and HBr^HgO ; the 
former melting at — 48° and the latter at — 65*8°. 

Reactions.— For the decomposition of HBrAq 
by H 2 S0 4 Aq of different concentrations v. Addy- 
man (C. J. 61, 98 [1892]). 

BROMINE (vol. i. p. 534). Mol. w. in solu- 
tion in water or acetic aoid = 159*5 (Br.J (Paterno 
a. Nasini, B. 21, 2154 [1888]). The V.D.s of Br 
from 15° to 280°, and at pressures from 15 to 
760 mm., have been determined by Perman (Pr. 
48, 45 [1891]); no indications of dissociation 
were obtained. For measurements of the ab- 
sorption of light by Br v. Camichel ( C . R. 117, 
807 ; abstract in C. J. 64 [11], 561 [1893]). 

Bromates (vol. i. p. 538). Lithium bromate 
LiBrO, : prepared by the interaction of 
Ba(BrO,) a Aq and Li 2 S0 4 Aq (Potilitzin, J. R. 
22, 392; abstract in O. J. 62, 1275 [1892]). 
Potassium bromate KBr0 8 . The decomposi- 
tion of this salt by heat has been studied by 
Cook (C. J. 65, 802 [1894]) ; decrepitation occurs 
at o. 180°, with evolution of Br ; the salt fuses 
at a higher temperature, and O is evolved, with- 
out any Br, until KBr remains ; no oxy- com- 
pounds are formed. 

Strontium bromate begins to decompose at c. 
240° ; the principal change is to SrBr 2 and O, but 
SrO is also formed (Potilitzin, J. R . 22, 454; 
abstract, with summary of quantitative results , 
in 0./. 64 [11], 11(1893]). 

c 

CADMIUM (vol. i. p. 654). Determinations 
of the at. w. have been made by Partridge (Am. S . 
pn 40, 877 [1891]), and by Morse a. Jones (JLm. 
14, 261 [1892]). P. converted CdC 2 0 4 into CdO 
by heating, 04804 into GdS by heating in B 2 S, 
ahd 0dC 2 0 4 into CdS by heating in H,S. M. a. 
J. ponverted Od into Cd(NO t ) 2 , and this into OdO 
by heating. The results ml lie about 112 (v. 
absbrtok in a X 60, 899 ; cf. Clarke, ibid. 890 
£1891], and 62, 1897 [1892]). Lorimer a. Smith 


(Zeit. f, anorg. Chemie , 1, 364 [1892]) obtained 
values varying from 112*182 to 111*908 (0 » 16). 
The molecule of Od in dilute solution in tin may 
be diatomic (v. Heycock a. Neville, 0. «T. 57, 376 
[1890]). Cd meltB at 820*68°, according tc 
Callendar a. Griffiths (determined by Pt ther- 
mometer, G. N. 63, 1 [1891]). For the line- 
spectrum of Cd v. Ames (P. M. [5] 30, 33 [1890]). 
According to Williams (Am. 14, 273 [1892]), Cd 
crystallises in hexagonal and polyhedral forms ; 
axial ratio a:c ® 1:1*6554. Cd is stiperfioially 
oxidised at a dull-red heat by nitric oxide 
(Sabatier a. Senderens, C. R. 114, 1429 [1892]). 
Montemartini (G. 22 [1] 250; v. abstract in 
0. J. 62, 1278 [1892]) has analysed the gases 
produced by the interaction of Cd and nitric 
acid ; with excess of HN0 3 Aq (27*5 p.c.) at 8°, 
N, NO, N 2 0 and NH a are produced. 

Cadmium, alloys of (vol. i. p. 655). For an 
alloy with gold, CdAu, v. Heycock a. Neville 
(G. J. 61, 914 [1892] ; «,/. ibid. 65, 65 [1894]). 
For alloys with copper , gold, and silver , pre- 
pared by immersing Cd in solutions of salts of 
the other metals, v. Mylius a. Fromm (B. 27, 
630 [1894]). 

Cadmium, bromide of (vol. i. p. 655). For 
the double compounds CdBr 2 .*CsBr, x « i, 2, and 
3, v. Wells a. Walden (Zeit.f. anorg. Chemie, 5, 
266 [1893]). 

Cadmium, chloride of (vol.i.p. 655). Kwasnik 
(Ar. Ph. 229, 569 ; abstract in C. J. 62, 566 

R describes CdCL^NHg and OdCl 2 .NH 2 . 

e double compounds CdCl 2 .CsCl and 
CdCl 2 .2Cs01, v. Wells a. Walden (l c.). Double 
compounds with HCI, NH 4 C1, LiCl, and KOI, 
of the form CdCl z .MCl. xaq, are described by 
Chassevant (A. CK [6] 30, 5; v. abstract in C. J . 
66 [11], 18 [1894]). 

Cadmium, fluoride of (vol. i. p. 655). CdF 2 
is obtained by (1) the interaction of HF and Ca 
at a red heat ; (2) the interaction of HF and 
fused CdCl 2 , or CdO at a red heat ; it is a oolour- 
less, transparent solid ; S.G. 6*64 ; somewhat 
soluble water, insoluble alcohol of 95° (Poulenc, 
C. R . 116, 581 [1893]). 

Cadmium, iodide of (vol. i. p. 656). For the 
double compounds CdI 2 .#CsI, when x » 1, 2, and 
3, v. Wells a. Walden (l.c.). 

Cadmium, oxides of (vol. i. p. 656). CdO is 
unchanged at c. 1750° (Read, C. J. 95, 313 
[1894]). 

According to Kouriloff (J. R. 22, 171 ; 
abstract in C. J. 62, 1278 [1892]), the compound 
CdOg.CdOgHj is obtained by heating CdO-ft with 
HjOjjAq. Morse a. Jones (Am, 12, 488 ; abstract 
in C. J. 58, 1376 [1890]) obtained small 
crystals, which they say were cadmous oxide 
CdgO, by gently heating CdOH ; the hydroxide 
was obtained by heating CdCl 2 , CdBr 2 , or Cdl* 
with excess of Cd, to the melting-point, in N, or 
in vacuo , and treating with water, when CdCL. 
CdBr 2 , or Cdl 2 dissolved, a littP CdC/^ 
separated, and CdOH remained as a white 
amorphous powder. 

CadmiUfD, salts of (vol. i. p. 656). For the 
electrical conductivities of very dilute solutions 
of CdBr* CdCl 2 , Cdlg, K.OdI,, Cd(NO*)*, and 
OdS 0 4 , v. Wershoven (Z. P. G. 5, 481 [1890]). 

Cadmium, sulphide of (vol. x. p. 657). Two 
forms (and perhaps more) of CdS ceem to exist, 
one lemon-yellow and the other red ; they differ 
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slightly in S.G., and in crystalline form; the yel- 
low is said to change to the red by friction ( v . 
Buchner, Ohem. Zeit. 11, 1087, 1107 ; 15, 778 ; 
▼on Klobukoff, J. pr. [2 j 89, 412 ; abstracts in 
0. J . 54, 224 [1888]; 56,946 [1889]; 62,778 
[1892]). A solution of colloidal CdS was ob- 
tained by Prost (0. C. 1888. 32; abstract in 
0. J. 54, 653 [1888]) by completely ppg. an am. 
moniaoal solution of CdS0 4 by H a S, washing 
well, suspending the pp. in water and passing 
in H 2 S A solution with 4 grins. CdS per litre 
remained clear for many days; one with 11 
grms. coagulated in 24 hours. 

CA33IUM (vol. i. p. 657). According to 
Beketoff (v. abstract in G. J. 62, 274 [1892]), Os 
is obtained by heating OsOH with c. 4 its weight 
of Al. 

Ctesium, haloid compounds of (vol. i. p. 658). 
A series of compounds of the form CsX„, where 
X 8 = Br g , I 8 , or Br and I, 01, Br and I, &o., is 
described by Wells a Penfield (Am. S . [3] 48, 
17 ; abstract in C . J. 62, 773 [1892]). Double 
compounds of Cs haloids with haloid compounds 
of Od, Ou, Mg, Hg, Pb, and Zn are described 
by Wells (and others) (Am. S. [3] *4, 221 ; Zeit. 
f. anwg. Chemie , 3, 195 ; 5, 266, 273, 300, 304, 
306; abstracts in C. J. 64 [11], 67, 822 [1893] ; 
66 [11], 45, 47 [1894]). 

CaBsium, hydroxide of (vol. i. p. 658). 
S.O. £ 4-0X78 ; [CsOH.AqJ = 15,876 ; 
[CsOHAq,HClAq]- 18,790 (Beketoff, O.C. 1891. 
[11] 451). 

(hesium, oxide of (vol. i. p. 658). According 
to Beketoff (J. B. 25, 433; abstract in O. J. 66 
[11], 234 [1894]), Cs 2 0 reaots with slightly moist 
H to give Os and OsOH. 

CALCIUM (vol. i. p. 663). The molecule in 
dilute solution in tin may be diatomic ( v . Hey- 
cock a. Neville, C. J. 57, 376 [1890]). 

Calcium, oarbide of. By heating 120 g. CaCO, 
with 70 g. suga*’ charcoal in the electric furnace 
with a current of 350 amperes and 70 volts, 
Moissan (C. B. 118, 501 [1894]) obtained lus- 
trous, yellow crystals of Ca0 2 ; S.G. 2*22 at 18° ; 
insoluble in most solvents ; reacts with 01, Br, 
and I at 250°-350° ; burnt to CaCO, by O at a 
red heat ; interacts violently with water, giving 
off pure acetylene, and with steam giving CaCO a , 
O, H, and CJEI* (< abstract in O . /. 66 [1], 313 
[1894]). 

Calcium, oxide of (vol. i. p. 666). OaO is 
unchanged et o. 1750° (Read, O. J. 65, 313 
[1894]). According to Veley ( C . J. 63, 821 
[1893] ; 65, 1 [1894]), dry CaO does not appre- 
ciably combine with dry C0 2 , SO*, or 01 below 
300°. Baker (O. J. 65, 611 [1894]) says that dry 
CaO does not react with dry SO s , nor with dry 
NH 4 TJ1. Moissan ( C . B. 115, 1034 [1892]) obtained 
crystals of OaO by heating ordinary lime in the 
electrio furnace. 

Calcium, oxychloride of (vol. i. p. 666). Pre- 
yed by soiling CaO with cone. CaCi^Aq ; crys- 
tallises in thin, lustrous needles; decomposed 
by water, alcohol, Ac.; dissolves in glycerin. 
Composition is probably 3CaO.CaCl,. 15aq (Za- 
horsky, ?*it. f. anorg. Chemis. 8, 34 [1893]). 

Calcium, oxyiodide of. By heating CaOjwith 
&I»Aq in ja sealed tube at 150° for 6 hours, 
Tassilly (BZ. [3] 9, 629 [1898]) obtained needles 
M CaI*.3CaG. 16aq. 


CABBOK (vol. i. p. 684). 

Diamond. Moissan (6. B. 116, 218; 118, 
820 ; abstracts in C. J . 64 [11], 275 ; 66 [11], 
189 [1893 and 1894]) obtained grey-black car- 
bonado by dissolving C in iron, heating to 
2000°-8000°, and rapidly oooling the exterior 
by water or by plunging into a bath of melted 
lead; the liquid interior expands as it cools 
and produces a very high pressure. Diamond 
blackens, swells, and changes to graphite in the 
electric furnace (M., O. B. 117, 428 [1893]). For 
various reactions of diamond, v. Moissan (O. J B. 
116, 460 ; abstract in C. J. 64 [11], 319 [1898]). 

Graphite. For acoounts of graphites pre- 
pared in different ways, the compositions of the 
graphitic oxides obtained, and the H.F.s of these 
oxides, v. Berthelot a. Petit (C. B. 110, 101, 106 ; 
abstract in G. J. 58, 448 [1890]). For the action 
of cone. HNO a on various grapnites, v . Luzi (B. 
24, 4085 ; 26, 1412 [1892 and 1893]). 

Amorphous carbon. Mixter (Am. 8. [3] 45, 
363 ; abstract in C. J. 64 [11], 671 [1898]) de- 
scribes the interactions of charcoal and N, B, O, 
and the halogens. According to Ernst (J. pr. 
[2] 48, 31 ; abstract in O. J. 64 [11], 461 [1893]), 
the composition of the products of combustion 
of coke (GO and C0 2 ) depends almost wholly on 
the temperature; the maximum formation o*' 
C0 2 is at c. 700°, at 1,000° CO is the only pro- 
duct. 

Allotropy of carbon. The following heats 
of combustion, and atomio volumes, are given 
by Petersen (Z. P. C. 8, 601 [1891]) 


[C,O a ]. At. volume. 

Amorphous . 96,530 to 96,980 6*7 to 8 

Graphite . . . 93,360 5*8 

Diamond . . . 93,240 to 94,550 8*4 


For the reactions of various forms of O with 
KjCrjjO, and H 2 S0 4 v. Wiesner (Af. 13, 871; 
abstract in G. J . 62, 1273 [1892]) ; and with 
HNO, and KCIO, v. Schutzenberger ( O . B. 
Ill, 774 ; abstract in G. J . 60, 265 [1891]). 

Carbon, tetrabromide of (vol. i. p. 688). 
Collie (G. J. 65, 262 [1894]) finds that very 
many compounds of oarbon give CBr 4 when 
heated with NaOHAq and Br. 

Carbon, bromochorides of (vol. i. p. 688). 
The three compounds CBrCl,, CBr a CL, and 
CBrCl 3 are formed by heating CHC1, and Br to 
225° in a sealed tube (Besson, O. B. 114, 222 
[1892].) 

Carbon, tetrafluoride of, CF 4 . Mol. w. 88*87. 
V.D. 44*6. Prepared by the direct union of G 
(purified lampblack) and F at the ordinary 
temperature; by the reaction of F with CCl 4 
slightly heated, or with CHG1, at 100°, or with 
CH 4 (Moissan, O. B. 110, 296, 951 ; abstract • 
in G. J. 58, 557, 944 [1890]) ; also by heating 
AgF with CC1 4 to 220° in a sealed tube (Chabri6, 
G . B. 110, 279 [1890]). M. recommends to 
pass vapour of CC1 4 over AgF at 196°-200°, to 
let the vapours pass through a serpentine tube 
kept at - 23°, and to collect the gas over Hg ; the 
gas is kept in contact with fragments of caout- 
chouc (to remove COIJ, then shaken with ab- 
solute alcohol, in which it dissolves, and then 
expelled 'by heat, collected and shaken with' 
ELjSO, (to remove alcohol vapour) ; metal vessels 
must be used. CF 4 is a colourless gas, liquefying, 
at - 15° and 760 mm, pressure, or at 20° under 
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a pressure of 4 atmos. Other fluorides seem to 
be formed along with 0F 4 ; Ohabrid (Z.c.) says 
that AgF and C,01 4 yield <y? 4 . 

Carbon, tetra-ioaide of (vol. L p. 689). Mois- 
san (0. B. 118, 19 ; abstract in 0. J. 60, 1420 
[1891]) prepares OI 4 by heating CC1 4 (free from 
CHOy with exoess of BI, to 90° in a sealed tube, 
washing the orystals with NaHSOgAq, drying, 
and slowly subliming m vacuo. Cl 4 reaots 
with 01 to form C01 4 and ohlorides of 1 ; reduced 
to CHI, by H at 140° (for other reactions v. 
M>, Z.c.). 

Carbon monoxide (vol. i. p. 689). For 
some experiments on the sparking of GO, with 
the formation of brown Bolids, v. Berthelot (C. B. 
110, 609) and Sohutzenberger (C. B . 110, 660 ; 
abstracts in C. J ’. 68, 691 [1890]). Winkler ( B . 
24, 878 [1891]) finds that CO is reduced to C, at 
a full red heat, by Mg ; carbides of Mg are pro- 
bably formed (c/. W„ B. 23, 2642 [1890]). 

Carbon dioxide (vol. L p. 691). For S.H. of 
CO, v. Kurnakoff (J. B. 22, 498 ; abstract in 
0. J. 64 [11], 6 [1893]). CO, is reduced by 
heating to redness with Mg, amorphous C and 
some CO being formed (Winkler, B. 23, 2642 ; 
24, 878 [1890-9^). Dry C0 8 is said not to com- 
bine with dry NH, (Hughes a. Soddy, 0. N '. 69, 
* 88 ). 

Carbon, oxyohloride of (voL i. p. 692). COOL 
becomes viscid, but remains clear, at —76° 
(Haase, B. 26, 1062 [1898]). 

Carbon disulphide (vol. i. p. 698). The con- 
tractions observed when mixtures of CS 2 and air 
are exploded show that the reaction is more 
complicated than is shown by the equation 
GS a + 80, - C0 2 + 2SO, ; the volume of 00, 
found is, practically, in accordance with the 
equation, but the volume of SO, is smaller; 
some of the N of the air is oxidised (v. Pedler, 
0. J. 67, 625 [1890]). By heating OS, with 
excess of aqua regia , Schlagdenhauffen a. Bloch 
(JT. Bh. [5] 28, 241 [1898]) obtained SO(OOCl,)Cl. 
Decomposition of CS„ heated in dry N, begins 
at 216°, and explosion with 0 at a higher tem- 
perature (Baker, 0. J . 65, 611 [1894]). 

Tricarbon disulphide C,S 2 . B. von Lengyel 
(B. 26, 2960 [1893]) obtained this compound by 
keeping the vapours of OS, in an eleotrio aro 
between C poles for some hours, Altering off the 
black substanoe formed, allowing the red filtrate 
to stand over Cu for 6 to 8 days, and evaporating 
in a current of dry air. C,S, is a deep-red 
liquid, S.G. 1*27889; the vapour, even in 
minute quantities, oauses violent catarrh ; can 
be distilled, with partial change to a black solid, 
at 60°-70° and reduced pressure ; insoluble 
water, but dissolved by EtOH, Et,0, GS„ CHOI,, 
or OjH,. A cone, solution in CS, deposits a 
black solid ; the same solid is formed by gently 
heating the liquid, if heating to 100°~120° 
is rapid the change is explosive. The bl^ck 
solid is probably apolymeride. A solution of 
GgS, in CS, reaots with Br to form C,S^Br r (For 
other reactions, v. abstract in 0. J. 66 [11], f 91 
[1894].) L 

Carbon, thiobromide of, C,S,Br, ; formed by 
the action of Br on a solution of 0,8, in CS, (t>. 
supra). 

Carbon, thioohlorlde of (voL i. p. 695). The 
polymerfcle of thio-oarbonyl chloride has the 
molecular formula (OSClg)„ according to the 


oryosoopio determinations of Carrara (0. 28 [XX] 
12; abstract in 0. J. 66 [11], 15 [1894]). 

CEBIUM (voL L p. 723). For details regard- 
ing the preparation of Ce compounds free from 
compounds of Di and La, v. Schottlander (B. 
25, 378 [1892]); also Bricout (0. B. 118,145 
[1894]). 

Cerium, hydride of. According to Winkler 
(B. 24, 673 [1891]), a compound of Ce and H, 
probably GeH* is formed by reducing CeO, by 
Mg in presence of H. 

Cerium dioxide (vol. i. p. 725). CeO, is un- 
changed at o. 1750° (Bead, 0. J. 65, 813 

^chIloehydbic ACID (vol. «i. p. 6). Biltz 
(Z. P. 0. 10, 854 [1892]) finds that the V.D. at 
— 77° agrees with the formula HC1. Perkin (0. J. 
65, 703, 705 [1889] has determined M. M of 
HClAq and HC1 in iso-amyl ox ; de ; the values 
obtained for HC1 in Aq are c. double those for HC1 
in iso-amyl oxide. For measurements of the 
E.G. of HG1 in different solvents, v. Kablu- 
koff (Z. P. 0. 4, 429 [1889]). For revised tables 
giving S.G. of HClAq, v. Lunge a. Marchlewski 
(Zeit. /. anorn. Chemie , 1891. 133). 

For the relations between the number of 
molecules of HC1 required to ppt. one *nol. of 
different chlorides, and the reduction of the 
freezing-points of solutions of the ohlorides and 
of HC1, v . Engel (0. B. 117, 845 ; abstract in 
0. J. 66, 40 [1894]). 

Bailey a. Fowler (0. /. 53, 765 [1888]) find 
that when HC1 stands over P,O ft the gas is ab- 
sorbed, with production of POC1, and HPO, ; 
and that when HC1 and O stand over Hg an 
oxychloride, probably Hg,OCl,.H,0, is formed. 
Baker (0. J . 66, 611 [1894]) states that dry HC1 
does not oombine with dry NH, when the gases 
are mixed. 

CHLOBINE (vol. ii. p. 10). For the S.G. of 
liquid chlorine from —80° to 77°, and the 
vapour pressures from -88° to 1^6°, v. Knietsoh 
A . 259, 100 [1890]). For the preparation of Cl 
or use in the laboratory, v. Klason (B. 28, 830 ; 
abstract in 0. J. 58, 445 [1890]). Shenstone 
(0../. 61, 445 [1892]) finds that Cl obtained by 
heating PtOl, always contains some HC1 and 
O, with water, and perhaps a traoe of N. Cl 
expands when brought into sunlight. Biohard- 
son (P. M. [5] 82, 277 [1891]) has constructed 
an instrument wherein the expansion is used 
to measure the intensity of light. Baker (0. J. 
65, 611 [1894]) found that no explosion oocurred 
when a mixture of equal vols. of dry Cl and dry 
H was exposed to bright sunlight; and that 
after exposure to bright sunshine for two days, 
and to diffused light for two flays* more than a 
quarter of the mixture remained unchanged* 

Pedler (0. J. 57, 618 [1890]) has examined 
the interaction of Cl and water in tropioal sun* 
light ; he finds that there is very little action 
unless there is an extremely large exoess of 
water. With very muoh water and lift*** 
Cl, exposed to the full light of the sun in 
the hot season in India, the main reaction is 
2H,0 + 2CL 4- Aq » 4HClAq + O, ; with diffused 
sunlight HClAq and HGlOAq are formed at first, 
and finally HClAq, HC10,Aq, and O. Harkef 
(Z.P.0. 9, 678 [1892]), from an extended investiga- 
tion of the explosion of mixtures of (31, H and 
O, concluded that whpn there is insufficient H A 
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combine with all the Cl and all the 0, a division 
of the H between the Cl and 0 occurs; and that 
the product of the numbers of molecules of 
HOI and 0, divided by the product of the num- 
bers of molecules of Rfi and 01, is a constant, 
or, in other words, that the law of Guldberg a. 
Waage holds good. According to Gautier a. 
Charpy (G. B, 113, 597 [1891]), there is no re- 
action between Mg or Zn and liquid Cl at the 
ordinary temperature, very little reaction with 
Fe or Ag, and rather more with Cu. 

Chlorates (vol. i. p. 18). Spring a. Prost 
(Bl, [8] 1, 840 [1898]) have determined the 
quantities of Cl obtained by decomposing by 
heat chlorates oi Al, Ba, Cu, Pb, Hg, K, Ag, 
Na, and Zn; the amount of Cl varied from 
*02 p.c. from KC10, to 14*45 p.c. from Zn(C10„) 2 . 

Calcium chlorate . Dry Ca(C10 8 ) 2 melts 
between 800°-? 50°, having previously given off 
from 8 to 5 p.o. of its weight of O ; the rate of 
evolution of O increases, at 380°, until o. 60 p.c. 
of the total O is given off, after which the rate 
decreases. For the quantities of O evolved, of 
Ca(C10 8 ) a decomposed, and of CaCL, and 
Ca(C10 4 ) 2 formed, v. abstract in J. 62, 1275 
[18921. 

BoLssium chlorate . McLeod ( C . J \ 55, 184 
[1889]) concluded from his experiments that 
when KC10„ is heated with Mn0 2 some KMn0 4 
is formed and again decomposed ( v . Manganese 
peroxide, vol. iii. p. 183), and that Cl is always 
given off in thiB reaction. In 1893 ( B . 26, 1790) 
Brunck stated that Cl is not given off when 
KC10 a and Mn0 2 are heated together, but that 
ozone is produced. McLeod (C. J, 65, 202 
,[1894]) has proved that Cl is produced in the 
reaction. Fowler a. Grant (C, J. 57, 272 [1890]) 
have Btudied the influence of various oxides on 
the decomposition of KC10„ (references are 
given to older memoirs) ; they support McLeod’s 
view of the reaction with Mn0 2 , and think that 
the oxides of Fe^ Co, Cu, and Ni react similarly 
to Mn0 2 ; acidic oxides, such as V 2 O s , U a O H , and 
WO a cause evolution of O accompanied by 
much Cl, a vanadate, uranate, or tungstate being 
also formed ; powdered glass or sand also assists 
the reaction, but only when very finely divided 
(v. summary of conclusions, C. J . 57, 281-2). 
According to Thorpe a. Perry (C. J. . 61, 925 
[1892]); the main reaction which occurs when 
an intimate mixture of KC10 a and iodine is 
heated is 2KC10 a + L«2KI0 8 -fGL}, and some 
of the Cl reacts with unchanged I to form 
101 and ICl a . Basset (C. J. 57, 760 [1890]) 
examined the reactions between K010 a , water, 
and iodine; he concluded that the main re- 
action, at 80°, in the presenoe of a very 
small quantity of HNOjAq, is as shown by 
the equation 6^ + 10KC1O, + 611^0 + Aq «* 
(6KHI 2 O a Aq + 4KClAq + 6H01Aq ; in evaporating 
the solution to dryness Cl was given off, and 
the results of several experiments led to the re- 
presentation of the change produced by evapo- 
ration to dryness as 12KHI 8 Q 8 + 8E01 + 12H01 « 
llKHI 2 O a + 9KG1 + 611,0 4* IC1 + IC1.HC1 + 4C1*. 
For determinations of the quantities of oxidising 
gases (Cl md oxides of Cl) removed by passing 
air through KClCLAq mixed with HClAq, v. 
Pendlebury %. McEillop (C. 8 . Broc . 1,898-4. 
(No. 128] 211). 

8trmtkm chlorate . For experiments on the 


decomposition of this salt by heat, giving SrCl* 
Sr(C10 4 )„ and O, v. Potilitzin («T. B. 21, 451 ; ab- 
stract in 0. J . 58, 696 [189Q]). 

CHROMIUM (vol. ii. p. 152). S.H. of pure 
Cr (0° to 98°) « *12162 (J&ger a. Kriiss, J3. 22, 
2028 [1889]). The at. w. of Cr was re-determined 
by Bawson in 1889 (C. «T. 65, 218) by strongly 
heating (NQ 4 ) 2 Cr 2 0 T , measuring the N given off, 
and weighing the Or a O s that remained ; also by 
reducing (NH 4 ) 2 Cr 2 07 Aq to CrCl a Aq by HClAq 
and aloohol, ppg. by NH,Aq, and weighing Or 2 O a 
produced; the mean value thus obtained was 
52*06, or 51*98 reduced to 0° and a vacuum 
(O * 15*96). Menieke in 1891 (A. 261, 889 ; ab- 
stract in 0. J, 60, 882 [1891]) re-determined the 
at. w. of Cr by estimating (1) Ag and Or, and 
also O, in Ag 2 Cr0 4 and in Ag 2 Gr0 4 .NH t , (2) 0 in 
KjGr 2 0 7 ; (3) 0 and Cr in (NH 4 ) 2 CJr 2 0 7 ; the extreme 
values, from thirty-six experiments, were 52’12 
and 51*83 ; twenty-eight of the experiments gave 
values between 51*9 and 52. According to Frihz 
(C. R. 116, 392 [1893]), Cr crystallises in minute 
cubes with pyramidal faces. For the absorption 
spectra of salts of Or, v, Lapraik (J. pr . [2] 47, 
305 [1893]). 

Preparation ,— Glatzel (B. 28, 8127 [1890]) 
says that almost perfectly pure Cr can be ob-, 
tained by reducing CrCl a .KCl by Mg powder (for 
details v . abstract in C. J. 60, 152 [1891]). 
Placet (0. B, 115, 945 [1892]) prepares Cr by 
electrolysing a solution of Cr alum, containing 
an alkali sulphate and H 2 S0 4 . Moissan (0. B. 
116, 349 [1893]) says that Cr can be obtained by 
reducing a mixture of Cr 2 O a and C in the electric 
furnace, using a current of 50 volts and 100 am- 
peres, and then breaking up the product, which 
contains from 8*6 to 12*9 p.c. 0, and heating It, 
mixed with more Cr 2 O a , again in the electric 
furnace in a carbon crucible. 

Chromic acid (vol. ii. p. 154). Miss Field 
( C . J. 61, 406 [1892]) has found that only GrO a 
is obtained by working according to Moissan’g 
directions for preparing HjCrO^ Determinations 
of the increase in the b.p. of water caused by 
solution of CrO a led to the conclusion that an 
aqueous solution of CrO a contains some H 2 Cr0 4 
and probably also ELjCrjO,. 

Chromic bromide CrBr a (vol. ii. p. 161). Be- 
ooura (0. B . 110, 1029, 1193) obtained green 
CrBr^HsO by boiling saturated CrO^q with ft 
large excess of HBrAq and concentrating ; deli- 
quescent crystals, soluble aloohol, insoluble ether. 
Unchanged when kept solid, but solution soon 
becomes blue and then violet, with rise of tem- 
perature. By boiling a green solution, then 
saturating with HBr while cold, filtering, and 
drying the pp. thus formed on porous plates, 
crystals of the blue variety, CrBryOB^O, were ob- 
tained ; very soluble water, insol. alcohol. Heat 
of solution of blue orystals *» 28,700 ; and of 
green «= 1,360. The blue solid is ohanged to the 
green at 100°. (For more details v, abstract in 
0 . J. 58, 1063 [1890].) 

Ohromio chloride CrCl, (vol. ii. p. 161). Mar- 
chetti (G. 22 [11], 875 [1892]) finds that the 
molecular lowering of the freezing-point of water 
by the viobt form of CrCl a is considerably greater 
than that caused by the green form. 

Chroyiic fluoride CrF a (voL ii. 162)* 
Fabris (G. 20, 582 [1890]) obtained 
as a green crystalline pp., by adding excess of 
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NH 4 FAq gradually to a oold solution of violet 
CrJB0 4 ) r Slightly sol. water ; insoluble 
NH.FAq or alcohol ; heating in air leaves Cr 2 O s . 
Poulenc (C. R. 1X6, 263 [1893]) obtained CrF, 
in green crystals by heating CrCL, Cr 2 0 8 , or 
GrF 8 .&R 2 0 in HF. 

Ghromous fluoride. According to Poulenc 
(Le.), CrF 2 is formed by heating Or to redness in 
HF, or by the interaction of GrOl^ and HF at 
the ordinary temperature. CrF 2 , after fusion, 
is described as a transparent, green, crystalline 
mass ; S.G. 4*11 ; slightly sol. water, insol. alco- 
hol. Heated in air it gives Cr 2 0 8 . (For more 
details v . abstract in C. J . 64 [11], 281 [1893].) 

Ohromie oxide Or 2 O a (vol. ii. p. 164). Moissan 
( 0 . B. 116, 1034 [1892]) found that Cr 2 0 8 melted 
to a black mass, dotted with black crystals, in an 
electric furnace, using a current of 65 volts and 
80 amperes. 

Chromium trioxide Cr0 8 (vol. ii. p. 164). 
For action of water v . Chromic acid, p. 905. Re- 
duced to 0r 2 0 8 by NO at the ordinary tempera- 
ture (Senderens a. Sabatier, G. R. 114, 1476 
[1892]). For the reaction of OrO a Aq with 0 and 
BaOgH^q—said to give a pp. approximately 
Ba0r0 5 — v. Pochard, 0. R. 113, 89 (abstract in 
O. J . 60, 1431 [1891]). 

Chromium salts (vol. ii. p. 167). According 
to Reooura (O. R. 112, 1439 ; abstract in G. J 
60, 1430 [1891]), the green solutions obtained by 
heating solutions of the normal violet chromic 
salts contain free acid and a soluble basic salt ; 
in the oase of the sulphate this soluble basic 
salt is said to be 2Cr 2 0 8 .5S0 a . For preparation 
of green soluble normal sulphates v. Reooura, 
G. R, 118, 857 (abstract in C. J. 62, 411 [1892]). 

CHROM-AMMONIUM COMPOUNDS (vol. ii. 
p. 158). Petersen (Z. P. 0. 10, 580 [1892]) finds, 
by oryosoopic determinations, that the formulas 
usually assigned to the chief salts of this olass 
are probably molecular. For a discussion of the 
constitution of these salts v, Jdrgensen (J. pr. 
[2] 42, 206 ; 45,274). 

CHROMATES; and derivatives (vol. ii. p. 

154). 

Ammonium chromates. According to Jager 
a. Kriiss ( B . 22, 2028 [1889]), normal ammonium 
chromate has not hitherto been obtained pure ; 
they prepare the pure salt by adding excess of 
N£^Aq S.G. ’9 to GrO^Aq free from H 2 S0 4 Aq, 
warming until the solid that separates dissolves, 
and placing in a freezing mixture. (NH 4 ) 2 Cr0 4 
crystallises in long, monosymmetrio, golden 
needles, a:6:c - 1*9603:1:2*4452 ; S.G. 1*886 at 
11 °. 

Ammonium trichromate (NH 4 ) 2 Cr 3 O 10 is pre- 
pared by J. a. K. (Lc.) by dissolving (NHJ 2 Cr 2 0 7 
in hot cone. OrOjAq, concentrating, and drying 
at 100° the red crystals that separate on cooling ; 
SiG. 2*342 at 13° ; explodes at 190°, giving off 
NO„ and leaving Gr 2 0„. t 

Ammonium tetrachromate (NH 4 ) 2 0r 4 O 18 is 
formed by dissolving the trichromate in warm 
&NO,Aq S.G. 1*09, and letting cool slowly *S.G. 
2*343 at 10° ; melts at 170°, and suddenly de- 
composes at 175°, giving off NO and leading 
Cr 2 O r J. a. K. (lx.) failed to obtain hexa- 
chromate ; they say that no nitro-chromates are 
obtained by treating ammonium ohromrtes with 
HNO^aq. (For more details v. abstract in 0. J. 
56, 1117 (1889].) Various double compounds of 


NH 4 ) 3 Gr s 0 7 with HgCLj are described by J. a. K. 
lx.). 

Gerio dichromate CeO^GrO^HjO. Pre- 
pared by passing a ourrent of 2*5 to 8 volts 
through a slightly acid solution formed by dis- 
solving Ce 2 (C0 3 ) 8 in CrO,Aq; insoluble water, 
boiling water forms yellow 0e(C*0 4 ) 2 and then 
Ce0 2 .a;K 2 0 (Bricout, C.R. 118, 145 [1894]). 

Lead chromates. For double compounds of 
PbCr0 4 with Li 2 Cr0 4 , K 2 0r0 4 , and Na 2 Cr0 4 , v* 
Lachaud a. Lepierre, G. R. 110, 1035 (abstract 
in G. J. 58, 1065 [1890]). 

Mercury chromates. For basic mercuric 
chromates and a double compound of HgCr0 4 
with NH 2 HgGl v. Jager a. Kr^as, B. 22, 2028 
(abstract in G. J. 56, 1120 [1889]). 

Potassium chromates. Jager a. Kriiss (lx.) 
prepare potassium trichromate K 2 Cr 3 O, 0 by treat- 
ing Kfiv.fi, with HNOjAq S.G. 1*19, pouring off 
from KNO t that separates, and crystallising; 
S.G. 2*648 at 11°. K 2 OrjO, 0 is quickly decom- 
posed by water to CrO a Aq and K 2 Cr 2 0 7 Aq ; melts 
at 250°. Potassium tetrachromate Kfiifi l9 is 
prepared by J. a. K. (lx.) by dissolving K 2 Gr 2 0 7 
in hot cone. HNO a Aq S.G. 1*41 ; S.G, 2*649 at 
11° ; not deliquescent ; decomposed by water ; 
orystallises unchanged from HNO a Aq H.3t. 1*41. 
Schmidt ( B . 25, 2917 [1893]) says that no nitro- 
chromate is obtained by the action of HNOaAq 
onK 2 Cr 2 0 7 ; the substanoes obtained by Darm- 
stadter ( v . vol. ii. p. 158) were mixtures of KNO, 
and K 2 Cr 4 0, r 

Silver chromates. Pure silver chromate 
Ag 2 Cr0 4 is prepared by J. a. K. (lx.) by re- 
peatedly boiling Ag 2 Cr 2 0 7 with water as long 
as anything dissolves ; it is a deep-green solid, 
insol. water. 

Sodium perchromate. Haussermann (J. pr . 
[2] 48, 70 ; abstract in G. J. 64 [11], 471) describes 
a salt Na 8 Cr 3 0 I5 .28aq, prepared by adding Na 2 0 2 
to a thin paste of CrOjH, and water, kept at 10°- 
20 °. 

Thallium chromates. For preparation of 
Tl 2 Cr0 4 and the double compound Tl 2 Cr0 4 .K { Cr0 4 
v. Lachaud a. Lepierre, Bl. [3] 6, 232 (abstract 
in G. J. 62, 567 [1892]). 

Uranium chromates. For double uranyl 
chromates v. Form&nek, A. 257, 102 (abstract in 
C. J. 58, 852 [1890]). 

IODOCHROMATES (vol. ii. p. 157). A series 
of salts of the forms I0 2 .0.Cr0 2 .0M 1 and 
(I0 2 .0.Cr0 2 .0) 2 M w has been obtained by Berg 
(G. R. 104, 1514 [1887]; 111, 42 [1890]); 
M 1 -NH 4 , Li, K, Ag, and Na ; M“»Co, Ou, Mg, 
and Ni. Most of the alkali salts were formed by 
dissolving the alkali iodate in excess of OrO a Aq 
and crystallising ; the other salts were usually 
prepared by dissolving the oxide or carbonate of 
the metal in excess of CrO s Aq and adding 
H10,Aq. (For details v. abstracts in O . J. 62, 
776 [1887] ; 58, 1378 [1890].) 

PHOSPHOCHRO MATE 3. By adding cone. 
H 3 P0 4 Aq + CrO s Aq to K 2 CO a Aq, Blondel (O. R. 
118, 194 ; abstract in G. J . 66 [11], 193 [1894]) 
obtained compounds of the form 
mK 2 O.P 2 O ft .nOrO s . xaq, m being 2 and 3,» 4 and 
8, and x being Owl. 

SULPH00HR0MATES. In 1882 Gross a. 
Higgiu described a compound of Cr^O,, SO,, and 
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[1892]; 116, 1367; 117, 37, 101 [1898]) has 
made a more complete examination of these and 
allied compounds. By evaporating, at 100°, 
solutions oontaining violet Cr 2 (S0 4 ) t and H 2 S0 4 , 
in the molecular ratio 1:1, 1:2, and 1:8, B. 
obtained chromosulphuric acid H 2 Cr 2 (S0 4 ) 4 , 
chromodisulp % uric acid H 4 Cr 2 (S0 4 ) 5 , and chromo- 
trisulphuric add H 6 Cr 2 (S0 4 ) 6 ; by using various 
sulphates in place of HJSO, he obtained chromo - 
sulphates; chromodisulphates , and chromolri - 
sulphates. The acids are green powders, easily 
sol. water ; they gradually decompose in solu- 
tion ; dilute BaCl^Aq ppts. Ba ohromosulphates, 
but cone. BaGLAq gives BaS0 4 . R. obtained 
chrornopyrostd^hUric acid Cr 2 (0H) 2 (S 2 0 7 H) 4 by 
evaporating a solution of Cr 2 (S0 4 ), and H 2 S0 4 , in 
the moleocdar ratio 1:5, at 100°, and heating the 
darVgreen syrupy liquid so obtained to 110°- 
115° for some- days. The acid forms brittle, 
transparent, pale-green lamin®. Balts of the 
form Cr 2 (S 2 0 7 ) 2 (0M) 2 r are obtained by adding 
alkalis to the acid in solution; these salts B. 
calls pyrosulphochromites . By adding cone. 
HClAq or H. 2 S0 4 to a solution of chroraopyro- 
sulphurio acid, B. obtained a compound 
Cr 2 (0H) 2 (8 2 0 7 ) 2 , pyrosulphochromic hydroxide , 
isomeil3 with chromosulphuric acid Cr 2 (80 4 ) 4 H. 2 . 
(For more details v. abstracts in C* 3. 62, 783 
[1892] ; 64 [11], 470, 528 [1898].) 

COBALT (vol. ii. p. 217). Winkler has re- 
determined at. w. of Co, (1) by dissolving eleo- 
trolytically deposited Co in HClAq, evaporating 
to dryness, and determining Cl in the CoCl* ob- 
tained (Zeit /. anorg . Ohemie, 4, 10 [1893]) ; 
(2) by finding the quantity of Ag deposited from 
solution of Ag 2 S0 4 by electrolytically deposited 
Co (Z.c. p. 462). The values obtained were all 
about 59-6 (Ag* 107*66). 

Alleged decomposition of cobalt. Krfiss a. 
Schmidt ( B . 22, 11, 2026 [1889]) supposed they 
had separated Ni into two constituents ( v . vol. 
iii. p. 500) ; and they thought that Co also was 
probably not a homogeneous substance. Remm- 
ler, in 1898, obtained a number of specimens of 
Go s Og, by ppg. CoCljAq by KOHAq and Br water, 
treating the pp. with NH 3 Aq, which gradually 
dissolves it, decanting off the ammoniacal solu- 
tion at intervals during 9 months, evaporating 
each and heating in C0 2 ; the different speci- 
mens of Go„O f were heated in H, and the quan- 
tity of Co obtained in each case was determined. 
The values thus obtained for the at. w. of Co 
varied from £9*53 to 58*3. B. concluded that Co 
purified by the ordinary methods is not a homo- 
geneous substance. Winkler's determinations of 
the at. w. (v. supra), however, gave very con- 
stant values. 

Reactions . — Heated in NO to 150°, CoO is 
formed (Sabatier a. Senderens, O. R. 114, 1429 
[1892]) ; finely divided Co burns in N0 2 at the 
ordinary temperature, giving Co 4 O a ; but if the 
NO a is largely diluted with N a black compound 
is formeu; Co^O* called by S. a. S. (0. R. 115, 
236 [1892]) nitro-cobalt. This compound reacts 
rapidly with H*0, giving off NO, and forming a 
solution containing Co(NO,) 2 with a very little 
Co(NOA, Co remaining insoluble, and sometimes 
rdso a basic nitrite ; when heated in N, o Tides 
of N are given off and then rapid decomposition 
occurs with formation of Co and oxides of Co ; 
whan mixed With combustible substance, CogNO* 


explodes (S. a. S., Bl. [3], 9, 669 [1893]).* Monte- 
martini (G. 22 [1], 260) finds that the gases pro- 
duced by the interaction of Co and excess of 
HNOjAq (27*5 p.o.) are NH„ N a O, and N (ta 
abstract in 0. J. 62, 1278 [1892]). 

Cobalt, chloride of (vol. ii. p. 219). For the 
solubility of CoCl, in water, and the changes of 
colour produced by diluting the solution, with a 
discussion of the hydrations and dehydrations 
that accompany these changes, v . iStard, 0. R . 
113, 699 (abstract in 0. J. 62, 278 [1892]) ; 
Engel, Bl. [3] 6, 239 (abstract in 0. «T. 62, 
569 [1892]) ; and Potilitasin, Bl. [3] 6, 264 
(< abstract in C. J ., l.c. p. 571). The double 
compounds CoCl 2 .HCl. 3aq, CoCLj.LiCl.3aq, and 
CoCL 2 .NH 4 Cl. 6aq are described by Chassevant 
(A. Ch. [6] 80, 5 [1893]). 

Cobalt, fluoride of (vol. ii. p. 220). Poulenc 
(0. R. 114, 1426 ; v. abstract in 0. J. 62, 1159 
[1892]) prepares GoF 2 by heating CoCl 2 with ex- 
cess of NH 4 F for 15 minutes, and repeatedly 
washing the double fluoride OoF r 2NH 4 F thus 
obtained with boiling alcohol* By heating GoF t 
to 1200°-1300° in HF, the salt is obtained in 
Bmall, rose-red prisms ; S.G. 4*43. The double 
compound CoF 2 .2KF is formed by heating OoCi 9 
with KHF 2 (P., l.c. p. 746 ; abstract , l.c. p. 781). 

Cobalt, iodide of (vol. ii. p. 220). For soiu^ 
bility in water of CoI 2 , and the formation of 
various hydrates attending solution, v . Etard, 
0. R. 113, 699 (abstract in 0. /. 62, 278 [1892]). 

Cobaltous oxide CoO (vol. ii. p. 220). This 
oxide meltB in the electric furnace, and forms 
rose-coloured crystals (Moissan, 0. P. 115, 1034 
[1892]). 

Cobaltous hydroxide CoO^ (vol. ii. p. 220). 
A. de Schulten (0. R. 109, 266 [1889]) obtained 
this compound in microscopic, brownish-red, 
four-sided prisms, S.G. 3*597 at 15°, by heating 
10 g. CoGl*. 6aq in 60 c.c. water with 250 g. KOH, 
in a flask filled with coal-gas, letting stand for 
24 hours, and washing away the lighter amor- 
phous produots of the reaction. 

Cobalto-cobaltio oxides (vol. ii. p. 221). Re- 
garding COgO a and oxides intermediate between 
this and Co 2 0 8 , v. Schrdder, O. 0. 1890. [1] 981 
(abstract in 0. J. 58, 1213 [1890]). Co,0 4 heated 
to c. 1750° loses all its O, and leaves Co (Bead, 
0. /. 65, 313 [1894]). 

Cobalt, dioxide of. By the reaction of IAq 
and NaOQAq on CoS0 4 Aq, filtering, and acidify- 
ing with acetic aoid, Vortmann (B. 24, 2744 ; 
abstract in 0. J. 60, 1429 [1891]) obtained a 
greenish-black pp. nearly agreeing with the for- 
mula QoO r For compounds of CoO, with BaO 
v. Rousseau, 0. B. 109, 64 (abstract in 0. /. 66, 
1115 [1889]). 

Cobalt, salts of (vol. ii. p. 221). Marshall 
(0. J. 59, 760 [1891]) has prepared the salts 
Co 2 (S0 4 ) s . 18aq and Oo^OAJg.SfNHJ AO* 6aq 
by electrolysing a solution of CoS0 4 in H 2 80 4 Aq, 
and of Co0 2 0 4 Aq oontaining (NH 4 ),G 2 0 4 . 

COB ALUM Mill ES (vol. ii. p. 222). By 
cryoscopio determinations, Petersen (Z. P. 0* 
10, 580 [1892]) concludes that the formulas gene- 
rally given to the chief cobaltamminas are mole- 
cular. For a discussion of the constitution 0 ! 
these compounds, v. Jdrgensen (J. pr. [2] 41, 
429, ijO [1890] ; 42, 206 ; 45, 274 [1891-92])* 
For various octammines , v. Vortmann % Bias- 
berg (2?. 22, 2648), and V. a. Magdeburg (B. 2% 
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2680 ; abstracts in 0. J. 58, >14 [1890]). Y. a. 
Morgulii (B. 22, 2644 ; abstract in G. «T. 58, 18 
[1890]), describe several mermricobaltammmes. 
A number of croceo-, luteo -, and xantho - saZfe, and 
also several flavo- salts isomeric with the croceo* 
Skits, are described by Jdrgensen in iTeif. /. 
anorg. Ohenvie , 5, 147 (abstract in C. 65 [11], 

COPPER (vol. ii. p. 251). An elaborate in- 
vestigation of the at. w. of Gu has been made 
by Richards, P. Am. A. 26, 240 [1891] (v. O. N. 
65, 236,. Ac. ; a&sfracf in C . /. 64 [11], 12 
[1893]). CuS0 4 .6H,0 was analysed and syn- 
thesised, and GuO was analysed; the final 
value obtained by R. is 68*604 (O « 16), or 63*44 
(0 » 15*96). The molecule of Gu in dilute solu- 
tion in tin is probably monatomic (Qeyoook a. 
Neville, C . J. 57, 376 [1890]). For the absorp- 
tion spectra of solutions of CuGl„ 0uS0 4 , 
and Cu(NO,)„ v. Evan, P. M. [5] 83, 817 
(abstract in G. J. 64 [11], 149 [1893]). 

Preparation . — For the preparation by electro- 
lysis of pure copper v. Richards (P. Am. A. 25, 
199, 206 [1890]). 

Reactions . — Heated in the electric furnace, 
using a current of 70 volts and 350 amperes, Gu 
rapidly volatilises, and the vapour forms GuO in 
the air (Moissan, O. R. 116, 1429 [1393]). Ac- 
cording to Neumann (M. 13, 40 [1893]), the H 
occluded in Gu, prepared by reducing GuO by 
H, cannot be wholly expelled by heating in a 
stream of CO- ; some of the C0 2 is also absorbed 
by the Gu. N. also says that Gu reduced by 
vapour of MeOH or EtOH, or by coal gas, re- 
tains very small traces of O and H after being 
heated to 220°. Montemartini ( G . 22, 884, 
397, 426 [1892]) says that the reaction between 
Gu and HNQ,Aq of less than 80 p.c. produces 
Ou(NO,) 2 and HNO„ the HNO, then decompo- 
sing to HNO s , NO, and HjO; with acid more 
oono. than 30 p.c. HNO, some NO, is produced 
with a little N 2 0„ and with 70 p.c. acid only 
NOj, is given off; no appreciable quantity of 
NHgis produced with acid from 3 to 27*5 p.c. 
HN0 8 . Aooording to Freer a. Higley (Am. 15, 
71 [1893]), the only gaseous products of the re- 
action of Gu with excess of HNO„Aq S.G. 1*4 
(o. 65 p.o. HNO,) are NO, and N 2 O a , c. 90 p.c. 
NO, and 10 p.c. N,0,. Gu is superficially oxi- 
dised in NO at a dull red heat (Sabatier a. 
Senderens, O. R. 114, 1429 [1892] ). Reduced Cu 
absorbs NO, at the ordinary temperature, forming 
a brownish powder CujjNO, (S. a. S., C . R. 115, 
236 [1892]). For the reactions of this nitro» 
copper <7. S. a. S., G. R. 116, 756 (abstract in 
O. J . 64 [11], 874 [1893]). 

Copper, alloys of (vol. i. p. 253). For a de- 
scription of alloys of Gu with Gd, Sn, and Zn, 
prepared by immersing plates of Gd, Sn, or 
Zn, in solutions of salts of Gu, 17. Mylius a. 
Fromm, B. 27,630 (abstract in G. J. 66 [11], 235 
1894]). 

Cuprie bromide (vol. ii. p. 254). Aooording 
to Sabatier (O. R. 118, 980 [1894]), the g^een 
crystals that separate from GuBr^Aq are 
CuBr,. 4aq. A solution of CuBr 8 in cone. 
HBrAq has an intense purple colour which 
becomes less marked on dilution, but even with 
*0015 mgm. On in solution the colour can be de- 
tected (€., Lc.) The double salts CuBr r Cs£r and 
CuBr r 20sBr are described by Wells a. Walden 


(Zeit. f. anorg. Chemie, 5, 804 ; abstract in €. /. 
66 [11], 47 [1894]). 

Cupric chloride (vol. ii. p. 255). Tzuchanoff 
[J. R. 25, 151 ; abstract in G. J. 66 [11], 47 [1894]) 
finds that the E.O. of dilute blue-ooloured CuCl*Aq 
increases with increase of concentration to a 
maximum, after whioh it decreases while the 
colour changes to yellowish -brown. For heats of 
solution and dilution of GuCI,. 2aq, v. Reioher a. 
Deventer (Z. P. G. 5, 559 [1890]). 

Double salts. — CuGl,.HCl. 3aq, 
OuCLj.LiCl.aaq, CuC 1,.NH 4 C1, CuCL^NH.Cl. 2aq, 
CuCl r KCl, and GuGl 2 .2EGl. 2aq (Chassevant, 
A. Gh. [6] 30, 5 [1893]) ; CuCl^GsOl, 
CuCL r 2Cs01. aaq (a; ■ 0 and 2), ard 2CuCi 2 .3CsCl 
(Wells a. Dupree, Zeit. f. anorg. Chemie, 5, 300 
[1893]). 

Cuprous chloride (vol. ii. p. 255). Wells 
(Z.c., p. 306) describes the double salts 
2Cu01.GsCl, 20u01.3CsCl, and Gu01.3Cs01.aq. 

Cupric fluoride (vol. ii. p. 256). Poulenc 
(C. R . 116, 1446 ; abstract in O. J. 64 [11], 
525 [1893]) prepares QuF 2 , as a white amorphous 
powder, by heating NH 4 F with CuF 2 . 2aq ; by 
heating in HF at 500° (not above) the CuF- be- 
comes crystalline. Crystalline CuF 2 is also ob- 
tained by heating CuO, or OuF 2 . 2aq, HF 
at 400° (P., l.c.). Heated to 800° in air GuO is 
formed ; heating in steam gives GuO and HF ; 
HjS forms OuS and HF ; HOI forms CuCl*. CuF, 
absorbs water from the air, and becomes blue. 
H. von Helmholt (Zeit. f. anorg. Chemie , 3, 
115 [1892]) describes the double salts CuF,.KF, 
OuF,.RbF, CuF 2 .AmF. #aq, and CuF 2 .2AmF. 2aq. 

Cuprous fluoride (vol. ii. p. 256). According 
to Mauro (Real. Acad. Lmcei , 1892 [1]. 194 ; 
abstract in C. J. 64 [11], 124 [1893]), Outdoes 
not exist, and the substanoe obtained by Berze- 
lius was almost certainly merely impure copper. 
Pouleno, however ( C . R. 116, 1446; abstract in 
C . J. 64 [11], 525 [1893]), says that Cu,F- is 
formed by heating Cu 2 Clj to dull redness in HF 
(the aotion is not complete until 1100°-120Q°) ; 
also by heating CuF, in HF at c. 600°, raising the 
temperature to 1100°-1200° towards the end of 
the reaction. P. describes Ou^, that has been 
fused as a ruby-red, transparent solid, with a 
crystalline fracture; exposed to moist air it 
changes to CuF,. ®aq ; it is easily reduced by H 
at a red heat. 

Cuprous iodide (vol. ii. p. 256). Brun 
(G. R. 114, 667 ; abstract in C. J. 62, U57 
[1893]) describes double compounds with 
(NH 4 ) 2 S 2 0, and NH 4 I, and also with (NHJ,S,0, 
and Cu,S,O r 

Cuprous oxide (vol. ii. p. 258). Russell 
(C. N. 68, 308 [1893]) prepares du,0* by com- 
pletely reducing GuS0 4 Aq mixed with excess of 
NaCl by SO-, heating till excess of SO, is re- 
moved, and then ppg. by Na-CO„ added solid to 
the hot solution. With HFAq, GuF,Aq and 
Cu are formed (Pouleno, G. R. 116, 1446 [1893]). 

Cuprie oxide (vol. ii. p. 258). Moissan 
(C. R. 115, 1034 [1892]) says that GuO is en- 
tirely decomposed in the electric furnace at c. 
2500°, yielding Gu and a crystalline compound 
of GuO and GaO (the reaction was effected in 
a block of GaO). By heating GuO to whiteness, 
in a Fletcher injector-furnace, in an oxidising 
atmosphere, Bailey a. Hopkins (O. J. 57* 269 
[1890]) obtained a a very hard, yeUowish-iNfed 



GOLD. 900 


solid agreeing with, the formula Cu a O. Richards 
(P. Am. Ai 20, 281 [1891]) found that CuO oc- 
cludes gas, chiefly H ; when prepared by heating 
Ou(NOJ 2 the oxide retained o. *08 p.o. of its 
weight of N, which coaid not be removed by 
heating. For experiments on the dehydration of 
OuO.xHaO v. spring a. Lucion (Zeit. f. anorg. 
Chemie, 2, 190; abstract in 0. J. 64 [11], 210 
[1893]). For colloidal, jelly-like CuO.rrH^O v. 
J. van Bemmelen (Zeit. f. anorg . Chemie, 6, 
466 ; abstract in C. J. 66 [11], 191 [1894]). 

Copper, oxybromides of (vol. ii. p. 260). 
Dupont a. Jansen (Bl. [8] 9, 193 ; abstract in 
C. J. 64 [11], 463 [1893]) obtained the salt 
8CuO.CuBr r 3an by heating Cu^Br.Aq with CuO 
in a sealed tube at 200°, or, better, by heating 
neutral dilute Cu^^Aq at 225° ; the compound 
crystallised in green rhombohedral plates, S.G. 
4*89. * 

Oopper, oxychlorides of (vol. ii. p. 260), v . 
Rousseau, G. B. 110, 1261 (abstract in 0. J. 58, 
1058 [1890]). 3 

Cooper, oxysulphides of (vol. ii. p. 26<y, v . 
Cliche, Ar. Ph. 228, 874 (abstract in C. /. 58, 
1211 [1890]). 

Copper, phosphides of (vol. ii. p. 260). For 
desc lotions of Cu ft P 2 and Cu s P, prepared by 
heating Cu in vapour of P, v. Granger, C. B. 
113, 1401 ; and for Cu 2 P 2 , prepared by heating 
red P with exoess of Cu phosphite and water, 
v . G., C. B . 117, 281 (abstracts in 0. J. 62, 410 
[1892] ; and 64 [11], 526 [1893]). 

Cuprio sulphide. From experiments on the 
interaction of H 2 S and CuS0 4 Aq, and GuSO^Aq 
in presenoe of acetic acid, Linder a. Picton 
(C. J. 61, 120 [1892]) conclude that a oompound 
7 CuS.H 28 is formed, and that then suoh com- 
pounds as OCuSJ^S and 22008.11,8 are pro- 
duced, and finally (CuS) n is formed. 

COPPER- AMMONIUM COMPOUNDS (vol. ii. 
p. 262). Several derivatives of cupriammonium 
bromide are described by Richards a. Shaw 
(P. Am. A. 28, 247 [1893]). 

FERRICYANIDES. 

Barium ferricyanide (vol. ii. p. 837) ; v. 
Rammelsberg, J.pr. [2] 39, 455 (abstract in 
C. J. 66, 960 [1889]). 

Lead ferricyanide (vol. ii. p. 339) ; v . Ram- 
melsberg (l.c.). 

Potassium ferricyanide (vol. ii. p. 339) ; v. 
Kassner, Chem. Zeit. 13, 1701 (abstract in C . J. 
68, 352 [1890]). 

DIDYMIUM (vol. ii. p. 882). For an inves- 
tigation into the separation of Di and Er, v. 
Kruss, A. 265, 1 (abstract in C. J. 60, 1424 
[1891]). For the emission spectra of oxides of 
neodymium and praseodymium, v. Haitinger, 
M. 12, 362 (abstract in C. J. 62, 2 [1892]). 
Read (C. «T. 65, 313 [1894]) says that Di*O f is 
unchanged at o. 1750°. 

; ERBirM (vol. ii. p. 456). For the separation 
of compounds of Er and Di, v. Kruss, A. 265, 1 
(abstract in C. J. 60, 1424 [1891]). 

FERRITES (voL iL p, 547). J. van Bern- 
melon a. Bobbie (J.pr. [2] 40, 497 [1893]) say 
that Fe a 0 s .K,0 and FeL0 r Na,0 are obtained, in 
crystals, bjf continued heating Fe 2 0 a with oono. 
K3HAq m? NaOHAq respectively ; these 


ferrites are decomposed by water, giving 
Fe a 0,.H 2 0. 

FLAME (vol. ii. p. 549). Reference should 
be made to Smithells a. Ingle on * The Structure 
and Chemistry of Flames* in C. J. 61, 204 
[1892], and to Lewes on 4 The Luminosity of 
Coal-gas Flames * in ibid. p. 322. 

FLUOR HYDRIC ACID (vol. ii. p. 558). 
Berthelot a. Moissan (C. B. 109, 209 [1889]) give 
the thermal data [H,F] * 37,600 ; [H,F,Aq]- 
49,400. For the description of an apparatus for 
purifying HFAq, v. Hamilton ( C . N. 60, 252 
[1889]). 

FLUORINE (vol. ii. p. 560). Moissan (C. B. 
Ill, 570 [1890]) determined the at. w. (1) by con- 
verting Na 2 C0 3 into NaF, and this into Na.S0 4 ; 
(2) by converting CaF 2 into CaS0 4 , and (3) by 
converting BaF 2 into BaS0 4 ; the mean of the 
results regarded by M. as the most trustworthy 
was 19*05. V.D. at the ordinary temperature, 18*8 
(Moissan, C. B. 109, 861 ; v. abstract in C. J. 
58, 208 [1890]). A column of F one metre long 
shows no definite absorption bands (M., Lc. 
p. 937) ; for the emission speotrum v. M. 
(lx . ; abstract in C. J. 68, 329 [1890]). F does 
not liquefy at —95° at the ordinary pressure 
(M., A. Ch. [6] 25, 125 [1893]). Gladstone (P*M. 
[5] 31, 1 [1891]) has determined the atomic re- 
fraction of F in C a H s F to be as follows for the 
different lines of the solar spectrum, at 22*8° : — 
A O D F G H 
at. refraction *63 *63 *53 *48 *44 *85 
The values are much smaller than those for Cl, 
Br, or I, which are 10*0, 15*23, and 25*2 for the 
line A. 

Formation.— According to Brauner (C. J. 
65, 393 [1894]), F is given off when SKF.PbF 4 .HF 
( v . Lead tetrafluoride, p. 915) is heated to dull 
redness. 

Reactions. — F combines with the more 
porous forms of carbon at the ordinary tem- 
perature, with incandescence, forming GF 4 ; the 
denser forms of C combine with incandescence 
at from 60° to 100° (Moissan, O. B. 110, 276 ; 
abstract in O. J. 68, 557 [1890]). For a dis- 
cussion of the chemical relations of F, V. 
Moissan, BL [3] 6, 880 [1891]. 

GALLIUM (vol. ii. p. 597). Lecocq de Bois- 
baudran (O. B. 114, 816 ; abstract in C. J. 62, 
930 [1892]) gives measurements of the chief 
lines in the spark emission spectrum of Ga ; the 
spectrum varies muoh according to the condi- 
tions under whioh the spark is applied. 

GERMANIUM (voL ii. p. 610). A new 
mineral from Bolivia, canfleldite , Ag g GeS 0 , iden- 
tical in composition with argyrodite from Frei- 
berg, but orystallising in isometric forms (the 
form of argyrodite is monoclinic), is describe*! 
by Penfield in Am. 8. [3] 46, 107 (abstract in 
C. J. 66 [11], 18 [1894]). 

GOLD (vol. ii. p. 647). Mallet (Fr. 46, 71 ; 
abstract in C. J. 58, 708 [1890]) has re-deter- 
mined the at. w. of gold by various methods ; the 
meah value obtained is 196*9, but the value 
196;88 M. thinks is more trustworthy. The mole- 
cule of gold in dilate solution in tin is probably 
monatomiio (Hey cock a. Neville, C. J. 57, 876 
[18901). Gold volatilises considerably in the 
electric furnace with a purrent of 70 vo T *,s and 
360 amperes (Moissan, O. B. 116, 1429 [1893]), 
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Concerning the volatilisation of gold v. Bose 
(0. J. 68, 714 [1898]). Neumann (M. 18, 40 
[1892]) says that gold absorbs from 88 to 48*5 
times its volume of 0 at o. 460°. According to 
Petersen (Z. P. 0. 8, 601 [1891]), the heats of 
formation of kafigZHfi from gold, (1) reduced 
from AuCl„ (2) from AuHBr 4 , and (3) from 
AuBr, differ very markedly. From the results 
of many experiments on the reaotion between 
gold and KONAq, Maclaurin (C. J. 68, 724 
[1893]) concludes that 0 must be present to 
accomplish solution, and that the equation 
4Au + 8KCNAq + 0 2 + 2H*0 = 

4(AuCN.KCN)Aq + 4KOHAq (Eisner, J. pr. 37, 
388 [1846]) expresses the proportion between K 
and Au in the solution. 

Gold, alloys of (yol. ii. p. 648). For an alloy 
with Cd, AuCd, v. Heycock a. Neville (C. J . 61, 
914 [1892]). For alloys with Cd and Sn, v. 
H. a. N. (C. J. 69, 936 [1891]). For alloys with 
A1 and Sn, Cd and Bi, Cd and Pb, and Cd and 
Tl, v. H. a. N. (C. J. 66, 66 [1894]). For alloys 
with Cdand with Zn, prepared by immersing plates 
of Cd and Zn in solution of a salt of gold, v. 
Mylius a. Fromm ( B . 27, 630 ; abstract in G. J . 
66 [11], 236 [1894]). 

Gold, bromides of (vol. ii. p. 648). Petersen 
(J, pr. [2] 46, 328) upholds the existence of 
Au*Br 4 against the statements of Kriiss a. 
Schmidt (B. 20, 2634) ; in a later paper (/. pr. 
[2] 47, 301) K. a. S. still maintain that AuBr, is 
the ultimate product of the reaction of Br with 
gold ( v . abstracts in C. J. 64 [11], 126, 284). For 
the double salts AuBr 3 .CsBr and AuBr 8 .RbBr, v. 
Wells a. Wheeler (Am. S. [8] 44, 167 [1892]). 

Gold, ohlorides of (vol. ii. p. 649). Petersen 
(J. pr. [2] 46, 328; 48, 88) maintains that 
Au 2 C1 4 is a definite compound ; Kriiss a. Schmidt 
(J. pr. [2] 47, 301 ; Zeit. /. anorg. Chemie , 8 
421) say this substance is a mixture ( v . abstracts 
in O. J. 64 [11], 126, 284, 474 [1893]). 

Double salts of AuCl s with CsCl and RbCl 
are described by Wells a. Wheeler (l.c.) ; for a 
double salt AuCl 8 .AgCl, v. Hermann (B. 27, 
696 ; abstract in C . J. 66 [11], 234 [1894]). 

Gold, sulphides of (vol. ii. p. 651). Concern- 
ing the conditions of formation of Au 2 S 2 , v. An- 
tony a. Lucchesi (Q. 19, 645 ; abstract in C. J. 
58, 1216 [1890]). 

Auric sulphide Au*S 8 . This compound is 
formed, according to A. a. L. (G. 20, 601 ; 21 
[11], 209; abstracts in C. J. 60, 526; 62, 280 
[1892]), by passing H*S into a solution of 
AuCl # .LiCl kept at —10°, extracting LiCl by 
absolute alcohol, and drying in N at 70°. Au 2 S 8 
is a black, amorphous solid ; decomposed by 
heat at 200°-205° to Au and S (for other reactions 
v. abstracts , l.c.). 

Schneider ( U. S. Qeol. Survey Bull. No. 90, 
©6 [1892]) obtained aqueous solutions of colloidal 
Au*S and Au 2 S 2 . 

HYDRAZOIC ACID (v. p. 919, Addenda). 

HYDROGEN (vol. ii. p. 719). The ratio be- 
tween the densities of H and O is 1:15*882 , the 
weight in grams of 1 litre of H is *08991 (Ray- 
leigh, Pr. 58, 134 [1893]). For solubility in 
water, and in alcohol, v. Timoteeff (Z. P. C. 6, 
141) ; Winkler (B. 24, 89) ; Henrich (Z. P. C . 
9, 4315 ; (abstracts in C. J. 60, 15, 884^ [1891] 5 
« 82, 1043 [1892]). For the line spectrum of H, v. 


Ames (P. M. [5] 80, 48 [1890]); and ef. Grfin* 
wald (M. 18, 111 ; abstract in C. /. 62, 1881 
[1892]). 

Wilm (B. 25, 217 ; abstract in C. /. 62, 568 
[1892]) describes a lecture experiment to show 
the ocolusion of H by Pd. Regarding the occlu- 
sion of H by other metals v. Streintz (M. 12, 
642 ; abstract in C. J. 62, 667 [1*2]). 

Baker (C. J. 65, 611 [1894]) found that a 
mixture of equal volumes of dry H pud dry Cl 
did not explode in bright sunlight, and that 
more than a quarter of the mixed gSses re- 
mained uncombined after exposure for two days 
to diffused light and two days to bright Bun- 
shine. 

Reactions. — Neumann (Z. P. C . *14, 198 
[1894]) has examined the reducing action of H 
occluded by Pt on solutions of salts of Al, Sb, 
As, Bi, Cd, Cu, Co, Au, Fe, Pb, Mg, Mn, Hg, Ni, 
Pd, Ag, Sn, Tl, and Zn. Regarding the rate of 
combination of H and O, v. Water (p. 8601. 
Regarding the explosion of mixtures of H witn 
O and Cl, v. Chlorine (Addenda, pp. 904. 905). 

Hydrogen dioxide (vol. ii. p. 722). Sohdne 
(B. 26, 3011 ; 27, 1233 [1893-4J) affirms the oc- 
currence of 1L 2 0 2 in the atmosphere against the 
contention of Ilosva (B. 27, 920). 

Formation.— Regarding the formation from 
ether v. Dunstan a. Dymond (G. J. 57, 674, 988 
[1890]). H 2 0 2 Aq is formed by the action of light 
on H 2 C 2 0 4 Aq, excess of O being present (Richard- 
son, C. J. 65, 450 [1894]). Richardson ( G . J. 
63, 1110 [1893]) has examined the formation of 
H./) 2 in urine exposed to sunlight. 

Preparation. — By making commercial 8 p.c. 
ELj0 2 Aq distinctly alkaline by Na 2 CO„ filtering, 
shaking with 10-12 vols. of ether, separating the 
ethereal solution, evaporating this to *01-*0025 
of its original volume on a water-bath, and re- 
moving the rest of the ether by standing in a 
bell- jar over solid paraffin, Shiloff (J. R. 26, 293 ; 
abstract in C. J. 66 [11], 186 [1894]) obtained a 
thick, transparent, slightly aoid liquid, S.G. 
1*2475, containing 79*6 g. HgOg in 100 0 . 0 . For 
preparation of cone. H. 2 0 2 Aq v . Talbot a. Moody 
(abstract in C. J. 64 [11], 369 [1893]). 

Molecular weight. Tammann in 1889 
( Z . P. C. 4, 441) by oryoscopio measurements 
determined mol. formula to be ; but T.’s 
results were called in question by Carrara in 
1893 (G. 22 [1], 341), who found mol. w. 88*92 
(ELj 0 2 ) from cryoscopic measurements, and this 
result was confirmed by Orndorff a. White (Am. 
15, 347 [1893]), and also by Tammann himself 
(Z. P. C. 12, 431 [1898]). 

Reactions. —Regarding the reaction between 
HjOjjAq and KMn0 4 Aq, v. Engel (BI. [8] 6, 17 ; 
abstract in O. J. 62, 277 [1892]). 

Hydrogen sulphide (vol. ii. p. 725). Henrich 
(Z. P. 0 . 9, 435 [1892]) gives the absorption 
coefficient of HjS by water as 4*4016-*089117£ 
+ *00061954*’. Hughes (P. M. [5] 83, 471 [1892]) 
says that H*S dried by CaCl 2 and P does n^t 
redden dry litmus paper, and does not react with 
BaO or Fe 2 0 8 , nor with salts of Sb, As, Bi, 
Cd, Co, Cu, Pb, Hg, Ag, or Sn. According to 
Pedler ( C . J. 57, 625 [1890]), the equation 
2H„S + 80 ? m 2SC, + 211*0 correctly Represents 
thd explosion of H^S and air or O. 9 

HYDROXYLAMINE (vol.ii.p.734), NH*OH 
has been isolated, as a solid, by kpbry de Buys 



IRIDIUM. 011 


(JR. T. 0.10, 100 ; 11, 18 ; abstracts in 0. J. 62, 
402, 1391 [1892]). NH a OH.HCl dissolved in 
MeOHis treated with CH,ONa solution, and most 
of the MeOHis distilled off at 100 mm. pressure ; 
the residue is distilled in small portions at 40 mm. 
pressure (for details v. O. J*, l.c.). For the pre- 
paration from 2NH a 0H.ZnCl a v. Orismer, Bl. 
[8] 6, 798 (abst, kct in C. J. 62, 771 [1892]). For 
details of suitable apparatus for the fraetionation 
of NHgOH in vacuo, v. Briihl (JR. 26, 2508 [1893] ; 
cf. L. de B., B . 27, 967 ; and reply by B., ibid., 
1847 [1^94]). For thermal data of NH 2 OH, v. 
Berthelot a. Andr6 ( C . B. 110, 830 ; abstract in 
C. J. 68, 934 [1890]). Hydroxy lamine is a white 
inodorous solid, melting at o. 33°, and remaining 
superfused at 0°; boils at 68° under 22 mm. 
pressure; decomposes at 90°-100°, and detonates 
at a higher temperature. S.G. 1-35 ; S.G. when 
liquid, 1*23. A drop heated in a test tube explodes 
very violently (v? Briihl, l.c.). B., l.c., discusses 
the molecular refraction of NH 2 0H. NH 2 0H 
is fairly stable up to 15°, then gradual decomposi- 
tion occurs, giving NH„, HN0 2 , and H 2 N 2 0 2 , 
which react with unchanged NH 2 OH producing 
N 2 0 and N (L. de B., B. 27, 967 ; abstract in 
C. J. 66 [11], 278 [1894]). Foi a full ac- 
count of the reactions of NH 2 OH v. Lobry de 
Bruyn (l.c. ; abstract in G. J. 62, 1391 [1892]). 
NHjjOH.HCl in water and NaN0 2 Aq react to 
form NajjN./XjAq (r. Tanatar, J. B. 25, 842; 
abstract in C. J. 66 [11], 136 [1894] ; cf. 
Wislicenus, B. 26, , 771 ; abstract in G. J . 64, 
318 [1892]). For the reactions of 2NH 3 0H.H2S0 4 
with NaOHAq v. Kolotoff (J. B. 25, 295 ; ab- 
stract in C. J . 66 [11], 187 [1894]). For com- 
pounds of NH. 2 OH with metallic salts, v. Orismer 
(Bl. [8] 8, 114) ; Goldschmidt a. Syngros ( Zeit . 
/. anorg. Chemie, 6, 129) ; and Feldt (B. 27, 
401) (abstracts in G. J. 68, 558 [1890] ; 66 [11], 
45, 187 [1894]). Kolotoff discusses the constitu- 
tion of NH 2 OH in J. B. 23, 3 (abstract in C. J. 
64 [11], 114 [18°3]). Kjellin (B. 26, 2377) de- 
scribes NHEt.OH and NHMe.OH (abstract in 
C. J . 66 [11], 9 [1894]). 

INDIUM (vol. iii. p. 1). The moleoule of 
indium in dilute solution in tin is perhaps 
.diatomic ( v . Heycock a. Neville, C . J. 57, 376 
[1890]). Linder a. Picton (C. J. 61, 134 [1892]) 
ifailed to isolate indium hydrosulphide, but they 
think that it is formed by passing H^S into 
water with In 2 0,.aH a 0 in suspension ; the con- 
tinued passage of H^S produces Ii^S,. Read 
(G. J. 65, 813 (1894]) found that indium sesqui - 
oxide, In 2 O s , is unchanged at c. 1750 J . 

IODHYDRIC ACID (vol. iii. p. 11). For the 
Mol. R. of HIAq from 20*77 to 67*02 p.c., v . 
Perkin (0. J • 55, 708 [1889]). For a research 
•on the dissociation of HI, v . Bodenstein (Z. P . C. 
18, 58 [1894] ; abstracts in C. J. 64 [11], 369 ; 
66 [11], 12 [1898-4]). Pickering (B. 26, 2307) 
has isolated three hydrates of HI: HI.2H 2 0, 
rvelting at* * — 43° ; HI.8H a O, melting at o. - 48° ; 
and HI.4H.O, melting at c. - 86*5°. 

IODINE (vol. iii. p. 14). The mol. w. of 
iodine dissolved in Et a O or CS 2 was, found by 
Beckmann (K. P.O.6, 76 [1890]) to be 254, from 
determinations of the boiling-points; these re- 
sults were confirmed by Sakurai (O. J. 61, ^97 
[1892]). By determining the lowering of the 
*f,p. of naphthalene by solution therein of I, 


Hertz (Z. P . O. 6, 358 [1890]) found the value 
254 for the mol. w. of iodine. 

According to Meineke ( Ghem . Zeitung , 16, 
1219, 1230), very pure I is prepared by covering 
ordinary I with a solution of Ga01 a S.G. 1*35, 
mixed with a little cone. KIAq and a few drops 
of HOLAq, heating until the I fuses, letting cool, 
washing the I, drying, and subliming it twice, 
the first time with addition of a little BaO. 

For the reactions of I with KC10 S , and with 
KCIO, and water, v . Potassium chlorate (Ad* 
denda, p. 905). 

Iodine monochloride (vol. iii. p. 17). For 
thermal data bearing on the two formB of IOl, 
v. Stortenbeker (Z. P. 0. 10, 183 ; abstract in 
C. J. 62, 1387 [1892]). Tanatar (/. B. 25, 97 ; 
abstract in C . J. 64 [11], 514) gives details of the 
methods for preparing the two forms of IC1. 

Iodates (vol. iii. p. 21). For iodates of ccesium 
and rubidium, v. Wheeler, Am. 8. [8] 44, 128 
(abstract in 0. J. 64 [11], 68 [1894]). Pure 
potassium iodate is prepared, according to Groger 
(Zeit angew. Chemie, 1894. 13), by heating to 
100° for 20-80 minutes 20 g. KI in as little 
water as possible mixed with 40 g. pure KMn0 4 
in 1,000 c.c. water, reducing excess of KMn0 4 by 
cautious addition of alcohol, filtering, adding 
acetic acid till acid, evaporating to c. 50 0 . 0 ., 
washing the crystals of KIO, with cone, alcohol, 
and drying. By heating KIO, till it fuses, O 
and some I are given off, and KI finally remains ; 
no other oxy- compounds are formed (Cook, C . J. 
65, 802 [1894]). 

IRIDIUM (vol. iii. p. 46). From analyses of the 
salts ICl r 3KCl. aq and IC1 8 .3NH 4 C1. aq, Joly de- 
duced the value 192*75 for the at. w. of Ir (O. B. 
110, 1131 [1890]). According to Prinz (O. B. 
116, 392 [1893]), Ir crystallises in regular octa- 
hedra and in forms derived therefrom. Mylius 
a. Foerster (B. 25, 665 [1892]) stated that Ir is 
slightly volatilised when heated in a current of 
CO and Cl to c. 238° *, Antony, however (G. 22 
[11], 547 [1893]), asserts that no trace of any 
volatile compound of Ir is formed under these 
conditions. 

Irid-ammonium salts (vol. iii. p.47). Palmaer 
(B. 22, 16 ; 23, 3810 [1889-90]) describes a num- 
ber of irido-ammonium compounds . He calls 
them iridiumpentammine salts, and formulates 
them as Ir(NBy : compounds are described 
where X 8 ~01„ ClBr 2 , ClI*, C1S0 4 , OlfNO.)* 
ClfNOJa, C1C 2 0 4 , CIPtOV, also where X s «Br #f 
BrS0 4 , and Br(NO,) 2 . One-third of the 01 in 
the salt when X 3 « Cl, is not removed bv the 
action of cold ^80, Aq or cold AgNO,Aq ; the re- 
actions of the salts are similar to those of the 
purpureo-cobaltammines (v. vol. ii. p. 227) (v. 
abstracts in G. J. 56, 352 [1889] ; 60,402 [1891]). 
In B. 24, 2090 ( v . abstract in C. J '. 60, 1165 
[1891]) P. describes compounds analogous with 
the roseo-cobaltic salts Co 3 (NH,), 0 (B^O) 2 X n r ®aq; 
as tUe Ir salts are almost colourless, P. thinks 
the prefix roseo - is unsuitable; he calls them 
iridium aqiwpentammines, and formulates them 
as. Salts are described in 

which X*»Br s , Cl„ and (NOg) r The chloride 
IrfNHjJ^ELfOJOl, is formed by boiling, for five 
hours, 5 g. J Ir(NH s ) A Cl, with It times the calcu- 
lated weight of KOH in 60 c.o. water, filtering, 
partially freezing the filtrate, adding 60 c* 
fuming HClAq, washing the pp. thus formed 
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with 22 p.o. cold HOlAq and then with alcohol, 
dissolving in water, and again ppg. by cono. 
HOlAq (for details v. abstract in 0. «T. 60, 1166 
(18911). 

Iridium tribromide (vol. iii. p. 48). Com- 
pounds of this bromide with PBr„ are described 
by Geisenheimer (0. R. Ill, 40; abstract in 
0. J. 68, 1383 [1890]). By heating IrO^icHjO 
with IrBr, and PBr„, red needles of IrBr s .3PBr, 
are formed; by heating this with PBr„ black 
crystals of IrBr s .2PBr 3 are produced. 

Iridium tetrabromide (vol. iii. p. 48). Geisen- 
heimer U.c.) describes the compound IrBr 4 .2PCl 8 , 
obtained by heating IrBr 8 .3PBr 8 with PCI,. 

Iridium trichloride (vol. iii. p. 48). The 
following compounds wifcn PCI3 are described by 
Geisenheimer (0. R . 110, 1004; abstract in 
0. J. 68, 1068 [1890]). IrCl 3 .3P01,; IrCl^PCl,; 
IrGl 8 .PCl 6 .2PGl 8 ; IrCl,.P01 a .PCl ft . Various 
compounds of IrCl 8 with H a PO, and H,P0 4 , 
and salts of these, are also described. G. 
(0. R. 110, 1336; abstract in 0. J. 68, 1069 
[1890]) also describes the complex compounds 
2IrP 3 Cl 1 v 6As01 a and IrCl^PCla^AsCl*. For the 
salts IrCl*.3KCl. aq and IrCi 8 .3AmGl. aq, v. Joly 
0. R . 110, 1131 ; abstract in 0. J. 68, 1067 
1890]). For a description of IrCl a .3LiCl. ®aq, v. 
Antony (0. 23 [1], 190 ; abstract in 0. /. 64 [11], 
880 [1893]). According to A. (0. 23 [1], 184 ; 
abstract in 0. J. 64 [11], 379 [1890]), the passage 
of H 2 S through a 2 p.c. solution of IrCl 8 .3KCl 
produces pps. which are mixtures of Ir 2 S 8 and 
IrS r 

Iridium dioxide (vol. iii. p. 60). For methods 
of preparing IrO*, v . Geisenheimer (0. jR. 110, 
856 ; abstract in 0. J. 68, 948 [1890]). 

Iridium disulphide (vol. iii. p. 50). IrS 2 is 
obtained by passing over IrCl s .3LiCl at 4° 
to 7°, washing with absolute aloohol, and drying 
at 90° to 100° in a current of C0 2 (Antony, 0. 
23 [1], 190; abstract in 0. J . 64 [11], 880 
[1893]). 

IRON (vol. iii. p. 61). Lockyer (Pr. 64, 359 
[1893]) gives the emission spectrum obtained by 
using very fine electrolytically deposited iron as 
the poles of an electric lamp. 

Properties and Reactions . — Iron volatilises 
in the electric furnace, using a current of 
360 amperes and 50 volts (Moissan, 0. R. 116, 
1429 [1893]). Iron is superficially oxidised by 
heating to dull redness in NO (Sabatier a. Sen- 
derens, 0. R. 114, 1429 [1892]) ; heated in 
N0 2 to c. 350°, reduced iron is oxidised with in- 
candescence to Fe 2 O g (S. a. S., 0. R . 115, 236 
[1892] ; c/. abstract in 0. J . 66 [11], 96 [1894]). 
Montemartini (0. 22 [1], 250) says that NH 8 , 
N*0, and N are formed by the solution of iron in 
excess of 27’5 p.c. HNOjjAq (for quantities, v . 
abstract in 0. 62, 1278 [1892]). For quan- 

tities of iron dissolved by HNO,Aq of different 
concentrations, v. Gautier a. Charpy (0. R, 
112, 1451 ; abstract in 0. /. 60, 1426 [189!]). 

Passivity of iron . Concerning the passi- 
vities of steel and wrought iron to HNOgAq, v. 
Andrews (Pr. 48, 116 ; 49, 481 ; abstra 'ts in 
0. J. 60, 250, and 64 [11], 16 [1891 and 1893]). 

Iron, bromoohloride of. The compound 
FeBrCl, was obtained by Lenormj nd (0. R. 
116, 820 ; abstract in 0. J. 64 [11], 377) by 
heating FeCl, with excess of Br in a sealed tube 
at c. e 100°. The compound is opaque in thin 


sections, and green by reflected light; very de- 
liquescent ; crystallises probably in hexagonal 
plates ; easily sol. alcohol and ether, CSg, Ac., 
can be sublimed by heating in a tube containing 
a little Br. 

Irou oarbide. Arnold a. Read (0. «T. 66, 788 
[1894]) confirm the existence of Fe,0 in steel 
(v. Abel, Proc. Inst . Meehan . Engineers, 1885. 
30; also Miiller, Stahl und Eisen , No. 5); 
A. a. R. say that two forms of Fe^ are found 
in steel. 

Irou carbonyls. In 1891 Mond a. vuincke 
(0. J*. 69, 604) obtained a oompound of Fe with 
CO; further investigation of the reaction by 
Mond a. Langer (0. *7. 69, >090 [1891]) led to 
the isolation of two compounds. * 

Ferropentacarbonyl Fe(CO) a . Mol. w. 

195-55. V.D. at 142° =93-2, S.G. j£-l-'664 ; 

distils completely, without decomposition, at 
102*8° under 749 mm. pressure; solidifies at 
- 21 °. 

Preparation.— PoGfi it ppd. by adding a 
slight excess of K 2 C 2 0 4 Aq to hot FeS0 4 Aq, is 
well washed, and dried at 120°; it is then 
heated in a ilow stream of H, temperature being 
raised until the substance in the tube is black, 
and then kept oonstant until gas cease., to come 
off, when the current of H is stopped ; the pro- 
duct is allowed to cool in H, placed in water 
without coming into the air, and treated with 
successive quantities of boiling water until sul- 
phate is removed ; it is then quickly dried on 
plates of gypsum, placed in the combustion 
tube, heated to c. 300° in H till quite dry, and 
allowed to cool in H. The tube is then con 
nected with a gas-holder containing CO, and the 
H is completely displaced by CO; one end of 
the tube is then sealed, and the open end is kept 
in connection with the supply of CO. After 
24 hours the tube is heated to o. 120°, while a 
slow current of CO is passed through it, and the 
issuing gases are passed through a tube kept at 
- 20°. When iron carbonyl ceases to come over, 
the tube is let cool, and is then again put in 
connection with the CO supply. These processes 
are repeated many times ; the daily yield of the 
carbonyl is not more than o. I g. from 100 g. 
iron. 

Properties.— k pale-yellow, somewhat viscous 
liquid ; unchanged in the dark, but in sun- 
light gives solid Fe 2 (CO) 7 (v. infra) ; slowly 
decomposed on exposure to air, giving chiefly 
FejOg^rBLjO ; completely decomposed at 180° to 
Fe and CO ; soluble in EtOH, Et a O, C„H e , 
mineral oils, Ac. (For S.G., V.D., Ac., v . supra.) 
Fe(CO) 5 is not acted on by dilute H*S0 4 Aq, 
HCLAq, or HNOgAq at the ordinary temperature; 
but is rapidly decomposed— to Fe(NO*),Aq, 
FeClgAq, or FeBr„Aq— by cono. HNOgAq, ClAq, 
or BrAq. 

Diferroheptacarbonyl Fe 2 (CO) 7 . Obtained 
by exposing Fe(OOh in a sealed tube to sunlight 
for some hours, collecting the solid that forms, 
washing with ether, and drying over H. 2 S0 4 for 
a short time. Yellow, lustrous flakes ; gradually, 
decomposed by exposure to air, turning brown. 
Not acted on by BLjS0 4 Aq or HQlAq at the 
ordinary temperature ; decomposed by HNO^q* 
Cl, or Br. & 

Iron oarbonyls seem to be present in iftfter* 
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gas ; also sometimes in compressed coal-gas (v* 
Roiooe a. Scudder, 0 . J. Proc. 1891. No. 101 ). 

Ferrous chloride (vol. iii. p. 58). Chasse- 
vant (A. Ch. [ 6 ] 80, 6 [1898]) describes the 
double salts FeCl 2 .2Am01, FeCl^LiCl. 8 aq, and 
FeCl s .2KCl. 

Ferric chloride (vol. iii. p. 54). By deter- 
mining the i 36 of b.p. of alcohol and ether when 
FeCl s la dissolved in these solvents, Muller 
(C. B . 118, 644 ; abstract in C. J . 66 [11], 282 
[1894] i finds that the molecular formula of the 
chloride in these solutions is FeCl* FeCl s Aq 
reacts with many metallic sulphides, when 
heated therewith in sealed tubes ; FeCl 2 Aq, S, 
and a chloride of the metal of the sulphide are 
generally formed (Cammerer, C. C. 1891 [11]. 
370 ; abstract in C. J. 62, 18 [1892]). Seubert 
a. Dorrer (Zeit. /. anorg. Chemie, 5, 839, 411 ; 
v. abstracts in C. J. 66 [11], 140, 190 [1894]) have 
made a full investigation of the interaction 
of FeCl 8 Aq and KIAq ; their results are in 
keeping with the hypothesis that the direct re- 
action FeCl„Aq + KIAq - FeClsAq + KClAq + IAq 
is cjunterbalanced by the reverse reaction 
FeClsAq + KClAq + IAq » FeClsAq + KIAq. 
S. a. D. think that the first stage of the re- 
actions is to produce an iodochloride ; thus 
FeCijAq + KIAq « FeICl*Aq + KClAq ; that this 
then decomposes, more or less completely 
(according to conditions of concentration, time, 
temperature, and mass), into FeClsAq and IAq ; 
and that FelCl^Aq, and probably FeCl s Aq, are 
re-formed until equilibrium is established. 
S. a. D. do not agree with the explanation of the 
mechanism of the reaction given by Carnegie 
(v. vol. iii. p. 65). Roozeboom (Z. P. C. 10, 477 
[1892]) has investigated the conditions of equi- 
librium in aqueous solution of the hydrates of 
FeCl, ; he has isolated hydrates 2FeCl 8 .xH 2 0 
where x *4, 5, 7, and 12. (For details, v . 
abstract in C. J. 64 [11], 119 [1893]). For 
a study of the interaction of FeCl s Aq and 
oxalic acid, v. Lemoine, C. B. 116, 981 (abstract 
in C. J. 64 [11], 405 [1893]). A compound of 
FeCl, with nitrosyl chloride , FeCl,.NOCl, was 
obtained by Sudborough (C. J. 59, 660 [1891]), 
by immersing iron in liquid NOC1, and letting 
tne liquid stand over H 2 S0 4 ; the compound 
formB small golden-brown, deliquescent crystals 
(c/. vol. iii. p. 56 ; Combinations , No. 7). 

Ferrous fluoride (vol. iii. p. 56). FeF 2 was 
obtained by Poulenc (C. B . 115, 941 ; abstract 
in C. J. 64 { 11 ], 122 [1893]) by passing air-free 
HF over red-hot iron or dry FeCl, ; small, white, 
rbombio prisms; S.G. 4*09; decomposed by 
heating with HJ 3 O 4 , Na 2 CO a , steam, air, HC1, 
or H. 

Ferric fluoride (vol. iii. p. 56). Pouleno (Z.c.) 
obtained FeF„ in small, very refraotive, greenish 
crystals, S.G. 8*87, by passing HF over red-hot 
iron, Fe a O,, FeF,. xaq, or FeCl, ; also by dropping 
FeF* xaq into fused AmCl and heating in a cur- 
rent of an inert gas. FeF. does not fuse at 
1000 ° ; bdt is decomposed by heating in air, also 
by fusion with Na,CO„ by heating in steam, or 
with HC1 or H,S0 4 . According to Speransky 
(J. B. 24, 304 ; abstract in C. J. 04 [11], 814 
[1898]), FeF*Aq shows a very small electrical 
conductivity ; there is, thereiore, no appreciable 
electrolytic dissociation ; as the solution scarcely 
effects any H version of cane sugar, S. concludes 
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that there is practically no hydrolytic dissocia- 
tion. Cryoscopic determinations showed that 
the molecules in a dilute aqueous solution are 
chiefly FeF,, but indicated the existence of Fe^, 
in more cone, solutions. 

Iron, nitrides of (vol. iii. p. 59). Fowler 
(C. N. 68, 152 [1893]) obtained Fe,N by heating 
reduced iron in a rapid stream of NH S . (For 
details v. abstract in 0. J. 66 [11], 50 [1894],) 

Ferric oxide (vol. iii. p. 61 ; also p. 67 for 
hydrates ). Atc.l750° Fe 2 0 8 is completely changed 
to Fe 8 0 4 (Read, C. J. 65, 313 [1894]) ; in the elec- 
tric furnace Fe 8 0 4 is formed, partly melted and 
partly crystallised (Moissan, C. B . 115, 1034 
[1892]). According to J. van Bemmelen a. 
Klobbie (J. pr. [2] 46, 497 [1893]), crystallised 
Fe 2 0 3 .H. 2 0 is obtained by treating with water the 
hexagonal crystals of Fe 2 0*Na 2 0 formed by 
heating Fe 2 0 8 for some time with cone. NaOHAq ; 
the crystalline Fe 2 0 :r H,/) is not hygroscopic ; 
H 2 0 is given off below 100°. 

Iron, oxychlorides of (vol. iii. p. 62). Rousseau 
(C. B. 110, 1032 ; 113, 643 ; 116, 392 ; abstracts 
in C. J. 58, 1063 [1890] ; 62, 119 [1892] ; 64 [11] 
280 [1893]) describes compounds xFeCl,.pFe 2 0„ 
some crystalline and some amorphous, formed by 
heating Fe01 s Aq at different temperatures, and 
also by the interaction of FeCl, and steam. 

LANTHANUM (vol. iii. p. 116). Bettendorff 
( A . 266, 159 [1890]) obtained the value 138-28 
for the at. w. ; and Brauner (B. 24, 1328 [1891]) 
the value 138-21 (0*16). 

Winkler (B. 24, 873 [1891]) obtained results, 
by heating L^O, with Mg in H, which pointed 
to the existence of a hydride of La (cf. Brauner* 

l. c.). 

LEAD (vol. iii. p. 122). The molecule in 
dilute solution in tin is probably monatomic 
(Heycock a. Neville, C. J . 57, 376 [1890]). The 

m. p. of lead was found by Griffiths a. Calendar 

(using a Pt thermometer) to be 827*69° (C. N 
63, 1 [1891]). Lehmann (Z. E. 17, 274 [1890]) 
says that lead separated electrolytically, by a 
weak current, orystallises in leaflets that are 
probably monosymmetric, but that the crystals 
are regular octahedra when separated by a 
strong current. Veley (-S'. 0. L 10, 206 ; sum- 
mary of conclusions in 0. J . 62, 410 [1892]) has 
examined the interaction of lead and nitric acid : 
an acid of intermediate concentration acts most 
rapidly; when HNO* is present the action in- 
creases. Montemartini (O. 22, 384, 397, 426 
[1892]) found that a little NH t was produced, 
especially with dilute HNO,Aq. Lead rapidly 
oxidises to PbO when heated in NO ; oxidation 
occurs at c. 200° in NO* with formation of a 
basic nitrate (Sabatier a. Senderens, O. B. 114, 
1429; 115, 236 [1892]). ^ 

Lead, bromide of (vol. iii. p. 125). Several 
double compounds of PbBr 2 with alkali bromides 
have been described. For PbBr^AmBr. aq and 
2PbBr r AmBr, v. Wells a. Johnston, Am. 8. [3] 
46, 25 ( abstract in C. J. 64 [11], 523 [1893]); for 
J PbBr r KBr. zaq and PbBr 2 .2KBr. aq, v. Herty, 
Am. 15, 357 (abstract in C. J. 66 [11], 465 
[1894] ) ; for 2PbBr*RbBr and2(PbBr r 2RbBr). aq 
v. Wellr, Am. 8. [3] 46, 84 (abstract in C. J. 66 
[11], 824 [1893]); and for K t Pb 1 Br..4aq and 
K 8 Pb. Q3rl) f . 4aq, v. Wells, he. p. 190 (abstract* 
he* p.624). 
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Lead; chlorides of (vol. iii. p. 125). The 
•tatement, on p. 125 (vol. iii.), that only one 
chloride has been isolated is no longer true; 
Pb01 4 was prepared by Friedrioh in 1893. 

Lead tetrachloride (vol. iii. p. 126). PbCl 4 
has been obtained by Friedrioh (B. 26, 1434 ; 
abstract in C. J. 64 [11], 415 [1893] ; cf. M. 14, 
505 ; abstract in C. J. 66 [11], 16 [1894]), by 
passing 01 into HClAq containing PbCl 2 in sus- 
pension, adding NH 4 C1 to the solution thus ob- 
tained, separating and drying the compound 
PbCl 4 .2NH 4 Gl thus formed, adding it to cono. 
cooled HgS0 4 , allowing the oily drops that 
formed to collect at the bottom of the vessel, and 
shaking these drops repeatedly (and quickly) 
with cone. H 2 S0 4 . Pb01 4 is a transparent, yellow, 
very refractive liquid, fuming in moist air with 
formation of PbCl, and Cl ; it is unchanged in 
contact with cold cone. H 2 S0 4 , but when heated 
with the acid it decomposes explosively to PbCl 2 
and Cl; when heated with cono. BL^SO, in a 
current of Cl, some Pb01 4 passes over, but at c. 
106° explosion ocours. Pb01 4 has S.G. 3*18 at 
0° ; at o. —15° it solidifies to a yellowish, crys- 
talline mass. A hydrate is formed with a little 
water; but addition of more water produces 
HClAq and Pb0 2 . By adding PbCl 4 to a little 
cooled cone. HClAq, a crystalline compound, 
probably PbCl 4 .2HCl, is formed. 

Several double salts of PbCl 4 with alkali 
chlorides have been isolated. Classen a. 
Zahorski (Zeit. f. anorg. Chemie, 4, 100) give 
the formula 2PbCl 4 .5AmCl to the salt formed by 
digesting PbCl 2 with liquid Cl and fuming 
HClAq, and adding AmCl ; but Friedrich (l.c) 
says the compound is PbGl 4 .2NH 4 Cl. For com- 
pounds PbCl 4 .2MCl, when M * NH 4 , Cs, K, and 
Bb, v. Wells (Am. S . [8] 46, 180 ; abstract in 
C . J. 64 [11], 523 [1893]) ; C. a. Z. (l.c.) describe 
compounds of PbC^ with the hydrochlorides of 
pyridine and quinoline (abstract in C. J . 64 [11], 
464 [1893]). 

Lead dichloride (voL iii. p. 125). Several 
double compounds with alkali chlorides are de- 
ecribed by Bandall (Am. 15, 494 [1893]) ; Wells 
a. Johnston (Am. S . [8] 46, 25 [1893]) ; and WeUs 
(l.c. p. 84). The compounds are of the forms 
PbCl*.2MCl, PbCl r 8MCl.a:aq, and 2PbCl 2 .MCl 
(v. abstracts in C. J. 64 [11], 523, 624 [1893]). 

Lead, fluorides of (vol. iii. p. 127). Brauner 
(C. J. 65, 393 [1894]) haB prepared the com- 
pound PbF 4 .8EF.HF in various ways ; the 
simplest process being to dissolve Pb(C 2 H*0 2 ) 4 
(v. Bed oxide of Lead, Addenda , infra) in cono. 
HFAq and add EF. By acting on this salt 
with cono. H 2 S0 4 , B. obtained evidenoe of the 
formation of lead tetrafluoride. PbF 4 , but he did 
not succeed in isolating the compound. 

Lead, iodide of (vol. iii. p. 127). Several 
double compounds of Pbl^ with alkali iodides 
have been isolated by Wells, W. a. Johnston, and 
Herty (v. References under Lead bromide, p. 914). 
For the compound Pbl 2 .2MgI 3 . 16aq, v. Otto a. 
Drewes (Ar. Ph . 229, 179; abstract in C. J*. 
64 [11], 984 [1893]). 

Lead iodobromides and iodochlorides (voL 
iii. p. 128). Miss Field (0. J . 63, 540 [1893]) 
has described the compounds 2Pb$r 8 .PbI 2 , 
2PbCl r PbI 3 , and 5PbCl 2 .PbI 2 . 

Leag protoxide (voL iii. p. 128). PbO is 
unchanged at o. 1750° {Bead, G. J. 65, 818 


[1894]). The hydrate 2PbO.H a O (vol. iii. p. 129) 
is obtained in large crystals by allowing a eola- 
tion of PbO in KOHAq to cool in the air ; GO t 
is absorbed, and the hydrate is deposited in 
colourless, tetragonal crystals, a:b:c = 1: *824 
(Luedeking, Am. 13, 120 [1891]). 

Bed oxide of lead (vol. ip. p. 130). Hutchin- 
son a. Pollard (C. J. 63, 1136 [1813]) have ex- 
amined the reaction of Pb„0 4 with glacial acetic 
acid, and have isolated lead tetracetate 
Pb(02H # 0 2 ) 4 , melting at c. 175°, and decom- 
posing a little above that temperature. 

Note.— The formula Pb0(0C 2 H 3 0) 2 said to 
be assigned by Jacquelain to the salt obtained 
by him (vol. iii. p. 130, col. 2, line 28 from top ; 
and p. 131, ool. 2, line 24 from bottom), should 
have been given as Pb0 2 (C 4 H a 0 g ), old notation . 

Plumbates (vol. iii. p. 132). Eassner (Ar. 
Ph. [3] 28, 109 ; abstract in C. J. 58, 561 [1890]) 
describes plumbates of Ba, Ca, and Sr. Re- 
garding the dissociation of Ca plumbate, v. Le 
Chatelier (C. R. 117, 109 ; abstract in O . J . 64 
[11], 524 [1893]). 

Lead oxyiodides (vol. iii. p. 132). G rdger 
(M. 13, 510 ; abstract in O . J . 62, 1892) describes 
the compound PbO JPbLj. 

Lead, salts of (vol. iii. p. 132). Thj salt 
Pb(C 2 H 8 0 2 ) 4 (v. supra. Red oxide of lead) be- 
longs to the type PbX* 4 , to whioh form PbCl 4 
also belongs. 

Lead, sulphide of (vol. iii. p. 133). According 
to Hannay (C. J. Proc ., Nos. 139 and 141 [1894]), 
when air is passed into molten PbS, one half of 
the lead remains as lead, and one half is volati- 
lised, and deposited as PbS ; H. accounts for 
this change by supposing the reaction to be 
2PbS + 0 2 « Pb + PbS.S0 2 , the volatile PbS.SO, 
being decomposed in the colder part of the 
apparatus to PbS and S0 2 . 

Lead sulphobromide and sulphochloride 
(vol. iii. p. 133). Parmentier (C. R. 114, 298 ; 
abstract in O. J. 62, 685 [1892]) obtained the 
compounds PbS.PbBr 2 and PbS.PbCl^ by dis- 
solving the halides in their acids and shaking 
the liquids while H 2 S was passed over the sur- 
faces of the solutions. 

LITHIUM (vol. iii. p. 147). Guntz (C. R. 
117, 732 [1893]) reoommends to use a mixture 
of equal weights of LiCl and EC1, for the 
electrolytic preparation of the metal ; the mixture 
melts at 450° and the m.p. decreases as electro- 
lysis proceeds. (For details as to size of elec- 
trodes, strength of current, &c., v. abstract in 
C. J. 66 [11], 91 [1894].) Holt a. Sims, C. /. 
65, 443 [1894], find that traces of a peroxide are 
formed, along with Lip, by burning Li in O. 

Lithium, amide of, LiNH 2 . Formed by 
gently heating clean Li in a stream of NH, until 
violent action ceases, and then heating to o. 
400° until the reaction is finished. A white, 
crystalline, transparent solid; melts between 
380° and 400° ; decomposes in cold water slowly, 
giving LiOHAq and NH 3 ; decomposed by heat* 
mg in air, but without taking fire v xitherley, 
C . J. 65 ; 504 [1894] ; q. v. for further reactions). 

Lithium, bromide of (vol. iii. p. 150). The 
hydrates LiBr. scaq, where se«l and 2, are do* 
scribed by Bogorodsky (J. R. 25, 816 [1893]). 

Lithium, chloride of (yoL iii. p. 160). For 
LiCl! aq and LiCl. 2aq v. Bogorodsky, (lx). Fch 
the double compounds LiCl.MCl* a?aq, .whew 
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M » Ou, Go, Fe, Mn, or Ni, v. CJhassevant (G. B. 
113, 646 ; 115, 113 ; abstracts in 0. J. 62, 118, 
1275 [1892]). 

Lithium, fluoride of (vol. iii. p* 150). Ponleno 
(Bl. [3] 11, 15 [1894]) obtained LiF in regular 
octahedra by heating the amorphous fluoride 
with KHF 2 and KOI. and washing with water ; 
si. sol. wate , insol. 95 p.o. alcohol ; melts at 
o. 1000° in H, and partially volatilises at 1100°- 
1200 °. 

Lilhium, hydroxide of (vol. iii. p. 150). For 
the freezing-points of aqueous solutions of LiOH 
v. Pickering (C. J. 68, 899 [1893]). 

Lithium, nitride of. Ouvrard ( C . B. 114, 120 
[1892]) obtained a black solid, probably Li,N, 
by heating commercial Li to dull redness in N. 

Lithium, oxides of (vol. iii. p. 151). Almost 
the only product of heating Li in O is Li 2 0 ; 
omy traces of a peroxide are formed (Holt a. 
Sims, C. /. 65, 443 [1894]). 

MAGNESIUM (vol. iii. p. 157). Burton a. 
Yorce (Am. 12, 219 [1890]) obtained the value 
24*22 (O » 15*96) for at. w., by converting pure 
Mg into Mg(NO ? ) 2 and this to MgO. The mole- 
cule of Mg in dilute solution in \An is probably 
monatomic (Heycock a. Neville, C . J. 57, 376 
[1890]). Mg crystallises in holohedral hexa- 
gonal forms, a:c =» 1:1*6202, isomorphous with 
Zn and Be (B. a. V., l.c .). 

According to Montemartini (O. 22, 384, 397, 
426 [1892]), a considerable quantity of H is given 
off when Mg interacts with HNO.*Aq (o. 13 p.c.) ; 
the quantity of NHj formed increases with con- 
centration of the acid up to 40 p.o. HNO„ 
after which it decreases. Mg burns in NO at a 
dull red heat (Sabatier a. Senderens, C. B. 115, 
236 [1892]). Giorgis (G. 21, 510 [1891]) says 
that Mg dissolves in water saturated with C0 2 ; 
that H is given off, and crystals of MgCO s . 3aq 
are deposited. For the interactions of Mg and 
chlorides 1 ?. Seubert a. Schmidt (A. 267, 218 ; 
abstract in C. J. 62, 776 [1892]). Winkler has 
made an extended examination of the interac- 
tions of Mg and oxides (B. 23, 44, 120, 772, 
2642 *, 24, 878, 1966 ; abstracts in C. J. 58, 331, 
451, 693, 1372 [1890] ; 60, 801, 1155 [1891]). 

Magnesium, bromide of (vol. iii. p. 159). 
Beketoff (v. abstract in C. J. 62, 762 [1892]) 
gives H.F. [Mg.Br 2 ] - 121,700. The double salt 
2MgBr 2 .PbBr 2 . 16aq is described by Otto a.Drewes 
(Ar. Ph. 229, 585; abstract in C. J. 62, 566 
[1892]). 

Magnesium, chloride of (vol. iii. p. 159). 
Skinner (O. J. 61, 341 [1892]) gives the boiling- 
points of solutions of MgCLj in water and alco- 
hol, from 0 . 4*5 to c. 14*5 p.c. MgCl r 

Magnesium, iodide of (vol. iii. p. 161). 
Beketoff (lx.) gives H.F. [Mg, PQ |« 84,800. 

Magnesium, nitride of (vol. iii. p. 161). For 
description of an experiment to demonstrate the 
formation of Mg,N 2 v. Merz (B. 24, 3,940 ; ab- 
stract in C. J. 62, 409 [1892]) 

Magnekium, oxide of (vol. iii. p. 161). MgO 
is unchanged at 0 . 1750° (Bead, C . J. 65, 313 
[1894]) ; heated in the eleotric furnace, it melts 
with a current of 70 volts and 350 amperes 
(Moissan, C.B. 115, 1034; ct. C. B. 116, 1429 
G892-8]). Bioharde a. Rogers (P. Am. A. 28, 
200 [1898]/ fonnd that MgO, prepared by evapo- 
rating MgCO„ or Mg, with HNO,Aq and heat- 


ing very strongly, retained 0 . 10 times itk volume 
of gas, chiefly O and N. 

Magnesium, silieides of (vol. iii. p. 162). 
Begarding the formation of compounds by heat- 
ing together Mg and Si, v. Winkler (B. 23, 2642 ; 
abstract in O. J. 58, 1873 [1890]). 

MANGANESE (vol. iii. p. 177). Moissan 
(C. B. 116, 349 [1893]) obtained Mn containing 
4 to 5 p.c. 0, by fusing MnO with charcow 
(keeping MnO in excess) by means of a current 
of 60 volts and 300 amperes. Prelinger (M. 14, 
353 ; abstract in C. J. 66 [11], 49 [1894]) pre- 
pared pure Mn by heating Mn amalgam (formed 
by electrolysing MnCl 2 Aq using a cathode of 
Hg) in pure H. 

Mn is described by P (Z.c.) as a grey porous 
metal ; unchanged in dry air ; reacts slowly 
with cold, rapidly with warm, water ; dissolves 
in NH 4 ClAq giving off NH, and H ; B.G. 7*4212 
referred to water at 4°. Moissan (O. B. 116, 
1429 [1893]) found that Mn volatilises readily in 
the electric furnace, using a current of 80 volts 
and 380 amperes. Montemartini (G. 22, 384 v 
897, 426 [1892]) says that the gaseous products 
of the interaction of Mn and HNO*Aq are H, 
NH„ N, and N 2 0. Finely divided Mn rqacfcs 
with CO at 0 . 400°, producing MnO and O 
(Guntz, C.B. 114, 115 [1892]). , 

Manganese, alloys of. The presenoe of o« 
•5 p.c. Mn in iron or steel scarcely affects the 
properties, except by slightly increasing the 
tenacity and malleability ; a very hard tool-steel 
is formed with 0 . 1£ p.o. Mn. Alloys with iron 
containing from 7 to 80 p.c. Mn are extremely 
hard and tough. 

Manganese, amalgams of (vol. iii. p. 179). 
Prelinger (M. 14, 353 ; abstract in C. J. 66 [11], 
49 [1894]) prepared Mn 2 Hg 4 by passing a cur- 
rent from a kathode of Hg through saturated 
MnCljAq to an anode of C, or Pt-Ir, in a porous 
vessel, washing in running water, squeezing out 
excess of Hg, and drying in H over GaCJL. By 
heating gently in a stream of pure, dry H, pure 
Mn was obtained. 

Manganous chloride (vol. iii. p. 179). Chaase- 
vant (A. Ch. [6] 30, 5 [1893]) describes several 
double salts of MnCl^ ; viz. MnOl^AmOL 2aq, 
MnCL^AmCl. aq, and MnCl 2 Jji01. Saq. For 
the double salts M.KC1. 2aq, M.CsCl. 2aq ; 
M.2XC1. 2aq, X-NH 4 , Cs, Bb; 2M.MgCl r 12aq 
(M *» MnClj), v. Saunders (Am. 14, 127 ; abstract 
in C. J. 62, 780 [1892]). 

Manganic chlorides (vol. iii. p. 180). Be- 
gar ding the composition of the chloride in the 
solution obtained by dissolving MnO. in HOlAq, 
v. Vernon (P. M. [5] 31, 469), and Pickering 
(P. M. [5] 33, 284) (abstracts in C. J. 62, 19, 
687 [1892]). 

Manganese peroxide (vol. iii. p. 183). Be- 
garding the compositions of the hydrated oxides, 
approximately Mn0 2 . xaq, prepared by different 
methods, v. Gorgeu (Bl. [3] 4, 16 [1891]). G. 
(C. B. 110, 857; abstract in C. J. 58, 946 
[1890]) gives some details regarding the inter- 
action of MnO^ a?aq and H^OyAq. Heated in the 
electric furnace, Mn0 2 melts, gives off O, and 
leaves MnO (Moissan, C. B. 115, 1034 L1892]). 
Mn 2 0, i") saia to be formed by heating MnO a to 
c. 400° in NO (Sabatier a. Senderens, C. B. 114, 
1476 r r 1892]). McLeod (C. /. 65, 202 [1894J) 
has confirmed his former observation t v at Cl is 
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given oft when MnO, and KC10, are heated 
together. Regarding compounds of Mn0 2 with 
basic oxides, v. Rousseau (C. R. 112, 525 ; 114, 
72; 116, 1060 ; abstracts in G. /. 60, 645 [1891] ; 
02,569 [1892]; 64 [11], 416 [1893]). 

Permanganates (vol. iii. p. 186). Regarding 
the interaction of permanganates with HjO^q, 
V. Gorgeu (G. R. 110, 968 ; abstract in G. J. 58, 
1062 [1890]). Klobb (Bl. [8] 3, 508 ; abstract in 
C. /. 58, 947 [1890]) describes compounds of 
NH, with permanganates of Cd, Ou, Ni, and Zn. 

Barium permanganate BaMn 2 O g (the formula 
is wrongly printed BaMn0 4 in vol. iii. p. 186). 
For the preparation of this salt from KMn0 4 Aq 
and Ba(NO,),Aq v. Muthmann ( B . 26, 1016; ab- 
stract in G. J. 64 [11], 324 [1898]). 

Calcium permanganate . The formula given 
on p. 186 of vol. iii. is wrong; it should be 
CaMnP^HgO. 

Potassium permanganate (vol. iii. p. 186). 
Tivoli (G. 19, 630 [1890]) gives the following as 
the reactions that occur when pure ABHgis passed 
into dilute KMn0 4 Aq: (1) 2KMn0 4 Aq + AsH a 

— K 2 HA80 4 Aq + Mn 2 O s + H,0 ; (2) 

2KMn0 4 Aq + AsH, » K,HAsO,Aq + 2Mn0 2 + H,0. 

Silver permanganate (vol. iii. p. 187). 
AgMn0 4 decomposes slowly at the ordinary 
temperature, rapidly at 100°, and very rapidly 
at 186° (Gorgeu, G. B . 114, 912 ; abstract in 
C.J. 62, 942 [1892]). 

Manganous sulphide (vol. iii. p. 188). The 
pp. produced by adding (NHJHSAq to an 
ammoni&cal solution of a Mn salt, after wash* 
ing in an atmosphere of R,S and drying in CO, 

at 70°, is MnS ; S.G. j|)«3*55. By heating to 

300°-320°, or by leaving in contact with 
(NH 4 )HSAq for some days, the reddish MnS 
becomes green without changing its composi- 
tion; the green form of MnS is crystalline, 

S.G. j~°-3*63 (Antony a. Donnini, G. 23 [1], 560 
[1892]). 

MA8RIUM. In 1892 (G. J . 61, 491) Rich- 
mond a. Husseinoff obtained indications of the 
existence of an element before unknown in 
specimens of Egyptian fibrous alums. The sup- 
posed new element gave reactions indicating 
analogies with Be, Ca, and Zn ; the results ob- 
tained by decomposing the oxalate by heat led 
to the at. w. of o. 228. The authors suggested 
the name masrium, from the Arabio name for 
Egypt. 

MERCURAMMONIUM COMPOUNDS (vol. 
iii. p. 206). 

Mereuro-ammonium salts NH 4 _ J Hg ;r X (vol. 
iii. p. 207). Barfoed’s conclusion that these sup- 
posed oompounds are really mixtures of mercuri- 
compounds and Hg is confirmed by Pesci (G. 
21 [11], 569 [1891]). The produot of the 
interaction of HgCl and NH,Aq, described as 
dimercuro-ammonium chloride NH,Hg,.Cl in 
vol. iii. (p. 208), leaves metallic Hg when 
treated with ammoniacal (NH,) 2 S0 4 Aq, ac- 
cording to P. When the reaction of HpCl 
with NH,Aq proceeds out of the light, P. 
says that the ohange is 2Hg;Cl, + 4NH s Aq 

- (NHg,)Cl.NH 4 Cl + 2NH 4 ClAq + 2Hg. Similarly 
the reaction of NH»Aq with Hg,S0 4 produces 
a double compound of dimercuro-ammonium 
sulphate. ((N HgJgSO,. (NH J t SOJ and Hg; and 


(NHg v ) N O a .NH 4 N O g and Hg are formed, accord- 
ing to P., when HgNO,Aq is treated with NH,Aq. 

Blercuri- ammonium salts NH,Hg.X. Re- 
garding the conditions of formation of compounds 
of mercuri-ammonium chloride NH,Hg.Cl (vol. 
iii. p. 208) with HgCl, and NH (Hg,0)Cl, v. 
Balestra (G. 21 [11], 294 ; . abstract in G. J* 62, 
276 [1892]). 

D mercuri-ammonium salts NHg,X (vol. iii. 
p.209). Pesci (G. 20, 485 [1890]) has examined the 
conditions of formation of various salts cf this 
class, especially the nitrate NHg,.NO s and com- 
pounds of this with NH 4 NO g . The sulphate 
(NHg. i! ) 2 S0 4 .2aq was formed by saturating cone. 
NH,Aq with HgS0 4 , allowing the solution to 
evaporate in an atmosphere oi InRj ove** CaO, 
and collecting the first crop of crystals ; various 
compounds of (NHg,),S0 4 with (NH 4 ) 2 S0 4 are 
also described ( v . abstractin C.J . 60, 268 [189 x]). 

MERCURY (vol. iii. p. 212). Heycock a. 
Neville’s results (C. J. 57, 376 [1890]) show that 
some condensation from monatomic molecules 
perhaps occurs in dilute solutions of Hg in tin. 
j For corrected tables of the vapour pressures of 
' Hg for each 10° from 180° to 480°, and each 1° 
from 330° to 860°, v. Young (G. J. 69, 629 
[1891]). 

Jager (W. 48, 209 [1893]) recommends to 
prepare pure Hg by converting Hg that has been 
distilled in vacuo into HgNO, and electrolysing 
a solution of the salt, using Pt as cathode and 
distilled Hg as anode. Shenstone (G. J. 61, 452 
[1892]) noticed that Hg adheres to glass when 
brought into oontact with Gl, Br, or I. Monte- 
martini (G. 22, 884, 397, 426 [1891]) finds that 
the amount of NO produced by the interaction 
of Hg and HNO a Aq decreases as concentration 
j of the acid increases ; that NO, is produced with 
acid more cone, than 27*5 p.c. HN0 8 , HgNO, 
is formed with 25 p.c. acid, but Hg(NO,) 2 with 
60 to 70 p.c. acid ; no NH, is formed with 27 
and 50 p.c. acid. 

Mercuric bromide (vol. iii. p. 215). HgBr, 
boils at 325°, according to Freyer a. Y. Meyer 
( Zeit.f . anorg. Chemie , 2, 1 [1892]). 

Mercurous chloride (vol. iii. p. 215). Harris 
a. Y. Meyer have re-determined the V.D. of 
calomel at 448° and 518° ; -he value obtained 
! was 117*5. H. a. M. obtained considerable 
quantities of Hg and HgCl, by allowing the 
vapours obtained by heating calomel to c. 465° 
to diffuse along a glass tube ; also by heating 
calomel at 420° for half an hour in a distillation 
flask at 33 mm. pressure. By heating calomel 
to 240°-260°, and bringing a piece of KOH, 
which had been heated to o. 250°, into the 
vapour, they noticed that the surface of the 
KOH at once became covered with yellow HgO ; 
they also found that a piece of gold leaf held 
for a moment in the vapour was amalgamated (if 
kept for some time in the hot vapour the yellow 
colour was restored). H. a. M. think their re- 
sults leave no do^bt that the vapour obtained 
by heating calomel is Hg + HgCl 2 , ana that the 
molecular formula of calomel is Hg,CLj. 

The reaction of Hg,Cl, with NH,Aq gives 
(NHg 2 )01.NH 4 Cl and Hg, according to Pesci (v. 
supra , Mebcubo- ammonium salts). . 

Mercuric chlotide (vol. iii. p. 217). HgCl c 
boils Bat 307° (Freyer a. V. Meyer, ZAt.f. anorg. 
Chemie, 2, 1 [1892]). The whi{p substance 
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produced by the reaction of BgCl^Aq with a 
silver photographic image, or with pulverulent 
Ag, is HgAgCl* according to Jones (8. C. X. 12, 
983 ; abstract in C. J . 66 [11], 138 [1894]). 

Merourio cyanide; for an account of the 
conditions of formation and properties of the 
double mercury -zinc cyanide , v. Dunstan (C. J. 
61, 666 [189°]). 

Meroury, haloid compounds of (vol. iii. p. 
219). Wells (Am, 8. [3] 44, 221 ; abstract in 
C. J, $4 [11], 68 [1893]) describes a number of 
double compounds of mercury and ctesium 
halides; the compounds belong to the forms 
(1) Cs 8 HgX 5 , (2) CsJHgX,, (3) Cs,H gs I B , (4) CsHgX,, 
(5) CsHg 2 X 6 , (6) CsHg.X n ; X-Cl, Br or I ; in 
Borne cases the total X atoms comprise two dif- 
ferent halogens. 

Mercury hydrosulphide; for experimental 
attempts to prepare a definite compound, v. 
Linder a. Picten ( C . J. 61, 123 [1892]). 

Mercury phosphide (vol. iii. p. 223). By 
heating Hg and PI, m a sealed tube for many 
hours at 275°-300°, and removing HgLj by treat- 
ment with KIAq, Granger ( C . It, 116, 229 
[1892]) obtained Hg 3 P 2 in lustrous, metal-like, 
hexagonal crystals, appearing ^ed by trans- 
mitted light, and giving a brown powder. The 
compound gives Hg and P when heated ; heated 
in air it burns ; detonates when mixed with 
KC10 S and struck ; burns in Cl ; dissolved by 
aqua regia. 

Mercurous sulphide (vol. iii. p. 224). Antony 
a. Sestini (O . 24 [1],193 [1894]) obtained a black 
powder by passing dry H„S, diluted with C0 2 , 
over dry Hg 2 Cl 2 or Hg(C 2 H 8 0 2 ), kept at —10°; 
when freshly prepared the black powder was 
scarcely changed in dry HC1 at - 18°, but at a 
somewhat higher temperature (below 0°) Hg 2 CLj 
was quickly formed. The substance dissolved 
in cold K 2 SAq or N%SAq, but when temperature 
rose above 0° the solution became turbid and 
ppd. Hg. A. a. S. think their results show 
that Hg 2 S exists at low temperatures ( abstract 
in C. J. 66 [11], 318 [1894]). 

Mercury sulphoohloride (vol. iii. p. 225). 
The compound 2HgS.HgCl 2 is formed, according 
to Colson ( C . R. 115, 657 [1892]), by passing 
HjS into a solution of HgCL* in dry benzene. 

MOLYBDENUM (vol. iii. p. 421). Smith a. 
Maas (A, C. J, 15, 397 [1893]) obtained the 
mean value 95*85 (0 * 15*96) for the at. w. of 
Mo, by heating Na 2 Mo0 4 in a current of dry 
HC1 and weighing the NaCl that remained 
(MoOg.2HCl and EL 2 0 were formed and removed). 
Smith a. Oberholtzer (Zeit.f. anorg. Chemie, 5, 
63 [1893]) say that a mixture of MoOCl, and 
Mo(CO)Cl 4 is formed* by heating Mo to 150°- 
200° in COCl a ; and that MojSsClg is produced 
by heating Mo to redness in S 2 C1 2 . Mo is said 
to ppt. Ag from AgNOjAq, Au from AuCljAq, 
HgCl and then Hg from HgCl^Aq, and Cu from 
solutions of its salts (Smith, Zeit. f, anorg, 
Chemie , 1. 360 [1891]). Mo^temartini {O. 22, 
384, 397, 4^6 [1891]) finds that no NH, is formed 
in the interaction of Mo and HNO^Aq with from 
3 to 70 p.c. HNO g ; the most vigorous action 
occurs with acid c. 50 p.c., but the whole of the 
metal ip not oxidised to MoO* a nitrate being 
probably formed ; the gaseous products are NO 
and NO* toe quantity of NO decreasing as the 
oopcehtratiru of the acid incr ea s es. 
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Molybdenum, carbides of. By heating a 
mixture of MoO, and charcoal in the electric 
furnace, Moissan (C. R. 116, 1225 [1893]) ob- 
tained a very hard carbide, containing from 
9*77 to 9*9 p.c. C ; S.G. 8*6. 

Molybdenum sesqnioxide (vol. iii. p. 431). 
Heating Mo 2 0, in NO produces Mo0 2 (Sabatier 
a. Senderens, C, R, 114, 1429 [1892]). 

Molybdenum trioxide (vol. iii. p. 432). MoO t 
partially volatilises, and is partiauy reduced to 
one of the blue oxides, at c. 1750° (Bead, C, J. 
65, 318 [1894]). According to Smith a. Ober- 
holtzer (Zeit. f. anorg . Chemie , 4, 236 [1893]), 
the products of heating MoO g in HBr are 
(1) MoO„.3HBr f and (2) Mo 2 0,Br 4 ; when HI is 
used and the temperature kept at 105°-120°, s 
blue oxide Mo 2 O a . xaq is formed; HF at 800°- 
400° forms (v. abstract in C. J, 64 [11], 

471 [1893]). Cammerer (Chem. Zeit. 15, 957 ; 
abstract in C. J. 62, 944 [1892]) says that 
2MoOj.HjO3.HjO is formed by boiling MoO, with 

HjOjjAq. 

Molybdenum, oxybromides of (vol. iii. p. 438). 
Smith a. Oberholtzer (Zeit. f. anorg. Chemie , 
4, 230 [1893]) describe Mo 2 0,Br 4 ; square plates, 
colour of KMn0 4 . Formed, along *with 
Mo0 8 .3HBr, by heating MoO a in HBr. 

Molybdenum, oxychlorides of (vol. iii. p. 433). 
For the products of the interaction of MoO t 01, 
and NH a , v. Smith a. Lehner (Zeit, f, anorg . 
Chemie , 4, 374 ; abstract in C. J. 64 [11], 629 
[1893]). 

Molybdenum, oxycyanide of. By dissolving 
Mo0 2 in KCyAq, and adding a strong acid, 
Pochard (C, R, 118, 804 [1894]) obtained 
Mo0 2 Cy 2 . Easily decomposed by oontact with 
acids; double compounds with KCy and AgOy 
are also described. 

Molybdenum, oxyfluorides of (vol. iii. p.433). 
For MogOjF,, a white, crystalline, deliquescent 
solid, obtained by heating MoO„ in HF at 800°- 
400°, v. Smith a. Oberholtzer (l.c.). 

Molybdenum, thiochloride of. For MoJSgCl,, 
v. S. a. O. (l.c. 5, 63). 

Molybdates, and derivatives thereof (vol. iii. 
p. 423). For compounds of molybdates of NH 4 
and K with SO a and Se0 2 , v. Pochard ( C . R, 
116, 1441 ; 117, 104 ; abstracts in C, J. 64 £11], 

530 [1893]). 

Permolybdates. By the reaction of H a O*Aq 
with JLjMOjOjftAq, Pochard (C, R, 112, 720; 
abstract in C. J. 60, 988 [1891]) obtained potas - 
evum permolybdate K 2 Mo 2 0„. 4aq ; the corre- 
sponding NH 4 salt was bIbo formed. 

Arseno-molybdates (vol. iii. p. 426). • For 
salts of this class, v . Friedheim (Zeit. f, anorg. 
Chemie , 2, 314 ; 6, 11, 27 ; abstracts in C, J, 
64 [11], 283 ; 66 [11], 238 [1893-4]). 

lodomolybdates. A great many salts of the 
form 2rMoO,.yl 2 0 A jrMO are described by Blorn- 
strand (Zeit. f. anorg . Chemie, 1, 10 j abstract 
in C, J, 64 [11], 122 [1893]). 

, Phosphomolybdates (vol. iii. p. 426). Fried- 
he*m (Zeit, f. amorg. Chemie, 4 , 275 ; 6; 11, 27 ; 
abstracts in C, J, 64 [11], 472; 66 [11], 238 
[1393-4]) describes several salts of this class. 

Flue molybdates (vol. iii* p. 426 ), v, Piccini 
(Real. Acad. Lmcei, 7 [1],267 ; absttaol inC> J, 
62, 784 [1892]), and Mauro (lx„ 1892 [l], 194 * 
abstract in C. J. 64 [11], 124 [1893]). 
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NICKEL (vol. iii. p. 498). The at. w. has 
been re-determined (1) by Schutzenberger, by 
reduoing oxides of Ni in H (C. B. 114, 1149 
[1892]); (2) by Winkler, by estimating Cl in 
NiOL prepared from electrolytically deposited 
Ni (Z&it. f. anorg . Chemie , 4, 10 [1893]). 
Sohutzenberger’s values varied from 58*50 to 
09*8; Winkler’s mean value from the gravi- 
metric determinations was 58*903, and from the 
volumetric determinations 58*910 (01® 35*37, 
Ag == 107*66). Kruss a. Schmidt (Zeit. f . anorg . 
Chenvie , 2, 235 [1892]) insist that the substanoe 
called nickel is not an element, but Winkler 
(l.c.) controverts this statement (v. abstracts in 
C. J. 64 [11], 212, 469 [1893]). The molecule of 
Ni in dilute solution in tin is probably monatomic 
(Heycock a. Neville, C. J. 57, 376 [1890]). 
SoMtzenberger (C. B. 113, 177 [1891]) says that 
a volatile compound is formed by passing dry 
HC1 over finely divided Ni heated to dull red- 
ness. Montemartini (G. 22 [1], 250 ; abstract in 
C. J . 62, 1278 [1892]) gives the quantities of 
NH„ N a O, N, and HN0 2 (no NO) produced by 
the reaction of excess of HNO s Aq (27*5 p.c.) with 
Ni. Heated to 200° in NO, the oxide NiO is 
formed without any Ni A (Sabatier a. Senderens, 
C. B. 114, 1429 [1892]). By passing N0 2 , 
diluted with N, over reduced Ni, nitro-nickel 

g NLjNO,) is obtained ; it resembles nitro-cobalt 
.v., p. 908) (S. a. S., BL [3] 9, 669 [1893]). 
Nickel carbonyl Ni(CO) 4 . (Nickel carbon- 
oxide, vol. iii. p. 501.) Mol. w. was confirmed 
by Mond a. Nasini (Z. P. C. 8, 150 [1891]), by 
finding the depression of the freezing-point of 
benzene. S.G. 1*35618 at 0°, 1*27132 at 36° 
(water at 4° « 1) ; S.G. at b.p. = 1*25406 ; molecular 
volume ® 136*04 ; critical temp. » 151°. For some 
reactions v. Berthelot (O. B. 112, 1348 ; abstract 
in C. J. 60, 1427 [1890]). 

Nickel, chloride of (vol. iii. p. 501). A 
volatile substanoe, decomposed by heating, is 
said to be formed by passing dry HC1 over dry 
NiGl* at dull redness (Schutzenberger, C. B. 
113, 177; v. abstract in C. J . 60, 1429 [1890]). 
Chassevant (A. Ch. [6] 80, 5 [1893]) describes 
the double compounds NiCl^AmCl. 6aq and 
NiOljJuCl. 3aq. 

Nickel, fluoride of (vol. iii. p. 502). Poulenc 
(C. B. 114, 1426 [1892]) obtained amorphous 
NiP 2 by heating NiCL* with excess of NH 4 F, and 
washing away NH 4 C1 with boiling alcohol; by 
heating in ELF to 1200°-1300°, the amorphous 
NiF 2 became crystalline, forming green prisms, 
S.G. 4*63, not acted on by warm HNO*Aq, 
HGlAq, or H^SC^Aq. Heated in air, NiF 2 gives 
NiO ; heated with S it gives NiS ; and with H 
it is reduoed to Ni (for other reactions, v. abstract 
in O. J. 62, 1159 [1892]). The double salt 
NiF r KF is formed by heating NiCL* with KHF 2 , 
and washing away KG1 by water (P., C. B. 114, 
746 [1892]). 

Nickel monoxide (vol. iii. p. 502). NiO melts 
and forms green crystals in the electric furnace 
(Moissan, O. B. 115, 1034 [1892]). NiO occludes 
small quantities of N and 0 (Richards a. Rogers, 
P. Am. A . 28, 200 [1893]). 

Nickel sesquioxide (vol. iii. p. 502). Nip, 
fuses, gives up all its O, and leaves Ni at c. 1750° 
(Read, O. S. 66, 313 [1894]). 

Niokel peroxide (vol. iu . p. 503). Campbell 
ft. Trowbridge («T. Anal . and App. Chem . 7, 301; 


abstract in C . J. 66 [11], 238 [1894]) conclude 
that an oxide with more O than Ni,O s cad be 
obtained by ppg. NiS0 4 Aq by Na^GOiAq in pre- 
sence of Br at different temperatures. 

Nickel monosulphide (vol. iii. p. 503). Re- 
garding the oxidation of this salt in air, to 
NiS0 4 .6Ni0, <fco., v. P. de Clermont ( C . B. 117, 
229 ; abstract in C. J. 64 0L1], 528g[1893]). 

NIOBIUM (vol. iii. p. 505). NbA is not 
changed at c. 1750° (Read, C. J. 65, 313 [1894]). 
Piccini (Zeit. /. anorg. Chemie , 2, 23. [1892]) 
has prepared potassium fluoxypemiobate 
NbO.F3.2KF.aq. 

NITRAMIDE N0 2 (NH t ). Thiele a. Lachtoan 
(B. 27, 1909 [1894]) obtained this compound by 
throwing N0 2 .NK.C0 2 K (potassxam nitro-car- 
bamate) into a mixture of ioe and excess of 
H.S0 4 , extracting with ether, and evaporating 
in a stream of air. Crystallises in clear prisms, 
which melt at 72° with decomposition ; decom- 
posed instantly to N 2 0 and HjO by alkalis, 
alkali carbonates, borax, or Na acetate. 

NITRATES (vol. iii. p. 509). Rousseau a. 
Tite (C. B. 115, 174 [1892]) find that many 
basic nitrates are completely decomposed by 
heating with water at 150°- 200°. Regarding 
the formation of basic nitrates of Cd, Ca, Ni, 
and Zn, v. R. a. T. ( Q . B. 114, 1184) ; Riban 
O. B. 114, 1357) ; and Werner (C. B. 115, 169); 
abstracts in C. J. 62, 1156, 1157, 1276 [1892]). 

NITRIC ACID (vol. iii. p. 517). Regarding 
the colours produced by diluting red fuming 
HNOj,Aq v. Marchlewski (B. 24, 3271 [1891]). 
For revised tables showing the composition of 
HNOjAq of different concentrations v. Lunge a. 
Rey (S. C. I. 1891. 543). Regarding the mag- 
netic rotations of HNO,Aq v. Perkin (C. J. 63, 
57 [1893]). Hall (Am. 13, 664) has examined 
the rate of production of H and O, and the effect 
on the concentration of the acid, by the slow 
and steady electrolysis of HNO,Aq (abstract in 
G . J. 62, 680 [1892]). The interactions of 
HN0 8 Aq with many metals have been examined 
by Montemartini (G. 22 [1], 250, 277, 384,397, 426 
[1891] ; abstracts in C . J. 62, 1278, 1402 [1892]), 
Veley (S. C. I. 10, 206; and elsewhere), and 
others ; the results are noted under various 
metals. Pickering (C. J. 63, 436 [1898]) has 
isolated the hydrates HNO* AO and HN0,.3H 2 0 ; 
the freezing-points of HN0 8 Aq, from 1*82 to 
86*19 p.c. HNO*, are given by P. 

NITROGEN (vol. iii. p. 556). S.G. of N (air 
® 1) ® *97209 *, 1 litre weighs 1*25/49 g. (Ray- 
leigh, Pr. 53, 134 [1893]). fi * « 1*2058 at - 190° 
(liquid N, containing 5 p.c. O) (Liveing a. Dewar, 
P. M. [5] 36, 828 [1893]). Absorption coefficient 
in alcohol, v. Henrich (Z. P. C. 9, 485 [1892]). 
Diffusion in water, v. Duncan a. Hoppe- Seyler 
(Zeit. physiol. Chemie , 17, 147 [1893]). 

Preparation of pure nitrogen . Threlfall 
IP. M. [5] 35, 1 [1893]) gives minute directions 
for preparing pure N by passing air and NH t 
over hot Gu, and absorbing traces of O by 
CrCl^q; exact directions for preparing the 
CrClgAq are given, and the paper oontains nume- 
rous details regarding the purifications of the 
reagents used in the process. 

fall ilx^°hsLB repeated iperim^te^on sparking 
extremely pure N (v. vol. iii. p. 557} ; no con- 
densation occurred down to —10° £nd c.«8 mm. 
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S ressure, but when Hg is present a compound of 
f and Hg is formed (probably Hg,N 2 , v. vol. iii. 
p. 221). Begarding the fixation of nitrogen by 
glowing plants, v, Beyerinck, also Schloesing a. 
Laurent (abstracts in C. J. 62, 1019, 1021 
[1892]). 

Nitrogen, hydrides of (vol. iii. p. 559). 
R'yctrazoic curd N*H. For new methods of pre- 
paring N JEL v . Ourtius ( B . 24, 8341 ; 26, 1268 ; 
abstracts in 0 . J. 62, 112 ; 64 [11], 463 [1892-3]). 
Wislicrnus (B. 25, 2084 [1892]) has obtained 
N*H by the interaction of NH, and N 2 0. From 
J-g. to 4 g. Na is heated in a stream of NH 3 
until all is converted into NaNH 2 ; a current of 
dry N 2 0 is then passed over the NaNH 2 at 150°- 
260° as long a. NH, is given off (2NaNH 2 + N 2 0 
» NaN, + NaOH + NH,). By dissolving the pro- 
duct in water, filtering, decomposing by dilute 
H 2 C0 4 Aq, and distilling, N,HAq is obtained. 

The following salts are described by Curtius 
(B. 24, 3341 ; abstract in O. J1 62, 112 [1892]) : 
(NH 4 )N„ Pb(N,) 2 , HgN„ NaN,. 

Nitrogen, iodides of (vol. iii. p. 560). Di- 
; odam!ne, NHI,, is the product of adding excess 
of NH,Aq to a cone, solution of 1 in oonc. 
KIAq ; by suspending NHI, in wal ar, and adding 
an annaoniacal solution of AgNO, or Ag 2 0, a 
hlao* compound NAgI 2 is obtained which ex- 
plodes when dry (Szuhay, B. 26, 1933 ; abstract 
in C. J. 64 [11], 568 [1893] ; cf, Selivanoff, B. 
27, 1012 ; abstract in O. J, 66 [11], 312 [1894]). 

Nitrous oxide (vol. iii. p. 561). Bamsay a. 
Shields (C. J, 63, 838 [1893]) give the m.p. of 
N 2 0 as —102*8°, and the b.p. as — 89’8°. Vil- 
lard (O, B. 118, 1096 [1894]) gives the following 
data for the S.G. of liquid N 2 0 : *9105 at 0°, 
*886 at 5°, *856 at 10°, *804 at 17*5°, *720 at 
26*5°, *640 at 32*9°, *606 at 34*9°, *572 at 36*3°. 
Liveing a. Dewar (P. M. [5] 34, 205 [1892]) give 

Pp — m *2634, and ^§— ** *163 at —90°. 


Smith (S, C. L 11, 867 ; 12, 10 [1893]) says that 
a regular stream of N 2 0 is obtained by heating 
to 240°-250° a mixture of 1 pt. dry NaNO, with 
c. 1J pt. dry (NH 4 ) 2 S0 4 . By passing N,0, mixed 
with a little H, over Pd black, the H is entirely 
converted to HgO, with formation of N (Monte- 
martini, Real. Acad . Lined , 7 [11], 219 [1892]). 

Nitric oxide (vol. iii. p. 562). Very pure NO 
is obtained, according to Emich (M, 13, 73 
[1892]), by "he interaction of copper and a mix- 
ture of H,S0 4 and HNO,Aq. Emich (Z.c., p. 78) 
finds that NO is completely decomposed to N 
and O by passing over nets of Pt or Pd wire 
kept very hot by an electric ourrent. Emioh 
(Z.c. p. 86) says mat NO and O unite after being 
ariea by long contact with P,0 6 ; but Baker (C. J. 
65, 611 [1894]) finds that dry NO and dry O do 
not combine at the ordinary temperature. Be- 
garding the reactions between NO and metals 
and metallic oxides, v. Sabatier a. Senderens 
(C. B. Vi, 1429; 1476; attracts in C. J. 62, 
1151, 1271 [1892] ; results are noted under the 
different metals and oxides in Addenda ). 

Nitrogen dioxide (vol. iii. p. 565). For the 
reactions of NO, with various metals and oxides 
v. S. a. S. (O. B. 115, 236 abstract in O . /. 
62, 1390 [1892] ; results are noted und r the 
different metals and oxides in Addenda ). 


Nitrogen tetroxide (vol. Hi. p. 565). For 
preparation of N 2 0 4 , v, Gundall (O. J. 59, 1076 
[1891]). O. (lx,) has measured the dissociation 
of liquid N 2 0 4 in CHOI, up to o. 25° ; Ostwald 
(O, J. 61, 242 [1892]) shows that the dissociation 
follows van’t Hoff ’s law for dilute solutions. 

Nitrous acid (vol. iii. p. 567). Begarding 
the formation of HN0 2 in solution in HNO„ v, 
Yeley (Pr. 52, 27 ; abstract in O. J. 64 [11], 413 
[1893]). 

Hyponitrous acid (vol. iii. p. 568). Tanatar 
(J, B. 25, 342 ; abstract in O . J, 66 [11], 186 
[1894]) prepared Ag^O, by adding GaO to fairly 
oonc. KN0 2 Aq in the ratio 0a0:KN0 2 , then an 
equivalent of solid NBL^OH.HCl, heating to 50°, 
letting stand for a few days at the ordinary 
temperature, filtering, acidifying with acetic 
acid, ppg. by AgNO a Aq, dissolving Ag^O, in 
HNO s Aq (which leaves AgCl), and ppg. again by 
Na acetate. 

OSMIUM (vol. iii. p. 641). Os fuses 
readily in the electric arc in a carbon capsule ; 
when fused it has a crystalline fracture, and 
scratches quartz, but is scratched by topaz 
(Joly a. V6zes, C. B. 116, 577 [1893]). 

Osmic acid (vol. iii. p. 646). Moraht a. 
Wischin (Zeit.f, anorg. Chemie , 3, 153 ; abstract 
in C. J. 64 [11], 380 [1893]) say that the black 
powder obtained by the interaction of acids 
and K 2 0s0 4 Aq (vol. iii. p. 645), when dried 
over P 2 0 s in vacuo till it ceases to lose weight, 
is osmic acid H 2 0s0 4 . M. a. W. describe the 
compound as a sooty-black powder, smelling of 
0s0 4 in moist air, but unchanged under water 
containing alcohol. By passing H 2 S over 
H 2 0 s 0 4 a violent reaction oocurs, and 
Os 0 2 S 2 .BL,0 is formed. Heated with cone. 
HClAq for many hours with a little alcohol, 
and evaporated, Os 2 Cl 7 .7aq was obtained; an 
alcoholic solution of this substance with KGlAq 
gave K 2 0 sC 1 8 and the filtrate yielded OsGl r 3aq ; 
the substance Os 2 Cl 7 is therefore supposed by 
M. a. W. to be a mixture of OsCl 4 and OsGl*. By 
heating H. 2 0s0 4 with HlAq, violet-black crystals, 
probably OsI 4 , were obtained. No action occurs 
when Os iB heated with I, or with Br. 

Potassium osmiamate (vol. iii. p. 645). Joly 
(i 0 . B. 112, 1442 [1891]) prepares this salt by 
dissolving 100 pts. Os0 4 in a solution of 100 
pts. KOH in 50 pts. H,0, keeping the solution 
at c. 40°, and adding 40 o.c. NH*Aq *, after a 
time the brown liquid beoomes colourless, and 
a yellow crystalline pp. is formed. J. gives the 
formula KNOsO* to this salt. Heated vn vacuo 
it is rapidly decomposed above 200°, and at 
440° almost all the N is given off, the solid 
products being K 2 0s0 4 , Os0 2 , and KOsO, (v, 
abstract in G . J. 60, 1433 [1891]). 

OXIDES (vol. iii. p. 658). Regarding 1 the 
connections between the stability of oxides when 
heated and the periodic classification of the 
elements, v. Bailey (C. J . 65, 106, 321 [1894]). 

OXYGEN (vol. in. p. 708). Atomic weight of 
oxygen (vol. iii. p. 705). Dittmar a. Henderson 
(C. N. 67, 127, 189, 151, 164; abstract in 
< 7 . J, 64 [11], 410 [1898]) from careful deter- 
minations made by passing H over hot GuO, and 
weighing the water and Gu produced, adopt the 
value 15*87 for the at.w.of O. By measurements 
of the combining volumes of O and H. combi- 
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ding the results with Rayleigh’s determination 
ol the S.G. of 0, Boott (T. 184, 548 [1898]) got 
the value 15*862. The following valueB sum* 
marise the most recent determinations (v. D. a. 
H., Z.c.), Oooke a. Richards, 15*868; Noyes, 
15-885; Rayleigh (Pr. 45, 426 [1890]), 15-89; 
Reiser, 15-949 ; Leduc (C. B. 116, 1248 [1893]), 
15*88 ; D. a. EE., 15-87 ; Scott, 16-862. The value 
adopted in this Dictionary , 15*96, is almost 
certainly too high ; the mean of the values ob- 
tained by 0. a. R., N., R. y D. a. H., and S., is 
15*875. 

The ratio ol the combining volumes of 0 and 
H was determined by Scott (lx.) to be 2-00245 : 1 
(v. Wateb, this vol. p. 861). S.G. of 0 referred 
to H *15-882 (Rayleigh, Pr. 50, 448 [1892]). 
For an examination of the whole of the spectrum 
of O, v. Eisig (W. 61, 747 : abstract in G. J. 66 
[11], 266 [1894]). Liveing a. Dewar (P. M. [5] 

34, 205 [1892]) determined to be *1989, and 
a 

j—IJl. to be *1266, at —182° (c/. Olszewski a. 
(fi*+2 )d 

Witkowski ; abstract in C. J. 64 [11], 853 
[1893]). For diffusion of O in water, v. Duncan 
a. Eoppe-Seyler (Zeit. physiol. Chemie , 17, 147 
[1892]). 

i Regarding the division of O between H and 
Cl when mixtures of these gases are exploded, 
v. Harker (Z. P. C. 9, 673 [1892]). Dry O does 
not combine with dry NO at the ordinary tem- 
perature (Baker, C. J. 65, 611 [1894]) ; nor with 
dry K or Na, even when these metals are distilled 
in the gas (Holt a. Sims, O. J. 65, 440 [1894]). 

OZONE (vol. iii. p. 788). Regarding the con- 
ditions of ozonification of oxygen, v. Shenstone 
a. Priest (G. J. 63, 938 [1893]). Baker (C. J. 65, 
611 [1894]) confirms the observation of Shen- 
stone a. Cundall ( G . J. 81, 610 [1887]) that dry 
O is ozonised as rapidly as moderately dry O. 

PALLADIUM (vol. iii. p. 792). The at. w. of 
Pd has been re-determined (1) by Bailey a. Lamb 
(0. J '. 61, 745 [1892]), by analyses of Pd(NH 8 Cl) 2 ; 
(2) by Keller a. Smith (Am. 14, 423 [1892]), by ppg. 
Pd electrolytically from a solution of Pd(NH 3 Cl) 2 
in NH*Aq ; (3) by Joly a. Leidi6 (G. B. 116, 146 
[1893]), by electrolysing K 2 PdCl 4 in HClAq ; (4) 
by Reiser a. Breed (Am. 16, 20 [1894]), by deter- 
mining the ratio of Pd to Cl in Pd(NH 8 Cl) 2 . 
B. a. L. obtained the value 105*459 ; K. a. S. 
the value 106*35 ; J. a. L. the value 105-665 ; 
and K. a. B. the value 106-27 (Cl » 35-37 ; ! 
Ag« 107*66; N * 14-01 ; O * 15-96). The mole- j 
cule of Pd in dilute solution in tin is probably 
monatomic (Heycock a. Neville, C. J. 57; 376 
[1890]). Regarding the preparation of pure Pd, | 
v. the memoirs referred to supra. Pd absorbs O 
at 150°, forming Pd z O (Neumann, M. 13, 40 
[1892]), but when Pd sponge is heated in dry O 
till the height is constant PdO is formed (Wilm, 
B. 26, 220 [1892]). Heated to 200° in NO, Pd 
sponge that has been saturated with H becomes 
incandescent and the NO is completely changed 
to H,0 and NH 8 , but oxidation of the Pd does 
not occur (Sabatier a. Senderens (C. B. lid, 
*1429 [1892]). Regarding palladium sulphides , 
v . Petrenko-Kritschenko (Zeit. f. anorg . khemie , 
4, 247 ; abstract in O. J. 64 [11], 475 [1893]). 
PhosphtyalladOus compounds , PdOl^PCl; and 


PdCl^PfOH),, are described by Fink { O . B . 115, 
176 ; abstract in O. J. 62, 1285 [1892]). Vtoses 
(C. B . 115, 111) describes potassium palladoso • 
chloronitrite ELPd(N0 2 ) 2 CL (abstract in O. J. 62, 
1284 [1892]). 

PHOSPHATES (vol. iv. p. 106). Rossel a. 
Frank (B. 27, 52) say that P is obtained by heat- 
ing NaPO s , or any phosphate of 0a or Mg, with 
A1 in a current of H. 

Dipotassium-hydrogen orthophosphate (vol. 
iv. p. 111). According to Standenmaier {Zeit. f. 
anorg . Chemie, 5, 388 [1893]), KJBLP0 4 cannot 
be isolated. S. (l.c.) describes acid salts , 
K d H 4 (P0 4 ) 8 . aq, K 7 H ft (P0 4 ) 4 . 2aq, and KH 6 (P0 4 )*. 

Thorium orthophosphates (vol. iv. p. 112). 
Yolck ( Zeit.f '. anorg . Chemie, 6, 161 [1894]) ob- 
tained Th(HP0 4 ) 2 . aq by adding dilute jd^PO^q 
to ThCl 4 Aq. 

Sodium pyrophosphate (vol. iv. p. 114). For 
a study of the reaction of HClAq with Na 4 P 2 0 7 v . 
Watson (S. C . J. 11, 224 ; abstract in 0 . J* 64 
[11], 272 [1893]). 

ORTHOPHO 3PH0RIC ACID (vol. iv. p. 125). 
According to Watson ( G . N. 68, 199 [1893B 
H ;1 P0 4 is changed completely to H 4 P 2 0 7 at 255 ~ 
260°, and HP0 3 begins to form at 290°-300°. 

PHOSPHORUS (vol. iv. p. 126). Regarding 
the action of light and heat on ordinary phos- 
phorus, v. Retgers (Z. P. C. 5, 211 ; abstract in 
; G. J. 66 [11], [1894]). 

Phosphorus hydride (vol. iv. p. 186). PJI 8 
and 0 react at a low pressure to form H*P0 3 
(2PH„ -f 30 2 * 2HaP0 8 ) ; when the gases are 
allowed to diffuse with one another at less than 
50 mm. pressure, the reaction is PH 8 + 0*« 
H 2 + HP0 2 ; slow oxidation at greater pressures 
proceeds approximately according to the equa- 
tion 4PH 3 + 50 2 = 2HP0 2 + 2H 8 P0 8 + 2H 2 (H. J. 
van de Stadt, Z. P. C. 12, 322 [1893]). Accord- 
ing to van de S., explosion occurs at a certain 
low pressure, and this pressure depends much 
on the amount of moisture present, the moisture 
preventing and retarding the ex*. losion. Kovij 
(Z. P. C. 12, 155 [1893]) has examined the rate 
j of decomposition of PH, by heat. For the re- 
action of PH 8 with AgN0 8 Aq v. Yitali (abstract 
i in G. J. 64 [11], 206 [1893]). 

Phosphoric oxide (vol. iv. p. 141). Fot de 
tails regarding the preparation of pure P 2 0 § , and 
for methods of detecting traces of P in P a O a , v. 
ThrelfaU (P. M. [5] 35, 14 [1893]). 

Phosphorus suboxide (vol. iy. p. 189). Blitz 
(B. 27, 1257 [1894]) thinks that P 4 0 Ib formed 
by the interaction of P 2 0 5 and NH,. 

Phosphorus, sulphides of (vol. iv. p. 145). Helff 
(Z. P. 0. 12, 196 [1893]) confirms the statement 
that there are no definite compounds P 4 S and 
P 2 S ; by heating together red P and S, he ob- 
tained P 4 S 8 , P 4 S 7 , PjS^ and P s S s . 

Phosphorus, sulphoiodide of. Ouvrard (CM2. 
115, 1301 ; abstract in C. J. 64 [11], 164 [1893]) 

I obtained P 2 8 S I by heating PI 3 in BLjS at 110°- 
120° ; also by evaporating a solution of the three 
elements in the proper proportion L. CS 2 and 
I heating the residue to 120° in an inert gas ; also 
by dissolving I in a solution of P 3 S 8 in CS 2 . The 
compound crystallises from CS 2 in golden-yellow 
prisms ; it is unchanged in dry air, but slowly 
decomposed in moi t air, giving off sl* sol. 
CHOI' , O tf H fl , EtOH, or Et,0; burns otf c. BOO 0 ? 
giving P*0», SO sl and I ; at c. 800° m vacua it 
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separates Into I and P 2 S 8 ; decomposed by hot 
water, and explosively by fuming HNO s . 

Potassium hypophosphates (vol. iv. p. 153). 
Bansa (Zeit. f. anorq. Chemie , 6 , 128 [1894]) 
describes many double salts of KgIljP 2 0 6 with 
MH*P 2 0«, where M » Od, Co, Cu, Mn, Ni, or Zn ; 
also double salts M£ 2 P 2 0 6 , where M = Co or Ni. 
The double mlt K^Na^P^O,,. 2aq is also described 
(abstract in U. J . 66 [11], 279 [1894]). 

Thallium hypophosphates. Joly (C. B. 118, 
649 [4894]) obtained the normal salt T1 4 P 2 0 8 , 
and the add salt TL 2 H 2 P 2 O a (abstract in C. J. 66 
[11], 282 [1894]). 

PLATINATES (vol. iv. p. 281). 

Sodium thioplatinates. Schneider has ob- 
tained the sSlttf Na 2 PtS 2 and Na^S.PtS^PtSa 
(J.pr.T2] 48,411 [1894]). 

Platino-oxalates (vol. iv. p. 285). Begarding 
the constitutional formulas of the K salts, v . 
Werner (Zeit. f. anorg. Chevvie , 3, 267), and 
Sdderbaum (ibid. 6, 45 [1894]). 

PLATINUM-AMMONIUM COMPOUNDS (vol. 
iv. p. 292). Petersen ( Z . P. C. 10, 580 [1892]) 
J&nds^from cryoscopic determinations, that most 
of the formula generally used for these com- 
pounds are molecular. For a dii cussion of the 
oonstiyitions of several classes of these com- 
pounds, and for measurements of the electrical 
conductivities of aqueous solutions of some of 
them, v. Werner a. Miolati (Z. P. C. 12, 85 
[1893]). 

POTASSIUM (vol. iv. p. 297). Holt a. Sims 
(C. J. 65, 432 [1894]) found that K became soft 
at 64*5°, and remained soft to 60*5°, whereat it 
became brittle; complete melting occurred at 
62*5°. H. a. S. say that dry K may be distilled in 
dry 0 without the formation of any compound 
of the two elements. They found the products 
of the oxidation of K to be K 2 0 2 , K,O g , and finally 
K 2 0 4 (v. Oxides , infra). Mixtures of KN0 2 and 
KNO, were formed by oxidising Kin NO and in 
the red oxides of N. 

Potassiumeamide (vol. iv. p. 299). Titherley 
(C. J. 65, 504 [1894]) says that KNH, is white 
and wax-like, melting at 270°-272°. It may be 
distilled without change in H at 400°-500°. 
T. says that KNH 2 is not decomposed by heat- 
ing at c. 400° in a silver boat ; if a glass vessel 
is used, NH S is given off with some N and H, 
and K silicate is formed ; a small amount of 
decomposition occurs in a silver boat at c. 500°, 
and at a full rqd heat the amide distils with 
partial splitting up into its elements. For other 
reactions of KNH^ v. T. (Lc.). 

Potaasammonium (vol. iv. p. 299). Joannis 
( C . B. 118, 713 [1894]) finds that there is no 
reaction between N and NgH^ ; he says that 
N f 0 produces KNHj, NHg, KOH, and N. For 
the action of O, v . J. (C. B. 116, 1370 ; abstract in 
C. J. 64 [11], 462 [1893]). 

Potassium bromide (vol. iv. p. 299). The 
melting-point is given as 715° by V. Meyer a. 
Biddle (B. 26, 2448 [1893]). 

Potassium chloride (vol. 19 . p. 800). Melts 
at 766°, according to M. a. B. (l.c.). 

Potassium hydroxide (vol. iv. p. 802). Melts 
at 1045° (M. a. B., l.c.). 

Potassium iodide (voL iv. p. 308). Melts at 
623° (M.|a. B., lx.). Begardi >g the interaction 

KIAq and FeGljAq, t>» Fbbbio ohlc|lii>x, 

Addenda, p. 918. 


Potassium tri-iodide (vol# iv. *p. 804). 
Jakovkin (Z. P. C. 13, 539 [1894]) has made an 
examination of the dissociation of KI t in 
aqueous solution to KIAq and IAq (abstract m 
C . J . 66 [11], 271 [1894]). 

Potassium nitride (vol. iv. p. 804). The ex- 
periments of Titherley ( C . J. 65, 512 [1894]) 
Bhow that K a N does not exist. 

Potassium oxides (vol. iv. p. 304). Holt a. 
Sims (C. J. 65, 432 [1894]) failed to obtain the 
monoxide K 2 0 by any of the methods said to 
give this compound, but they say that when K 2 0 4 
is kept at a red heat it loses O and gives a sub- 
stance the composition of which approaches that 
of K 2 0. By heating K in a fairly dry mixture of 
O and N, oxidation proceeded until Kj 0 4 was 
formed (dry O is without notion on K) ; when 
kept in water- vapour Kf0 4 gave off O, and 
formed K 2 0 2 ; and by heating K in N a O, H. a. S. 
obtained K 2 O s , whioh on exposure to air became 
K,0 4 . 

RUBIDIUM. 

Rubidium haloid compounds (vol. iv. p. 413). 
Wheeler (Am. S . [8] 46, 88 [1893]) has prepared 
double compounds of the forms 3BbX.AsXj and 
RbX.As 2 0 8 ; and (l.c. p. 269) various compounds 
of RbX with SbX 8 . For physical properties of 
various salts of Rb, v. ErdmaDn, Ar. Ph. 282, i 
(abstract in C. J. 66 [11], 351 [1894]). 

SELENATES (vol. iv. p. 433). Basic salts of 
Co and Cu are described by Bogdan (Bl. [3] 9, 
584; abstract in C. J. 66 [11], 16 [1894]) ; the 
compositions given are 4Co0.3SeO s . aq and 
8Cu0.2Se0 s . 4aq. 

SILICON CHLORIDES (vol. iv. p. 458). In 

B. 27, 1948 [1894] Gattermann a. Weinlig detail 
the best conditions for preparing SiCl 4 , SiHCl a , 
and Si 2 Cl 8 , from crude Si obtained by the inter- 
action of Si0 2 and Mg powder (v. vol. iv. p. 456). 
Si 2 Cl s melts at - 1° ; with NH 8 Aq it gives off H 
and forms Si0 2 .a;E^O (G. a. W., lx.). 

Silicon octochloride Si 8 Cl s . Mol. w. 866*9. 
V.D. 187*7. Obtained by G. a. W. (lx.) by frac- 
tionating crude Si chlorides ; boils from 210° to 
215° ; does not solidify at - 12°. 

SILVER (vol. iv. p. 464). The molecule of 
Ag in dilute solution in tin is probably mon- 
atomio (Heycock a. Neville, C.J. 67,376 [1890]). 
According to Liidtke (W. 50, 678; abstract in 

C. J. 66 [11], 92 [1894]), thin deposits of Ag on 
glass, mica, &c., are allotropic forms of the 
metal. Begarding alloys of Ag with cadmium , 
v. Heycock a. Neville (C. J. 66, 65 [1894]) ; v. 
also Mylius a. Fromm (B. 27, 630 [1894]). 

Silver chloride (vol. iv. p. 468). By the 
action of HgCl^q on pulverulent silver, Jones 
(S. C. 1. 12, 983 ; abstract in C. J. 66 [11], 138 
[1894]) obtained the compound AgHgCl 2 . 

SODIUM (vol. iv. p. 473). The molecule of 
solium in dilute solution in tin is probably 
monatomic (Haycock a. Neville, C. J. 67, 376 
11890]). Holt a. Sims (C. /. 65, 440 [1894]) 
fo&id that dry sodium may be distilled un- 
changed in dry O ; in ordinary O the products 
are Na 2 0 and Na*O r Heating to 180°-200° in a 
limited Volume of N 2 0 forms Na 2 0 ; heating in 
NO or the red oxides of N produces a mixture 
of Na&O* and NaNO, (H. a. S., Ic.). 



SODIUM. 


m 


, iodihm amdds (vol. iv. p, 475). Titherley 
(C, J. 65, 504 [1804]) describes NaNH 2 as a 
lyhito, transparent solid, with a Crystalline struc- 
ture ; softens at 140°, and is completely melted 
at 155' to a colourless liquid. NaNH 2 is ob- 
tained in transparent, crystalline needles by 
heating Na in NH, at o. 400°, allowing the pro- 
duct to sublime through a narrow tube, and 
again subliming by warming gently. NaNH 2 
decomposes at a red heat into Na, N, and H. 
It does not give NaN„, as generally stated (T., 
lx .) ; no decomposition occurs at 300°-400°. 

Sodium bromide (vol. iv. p. 476). Panfiloff 
(X B. 25, 272 [1893]) obtained NaBr. 5aq by ex- 
posing cone. NaBrAq out of doors in winter in 
Bussia; decomposed at —25° to the dihydrate 
and water. 

8odium iodide (vol. iv. p. 481). Nal. 5aq 
separates from a solution of 100 g. Nal in 50 o.c. 
water at -14°; at —10° it gives Nal. 2aq and 
water (P., lx.). 

Sodium nitride (vol. iv. p. 482). NaN, is not 
formed by the interaction of Na or Na 3 0 and 
NH a , or Na and N, according to Titherley (C. X 
66, 507 ; cf. Sodium amide , supra). 

Sodium monoxide (vol. iv. p. 482). Na 2 0 is 
formed by heating Na in a limited volume of O 
at a temperature below 180°; also by heating 
Na in a limited volume of N 2 0 at 180°-200° 
(Holt a. Sims, C. J. 65, 442 [1894]). Heated in 
excess of O, the peroxide Na 2 0* is formed. H. a. 
S. say Na 2 0 is greyish white. NH 8 reacts with 
gently-heated Na 2 0 to form NaNH 2 and H a O 
(Titherley, O. X 65, 610). 


Sodium dioxide (vol. iv. p. 482). Na 2 0 3 does 
not oombine with O when heated therein (H. a. 
S., l.c.). Regarding the interaction of Na^Oj 
and an alcoholic solution of HG1, v. Tafel (B. 
27, 816 [1894]). For reactions of Na^O*, v. 
Poleck, B. 27, 1051 (abstract in C. J. 66 [11], 
816). 

STRONTIUM. For Strontium carbide, v. 
Moissan, O. B. 118, 688 (abstract in C . J . 66 [1], 
814 [1894]). 

SULPHATES (vol. iv. p. 567). 

Chromium sulphates (vol. iv. p. 570). Double 
salts of Cr 2 (S0 4 ) a and (NH 4 ) 2 S0 4 are described 
by Klobb (Bl. [8] 9, 663 ; abstract in O. J. 66 
[11], 95 [1894]). 

Vanadium sulphates ( v . this vol. pn. 847, 
848, 850). 

0XY-IMID0 SULPHONATES (vol. iv. p. 602). 
Divers a. Haga have published a lengthy com- 
munication on these salts in C . J. 65, 523 [1894]. 

SULPHUR (vol. iv. p. 606). For measure- 
ments of the viscosity of molten S at different 
temperatures, v . Brunhes a. Dussy, C. B. 118, 
1045 (abstract in C. J. 66 [11], 343 [1894]). 

THALLIUM (vol. iv. p. 674). The molecule 
of T1 in dilute solution in tin is probably mon- 
atomic (Heycock a. Neville, C. J. 57, 376 
[1890]). 

Thallium tri-iodide T1I S . Wells a. Penfield 
(Zeit. f. anorg. Chemie , 6, 812 ; abstract in O. X. 
66 [11], 818 [1894]) obtained this compound, 
in rhombic crystals, a:6:c« -6828:1:1*1217, by 
digesting Til and I with alcohol and evaporating 
over H 2 S0 4 . 
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